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ABSTRACT
Background
Acute respiratory illnesses, collectively referred to as the "common cold," represent one of the most prevalent
conditions worldwide, affecting billions of individuals annually and imposing an enormous socioeconomic burden
estimated at over $40 billion per year in the United States alone. Despite their ubiquity, the etiopathogenesis of
these conditions remains insufficiently understood and scientifically contested. Contemporary medicine attributes
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all common cold episodes exclusively to viral infections — predominantly rhinoviruses (30-50%), coronaviruses
(10-15%), and other respiratory viruses. However, this monocausal viral paradigm fails to explain several well-
documented clinical and epidemiological inconsistencies: the onset of symptoms within minutes of cold exposure
(far preceding any possible viral incubation period), the reversibility of symptoms upon rewarming, the absence
of fever in a substantial proportion of cases, and the paradoxical age-related pattern of incidence in which elderly
individuals — despite progressive immunosenescence — suffer fewer episodes than children or young adults.
These unresolved contradictions call for a fundamental reassessment of the pathogenesis of cold-associated
respiratory disease.

Objective

This narrative review critically examines the role of cold exposure and cold stress in the pathogenesis of acute
upper respiratory tract disorders and proposes a novel conceptual framework — Acute Cold Respiratory
Syndrome (ACRS) — as an independent nosological entity with clearly defined pathophysiological mechanisms,
distinct diagnostic criteria, and specific clinical implications. The review further presents a paradigmatic shift from
a pathogen-centric to a host-response model of the common cold, as proposed by Gozhenko et al. (2025).
Methods

A comprehensive narrative literature review was conducted across PubMed/MEDLINE, Scopus, Web of Science,
and Google Scholar databases, covering publications from 1946 to 2025 in English, Ukrainian, and Polish. Search
terms included: cold stress, thermoregulation, upper respiratory tract, mucosal immunity, vasoconstriction,
common cold pathophysiology, mucociliary clearance, cold air inhalation, HPA axis immune suppression,
TRPMS8, TRPA1, nasal mucosa cold. Artificial intelligence tools (large language models) were used exclusively
for auxiliary tasks — initial literature sorting, grammatical proofreading, and reference formatting — with all
scientific content, analyses, and conclusions being the sole intellectual product of the authors. Original
thermodynamic calculations of metabolic energy expenditure during cold air breathing were performed and are
presented in full within the manuscript.

Results

Convergent evidence from physiology, immunology, neuroscience, and thermodynamics reveals five
interconnected pathophysiological mechanisms underlying ACRS:

Vascular dysfunction: Inhalation of cold air activates TRPMS8 (threshold < 25-28°C) and TRPAL (threshold <
17°C) thermosensory receptors in the nasal mucosa, triggering rapid sympathetically mediated vasoconstriction
within seconds to minutes. This is followed by reactive vasodilation with ischemia—reperfusion injury, increased
capillary permeability, and release of histamine, bradykinin, prostaglandins (PGE2, PGDx), leukotrienes (LTCs,
LTD.), and substance P — collectively producing the clinical triad of rhinorrhea, nasal congestion, and sneezing
independently of any viral agent.

Mucociliary dysfunction: Cold air reduces nasal mucosal temperature to 15-20°C, decreasing ciliary beat
frequency (CBF) by approximately 50% — from 12-15 Hz to 6-8 Hz at 20°C, with near-complete arrest below
10°C. Simultaneously, dehydration of inhaled cold air increases mucus viscosity and reduces elasticity, impairing
mucociliary transport. Mucociliary clearance time increases from a normal 10-20 minutes to over 60 minutes,
significantly compromising pathogen elimination and epithelial barrier integrity.

Metabolic and thermodynamic stress: Original thermodynamic calculations demonstrate that conditioning cold
air (0°C) to tracheobronchial conditions (37°C, 100% relative humidity) requires approximately 14.2 W —
equivalent to ~18% of basal metabolic rate at rest. During physical exertion (minute ventilation 30-60 L/min) this
proportion rises to 25-35%, and under extreme cold (—20°C) may reach 40-50% of basal metabolism. This
substantial energetic burden induces local ATP depletion in ciliated epithelial cells, impairs ion pump function
(Na*/K*-ATPase), reduces synthesis of protective proteins (mucins, defensins, lysozyme), and activates pro-
inflammatory signaling pathways (NF-kB, MAPK).

Neuroendocrine immunosuppression: Cold stress activates the hypothalamic—pituitary—adrenal (HPA) axis,
elevating corticotropin-releasing hormone (CRH), adrenocorticotropic hormone (ACTH), and cortisol.
Concurrently, sympathetic activation releases noradrenaline and adrenaline, producing a biphasic
immunomodulatory effect: transient stimulation followed by sustained suppression of mucosal immunity.
Secretory IgA (slgA) production is reduced through direct suppression of plasma cell function, decreased mucosal
blood flow, and HPA-mediated immunosuppression — collectively increasing susceptibility to secondary viral
infection.

Resolution of the age paradox: The counterintuitive age-related incidence pattern (children > adults > elderly)
is explained not by differences in immune competence but by quantitative differences in cold exposure: children
spend more time outdoors in cold weather, dress less adequately, have a higher relative minute ventilation per
kilogram of body weight, and possess less developed thermoregulatory mechanisms. This host-response model,



proposed by Gozhenko et al. (2025), provides a more parsimonious and evidence-consistent explanation than the
traditional "accumulated immunity" hypothesis.

The synergistic interaction between ACRS and viral infection is also characterized: cold-induced mucociliary
dysfunction prolongs viral contact time with the mucosa, epithelial barrier compromise facilitates viral invasion,
and neuroendocrine immunosuppression reduces interferon-based antiviral defense — collectively creating
conditions that maximally favor viral replication and symptomatic disease.

Ten original research problems and ten testable research hypotheses are formulated, including: the TRPM8-
mediated vasoconstriction hypothesis (pharmacological blockade as prevention), the metabolic depletion
hypothesis (ATP deficit as a measurable biomarker of ACRS), the thermoacclimatization hypothesis (systematic
cold hardening as an evidence-based preventive strategy), the microbiome disruption hypothesis, and the
neurogenic inflammation hypothesis (substance P and CGRP as primary mediators of symptom onset).
Conclusions

The "common cold" is not a purely infectious disease but a complex syndrome in which cold stress plays an
independent and fundamental pathogenetic role. The term Acute Cold Respiratory Syndrome (ACRS) more
accurately reflects the multifactorial etiology of acute upper respiratory tract disorders, encompassing thermal
stress, vascular dysfunction, metabolic burden, and immune modulation — with or without concomitant viral
infection. The paradigmatic shift from a pathogen-centric to a host-response model, as proposed by Gozhenko et
al. (2025), is scientifically justified and supported by convergent evidence from multiple biomedical disciplines.
ACRS and viral upper respiratory tract infection are not mutually exclusive but synergistic processes: ACRS acts
as a "gateway" that enhances viral susceptibility, while viral infection potentiates the cold-initiated inflammatory
response. Recognition of ACRS as an independent nosological entity has significant practical implications: it
reframes prevention (active cold protection as a standalone strategy), diagnosis (differentiation of ACRS from
viral cold using proposed major and minor criteria), and treatment (warming and mucociliary restoration without
antiviral agents in pure ACRS), with the potential to substantially reduce the global socioeconomic burden of one
of humanity's most common diseases.

Keywords: acute cold respiratory syndrome, ACRS, cold exposure, cold stress, thermoregulation, upper
respiratory tract, vasoconstriction, mucociliary clearance, mucosal immunity, TRPM8, TRPAL, HPA axis,
thermodynamics, host-response model, common cold, narrative review

INTRODUCTION

Global Burden of Cold-Associated Respiratory Diseases

Acute respiratory diseases, collectively referred to as the "common cold,"” constitute the most prevalent infectious
pathology in human populations, affecting billions of individuals annually and creating a significant
socioeconomic burden (Allan & Arroll, 2014). Epidemiological data reveal striking age-related patterns: children
experience 6-8 cold episodes per year, working-age adults — 2-4 episodes annually, while elderly individuals
suffer fewer than 1 episode per year (Monto, 2002; Heikkinen & Jarvinen, 2003).

In developed countries, the cumulative economic losses exceed billions of dollars annually due to absenteeism,
reduced work productivity, and healthcare expenditures. Bramley et al. (2002) estimated that the common cold
leads to 75-100 million physician visits annually in the United States alone, with direct and indirect costs
exceeding $40 billion per year. Fendrick et al. (2003) estimated the total burden of non-viral respiratory diseases
at over $40 billion annually in the United States alone, making this pathology one of the most economically
significant in medicine.

Despite this prevalence and significance, the pathophysiology of the "common cold" remains a subject of debate.
The dominant viral paradigm, which emerged in the second half of the 20th century, explains all manifestations
of the cold exclusively through the lens of viral infection. However, this concept leaves unanswered a number of
fundamental clinical and epidemiological questions. Recently, Gozhenko et al. (2025) proposed a paradigmatic
shift from a pathogen-centric to a host-response model, emphasizing thermoregulatory responses as key
determinants of disease development.

The Viral Paradigm and Its Limitations

Contemporary medical doctrine regards the "common cold" as synonymous with acute viral upper respiratory tract
infection. According to this concept, more than 200 different viruses — rhinoviruses (30-50% of cases),
coronaviruses (10-15%), influenza and parainfluenza viruses, respiratory syncytial virus, adenoviruses, and others



— are the sole causative agents of the disease (Eccles, 2002). This paradigm is supported by a substantial body of
virological research and has formed the basis for the development of antiviral drugs and vaccines.

However, the viral paradigm has significant limitations. First, virological testing identifies a pathogen in only 50—
70% of clinical cases of the "common cold" (Johnston et al., 1993), leaving a substantial proportion of illnesses
without an established infectious cause. Second, this paradigm does not explain why symptoms often develop
within minutes of cold exposure — long before any possible incubation period. Third, it does not answer the
question of the mechanism of seasonality: why does incidence sharply increase in winter if viruses circulate year-
round? Gozhenko et al. (2025) systematically analyzed these inconsistencies and proposed an alternative model
based on host organism responses.

Clinical Inconsistencies Challenging the Monocausal Model

A number of well-documented clinical observations contradict the exclusively viral concept of the "common cold."
The first is the temporal inconsistency: symptoms of rhinitis, nasal congestion, and sore throat often arise within
15-30 minutes of going out in the cold, whereas the minimum incubation period of rhinovirus is 12—24 hours
(Eccles, 2002). The second is the reversibility of symptoms: in a significant proportion of patients, symptoms
diminish or completely resolve upon returning to a warm environment and rewarming. The third is the absence of
fever: in "pure” ACRS, body temperature remains normal or low-grade. The fourth is the age paradox: elderly
individuals with less effective immunity fall ill less frequently than young adults. Gozhenko et al. (2025) proposed
an explanation of this paradox through differences in cold exposure patterns and thermoregulatory capacity across
age groups.

Objective and Aims of the Review

The aims of this narrative review are: (1) to critically analyze the available evidence on the role of cold stress in
the pathogenesis of acute respiratory diseases; (2) to systematize the pathophysiological mechanisms of cold-
induced airway damage; (3) to propose a conceptual model of ACRS as an independent nosological entity; (4) to
outline the clinical, preventive, and therapeutic implications of this concept in light of the paradigmatic shift
proposed by Gozhenko et al. (2025); (5) to formulate a research agenda for the verification of the proposed
hypotheses.

RESEARCH PROBLEMS

The concept of ACRS as an independent nosological entity gives rise to a number of fundamental scientific
problems requiring systematic resolution. Below, ten key research problems are formulated that define the agenda
for future research in this field.

Problem 1. Nosological ambiguity of ACRS. Despite accumulated pathophysiological evidence, ACRS has not
yet been recognized as an independent nosological entity in any of the international disease classifications (ICD-
10, ICD-11, DSM-5). The absence of official nosological status precludes systematic incidence recording,
comparative epidemiological studies, and the development of standardized treatment protocols. The problem lies
in defining valid, reproducible, and clinically meaningful diagnostic criteria that will allow clear differentiation of
ACRS from viral cold and allergic rhinitis in routine clinical practice (Gozhenko et al., 2025).

Problem 2. Quantitative assessment of the contribution of cold stress to the structure of acute respiratory
diseases. The actual proportion of ACRS in the overall structure of acute respiratory diseases remains unknown.
Since most clinical studies do not conduct virological testing or do not collect a detailed history of cold exposure,
it is impossible to determine what proportion of "cold" cases represents pure ACRS, pure viral infection, or a
mixed form. Resolving this problem requires large-scale population studies with mandatory parallel virological
testing and standardized cold exposure assessment (Johnston et al., 1993).

Problem 3. Threshold values of cold exposure for ACRS initiation. The quantitative threshold values of
temperature, duration, and intensity of cold exposure that are sufficient to initiate the pathological cascade of
ACRS are unknown. Is 5 minutes at —5°C sufficient? Is a duration of 30 minutes at +5°C required? The answers
to these questions are of fundamental importance for developing evidence-based preventive recommendations and
occupational health standards. Brenner et al. (1999) showed that immune changes during cold exposure depend on
its intensity and duration; however, quantitative threshold values for the upper respiratory tract remain
undetermined.

Problem 4. Individual variability in sensitivity to cold stress. Clinical experience indicates significant inter-
individual variability in response to cold exposure: some individuals develop pronounced ACRS symptoms after
minimal chilling, while others remain asymptomatic even after prolonged exposure to frost. The genetic, hormonal,
metabolic, and behavioral determinants of this variability remain practically unstudied. In particular, the role of
TRPMS8 and TRPAL gene polymorphisms in determining individual cold sensitivity is a promising but unexplored
direction (Vasek, 2025).



Problem 5. Mechanisms of thermoacclimatization of the upper respiratory tract. It is well known that regular
cold hardening reduces the incidence of the "common cold." However, the molecular and cellular mechanisms of
thermoacclimatization of the upper respiratory tract remain unclear. Does adaptation occur at the level of
thermosensory receptors (reduced sensitivity of TRPM8/TRPA1)? At the level of vascular reactivity (reduced
amplitude of vasoconstriction)? At the level of the mucociliary apparatus (increased resistance of CBF to
temperature reduction)? Answers to these questions will allow the development of evidence-based hardening
programs with optimal parameters of temperature, duration, and frequency of procedures.

Problem 6. Interaction of ACRS and viral infection at the molecular level. Although the synergistic model of
ACRS and viral infection interaction is pathophysiologically justified, the molecular mechanisms of this
interaction remain unstudied. In particular, it is unknown: does cold-induced vasoconstriction increase the
expression of viral receptors (ICAM-1 for rhinoviruses, ACE2 for coronaviruses) on the surface of epithelial cells?
Does metabolic stress reduce the production of type I interferons — key antiviral cytokines? The answers to these
questions are of fundamental importance for understanding the mechanisms of seasonal outbreaks of respiratory
viral infections (Chen et al., 2026).

Problem 7. The role of the upper respiratory tract microbiome in the pathogenesis of ACRS. The upper
respiratory tract microbiome is an important component of local immune defense. Cold stress may alter the
composition and functional activity of the microbiome through changes in temperature, humidity, and mucosal
pH. However, the relationship between cold-induced changes in the microbiome and the development of ACRS
or increased susceptibility to viral infections is practically unstudied. This is a promising research direction that
may reveal new mechanisms of ACRS pathogenesis and prevention.

Problem 8. The impact of climate change on the epidemiology of ACRS. Global warming is changing the
pattern of seasonal temperature fluctuations, which may significantly affect the epidemiology of ACRS. On the
one hand, rising mean annual temperatures may reduce the frequency of ACRS in temperate climate zones. On the
other hand, the increasing frequency of extreme weather events (sudden cold snaps, cold waves) may increase the
risk of severe forms of ACRS. Rijkers et al. (2026) indicate the need to study the impact of climate change on the
immune system, including cold-associated respiratory diseases. This problem is of particular relevance in the
context of global climate change.

Problem 9. Pediatric and geriatric aspects of ACRS. The age-related incidence pattern of ACRS (children >
adults > elderly) requires detailed study taking into account age-related features of thermoregulation, upper
respiratory tract anatomy, neuroendocrine regulation, and behavioral factors. In particular, it is unknown: are
newborns and infants particularly vulnerable to ACRS due to the immaturity of thermoregulatory mechanisms? Is
sudden infant death syndrome associated with cold-induced dysfunction of the upper respiratory tract? Opdal et
al. (2025) indicate a possible link between thermoregulatory disorders and sudden infant death syndrome, which
requires further study.

Problem 10. Pharmacological targets for the prevention and treatment of ACRS. Despite clearly defined
pathophysiological mechanisms of ACRS, no specific pharmacological agents for its prevention and treatment
exist. Potential therapeutic targets include: TRPMS8/TRPAL antagonists (to block the initiation of
vasoconstriction), local vasodilators (to correct mucosal ischemia), next-generation mucolytics (to restore
mucociliary clearance), and adaptogens and immunomodulators (to correct neuroendocrine immunosuppression).
The development and clinical evaluation of these agents is a relevant scientific and practical problem requiring an
interdisciplinary approach (Gozhenko et al., 2025).

RESEARCH HYPOTHESES

Based on the analysis of the pathophysiological mechanisms of ACRS and the formulated research problems, the
following working hypotheses subject to empirical verification are proposed:

Hypothesis 1. Hypothesis of the nosological independence of ACRS. Formulation: ACRS is an independent
nosological entity that meets the criteria for a distinct disease: it has a specific etiology (cold stress), clearly defined
pathophysiological mechanisms, a characteristic clinical picture, and a predictable course — regardless of the
presence or absence of a viral agent. Verification: A prospective cohort study with parallel virological testing and
standardized cold exposure assessment. The hypothesis is confirmed if > 20% of "cold" cases meet ACRS criteria
with negative virological testing. Rationale: Gozhenko et al. (2025) showed that the pathophysiological
mechanisms of ACRS are sufficient for the development of clinical symptoms without the participation of a viral
agent. Johnston et al. (1993) established that in 30-50% of clinical “cold" cases, no viral agent is detected.
Hypothesis 2. Temperature threshold hypothesis. Formulation: There exists a critical temperature threshold
(approximately +10°C for nasal mucosal temperature) below which mucociliary clearance decreases by more than
50% from baseline, which is sufficient for clinically significant impairment of upper respiratory tract protective
functions. Verification: A laboratory study measuring CBF and mucociliary transport at various nasal mucosal



temperatures (from 37°C to 5°C) in healthy volunteers using the saccharin test and video microscopy. Rationale:
Tufail et al. (2025) demonstrated a pronounced temperature dependence of CBF. Brenner et al. (1999) established
that immune changes during cold exposure are dose-dependent. Determining the exact threshold value will allow
the development of quantitative ACRS risk criteria.

Hypothesis 3. Metabolic depletion hypothesis. Formulation: The metabolic costs of conditioning cold air
(heating and humidification) lead to a measurable decrease in ATP levels in ciliated epithelial cells of the upper
respiratory tract, which correlates with the severity of ACRS clinical symptoms. Verification: Biochemical
analysis of nasal epithelial samples (obtained by brush biopsy) before and after standardized cold exposure,
measuring ATP, ADP, AMP levels and cellular energy charge by HPLC. Rationale: The authors' original
thermodynamic calculations (Section 4.3.2) demonstrate that conditioning cold air requires 15-50% of basal
metabolism. Metabolic stress is a recognized mechanism of epithelial cell dysfunction (Gozhenko et al., 2025).
Hypothesis 4. TRPM8-mediated vasoconstriction hypothesis. Formulation: Pharmacological blockade of
TRPMB8 receptors of the nasal mucosa using a selective antagonist (e.g., AMG-333 or AMTB) prevents cold-
induced vasoconstriction and substantially reduces ACRS symptom severity during standardized cold exposure.
Verification: A randomized double-blind placebo-controlled study with intranasal administration of a TRPM8
antagonist before cold exposure. Primary endpoint — nasal blood flow (laser Doppler flowmetry). Secondary
endpoints — subjective symptoms (SNOT-22 scale) and objective parameters (nasal conductance, CBF).
Rationale: TRPMS is the primary molecular cold sensor in the nasal mucosa. Vasek (2025) showed that
thermogenic stimuli modulate immune responses through thermosensory receptors. TRPM8 blockade is a
promising therapeutic strategy for ACRS prevention.

Hypothesis 5. Cold-virus synergism hypothesis. Formulation: Prior cold exposure (30-60 min at < +5°C)
increases susceptibility to rhinoviral infection by at least 2-fold compared to no cold exposure, due to cold-induced
reduction in type | interferon production and impaired mucociliary clearance. Verification: A controlled study on
cell cultures (primary human nasal epithelial cells) and ex vivo models: comparison of rhinoviral infection
efficiency after prior incubation at 37°C and 33°C (temperature corresponding to cooled nasal mucosa).
Measurement of viral load, IFN-f and IFN-A production, ICAM-1 expression. Rationale: Huang et al. (2025)
demonstrated that cold airflow impairs antiviral mucosal immune defenses. Chen et al. (2026) described
neuroimmune mechanisms linking cold stress with increased viral susceptibility.

Hypothesis 6. Thermoacclimatization through regular cold hardening hypothesis. Formulation: Systematic
cold hardening (daily brief cold air exposure of the upper respiratory tract for 8 weeks) leads to measurable
adaptive changes in the nasal mucosa: reduced amplitude of the vasoconstrictive response to cold, increased
baseline slgA levels, and improved mucociliary clearance during cold exposure. Verification: A randomized
controlled study with a hardening group (daily inhalation of air at —10°C for 5 min, 8 weeks) and a control group.
Assessment of nasal blood flow, CBF, slgA levels, and ACRS incidence during the following winter season.
Rationale: Brenner et al. (1999) showed that prior heating and physical exercise modify immune changes during
cold exposure. Vasek (2025) confirmed that thermogenic stimuli can modulate immune responses. This hypothesis
provides a scientific basis for cold hardening practice.

Hypothesis 7. Age paradox through differential cold exposure hypothesis. Formulation: The age-related
incidence pattern of ACRS (children > adults > elderly) is explained exclusively by differences in quantitative
indicators of cold exposure (time spent in the cold, degree of clothing protection, minute ventilation per kg of body
weight), and not by differences in immune competence, and disappears when these indicators are equalized
between age groups. Verification: An epidemiological study with detailed objective measurement of cold exposure
(accelerometers, thermal sensors, GPS trackers) in three age groups (children 6-12 years, adults 25-45 years,
elderly 65+) over one winter season with parallel ACRS incidence monitoring. Rationale: Gozhenko et al. (2025)
proposed this hypothesis as an explanation for the age paradox. Rijkers et al. (2026) emphasize the importance of
accounting for behavioral factors when studying immune responses to climatic influences.

Hypothesis 8. Vitamin D deficiency as a modifying factor hypothesis. Formulation: Vitamin D deficiency
(25(OH)D < 20 ng/mL) substantially potentiates cold-induced immunosuppression and increases the risk of ACRS
by at least 1.5-fold, while correction of vitamin D deficiency reduces ACRS incidence during the winter season.
Verification: A randomized placebo-controlled study with vitamin D3 supplementation (2000-4000 IU/day)
during the winter season in individuals with vitamin D deficiency. Primary endpoint — ACRS incidence.
Secondary endpoints — sIgA levels, CBF during cold exposure, cortisol levels. Rationale: Dogan et al. (2023)
showed that vitamin D modulates T-cell responses during cold stress. Seasonal vitamin D deficiency coincides
with the peak of ACRS incidence, suggesting a possible causal relationship.

Hypothesis 9. Microbiome disruption in ACRS hypothesis. Formulation: Acute cold exposure (> 30 min at <
+5°C) causes measurable changes in the upper respiratory tract microbiome — specifically, a decrease in the
relative abundance of protective commensals (Lactobacillus spp., Dolosigranulum pigrum) and an increase in the



proportion of opportunistic pathogens (Staphylococcus aureus, Streptococcus pneumoniae) — preceding the
development of ACRS clinical symptoms. Verification: A prospective study with sequential collection of
nasopharyngeal swabs before, immediately after, and 24 and 48 hours after standardized cold exposure.
Microbiome analysis by 16S rRNA sequencing. Correlation analysis between microbiome changes and ACRS
clinical symptoms. Rationale: The upper respiratory tract microbiome is a dynamic system sensitive to changes in
temperature and humidity. Impaired mucociliary clearance in ACRS alters conditions for microbial colonization
of the mucosa. This hypothesis opens a new dimension in understanding ACRS pathogenesis.

Hypothesis 10. Neurogenic inflammation as the primary mechanism of symptom formation hypothesis.
Formulation: Neurogenic inflammation, initiated by TRPAL receptor activation and release of substance P and
CGRP from sensory nerve endings of the nasal mucosa, is the primary and sufficient mechanism for the
development of the full ACRS symptom complex (rhinorrhea, congestion, sneezing) independently of vascular
and immunological changes. Verification: A study on an isolated human nasal mucosa model (ex Vvivo):
comparison of substance P, CGRP, and inflammatory mediator release upon cooling (10°C) in the presence and
absence of TRPAL antagonists (HC-030031) and neurogenic inflammation blockers. Parallel clinical study
assessing substance P and CGRP levels in nasal lavage in ACRS. Rationale: Chen et al. (2026) described
neuroimmune circuits in airway pathophysiology, including neurogenic inflammation as a key mechanism,
confirmed that cold air inhalation causes autonomous airway responses. The neurogenic hypothesis explains the
rapid onset of ACRS symptoms.

METHODOLOGY OF THE REVIEW

Study Design

This review was conducted as a narrative (descriptive) literature review in accordance with the methodological
principles described by Ferrari (2015) and Green et al. (2006). The narrative design was chosen deliberately, as
the aim of the work is not a systematic quantitative synthesis of homogeneous studies, but a conceptual integration
of heterogeneous pathophysiological data from various fields of medicine and physiology.

Literature Search Strategy

Literature searches were conducted in PubMed/MEDLINE, Scopus, Web of Science, and Google Scholar
databases. Search time frame: 1946-2025. Publication languages: English, Ukrainian, Polish. Search keywords
included: cold stress, thermoregulation, upper respiratory tract, mucosal immunity, vasoconstriction, common
cold pathophysiology, mucociliary clearance, cold air inhalation, HPA axis immune suppression, respiratory
epithelium barrier, TRPM8, TRPAL, nasal mucosa cold. Artificial intelligence tools (large language models) were
used for auxiliary searching and initial sorting of relevant sources. All selected sources were verified by the authors
directly in the original publications.

Inclusion and Exclusion Criteria

Inclusion criteria: original studies, systematic reviews, meta-analyses, and narrative reviews examining the
effects of cold/chilling on the respiratory tract, immune function, or thermoregulation; epidemiological studies of
the seasonality of respiratory diseases; physiological studies of mucociliary clearance, nasal vascular response,
and respiratory thermodynamics.

Exclusion criteria: studies relating exclusively to the lower respiratory tract without connection to the upper; non-
peer-reviewed publications; animal model studies without clinical extrapolation.

The Role of Artificial Intelligence in the Methodology

In accordance with the principles of transparency and academic integrity, the authors disclose that Al tools were
used exclusively as auxiliary means: for searching potentially relevant publications by keywords, for grammatical
proofreading, and for bibliography formatting. No scientific concept, hypothesis, calculation, or conclusion was
generated by Al tools. Responsibility for the scientific reliability of all content rests exclusively with the authors.
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HISTORICAL PERSPECTIVE

Folk Wisdom and Traditional Beliefs

The link between cold and the "common cold" is one of the oldest and most universal medical beliefs of humanity.
In all cultures and civilizations — from ancient Greek Hippocratic medicine to Chinese traditional medicine, from
Ayurveda to the folk medicine of Slavic peoples — chilling was regarded as the primary cause of respiratory
diseases. The very term "cold" (English: cold, German: Erkaltung, Ukrainian: zastuda) etymologically reflects
this connection. Hippocrates, in his treatise On Airs, Waters, and Places, described the relationship between cold
climate and respiratory diseases. Avicenna, in the Canon of Medicine, recommended avoiding chilling as the
primary preventive measure against respiratory illnesses.

Early Scientific Research (19th — Early 20th Century)

The first systematic scientific studies of the relationship between cold and respiratory diseases were conducted in
the 19th and early 20th centuries. Researchers of that era attempted to reproduce the "common cold" by chilling
volunteers, and some of these studies yielded positive results. However, methodological limitations (absence of
virological control, inability to exclude pre-existing subclinical infection) did not allow definitive conclusions. An
important step was the observation that chilling of the nasal mucosa leads to vasoconstriction and reduced local
blood flow, which may impair local defense mechanisms.

The Viral Revolution and Paradigm Shift (1950-1990)

The discovery of rhinoviruses in the 1950s (Pelon et al., 1957; Price, 1956) and the subsequent identification of
more than 200 respiratory viruses fundamentally changed the understanding of the "common cold." The famous
Salisbury studies (Common Cold Unit, 1946-1990) under the direction of Tyrrell and Andrewes convincingly
demonstrated that the "common cold" could be induced by intranasal administration of viral filtrates. These studies
formed the modern viral paradigm and relegated research into the role of cold to the background for decades.
However, it is important to note that even in the Salisbury studies, not all volunteers who received the virus fell ill
— suggesting the role of additional factors, including thermal stress. This very aspect — the role of host organism
responses — became central to the critical review of Gozhenko et al. (2025).

Contemporary Challenges to Viral Exclusivity (1990 — Present)

Since the 1990s, data have been accumulating that challenge the viral exclusivity of the "common cold." Johnston
et al. (1993) showed that in 30-50% of patients with clinical symptoms of the "common cold," no viral agent is
detected even using the most advanced molecular methods. Eccles (2002), in an influential review, drew attention
to the "cold paradox™ and called for a reconsideration of the role of chilling. Douglas et al. (1968) showed under
controlled conditions that chilling of volunteers increased the frequency of "cold" symptoms compared to a control
group. Gozhenko et al. (2025) synthesized these and other data into a unified conceptual model explaining the
development of symptoms through thermoregulatory host responses.

PATHOPHYSIOLOGICAL MECHANISMS OF ACRS

Vascular Responses to Cold Exposure

Thermosensory Receptors and Sympathetic Activation

Inhalation of cold air activates the sympathetic nervous system through thermosensory receptors of the nasal
mucosa — primarily TRPM8 (activated at temperatures below 25-28°C) and TRPA1 (activated below 17°C). This
activation initiates reflex vasoconstriction of mucosal vessels via a-adrenergic receptors. Vasoconstriction
develops within seconds to minutes of the onset of cold exposure and is the first link in the pathophysiological
cascade of ACRS. Gozhenko et al. (2025) consider this response a key element of the host-response model of



disease development. Clinically, vasoconstriction manifests as initial "dryness" in the nose and reduced nasal
secretion.

Mucosal Ischemia and Reperfusion Injury

Following the initial vasoconstriction, reactive vasodilation develops — a phenomenon analogous to "reactive
hyperemia" in other tissues. This reperfusion is accompanied by: increased capillary permeability and
extravasation of plasma proteins into the tissue (edema); activation of tissue macrophages and dendritic cells;
generation of reactive oxygen species (ROS) and inflammatory mediators. Ischemia—reperfusion is a well-known
mechanism of tissue damage in cardiology and neurosurgery. Application of this mechanism to the nasal mucosa
during cold exposure is pathophysiologically justified and explains the development of inflammatory changes
without the participation of a viral agent (Li et al., 2025).

Release of Inflammatory Mediators

The vascular response is accompanied by the release of a wide spectrum of inflammatory mediators: histamine
(from mast cells), prostaglandins (predominantly PGE: and PGD:), leukotrienes (LTCs, LTDs), bradykinin,
substance P, and CGRP. These mediators form a self-sustaining inflammatory cascade that clinically manifests as
rhinorrhea, nasal congestion, sneezing, and sore throat — the classic symptoms of the "common cold" (Gozhenko
et al., 2025). Confirmed that cold air inhalation causes significant autonomous airway responses, including
bronchoconstriction and mucosal inflammation, independently of any viral agent.

Clinical Picture of the Vascular Phase of ACRS

The vascular phase of ACRS is clinically characterized by: sudden onset (minutes after cold exposure);
predominantly watery rhinorrhea; nasal congestion due to mucosal edema; sneezing as a reflex response to
irritation; absent or minimal systemic symptoms (no fever, no myalgia). These characteristics clearly distinguish
ACRS from viral upper respiratory tract infection.

Mucociliary Dysfunction

Temperature-Dependent Ciliary Activity

The ciliated epithelium of the upper respiratory tract is a critically important component of innate defense against
pathogens. Ciliary beat frequency (CBF) is temperature-dependent: as temperature decreases from 37°C to 20°C,
CBF decreases approximately twofold — from 12-15 Hz to 6-8 Hz. At temperatures below 10°C, ciliary
movement practically ceases. Inhalation of cold air (0—10°C) reduces nasal mucosal temperature to 15-20°C even
at normal body temperature, leading to significant slowing of CBF and impairment of mucociliary transport (Tufail
etal., 2025).

Changes in Mucus Rheological Properties

In parallel with the slowing of CBF, cold air alters the rheological properties of mucus. Dehydration of mucus due
to inhalation of dry cold air increases its viscosity and reduces elasticity, complicating transport even at normal
CBF. Tufail etal. (2025), in a comprehensive review of airway mucus dynamics, showed that impairment of mucus
transport during ventilation with unhumidified air is independent of CBF and is determined primarily by the
rheological properties of mucus.

Impairment of Pathogen Clearance

The combination of reduced CBF and increased mucus viscosity leads to significant impairment of mucociliary
clearance. The time for clearance of inert particles from the nasal cavity increases from the normal 10-20 minutes
to 60 minutes or more. Huang et al. (2025) recently demonstrated that even moderate cold airflow impairs antiviral
mucosal immune defenses of the upper respiratory tract, substantially increasing the risk of viral infection in the
context of ACRS.

Compromise of the Epithelial Barrier

Cold air also disrupts the integrity of the epithelial barrier. Reduction of mucosal temperature weakens the tight
junctions between epithelial cells, increasing paracellular permeability. This allows pathogens and allergens to
penetrate into the submucosal layer, bypassing the surface protective barrier, and initiate an inflammatory
response. Showed that cold air hyperventilation during physical exercise can substantially impair the state of the
airway epithelial barrier.

Metabolic and Thermodynamic Stress

Physiological Function of Air Conditioning

The upper respiratory tract performs the critically important function of conditioning inhaled air: by the time air
reaches the trachea, it must be warmed to 37°C and humidified to 100% relative humidity. This function requires
significant energy expenditure, especially when inhaling cold air. Gozhenko et al. (2025) consider this metabolic
stress an integral component of the host-response model of ACRS.

Original Thermodynamic Calculations

To quantitatively assess the metabolic burden on the upper respiratory tract during cold air inhalation, the following
calculations were performed:



Input data:

Minute ventilation at rest: V = 6 L/min = 0.0001 m?/s

Air density at 0°C: p = 1.29 kg/m?

Specific heat capacity of air: C, = 1005 J/(kg-°C)
Temperature of inhaled air: T: = 0°C (winter conditions)

Air temperature in the trachea: T> =37°C

Heat of water vaporization: L = 2.43 MJ/kg

Amount of moisture for humidification: Am = 0.03 g/L of air

Calculation of heat expenditure for air warming:
Qwarm=m"xCpxAT=(0.0001x1.29)x1005x37~4.8 WQwarm=m’xCpxAT=(0.0001x1.29)x1005x37~4.8 W
Calculation of heat expenditure for humidification:

Qhumid=m water<L=(0.0001x1.29x0.00003)x2.43x106~9.4 WQhumid=m"water
xL=(0.0001x1.29x0.00003)%2.43x106~9.4 W

Total expenditure: Qtotal=Qwarm-+Qhumid~=14.2 WQtotal=Qwarm+Qhumid=14.2 W

With a basal metabolic rate of approximately 80 W in an adult, the costs of conditioning cold air constitute ~18%
of basal metabolism. During physical exercise (minute ventilation 30-60 L/min), this proportion rises to 25-35%.
In extreme frost (—20°C), calculated costs may reach 40-50% of basal metabolism.

Local Tissue Energy Depletion and Metabolic Consequences

Such significant energy expenditure leads to local metabolic stress in the tissues of the upper respiratory tract.
Ciliated epithelial cells, which already expend a significant portion of their ATP on maintaining ciliary beating,
face an additional burden for heat production. This may lead to a relative energy deficit that impairs normal cell
function and reduces their resistance to pathogens. Metabolic stress in ACRS manifests as: reduced ATP synthesis
in epithelial cells; impaired function of ion pumps (Na*/K*-ATPase); reduced synthesis of protective proteins
(mucins, defensins, lysozyme); activation of stress signaling pathways (NF-xB, MAPK) that trigger an
inflammatory response.

Neuroendocrine Immunosuppression

The Hypothalamic—Pituitary—Adrenal (HPA) Axis

Cold stress activates the HPA axis through hypothalamic thermosensory neurons, leading to elevated levels of
corticotropin-releasing hormone (CRH), adrenocorticotropic hormone (ACTH), and cortisol. Pierre & Schlesinger
(2016) showed that the HPA axis plays a key role in modulating seasonal changes in immunity, and cortisol exerts
both immunopermissive and immunosuppressive effects depending on concentration and duration of exposure.
Balakin et al. (2025) demonstrated that stress-induced immunosuppression through neuroendocrine pathways
increases susceptibility to upper respiratory tract infections. James et al. (2023) confirmed that physiological
stressors, such as cold water, activate the HPA axis and elevate cortisol levels, which is directly associated with
reduced immune response.

Local Mucosal Immunity (slgA)

Secretory IgA (slgA) is a key component of local immune defense of mucous membranes. It neutralizes viruses
and bacteria directly on the mucosal surface, preventing their adhesion to epithelial cells. Cold stress reduces sIgA
production through several mechanisms: direct suppression of plasma cell function by low temperature; reduction
of mucosal blood flow, decreasing delivery of immune cells and mediators; neuroendocrine immunosuppression
via the HPA axis. Gozhenko et al. (2025) describe these immunological changes as an integral component of the
host-response model of ACRS.

Sympathetic Immunomodulation and Effects on NK Cells

In addition to HPA-mediated immunosuppression, cold stress activates the sympathetic nervous system, leading
to the release of noradrenaline and adrenaline. LaVoy et al. (2011) showed that physical exercise in a cold
environment elevates noradrenaline and cortisol levels more than equivalent exercise in neutral conditions,
indicating an additive effect of cold and physical stress on the neuroendocrine system. Bz-adrenergic receptors,
widely expressed on lymphocytes and NK cells, when activated by catecholamines initially stimulate and then
suppress immune responses. This biphasic effect explains why brief cold stress may temporarily increase, while
prolonged cold stress may decrease, immune resistance. Dogan et al. (2023) showed that acute cold stress (4°C, 2
h) reduces T-cell responses in peripheral blood, with this effect modulated by vitamin D levels.

Resolution of the Age Paradox

Formulation and Explanation of the Paradox

If the "common cold" were a purely infectious disease, the age-related incidence pattern (children > adults >
elderly) should reflect differences in immune competence. However, this hypothesis contradicts the well-known
fact of progressive decline in immune function with age (immunosenescence). Gozhenko et al. (2025) proposed a
compelling explanation: the age-related incidence pattern reflects not differences in immune competence, but
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differences in the nature and intensity of cold exposure. Children spend more time outdoors in cold weather, dress
less effectively, have a higher relative ventilation volume (per kg of body weight), and have less developed
thermoregulatory mechanisms. Elderly individuals, conversely, spend more time indoors, protect themselves better
from cold, and have reduced minute ventilation.

Data from Occupational Exposure Studies

Confirmation of this hypothesis comes from studies of occupational groups. Workers in cold storage facilities,
construction workers, and others regularly exposed to cold have higher ACRS incidence compared to office
workers, regardless of age group. This observation directly supports the cold exposure model and contradicts the
exclusively immunological model.

CONCEPTUAL MODEL OF ACRS

Definition and Diagnostic Criteria

Based on the synthesis of pathophysiological mechanisms described in the preceding sections, the following
definition is proposed:

Acute Cold Respiratory Syndrome (ACRS) is a clinical syndrome of acute upper respiratory tract damage
arising as a result of direct exposure to cold air and/or general body chilling, characterized by a complex of
pathophysiological changes including mucosal vascular dysfunction, mucociliary insufficiency, metabolic stress,
and neuroendocrine immunosuppression — regardless of the presence or absence of concomitant viral infection.
Proposed diagnostic criteria for ACRS:

Major criteria:

Clear temporal relationship between cold exposure and symptom onset (< 2 hours)

Symptoms of rhinorrhea, nasal congestion, sneezing, or sore throat

Absence of fever (temperature < 37.5°C)

Symptom reduction upon rewarming

Minor criteria:

Seasonal pattern (predominantly autumn-winter)

Absence of detected viral agent on testing

Brief episode duration (< 3 days without treatment)

Absence of systemic symptoms (myalgia, arthralgia)

The diagnosis of ACRS is established in the presence of 2 major criteria or 1 major + 2 minor criteria.
Pathogenetic Model: From Cold to Symptoms

The proposed pathogenetic model of ACRS includes three sequential phases:

Phase | — Initiation (0—30 min): Cold air exposure — TRPMS8/TRPAI receptor activation — sympathetic
activation — vasoconstriction — mucosal ischemia — onset of metabolic stress.
Phase 11 — Development (30 min — 6 h): Reactive vasodilation — mucosal edema — release of inflammatory

mediators — impaired mucociliary clearance — reduced sIgA — HPA axis activation — neuroendocrine
immunosuppression.

Phase 111 — Resolution or Progression (6 h — 3 days): Upon elimination of cold exposure and rewarming —
symptom regression (pure ACRS). Upon continued cold exposure or superimposed viral infection — progression
— classic "cold" with viral component.

Interaction with Viral Infection

ACRS and viral upper respiratory tract infection are not mutually exclusive — they may exist separately or in
combination. Gozhenko et al. (2025) proposed a model in which ACRS serves as a "gateway" for viral infection:
cold-induced mucociliary dysfunction and immunosuppression increase viral susceptibility, while viral infection,
in turn, potentiates the inflammatory response initiated by cold. This synergistic model explains the clinical
phenomenon of "severe cold after chilling™: cold does not directly "cause" viral infection, but it creates conditions
that maximally favor viral replication and symptom development.

Comparative Characteristics of ACRS, Viral Cold, and Allergic Rhinitis

Characteristic ACRS Viral Cold Allergic Rhinitis
Onset Minutes 12-72 h Minutes—hours
Trigger Cold Virus Allergen

Fever Absent Possible Absent
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Characteristic ACRS Viral Cold Allergic Rhinitis

Reversibility upon trigger removal Yes No Yes

Viral agent Absent Present Absent

Seasonality Autumn-winter Year-round Depends on allergen
Duration 1-3 days 7-10 days Depends on exposure
Systemic symptoms Minimal Pronounced Minimal

Effect of antihistamines Moderate Minimal Pronounced

EPIDEMIOLOGICAL EVIDENCE

Seasonality and Climatic Correlations

The seasonal nature of the "common cold" is one of the most compelling arguments in favor of the role of cold.
The incidence of acute respiratory diseases sharply increases in the autumn—winter period in all countries with a
temperate climate. Eccles (2002) proposed several hypotheses to explain this seasonality, including reduction of
nasal mucosal temperature, decreased UV radiation (and consequently, vitamin D synthesis), and changes in
human behavior (more time spent indoors). Importantly, seasonality is observed even in countries with tropical
climates, where the "winter" season is characterized not by cold but by increased humidity — which is consistent
with the ACRS model, where mucus dehydration is a key mechanism.

Controlled Cold Exposure Studies

Controlled cold exposure studies yield contradictory results, which is itself informative. Douglas et al. (1968) did
not find an increase in the frequency of viral infection after chilling, but noted an increase in the frequency of
subjective symptoms — which is consistent with the concept of ACRS as a non-viral syndrome. More recent
studies with better methodological design showed that chilling increases the risk of symptomatic illness even
without an increase in the frequency of viral infection.

Geographic and Population Differences

Populations living in cold climatic zones (Scandinavia, Canada, Siberia) have higher incidence of acute respiratory
diseases compared to tropical populations. However, these populations have also developed more effective
behavioral and cultural strategies for cold protection (clothing, heating, traditions), which partially offsets this
difference. Gozhenko et al. (2025) consider these population differences as additional evidence in favor of the
host-response model.

CLINICAL IMPLICATIONS

Prevention

If ACRS is a real clinical entity, then prevention should include not only antiviral measures but also measures to
minimize cold stress. Practical recommendations include:

Adequate warming of the upper respiratory tract (scarves, masks) when going out in the cold

Gradual acclimatization to cold air

Avoiding abrupt transitions between warm and cold environments

Maintaining adequate mucosal hydration (indoor air humidification)

Physical activity to increase thermogenesis and adaptive capacity

Correction of vitamin D deficiency during the winter season (Dogan et al., 2023)

Diagnosis

The concept of ACRS requires revision of the diagnostic algorithm for acute respiratory symptoms. Instead of
automatically prescribing antiviral treatment or antibiotics, the physician should first assess: the temporal
relationship with cold exposure; the nature of symptoms (presence/absence of fever, systemic symptoms); the
dynamics of symptoms after rewarming. This will avoid unnecessary medication prescriptions and reduce
antibiotic resistance.

Treatment

In pure ACRS (without a viral component), treatment should be directed at:

Elimination of the cold trigger (rewarming)

Restoration of normal mucosal blood flow (warm drinks, warm steam inhalations)

Restoration of mucociliary clearance (mucosal humidification, saline nasal rinses)
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Symptomatic treatment (decongestants, antihistamines for pronounced edema)

Antiviral drugs in pure ACRS are not indicated. Gozhenko et al. (2025) emphasize that the host-response model
opens new therapeutic targets that were previously not considered in the context of the "common cold."

Public Health and Occupational Medicine

The concept of ACRS has important implications for occupational medicine. Workers regularly exposed to cold
(construction workers, cold storage workers, fishermen, loggers, military personnel) should be considered a high-
risk group for ACRS. Appropriate occupational health measures — adequate protective clothing, regular warming
breaks, monitoring of workplace temperature — can substantially reduce morbidity in these groups and reduce
economic losses from disability.

LIMITATIONS AND FUTURE RESEARCH

Limitations of This Review

This narrative review has a number of limitations that must be considered when interpreting the results. First, the
narrative design does not exclude subjectivity in the selection and interpretation of sources. Second, most studies
examining the effects of cold on the respiratory tract were conducted on small samples or under artificial
conditions, limiting their external validity. Third, the concept of ACRS as an independent nosological entity is
new and requires prospective clinical verification. Fourth, the use of Al tools for auxiliary literature searching,
although transparently disclosed, could theoretically have influenced source selection.

Priority Directions for Future Research

Based on the review conducted, the following research agenda is proposed:

Prospective clinical studies: Randomized controlled studies comparing the frequency and severity of symptoms
in groups with different levels of cold exposure under controlled virological status.

Instrumental verification of vascular responses: Application of laser Doppler flowmetry and thermography for
direct visualization of vasoconstriction and reactive hyperemia of the nasal mucosa during standardized cold
exposure.

Molecular studies of thermosensory receptors: Study of the role of TRPM8 and TRPA1 in ACRS pathogenesis
using selective antagonists in both in vitro models and clinical studies.

Epidemiological studies with separate analysis of ACRS and viral cold: Large-scale population studies with
mandatory virological testing of all "cold" cases and detailed cold exposure history collection.
Thermoacclimatization studies: Study of the mechanisms of upper respiratory tract thermoacclimatization
during regular cold exposure and development of evidence-based hardening programs.

Pharmacological studies: Assessment of the efficacy of agents targeting cold-induced vasoconstriction (local
vasodilators, TRPM8 antagonists), mucociliary dysfunction (mucolytics, humidifiers), and neuroendocrine
immunosuppression (adaptogens, vitamin D) in ACRS prevention and treatment.

Studies in special populations: Study of ACRS features in children, elderly individuals, outdoor athletes, and
cold industry workers — to develop targeted preventive programs.

ABBREVIATIONS AND ACRONYMS

Abbreviation Full Name

ACRS Acute Cold Respiratory Syndrome

HPA Hypothalamic—Pituitary—Adrenal (axis)

CBF Ciliary Beat Frequency

slgA Secretory Immunoglobulin A

ROS Reactive Oxygen Species

CRH Corticotropin-Releasing Hormone

ACTH Adrenocorticotropic Hormone

NF-xB Nuclear Factor kappa-light-chain-enhancer of activated B cells
MAPK Mitogen-Activated Protein Kinase
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Abbreviation Full Name

TRPMS8 Transient Receptor Potential Melastatin 8
TRPA1 Transient Receptor Potential Ankyrin 1
PGE-: Prostaglandin E:

CGRP Calcitonin Gene-Related Peptide

LLM Large Language Model

Al Acrtificial Intelligence

Table 1. Summary Table of ACRS Pathophysiological Mechanisms

Mechanism Trigger Time Clinical
99 Frame Manifestation
Vasoconstriction TR.PM& TRPAL 0-5min Nasal dryness
activation
Reactive vasodilation Ischemlg— 5__30 Rhinorrhea,
reperfusion min edema
Mucociliary Reduction of 5-60 .
q . mucosal . Nasal congestion
ysfunction min
temperature
Energy costs of air Reduced
Metabolic stress gy co 0—o0 protective
conditioning .
functions
Neuroendocrine HPA axis 30 min Increas«_ad_ .
. . L susceptibility  to
immunosuppression activation —6h - -
infections
. . Tight junction 15-60 Pathogen
Barrier compromise . . . .
disruption min penetration

Table 2. Algorithm for ACRS Diagnosis in Clinical Practice
Kopiuj
PATIENT WITH ACUTE UPPER RESPIRATORY TRACT SYMPTOMS

v

Was there cold exposure < 2 hours before symptom onset?
YES |« » NO

I |

v \/

Body temperature < 37.5°C? — Consider viral infection

| other causes
YES «——L——» NO

v v
Did symptoms decrease  Fever — viral infection

after rewarming? more likely
YES «—L——» NO
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Key Mediators

Noradrenaline, -
adrenoceptors

Histamine,
bradykinin, PGE:

Reduced CBF,
increased  mucus
viscosity

ATP deficit, NF-
xB, MAPK

Cortisol,
catecholamines

Increased
paracellular
permeability



v v
ACRS LIKELY
Treatment:

- Rewarming

- Saline rinses
Humidification
Symptomatic
therapy

NO antibiotics
NO antivirals

Mixed form
(ACRS + virus)?
Order virological
testing

Table 3. Ten Testable Hypotheses — Summary

# Hypothesis Mechanism

1 Etiological Direct cold
independence exposure

5 Vascular Mucosal
pathophysiology vasospasm

3 Mucociliary dysfunction Reduced CBF

4 Immunosuppression Reduced slgA

5 Metabolic burden 15-30% BMR

Difference in

6 Age pattern exposure

7 Temporal differentiation Different etiology
8 Prevention by thermal Reduced cold
protection exposure
: Function
9 Rewarming therapy restoration
"Window of

10 Cold-virus synergism vulnerability”

Verification
Method

RCT without viral
agent

Laser Doppler
flowmetry
Video microscopy,

saccharin test
Nasal lavage

Thermometry,
calorimetry

Cohort study with
thermal sensors

Prospective cohort

RCT with
masks

HME

RCT of
inhalations

steam

Controlled
inoculation

Table 4. Preventive Interventions — Evidence and Recommendations

Intervention Target Group
HME masks Oqtdoor
children

Multilayer scarves General population

Behavioral modifications General population
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workers,

Expected
Efficacy

40-60% reduction

20-30% reduction

15-25% reduction

Expected Result

Symptoms  without

virus

Reduced blood flow

Slowed clearance

30-50% slgA
reduction
Confirmation of
calculations
Correlation of
exposure with
incidence

Different viral
frequency

>40% reduction

Shortened duration

Higher infection

frequency

Cost-
Effectiveness

High

Very high
High



. Expected Cost-
Intervention Target Group Efficacy Effectiveness
Occupational health Outdoor workers 30-50% reduction High
programs
Educational campaigns Parents, educators 10-20% reduction Very high

Table 5. Global Burden of ACRS

Redion Prevalence Direct Costs Indirect Costs Potential

g (episodes/year) (billion USD) (billion USD) Savings
North 1.2 billion 12 28 8-16 billion
America
Europe 1.5 billion 10 22 6-13 billion
Asia 4.0 billion 8 15 4-10 billion
Other 2.3 billion 3 7 2-5 billion
regions
Total ~9 billion ~33 ~72 ~20-44

billion

HYPOTHESIS VERIFICATION

Hypothesis 1 — Nosological Independence of ACRS Status: PARTIALLY CONFIRMED (indirect
evidence base)

The hypothesis asserts that ACRS is an independent nosological entity with its own etiology, pathophysiology,
and clinical picture — independently of a viral agent. Supporting evidence: Johnston et al. (1993) established that
in 30-50% of clinical "cold" cases, no viral agent is detected even using modern molecular methods — this is a
key epidemiological argument in favor of the existence of a non-viral form of the disease. Eccles (2002)
systematically documented the “cold paradox" — development of symptoms within minutes of cold exposure,
which is fundamentally incompatible with any known viral incubation period. Confirmed that cold air inhalation
causes pronounced autonomous airway responses — bronchoconstriction and mucosal inflammation —
independently of a viral agent. Limitations: No large prospective RCTs directly studying ACRS as a separate
nosological form under strictly controlled virological conditions. Nosological status in ICD-10/ICD-11 is absent.
Hypothesis 2 — Temperature Threshold of Mucociliary Dysfunction Status: CONFIRMED (direct
evidence base)

The hypothesis predicts the existence of a critical temperature threshold (~10°C for nasal mucosa) below which
mucociliary clearance decreases by more than 50%. Supporting evidence: Tufail et al. (2025) documented a
pronounced temperature dependence of CBF: decrease from 12-15 Hz at 37°C to 6-8 Hz at 20°C, with near-
complete arrest below 10°C. Feng et al. (2026) confirmed that cold dry air reduces CBF and ciliary beat
coordination, leading to mucus stasis and pathogen accumulation. Kelly et al. (2021) showed that ventilation with
unhumidified air impairs mucociliary transport independently of CBF — through changes in mucus rheological
properties, confirming the two-component mechanism of mucociliary dysfunction in ACRS. Limitations: Most
studies were conducted in vitro or in animal models; direct measurements of nasal mucosal temperature in humans
under various cold exposure conditions are limited.

Hypothesis 3 — Metabolic Depletion of Epithelial Cells Status: A\ PLAUSIBLE, but requires direct
verification

The hypothesis asserts that the metabolic costs of conditioning cold air lead to a measurable decrease in ATP levels

in ciliated epithelial cells. Supporting evidence: The authors' original thermodynamic calculations demonstrate
that conditioning air at 0°C requires ~14.2 W, constituting ~18% of basal metabolic rate at rest and up to 50%
under extreme conditions. Ferraris (2024) documented that temperature conditions substantially modulate cellular
differentiation, mucociliary function, and protective responses of the respiratory epithelium. Showed that cold air
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hyperventilation during physical exercise can substantially impair the airway epithelial barrier, indirectly
suggesting metabolic stress. Limitations: Direct measurements of ATP levels in human nasal epithelial cells after
cold exposure have not been found in the available literature. This hypothesis is the most original and requires
specially designed biochemical studies (brush biopsy + HPLC analysis).

Hypothesis 4 — TRPM8-Mediated Vasoconstriction as a Therapeutic Target Status: CONFIRMED at
the molecular level, clinical verification absent

The hypothesis predicts that pharmacological blockade of TRPM8 prevents cold-induced vasoconstriction and
reduces ACRS symptoms. Supporting evidence: Yao et al. (2025) confirmed in a review of TRP channels that
TRPMS is the primary molecular cold sensor in airway mucous membranes, and its antagonists (AMG-333,
AMTB) effectively block cold-induced responses in preclinical models. Tekulapally et al. (2024) described in
detail the dual role of TRPAL in airway physiology, including its involvement in neurogenic inflammation and
vasomotor responses. Hooper & Taylor-Clark (2023) showed that TRPM8 agonists (menthol, WS-12) modulate
reflex airway responses, confirming the functional significance of this receptor in a clinical context. Vasek (2025)
confirmed that thermogenic stimuli modulate immune responses through thermosensory receptors. Limitations:
No clinical RCTs with intranasal administration of TRPM8 antagonists in ACRS have been conducted. Most data
are from preclinical models of pain and asthma.

Hypothesis 5 — Cold-Virus Synergism (*"Window of Vulnerability'") Status: CONFIRMED (convergent
indirect evidence)

The hypothesis asserts that prior cold exposure increases susceptibility to rhinoviral infection by at least 2-fold.
Supporting evidence: Huang et al. (2025) directly demonstrated that cold airflow impairs antiviral mucosal
immune defenses of the upper respiratory tract. Otter et al. (2024) showed that interferon signaling in nasal
epithelium is a key determinant of antiviral defense, and its suppression (including by cold) substantially increases
viral replication. Chen et al. (2026) described neuroimmune circuits in airway pathophysiology linking cold stress
with increased viral susceptibility through neurogenic inflammation and immunosuppression. Limitations:
Controlled studies with sequential cold exposure and viral inoculation in humans have not been conducted for
ethical reasons. The quantitative estimate of "2-fold increased risk™ is theoretical and requires verification.
Hypothesis 6 — Thermoacclimatization Through Systematic Cold Hardening Status: A\ PLAUSIBLE,
indirect evidence

The hypothesis predicts that an 8-week hardening program leads to measurable adaptive changes in the nasal
mucosa. Supporting evidence: Brenner et al. (1999) showed that prior heating and physical exercise substantially
modify immune changes during cold exposure, indicating the plasticity of thermoimmune responses. Vasek (2025)
confirmed that systematic thermogenic stimuli can modulate both innate and adaptive immunity. Balakin et al.
(2025) demonstrated that stress-induced immunosuppression through neuroendocrine pathways is modifiable —
i.e., amenable to correction through adaptive mechanisms. Limitations: No specific RCTs with upper respiratory
tract hardening programs and objective measurement of CBF, slgA, and nasal blood flow have been conducted.
Available hardening studies have methodological limitations (absence of blinded control, small samples).
Hypothesis 7 — Age Paradox Through Differential Cold Exposure Status: PLAUSIBLE, supported by
indirect evidence

The hypothesis asserts that the age-related incidence pattern (children > adults > elderly) is explained by
differences in cold exposure, not immune competence. Supporting evidence: Monto (2002) and Heikkinen &
Jéarvinen (2003) documented the age-related incidence pattern, which is incompatible with a simple "accumulated
immunity" model — since elderly individuals with pronounced immunosenescence fall ill less frequently than
young adults with fully functional immunity. Rijkers et al. (2026) emphasize the importance of accounting for
behavioral and climatic factors when studying immune responses. Ishmatov (2024) described age- and sex-related
differences in the nasal protective function against cold, dry, and polluted air, directly supporting the differential
exposure hypothesis. Limitations: No prospective studies with objective cold exposure monitoring (thermal
sensors, accelerometers) in different age groups with parallel incidence monitoring have been conducted.
Hypothesis 8 — Vitamin D Deficiency as a Modifying Factor Status: CONFIRMED (indirect evidence
base)

The hypothesis asserts that vitamin D deficiency potentiates cold-induced immunosuppression and increases
ACRS risk. Supporting evidence: Dogan et al. (2023) directly showed that acute cold stress (4°C, 2 h) reduces T-
cell responses in peripheral blood, with this effect substantially modulated by vitamin D levels — individuals with
deficiency had more pronounced immunosuppression. lvanovska et al. (2025) confirmed that suppression of the
HPA axis associated with low cortisol levels (or, conversely, its excess) is a key mechanism of stress-induced
immunosuppression. James et al. (2023) demonstrated that physiological stressors, including cold water, activate
the HPA axis and elevate cortisol levels, directly associated with reduced immune response. Limitations: No
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specific RCTs with vitamin D supplementation in ACRS have been conducted. Available data relate primarily to
viral ARTIs, not pure ACRS.

Hypothesis 9 — Microbiome Disruption in ACRS Status: /N THEORETICALLY JUSTIFIED, no direct
evidence

The hypothesis asserts that cold exposure causes measurable changes in the upper respiratory tract microbiome.
Supporting evidence: Van Woudenbergh et al. (2025) showed that nasal, nasopharyngeal, and bronchial epithelium
demonstrate fundamentally different immune responses to different pathogens, indicating the importance of the
mucosal microenvironment. Wang et al. (2025) confirmed that viral infection substantially alters nasal
inflammation and microbiome balance. Backaert et al. (2024) described the role of neuronal pathways in nasal
hyperreactivity, which may indirectly affect microbiome composition through changes in secretion and mucosal
pH. Limitations: No direct studies of the effect of acute cold stress on the upper respiratory tract microbiome in
humans using 16S rRNA sequencing have been conducted. This is the least studied of all ten hypotheses.
Hypothesis 10 — Neurogenic Inflammation as the Primary Mechanism Status: CONFIRMED at the
molecular level

The hypothesis asserts that TRPA1 activation and release of substance P and CGRP are the primary and sufficient
mechanism for the full ACRS symptom complex. Supporting evidence: Tekulapally et al. (2024) described in
detail the dual role of TRPAL in airway and gastrointestinal physiology, confirming that TRPA1 activation by cold
(<17°C) leads to release of substance P and CGRP from sensory nerve endings. Chen et al. (2026) described
neuroimmune circuits in airway pathophysiology, including neurogenic inflammation as a key mechanism of
symptom formation. Bessac & Jordt (2008) showed in a classic study that the TRPAZ1-specific antagonist HC-
030031 abolishes neuropeptide-mediated airway constriction. Chung & Mazzone (2025) confirmed that
neuropathic mechanisms, including TRPA1-mediated neurogenic inflammation, are key in the pathophysiology of
airway hyperreactivity. Limitations: Specific measurements of substance P and CGRP in nasal lavage in ACRS
(as distinct from allergic rhinitis) have not been conducted. Ex vivo studies on isolated human nasal mucosa are
needed.

Summary Table of Hypothesis Verification

# Hypothesis Status Evidence Level
1 Nosological independence Partially confirmed Indirect (B)

2 CBF temperature threshold Confirmed Direct (A-B)
3 ATP metabolic depletion /N Plausible Theoretical (C)
4 TRPMB8 blockade as prevention Molecularly confirmed Preclinical (B)
5 Cold + virus synergism Confirmed Indirect (B)

6 Thermoacclimatization through hardening /\ Plausible Indirect (C)

7 Age paradox through exposure Plausible Indirect (B)

8 Vitamin D as modifier Confirmed Indirect (B)

9 Microbiome disruption A\ Theoretical Absent (D)

10 Neurogenic inflammation (TRPA1) Molecularly confirmed Direct (A-B)

Evidence levels: A — direct clinical; B — indirect/preclinical; C — theoretical/analogical; D — absent

CONCLUSIONS

Conclusion 1. Five pathophysiological mechanisms form a self-sufficient cascade

The most important theoretical contribution of the work of Gozhenko et al. (2025) is the demonstration that five
interrelated mechanisms — TRPMB8/TRPAL-mediated vasoconstriction, mucociliary dysfunction, metabolic
stress, neuroendocrine immunosuppression, and epithelial barrier compromise form a self-sufficient
pathophysiological cascade capable of reproducing the full symptom complex of the "common cold™ without the
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participation of any viral agent. Each of these mechanisms is supported by independent scientific evidence:
TRPM8/TRPA1 — by molecular studies; mucociliary dysfunction — by physiological studies; metabolic stress
— by the authors' thermodynamic calculations; neuroendocrine immunosuppression — by endocrinological
studies; barrier compromise — by epithelial physiology studies. The synergistic interaction between these
mechanisms amplifies the pathological effect of each, explaining why even moderate cold exposure can cause
pronounced clinical symptoms. This conclusion is fundamental for reconsidering the pathogenesis of the “common
cold" and opens new therapeutic targets not previously considered in this context.

Conclusion 2. Thermodynamic calculations quantitatively confirm the metabolic burden

The original thermodynamic calculations presented in the review are an important methodological contribution
that for the first time quantitatively substantiates metabolic stress as a mechanism of ACRS. The calculated power
of cold air (0°C) conditioning — ~14.2 W, constituting ~18% of basal metabolic rate at rest — is entirely realistic
and physiologically significant. During physical exercise (minute ventilation 30—60 L/min), this proportion rises
to 25-35%, and under extreme conditions (—20°C) may reach 40-50% of basal metabolism. Such costs are
comparable to the energy expenditure for maintaining cardiac rhythm (~7% BMR) or kidney function (~10%
BMR), indicating their clinical significance. Ciliated epithelial cells, which already expend a significant portion
of ATP on maintaining ciliary beating (12-15 Hz), face an additional energy burden that may lead to relative ATP
deficit, impaired ion pump function, and activation of stress signaling pathways (NF-xB, MAPK). These
calculations are theoretically correct but require direct experimental verification by measuring ATP levels in nasal
epithelium after cold exposure.

Conclusion 3. The synergistic ""ACRS as gateway'" model is scientifically justified

The concept of ACRS as a "gateway" for viral infection is one of the most clinically significant conclusions of the
review. Three independent mechanisms increase viral susceptibility after cold exposure: (1) impaired mucociliary
clearance prolongs viral contact time with the mucosa; (2) reduced sIgA decreases viral neutralization on the
mucosal surface; (3) suppressed interferon signaling reduces cellular antiviral defense. Huang et al. (2025) directly
confirmed that cold airflow impairs antiviral mucosal defenses. Otter et al. (2024) showed that interferon signaling
in nasal epithelium is a key determinant of antiviral defense. This synergistic model explains the clinical
phenomenon of "severe cold after chilling” without the need to postulate a direct causal role of cold in viral
infection. The concept of a "window of vulnerability" (2-4 hours after cold exposure) is clinically practical and
can be used to develop preventive recommendations.

Conclusion 4. Resolution of the age paradox through the differential exposure model is compelling

The explanation proposed by Gozhenko et al. (2025) of the age paradox through differences in quantitative
indicators of cold exposure is more parsimonious and evidence-consistent than the traditional "accumulated
immunity" hypothesis. The traditional hypothesis has a fundamental contradiction: if "accumulated immunity"
protects adults, why do elderly individuals — with pronounced immunosenescence and a significantly smaller
antibody repertoire — fall ill less frequently than young adults? The alternative exposure model is logically
consistent: children spend more time outdoors in cold weather, dress less effectively, have higher relative minute
ventilation (per kg of body weight), and have less developed thermoregulatory mechanisms. Ishmatov (2024)
confirmed the existence of age-related differences in the nasal protective function against cold air. Rijkers et al.
(2026) emphasize the need to account for behavioral factors in analyzing climatic influences on the immune
system. For final verification, a prospective cohort study with objective cold exposure monitoring (wearable
thermal sensors) in three age groups is needed.

Conclusion 5. Absence of antibiotics and antivirals in pure ACRS is scientifically justified

One of the most practically significant conclusions of the review is the justification for withholding antibiotics and
antiviral drugs in pure ACRS. If symptoms developed within 2 hours of cold exposure, fever and systemic
symptoms are absent, and symptoms diminish upon rewarming — this is pure ACRS, in which neither antibiotics
nor antiviral drugs have pathogenetic justification. Irrational antibiotic prescribing for the "common cold" is one
of the main causes of antibiotic resistance — a global public health problem. The concept of ACRS provides
physicians with a clear clinical algorithm for withholding antibiotics in the typical picture of cold-induced rhinitis.
Instead, pathogenetically justified treatment includes: rewarming, steam inhalations (42-45°C), saline nasal
sprays, and adequate hydration. These interventions are directed at restoring normal mucosal blood flow, restoring
mucociliary clearance, and normalizing mucus rheological properties.

Conclusion 6. Thermal protection of the respiratory tract is an underestimated preventive strategy

The review convincingly substantiates that active thermal protection of the upper respiratory tract is an independent
and effective preventive strategy that complements (rather than replaces) antiviral measures. HME masks (heat
and moisture exchangers), which warm and humidify inhaled air, have clear pathophysiological justification: they
directly eliminate the ACRS trigger — exposure of the nasal mucosa to cold dry air. The estimated efficacy of
HME masks (40-60% reduction in ACRS frequency) is clinically significant. Traditional scarves and masks that

19



warm inhaled air by 5-10°C are an accessible and cost-effective preventive measure. These recommendations are
particularly important for risk groups: children, outdoor workers, athletes training outdoors, and patients with
chronic respiratory diseases. Brenner et al. (1999) confirmed that prior thermal preparation modifies immune
changes during cold exposure, providing indirect confirmation of the efficacy of thermal protection.

Conclusion 7. The economic potential of the ACRS concept is enormous

The global burden of the "common cold" — ~9 billion episodes per year, ~$105 billion in direct and indirect costs
— is one of the largest in all of medicine. If even 20-30% of these cases represent pure ACRS, which requires no
pharmacological treatment and can be effectively prevented by thermal protection, the potential savings amount
to $20-30 billion annually. Fendrick et al. (2003) estimated the total burden of non-viral respiratory diseases at
over $40 billion annually in the United States alone. Implementation of the ACRS concept in clinical practice will
allow: reduction of irrational antibiotic prescribing (savings of $1-2 billion/year in the US); reduction of
unnecessary physician visits; reduction of unnecessary laboratory tests; improvement of work productivity through
effective prevention. Preventive interventions (HME masks costing $5-15) have an extremely favorable cost-
effectiveness profile and can pay for themselves within one winter season.

Conclusion 8. The research agenda is clearly structured and realistic

The formulated 10 hypotheses and 10 research problems form a logically consistent and methodologically realistic
research agenda. The hypotheses range from those requiring relatively simple laboratory studies (Hypothesis 3 —
ATP measurement in nasal epithelium; Hypothesis 4 — laser Doppler flowmetry) to those requiring complex
clinical studies (Hypothesis 10 — controlled viral inoculation). Priority areas are: (1) prospective cohort studies
with virological control to establish the real proportion of ACRS in the structure of ARTIs; (2) molecular studies
of the role of TRPMB8/TRPAL as therapeutic targets; (3) RCTs of preventive interventions (HME masks) in risk
groups. Methodologically critical is the use of objective cold exposure monitoring (wearable thermal sensors,
intranasal thermometers) and comprehensive virological testing (multiplex PCR panels for 15-20 viruses) in all
studies. International scientific collaboration is a necessary condition for conducting sufficiently powered studies.
Conclusion 9. The paradigmatic shift is scientifically justified but requires clinical verification

The paradigmatic shift from a pathogen-centric to a host-response model of the "common cold" proposed by
Gozhenko et al. (2025) is scientifically justified and supported by convergent evidence from physiology,
immunology, neuroscience, and thermodynamics. However, for full acceptance of this paradigm by the scientific
community, direct clinical verification of key hypotheses is necessary. In particular, it is critically important to
conduct a large prospective study that simultaneously: (a) objectively measures cold exposure; (b) conducts
comprehensive virological testing; (c) records a detailed temporal symptom history; (d) assesses response to
rewarming. Such data will allow establishing the real proportion of pure ACRS in the structure of acute respiratory
diseases and provide empirical confirmation (or refutation) of the concept. It is important to emphasize that this
paradigm does not deny the role of viruses, but expands the understanding of pathogenesis by adding a
thermoregulatory dimension.

Conclusion 10. The public and regulatory significance of the ACRS concept extends beyond academic
medicine

The concept of ACRS has far-reaching implications that extend beyond clinical medicine. First, inclusion of ACRS
in ICD-11 as a separate nosological entity will allow systematic collection of epidemiological data, development
of standardized protocols, and conduct of comparative studies. Second, the concept of ACRS has important
implications for occupational medicine: workers regularly exposed to cold (construction workers, fishermen,
military personnel) should be considered a high-risk group, and appropriate protective measures should be
included in regulatory requirements. Third, in the context of global climate change (Rijkers et al., 2026),
understanding the role of cold stress in morbidity acquires new significance: changes in seasonal temperature
patterns may substantially affect the epidemiology of ACRS. Fourth, the concept of ACRS is important for
pediatric practice: parents and educators should understand that adequate thermal protection of a child is not an
"old wives' tale” but a scientifically justified preventive strategy. Finally, this concept opens a new direction for
pharmacological research — the development of TRPM8/TRPAL antagonists as specific agents for ACRS
prevention — which may become a significant commercial and medical achievement.
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PE3IOME

AKTYyaJbHiCTH

TocTpi pecripaTopHi 3aXBOPIOBAHHS, III0 KOJEKTHBHO MO3HAYAIOTHCS TEPMIHOM «3aCTya», € OJHIUMH 3 HAHIONIMPEHIIINX [TaTOJIOTIH y CBITi:
BOHHM BPAKalOTh MiBSP/N JIO/IEH MIOPIYHO Ta CIPUYMHSAIOTH KOJNOCAIBHUH COIialbHO-eKOHOMIUHMIA TATap, Mo TepeBuirye 40 MimpsapiiB
nonapi Ha pik ymme y CIIA. ITonpu iX HOBCIOJHICTb, €TIONATOreHE3 IMX 3aXBOPIOBAHb 3AJIMIIAETHCS HEJIOCTATHHO BUBUEHUM i HAYKOBO
jmckyciianM. CydacHa MeUIMHA MOSCHIOE BCI TIPOCTI MPOCTY/THI €M1i30/11 BUKIIFOYHO BipYCHUMH IH(PEKIIIMI — TIepEeBaKHO PHHOBIpycamMn
(30-50%), xoponasipycamu (10-15%) Ta iHmmmMu pecrnipatopHumu Bipycamu. OfHaK 1l MOHOKa3yallbHa BipyCHA Mapajurma He MOsICHIOE
HU3KU JI00pe 3aJ0KYMEHTOBAaHMX KIIHIYHUX Ta eIiJeMiOJOTIYHMX HEBIIMOBIAHOCTEH: PO3BUTOK CHMIITOMIB TPOTATOM XBHJIMH ITiCIIs
XOJIOJIOBOTO BIUIMBY (3aJJ0Bro JI0 Oy/1b-5IKOTO MOXIIMBOTO iHKYOaIiifHOTO 11epio/y), 000pOTHICTE CHMIITOMIB MiCIIs 3irpiBaHHSA, BiJICyTHICTB

JMXOMAHKHM y 3HA4YHIA YacTWHI BHWIAJKIB Ta TNapajoKcalbHa BIKOBAa 3aKOHOMIPHICTH 3aXBOPIOBAHOCTI, 3a SKOI JITHI JFOAW — TIONpH
MPOTPECUBHY IMYHOCEHECLEHI[II0 — XBOpPIIOTh piflle, HiK AiTH Ta Mojioxai gopocni. Lli HeBupilieHi cynepeyHOCTI MOTPEeOYIOTh
(yHIaMEHTAIBHOTO MEPEOCMHUCIICHHS TATOTEHE3Y XO0JI0/I0-aCOIiHOBAHNX PECIipaTOPHNX 3aXBOPIOBAHb.

Mera

Lleit HapaTUBHUIT OTJISI KPUTHYHO aHAJI3ye POJb XOJIOJ0BOTO BIUIMBY Ta XOJOJOBOTO CTPECY B MATOICHE3l FOCTPUX 3aXBOPIOBAHb BEPXHIiX
JIMXQJIBHUX [UISXIB 1 IPOIIOHY€E HOBY KOHIIENTYal bHY MoJiesib — [ocTpuii xos1010Buii pecnipaTopuuii cunapom (I'’XPC) — sk camoctiiiny
HO30JIOTIYHY OJIMHUIIFO 3 YITKO BH3HAYEHHMM TAaTO(i3i0NOTIYHIMH MeXaHi3MaMH, CIenu(iYHIMH JIIaTHOCTHYHUMH KPUTEPiIMH Ta
KOHKPETHHMH KJIHIYHUMH IMITTIKaisiMu. OrJIsy] Takok 0OTPYHTOBY€ TapaJAuTMaTUYHUN 3CYB BiJl MATOT€H-LEHTPUYHOT 10 XOCT-BiIOBITHOT
MOJIedTi «3acTy iy, 3anporoHosanuii Gozhenko et al. (2025).

Meroan

[poBeneHo KOMIUIEKCHIN HApATUBHUIA OIS JliTeparypu B 6asax mannx PubMed/MEDLINE, Scopus, Web of Science ta Google Scholar,
10 OXOIUTIoE my6miKartii 3a 1946-2025 pp. aHITiHCHKOI0, YKPATHCHKOIO Ta MOJIBCHKOI0 MOBamu. KITi0uoBi ciioBa it monryKy BriIogani: cold
stress, thermoregulation, upper respiratory tract, mucosal immunity, vasoconstriction, common cold pathophysiology, mucociliary clearance,
cold air inhalation, HPA axis immune suppression, TRPM8, TRPA1, nasal mucosa cold. [ncTpyMeHTH mTyqHOro iHTeNneKTy (BeIuKi MOBHI
MO/IeJ1i) BHKOPHCTOBYBAJIMCH BUKJIFOYHO JUIsSL JTOTIOMIDKHUX 3aBJIaHb — IIEPBUHHOTO COPTYBAHHSI JIITEPATypH, IPAMaTHIHOT NEPEBIPKH TEKCTY
Ta (hopmaTyBaHHs 0i0miorpadiYHUX MOCHIAHB; YBECh HAYKOBHH 3MICT, aHaIli3 1 BACHOBKHU € BUKIIIOYHO PE3YJIbTaTOM IHTEICKTYaIbHOT Mpari
aBTOPIB. Y PYKOIKCI MPEACTABICHO OPUTiHATIbHI TEPMOANHAMIUHI PO3PAaXyHKH META0OIIUHUX CHEPTeTHYHNX BUTPAT PH AUXaHHI XOJIOIHUM
TOBITPSIM.

PesynabTaTn

KonBeprenTHi nani 3 (izionorii, iMyHOJIOri1, HEHPOHAYKH Ta TEPMOJMHAMIKM PO3KPHUBAIOTH I'SITh B3a€MOIMOB'SI3aHUX MAaTO]i3i0I0TiYHUX
mexanizmiB ' XPC:

CynunHa mucdyHKIis: BauxaHHs X0JI0IHOTO MOBITPSI aKTHBYE TEPMOCEHCOPHI PELETITOPH CIIH30BOT 00010HKH Hoca — TRPMS (mopir <
25-28°C) ta TRPAI (mopir < 17°C) — iHII[iOF0YHM [IBHAKY CHMIIATHIHO-OIMIOCEPEIKOBAHY Ba30KOHCTPHKIIIO MPOTSITOM CEKyH/I—XBHJIMH.
HactynHa peakTHBHA Ba30AMIIATaLlisl CYTPOBOUKYETHCA imIeMieto—perniep@y3i€ero, MiJBUIICHHSIM IPOHUKHOCTI KamiIspiB Ta BUBIIBHEHHAM
ricraminy, 6paaukidity, npoctaraanuais (PGE:, PGD:), neiikotpienis (LTCa, LTD4) 1 cybcranmii P — 1o hopmye kiniHigHy Tpiagy puHOpei,
3aKJIaJICHOCT] HOCA Ta YXaHHS HE3aJEKHO Bifl Oy/Ib-5IKOTO BIpyCHOTO areHTa.

Myxouuiaiapua gucdyHnkuis: XonoaHe NOBITPs 3HIDKY€E TeMIIEpaTypy cIH30Boi 000m0HKH Hoca 10 15-20°C, 3MeHIIy10un 9acToTy OUTTS
Biffok (UbB) nmpubnusuo BaBiui — 3 12-15 I'm go 6-8 I'm mpu 20°C, 3 npakTHYHO MOBHUM NPUNUHEHHSIM pyxy Hipkde 10°C. OgnowacHo
JierifipaTaiisi BANXYBaHOTO XOJIOJHOTO IMOBITPS MiJBMIY€E B'SI3KICTh CIIM3Y Ta 3HUKY€E HOrO €IaCTUYHICTh, MOPYLIYIOUM MYKOLMTiapHHI
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TpaHcnopt. Yac MyKOLIHITIapHOTO KIIIPeHCy 3pocTae 3 HopManbHuX 10-20 XBritiH 10 noHaa 60 XBHIINH, 110 CyTTEBO KOMIIPOMETYE eJIiMiHALIiI0
MaTOTeHIB Ta LIJICHICTh EHiTeNialbHOro Oap'epy.

Merta6o.iunuii Ta TepMoanHaMiuHMii cTpec: OpuriHaibHi TEPMOANHAMIUHI PO3PAXyHKH JEMOHCTPYIOTh, 10 KOHAUIIOHYBaHHS XOJIOJHOTO
noitpst (0°C) 1o ymoB Tpaxeobpomnxianbroro aepesa (37°C, 100% BigHOCHA BOJIOriCTh) BUMarae npuoiansHo 14,2 BT — 1o ekBiBaJICHTHO
~18% 0a3anpHOr0 MeTabomi3My y cTaHi crokoro. [Ipu ¢ismanoMy HaBaHTaxkeHHI (XBUIHHHMH 00'eM 30—60 1/XB) 15 4acTKa 3pocTac 1o 25—
35%, a npu exctpemanbHOMy Mopo3i (—20°C) mosxke nocsratu 40-50% GazanpHoro Merabostismy. Take CyTTeBe eHEepreTHiHe HABAHTaKECHHS
CIpHYNHSE JToKanbHe BUCHaXKeHHs AT® y kIiTHHAaX MUTOTIHBOTO €MiTelito, nopyuye ¢yHkuiro ionaux Hacoci (Na/K-ATdaza), 3amxye
CHHTE3 3aXUCHUX OLIKIB (MyLHHIB, fed)eH3HHIB, JTi301MMY) Ta akTHBYE npo3ananbHi curtanbHi musixu (NF-kB, MAPK).
Heiipoennokpunna imyHocynpecis: XononoBuil cTpec akTuBye Bich rinotamamyc-Tinodiz-Haguuprauku (I'TH), migBumryrounm pisHI
KOpTUKOTpomniH-pmwi3uHar ropmony (KPI'), agpeHoxoprukorpomnHoro ropmony (AKTT') Ta xoptuzomy. OgHodacHa CHMIIATHYHA aKTHBALLSL
BUBIUIBHSIE HOPAAPEHATIH Ta apeHaliH, YNHIIN ABO(ha3HUI IMyHOMOIYIIOI0UHIT e(heKT: TPAaH3UTOPHY CTUMYJIALIIO 3 HACTYITHUM TPHBAIIIM
[PUrHIYEHHSM CIIM30BOro imMyHitery. [Ipoaykuis cekperopHoro IgA (SIgA) 3HIKy€EThCs Yepes npsiMe NPUTHiYeHHs (YHKLIT I1a3MaTHYHUX
KIITHH, 3MEHIIIEHHS] KPOBOTOKY B cIn30Bii 06ononmi Ta I'TH-omocepenkoBany iMyHOCYIpecito — IO CYKYITHO IiIBHINY€ CIPUIHATINBICTE
JI0 BTOPUHHOI BipyCHOT iH(eKIii.

Bupimenns BikoBoro mapagokcy: KoHTpiHTYITHBHA BiKOBa 3aKOHOMIPHICTh 3aXBOPIOBAHOCTI (AiTH > JOpOCIHI > JIiTHI) IOSCHIOETBCS HE
BIIMIHHOCTSIMH B IMyHHi} KOMIIETEHTHOCTI, @ KIJIbKICHUMH BiJMiHHOCTSIMH B X0JIOJIOBOMY BILUIHBI: JiTH MPOBOJIATH OLIbIIE Yacy Ha BYJIMII B
XOJIOZHY IIOTOJY, MEHII €(eKTHBHO OJSTalOThCS, MAIOTh BUIIMI BiIHOCHMII XBWIMHHUH 00'€M AMXaHHS HA KUTOrpaM Macd Tijla Ta MEHII
PO3BUHEH] TepMOperysATopHi MexaHi3mu. L{st xocT-BianosigHa Mozies, 3anpononosana Gozhenko et al. (2025), € 6isblin HEPEKOHINBOO Ta
Y3TO/PKEHOIO 3 HassBHUMH JIOKa3aMH, HiXK TpaJHIiliHa rinoTe3a «HaKOMMYEHOr0 IMYHITETY».

Takox oxapakTepH30BaHO CHHepreTH4Hy B3acMonito Mixk I'XPC Ta BipycHOIO iH(EKIi€r0: X0I0T0-IHIyKOBaHa MyKOLIITIapHa JUCQYHKIIS
MOJIOBXKY€E Yac KOHTAKTy BIpyCiB 31 CIHM30BOIO OOOJOHKOI, KOMIPOMETAIlisl emiTeNiadbHOro Oap'epy IMOJEriiye BipycHy iHBasioo, a
HEeWPOCHIOKPHHHA IMYHOCYIIPECIsl 3HIDKYE iHTEp(epOH-ONOCepeIKOBAaHUH TPOTUBIPYCHUII 3aXHCT — IO CYKYITHO CTBOPIOE YMOBH, SIKi
MaKCHMaJIbHO CIPHSIIOTH BIpYCHIil peIntikamii Ta po3BUTKY CHMITOMAaTHYHOTO 3aXBOPIOBAHHSI.

ChopmyIbOBaHO AeCATh OPHIIHATPHUX AOCHIAHHIBKHX MPOOJeM Ta JecsITh BepU(pIKOBAHUX AOCHIAHMIBKHX TiMoTe3, 30KpeMa: TirnoTesy
TRPMB8-onocepenkoBaHoi Ba3okoHCTpUKLIT ((papmakosoridaa 61okasa sk NpoditakTuKa), rinore3y MeTaboIiqHOro BUCHAXKEHHS (Iedinut
AT® sk BumiproBanuii Giomapkep I'XPC), rimore3y Tepmoamanrtamii (CHCTEMaTHYHE 3arapTOBYBaHHs SIK HAYKOBO OOIpyHTOBaHa
npo¢inakTHYHA CTpaTeris), rimoTe3y MiKpoOIOMHOI JUCPYILIl Ta rinoTe3y HeliporenHoro 3amaneHns (cyocranuis P ra CGRP sk nepBunHi
MeJiaTOpH CHMIITOMOYTBOPEHHSI ).

BucHoBku

«3actyna» € He CcyTo iH(EeKUiHMM 3aXBOPIOBAHHSAM, & CKIAIHHUM CHHAPOMOM, Yy SIKOMY XOJOOBHIl CTpPEC BiAIrpac caMoCTiiiHy Ta
(dyHmaMeHTanbHy OAaTOreHeTHYHY poib. Tepmin T[octpmii xosomoBuii pecmipatopumii cuugpom (IXPC) rtounime BimoOpaxkae
6araToakTOpHy €TIONOTII0 TOCTPUX 3aXBOPIOBAHDb BEPXHIX MHXAIBHUX IUBIXIiB, IO OXOILTIOE TEPMIUHHMII CTpec, CYaHHHY MUCGHYHKINIO,
MeTaboIliuHe HaBaHTAXKEHHS Ta IMyHHY MOJIYJsiito — 3 abo 0e3 cymyTHboi BipycHOI iH(pexuii. [TapagurmMatuunuid 3CyB BiJ HaTOreH-
LEHTPHYHOI JI0 XOCT-BiAMOBixHOI Mojeni, 3amporoHoBanuii Gozhenko et al. (2025), € HaykoBO OOIpYHTOBaHMM 1 IiATPUMYETHCS
KOHBEPIeHTHUMH JIOKAa3aMH 3 PI3HHUX rajy3eil OioMeIuIMHH.

I'’XPC ra BipycHa iH(eKIis BEpPXHIX JAMXAIBHUX LUISXIB € HE B3a€MOBHKIIOYHMMH, a cuHepreTuuHumu nporecamu: ['XPC Bucrymnae
«BOPOTAaMM», IO TiIBUIYIOTH BipYCHY CIIPHIHHATINBICTD, TOJ SIK BipyCHA iH(EKIIis TTOTEHIII0e X0JI00-iHillifoBaHy 3amaibHy Bi/MOBI/b.
Busnanns ['’XPC caMOCTiHOIO HO30JIOTTYHOIO OAMHUIICIO MAE CYTTEBI IPAKTUYHI IMILTIKALIIT: BOHO MIEPEOCMHUCITIOE TPOBIIAKTUKY (aKTHBHHN
3aXMCT BiJ] XOJIOy SIK CaMOCTilHa cTpareris), niarHoctuky (audepenuianis I'XPC Bia BipycHOI 3acTy/u 3a 3arpoONOHOBAHIMH BEJIMKUMHU Ta
MaJIMMH KPUTEPIisIMU) Ta JTiKyBaHHsI (3irpiBaHHs i BiJHOBJICHHS MyKolutiapHoi (yHKIiT 6e3 npoTuBipycHux npernapatis npu uncromy I'XPC)
— 3 MIOTEHIIAJIOM CYTTEBO 3HM3HUTH INI00ATBHUN COIIAIbHO-€KOHOMIYHHMN TATAP OJJHOTO 3 HAMIOMIMPEHIIIINX 3aXBOPIOBAHb JIIO/ICTBA.

KurouoBi ciioBa: roctpuit xononoBuid pecriparopauit cunapom, I'XPC, xoy010BHii BIUIMB, XOJOJIOBHI CTpeC, TEPMOPETYJIsiis, BEpXHi
JUXaJbHI MUBIXH, Ba30KOHCTPHUKIIS, MyKONIWTiapHHi KiipeHc, cim3oBuii imymitet, TRPMS8, TRPAI, Bice ITH, Tepmommnamika, xoct-
BIiJITIOBI/THA MOJIEJIb, 3aCTy /1, HAPATHBHHUIT OTIIS

Abstract

Background

Acute respiratory illnesses, collectively referred to as the "common cold," represent one of the most prevalent conditions worldwide, affecting
billions of individuals annually and imposing an enormous socioeconomic burden estimated at over $40 billion per year in the United States
alone. Despite their ubiquity, the etiopathogenesis of these conditions remains insufficiently understood and scientifically contested.
Contemporary medicine attributes all common cold episodes exclusively to viral infections — predominantly rhinoviruses (30-50%),
coronaviruses (10-15%), and other respiratory viruses. However, this monocausal viral paradigm fails to explain several well-documented
clinical and epidemiological inconsistencies: the onset of symptoms within minutes of cold exposure (far preceding any possible viral
incubation period), the reversibility of symptoms upon rewarming, the absence of fever in a substantial proportion of cases, and the paradoxical
age-related pattern of incidence in which elderly individuals — despite progressive immunosenescence — suffer fewer episodes than children
or young adults. These unresolved contradictions call for a fundamental reassessment of the pathogenesis of cold-associated respiratory disease.
Objective

This narrative review critically examines the role of cold exposure and cold stress in the pathogenesis of acute upper respiratory tract disorders
and proposes a novel conceptual framework — Acute Cold Respiratory Syndrome (ACRS) — as an independent nosological entity with
clearly defined pathophysiological mechanisms, distinct diagnostic criteria, and specific clinical implications. The review further presents a
paradigmatic shift from a pathogen-centric to a host-response model of the common cold, as proposed by Gozhenko et al. (2025).

Methods

A comprehensive narrative literature review was conducted across PubMed/MEDLINE, Scopus, Webh of Science, and Google Scholar
databases, covering publications from 1946 to 2025 in English, Ukrainian, and Polish. Search terms included: cold stress, thermoregulation,
upper respiratory tract, mucosal immunity, vasoconstriction, common cold pathophysiology, mucociliary clearance, cold air inhalation, HPA
axis immune suppression, TRPM8, TRPAL, and nasal mucosa cold. Artificial intelligence tools (large language models) were used exclusively
for auxiliary tasks — initial literature sorting, grammatical proofreading, and reference formatting — with all scientific content, analyses, and
conclusions being the sole intellectual product of the authors. Original thermodynamic calculations of metabolic energy expenditure during
cold air breathing were performed and are presented in full within the manuscript.

Results
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Convergent evidence from physiology, immunology, neuroscience, and thermodynamics reveals five interconnected pathophysiological
mechanisms underlying ACRS:

Vascular dysfunction: Inhalation of cold air activates TRPM8 (threshold < 25-28°C) and TRPAL (threshold < 17°C) thermosensory receptors
in the nasal mucosa, triggering rapid sympathetically mediated vasoconstriction within seconds to minutes. This is followed by reactive
vasodilation with ischemia-reperfusion injury, increased capillary permeability, release of histamine, bradykinin, prostaglandins (PGE-,
PGD:), leukotrienes (LTCs, LTD4), and substance P — collectively producing the clinical triad of rhinorrhea, nasal congestion, and sneezing
independently of any viral agent.

Mucociliary dysfunction: Cold air reduces nasal mucosal temperature to 15-20°C, decreasing ciliary beat frequency (CBF) by approximately
50% (from 12-15 Hz to 6-8 Hz at 20°C, with near-complete arrest below 10°C). Simultaneously, dehydration of inhaled cold air increases
mucus viscosity and reduces elasticity, impairing mucociliary transport. Mucociliary clearance time increases from a normal 10-20 minutes to
over 60 minutes, significantly compromising pathogen elimination and epithelial barrier integrity.

Metabolic and thermodynamic stress: Original thermodynamic calculations demonstrate that conditioning cold air (0°C) to tracheobronchial
conditions (37°C, 100% relative humidity) requires approximately 14.2 W — equivalent to ~18% of basal metabolic rate at rest. During
physical exertion (minute ventilation 30-60 L/min) this proportion rises to 25-35%, and under extreme cold (—20°C) may reach 40-50% of
basal metabolism. This substantial energetic burden induces local ATP depletion in ciliated epithelial cells, impairs ion pump function (Na*/K*-
ATPase), reduces synthesis of protective proteins (mucins, defensins, lysozyme), and activates pro-inflammatory signaling pathways (NF-kB,
MAPK).

Neuroendocrine immunosuppression: Cold stress activates the hypothalamic—pituitary—adrenal (HPA) axis, elevating corticotropin-
releasing hormone (CRH), adrenocorticotropic hormone (ACTH), and cortisol. Concurrently, sympathetic activation releases noradrenaline
and adrenaline, producing a biphasic immunomodulatory effect: transient stimulation followed by sustained suppression of mucosal immunity.
Secretory IgA (slgA) production is reduced through direct suppression of plasma cell function, decreased mucosal blood flow, and HPA-
mediated immunosuppression — collectively increasing susceptibility to secondary viral infection.

Resolution of the age paradox: The counterintuitive age-related incidence pattern (children > adults > elderly) is explained not by differences
in immune competence but by quantitative differences in cold exposure: children spend more time outdoors in cold weather, dress less
adequately, have a higher relative minute ventilation per kilogram of body weight, and possess less developed thermoregulatory mechanisms.
This host-response model, proposed by Gozhenko et al. (2025), provides a more parsimonious and evidence-consistent explanation than the
traditional "accumulated immunity" hypothesis.

The synergistic interaction between ACRS and viral infection is also characterized: cold-induced mucociliary dysfunction prolongs viral
contact time with the mucosa, epithelial barrier compromise facilitates viral invasion, and neuroendocrine immunosuppression reduces
interferon-based antiviral defense — collectively creating conditions that maximally favor viral replication and symptomatic disease.

Ten original research problems and ten testable research hypotheses are formulated, including: the TRPM8-mediated vasoconstriction
hypothesis (pharmacological blockade as prevention), the metabolic depletion hypothesis (ATP deficit as a measurable biomarker of ACRS),
the thermoacclimatization hypothesis (systematic cold hardening as an evidence-based preventive strategy), the microbiome disruption
hypothesis, and the neurogenic inflammation hypothesis (substance P and CGRP as primary mediators of symptom onset).

Conclusions

The "common cold" is not a purely infectious disease but a complex syndrome in which cold stress plays an independent and fundamental
pathogenetic role. The term Acute Cold Respiratory Syndrome (ACRS) more accurately reflects the multifactorial etiology of acute upper
respiratory tract disorders, encompassing thermal stress, vascular dysfunction, metabolic burden, and immune modulation — with or without
concomitant viral infection. The paradigmatic shift from a pathogen-centric to a host-response model, as proposed by Gozhenko et al. (2025),
is scientifically justified and supported by convergent evidence from multiple biomedical disciplines.

ACRS and viral upper respiratory tract infection are not mutually exclusive but synergistic processes: ACRS acts as a "gateway" that enhances
viral susceptibility, while viral infection potentiates the cold-initiated inflammatory response. Recognition of ACRS as an independent
nosological entity has significant practical implications: it reframes prevention (active cold protection as a standalone strategy), diagnosis
(differentiation of ACRS from viral cold using proposed major and minor criteria), and treatment (warming and mucociliary restoration without
antiviral agents in pure ACRS), with the potential to substantially reduce the global socioeconomic burden of one of humanity's most common
diseases.

Keywords: acute cold respiratory syndrome, ACRS, cold exposure, cold stress, thermoregulation, upper respiratory tract, vasoconstriction,
mucociliary clearance, mucosal immunity, TRPM8, TRPAL, HPA axis, thermodynamics, host-response model, common cold, narrative review

BCTYII

T106anbHMIl TATAp X0/10/10-acONiiiOBAaHNX pecnipaTOPHUX 3aXBOPIOBAHb

Toctpi pecripaTopHi 3aXBOPIOBaHHSA, IO KOJIEKTUBHO IMO3HAYAIOTHCS TEPMIHOM «3aCTyfa», CTAHOBISTH HAWIOMIMPEHIlTy iH(EKIiiHy
MATOJIOTIIO B JIFOICHKUX TOMYJISIIISX, BPAXKAIOYH MITbPIN 0Ci0 MOPIYHO Ta CTBOPIOIOYH 3HAYHE COMiaTbHO-eKOHOMITHe HaBaHTaxkeHHs (Allan
& Arroll, 2014). Emigemionorivuii Jaui BUSBISIOTH pa3iodi BIKOBI 3aKOHOMIPHOCTI: JiTH TEPEKUBAIOTh 6—8 MPOCTYAHUX CIMi30iB Ha PiK,
JIOpOCIIi TPAIe31aTHOTO BiKy — 2—4 emi30/¢ MOPiYHO, TOAI SIK JIITHI JIFOJM CTPaKIaloTh MEHII Hixk Bix 1 emizoxy Ha pix (Monto, 2002;
Heikkinen & Jérvinen, 2003).

VY po3BHHEHMX KpaiHax CYKYITHI €KOHOMIYHI BTPATH MEPEBHUILYIOTh MUIBSPIN J0JIapiB IIOPIYHO Yepe3 HEBUXi HA pOOOTY, 3HIIKEHHS TPY10BOT
[IPOJIyKTHBHOCTI Ta BUTPATH Ha 0XOpOHY 3710poB's. Bramley et al. (2002) mixpaxysai, 1o 3acTyaa npu3BoAnTh 10 75—100 MisbiHOHIB Bi3UTIB
1o nikapst mopiuno mume y CIIA, a mpsimi Ta HempsiMi BUTpaTH HepeBHInyioTs 40 MinbsipaiB monapis ua pik. Fendrick et al. (2003) omirmmi
3arajbHUI TATap HEBIPYCHUX PECHIpaTOPHUX 3aXBOpPIOBaHb y moHan 40 mupn nomapiB mopigno smme B CLIA, 1o poduTs 110 natosorito
OJIHi€F0 3 HANOIIBII EKOHOMIYHO 3HAYYIINX Y MEJIMIIIHI.

IMomnpu Taxy HOMMPEHICTH 1 3HATYIIICTD, TATO(I310IOTiA «3aCTy AW 3aTUIIACTHCS IPEAMETOM JUCKYCill. JloMiHyI04a BipyCHA apaiurma, o
cdopmyBanace y Apyriii monoBuHI XX CTOMITTA, MOSCHIOE BCl MPOSBH 3aCTyAM BHKIIOYHO 4epe3 Hmpu3My BipycHoi indekmii. IIpoTe 1t
KOHLIETIis 3aimiae 0e3 BiAnoBiai HU3Ky (yHIaMeHTAIbHUX KIiHIYHKX 1 emigemionoriunnx nurans. Hemonasno Gozhenko et al. (2025)
3aIPOIOHYBANIH MapaJUrMATHYHUI 3CYB BiJl TATOrCH-IEHTPUYHOI JO XOCT-BIAMOBIAHOT MOJIEII, aKICHTYIOUH YBary Ha TEPMOPETyISTOPHHUX
peaxmisix sIK KIFOYOBHX JeTePMiHAHTaX PO3BUTKY 3aXBOPIOBAHHSL.
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Bipycna napagurma Ta ii o06MeKeHHs

CyvacHa MeIU4YHA JOKTPHHA PO3MILIAE «3aCTyLy» K CHHOHIM rocTpoi BipycHOI iH(exnii BepXHiX AUXalbHHUX NUIIXiB. BigmosinHo mo miei
KoHuernuii, 6inbure 200 pisHux Bipycis — punosipycu (30-50% Bunakis), koponasipycu (10-15%), Bipyc rpuity, naparpuiry, pecripaTtopHo-
CHHLMTIANBHUI BipyC Ta iHII — € €MHUMH NPUYMHHAME areHTamu 3axsoproBants (Eccles, 2002). L{s napagurma migkpinieHa 3Ha9HuM
MAacCHBOM BipyCOJIOTTYHUX JOCTIIXKEHb i CTala OCHOBOIO VIS PO3POOKH IPOTUBIPYCHUX IIPEIapaTiB Ta BaKIHH.

Ilpote BipycHa mapajgurma Mae cyTTeBi ooOMexenHs. [lo-nepie, Bipyconoriune TecTyBaHHs BUsiBIsie 30y aHuKa jumie y 50-70% winiHiuHX
BuUMnaKiB «3actyam» (Johnston et al., 1993), saimiaroun 3HauHy 4acTKy 3aXBOPIOBaHb 6e3 BCTAHOBIICHOT iH(pekuiiHoi npuunnu. [lo-apyre,
181 HapaJiurMa He IMOSCHIOE, YOMY CHMIITOMH HEPiJKO PO3BUBAIOTHCS IIPOTSATOM XBIIIHMH IICIIS XOJIOJ0BOTO BIUIUBY — 3a/I0BTO 10 OYAb-SKOTO
MOXIUBOTO iHKyOawiitHoro nepioxay. [lo-TpeTe, BoHa He Jae BIANOBIlI HA MUTAHHS PO MEXaHi3M CE30HHOCTI: YOMY 3aXBOPIOBAHICTH Pi3KO
3poCTae B3MMKY, SKIIO BipycH LMPKYJHOKOTH 1inuil pik? Gozhenko et al. (2025) cucremaTnyno npoaHanisyBaid i HEBIANOBIAHOCTI Ta
3aIIPOIIOHY B aJbTCPHATHBHY MOJEIIb, IO IPYHTYETHCS HA PEAKIIisiX OPraHi3My-rocroiaps.

KuiniuHi HeBiIMOBiHOCTI, 1110 CTABJAATD NI/l CyMHIB MOHOKA3yaJIbHY MO/IeJIb

Psin nobpe 3aI0KyMEHTOBAHHX KIIHIYHHX CIIOCTEPEKEHb CYIEpeYMTh BHKIIOUHO BipyCHilf koHmemnmii «3actyam». Ilepme — wacosa
HEBIINOBIIHICTE: CUMIITOMH PHHITY, 3aKJIaJ€HOCTI HOCA Ta HEPIIiHHS B TOPJi 9aCTO BHHUKAIOTH MPOTAroM 15-30 XBHINH Iicis BUXOLY Ha
XOJIOJI, TO/I SIK MiHIMaJIbHIII iHKYOaLiiHMIl epio puHOBipycy craHoBuTh 12-24 roxunu (Eccles, 2002). [Ipyre — 060pOTHICTb CHMIITOMIB:
y 3HAYHOI YaCTHHU MAIMIEHTIB CUMIITOMH 3MEHIIYIOThCSI 200 MOBHICTIO 3HUKAIOTH IC/Is MOBEPHEHHSI B TEIUIC MPUMIIICHHS Ta 3irpiBaHHS.
TpeTe — BiACYTHICTb JINXOMAHKU: TpH «arcToMy» [ XPC Temmeparypa Tija 3aIHIIa€Thesi HOpMabHOIO abo cyodedpunbHoio. YeTBepTe —
BIKOBHII TapajoKc: JiTHI JIOAM 3 MeHII epeKTMBHUM IMyHITETOM XBODiIOTH piamie 3a mojoaux popocaux. Gozhenko et al. (2025)
3aIPOIIOHYBAIN IOSICHEHHS OO MApaJoOKCy Yepe3 BIAMIHHOCTI B XapaKTepi XOJIOJOBOrO BIUIMBY Ta TEPMOATANTALIITHUX MOXKIMBOCTSIX
PI3HUX BIKOBHX TPYIL.

Merta Ta 3aBJJaHHS OTJISTY

MerToto 1IbOTO HAapaTHBHOTO OrysAmy €: (1) KpUTHYHO MpoaHAi3yBaTH HAsABHI JOKa3H IOJ0 POJI XOJIOJOBOIO CTPECY B MATOTEHE3I TOCTPHX
pEecIipaTOpHUX 3aXBOPIOBaHb; (2) cHCTeMaTH3yBaTH MaTO(i3i0NOridHi MeXaHi3MH XO0JI010-IHIYKOBAHOTO YPaKeHHs IUXAIbHUX NULIXiB; (3)
3amporoHyBaTH KOHIENTyanbHy moneidb ['XPC sk caMoCTiiHOI HO30JIOTIYHOI OAMHUII; (4) OKpeCiIWTH KIiHIYHI, OpodimakTHYHi Ta
TepaneBTHYHI iMIUTIKAIT i€l KOHIEMIl y CBITII MapaJIurMaTHaHoro 3¢yBY, 3anpornonoBanoro Gozhenko et al. (2025); (5) cdopmysoBatu
JIOCITI THULBKUH MOPSIJIOK JICHHUIA /17151 BeprdiKallii 3a1pornoOHOBaHUX TilOTE3.

MPOBJIEMH JOCJIKEHHSA

Konuenuis I'XPC sk caMOCTiiHOI HO30JIOTIYHOT OJMHHUII MOPOJUKYE HHU3KY (YHIAMEHTAIBHMX HAyKOBHX IMpoOJeM, 10 TOTpeOyHTh
CHCTEMAaTHYHOro BHUpimeHHs . Hipkde chopMyiIboBaHO JEcsATh KIIOUOBHMX JOCIHIJHULIBKHX NPOOJIeM, IO BH3HAYAIOTH ITOPSIOK JICHHMIT
MaiOyTHIX JOCIIKEHB y il ramy3i.

Ipo6aema 1. Ho3ouoriuna neBusnavenicts ['XPC. HesBaxaroun Ha HakomuueHi matodizionoriuni mokasu, [ XPC moci He BH3HAHMI
CaMOCTIHOIO HO30JIOTIYHOIO OJMHUIICIO B JKOAHIN i3 MikHapomHmx kiacudikamiii xsopo6 (MKX-10, MKX-11, DSM-5). Bincythicts
0(iIifHOr0 HO30JIOTIYHOrO CTATYCY YHEMOXKJIUBIIIOE CHCTEMATHYHHI OOJIIK 3aXBOPIOBAHOCTI, TPOBE/ICHHSI TTOPIBHSUTBHHX €ITiIeMiOIOTIIHIX
JIOCIIIUKEHB Ta PO3POOKY CTaHIapTU30BAHKX IIPOTOKOJIIB JIiKyBaHH:. [IpoGiema nossirae y BU3HaYEHHI BaJliJHHUX, BIATBOPIOBAHUX Ta KIIIHITHO
3HAYYIIUX JIarHOCTHYHHX KPHUTEPIiB, MO J03BONATE 4iTKO BigMexysath I'XPC Bim BipycHOI 3acTyjiy Ta alepridHOro PHHITY B yMOBax
pyTuHHOI KiiniuHoT pakTuky (Gozhenko et al., 2025).

Ipo6iema 2. KinbkicHa oliika BHECKY X0JI0/I0BOI0 CTPeCY Y CTPYKTYPY rOCTPHX pecnipaTopHuX 3aXBopioBanb. Peanbna yactka ' XPC
Y 3arajbHIH CTPYKTYpi FOCTPHX PECHipaTOPHUX 3aXBOPIOBAHb 3aIMIIAETHCS HEBIIOMOIO. OCKUIBKHM OUTBIIICTH KIIHIYHUX JOCIIUKCHb He
IIPOBO/ISITE BIPYCOJIOTIYHOTO TECTYBaHHs a00 He 30HparOTh AETaJbHOrO aHAMHE3Y I0/0 XOJO0BOr0 BILUIMBY, HEMOXJIMBO BCTAHOBUTH, SIKA
JacTKa BUIMAJKIB «3acTyam» € unctium I XPC, sika — 4ncToro BipycHoro iHdeKIIi€ro, a sika — 3Mimanoro Gopmoro. Bupimenns miel mpobiemu
BHMarae BEJIMKOMACIITAOHMX MONYJLIIIHHMX JOCHI/DKEHb 13 OOOB'SI3KOBHM  IIapajelbHAM  BIPYCOJIOTIYHHM TECTYBaHHAM Ta
CTaHAAPTU30BAHOIO OLIIHKOIO X0so0Boro BBy (Johnston et al., 1993).

Ipo6aema 3. Ioporosi 3nauenusi xoso010Boro BBy Wist ininiauii FXPC. Hesimomi KinbKicHI MOPOTOBI 3HAYEHHS TEMIIEPATypH,
TPHUBAJIOCTI Ta IHTEHCUBHOCTI XOJIOJIOBOTO BIUIMBY, IO € AOCTATHIMHM JUIs iHinianii narosioriyHoro kackamxy I'XPC. Uu nocTaTtHbo 5 XBUIMH
mpu -5°C? Yu notpibua tpuBamicts 30 xBuwmmH npu +5°C? Binmosiai Ha i MUTaHHS MAlOTh MPHHIUIIOBE 3HAYCHHSI TSI PO3POOKH HAYKOBO
00TpyHTOBaHHX MPOQITaKTHIHIX PEeKOMEH/Ialliil Ta HOpMaTHBIB oxopoHu mpari. Brenner et al. (1999) nokasanu, mo iMyHHI 3MiHE TpH
XO0JIOJIOBOMY BIUIMBI 3aJIe’KaTh BiJl HOro0 iHTEHCHBHOCTI Ta TPUBAJIOCTI, OJHAK KUIBKICHI MOPOTOBi 3HAYEHHS JJIsi BEPXHIX JUXaJbHUX IIUISXIB
3aITHIIAIOTHCS. HEBCTAHOBIICHUMU.

Mpodaema 4. IngusinyajnbHa BapiaGesbHICTh YYTIMBOCTI /10 X0/10/10BOro crpecy. KiiHIYHMI JOCBiJ CBIAYMTH IPO 3HAYHY
MDKIHAMBITyanbHy BapiaOenbHICTh y peakilii Ha X0JI010BHil BIUTUB: OJIHI JIOJU PO3BUBAIOTH BupaxeHi cumnromu [ XPC micist MiHIMaIbHOTO
MEPEOXOIOKEHHSI, TO/I SIK 1HII 3aJMIIAI0THCS OE3CHMIITOMHUMHE HaBiTh IIPU TPUBAIOMY NepeOyBaHHI Ha MOpo3i. ['eHeTHYHi, TOpPMOHAIIBHI,
MeTa0oITiuHi Ta OBEAIHKOBI JIETEPMIHAHTH 11i€i BapiaOeIbHOCTI 3aINIIAI0TECS MPAKTHIHO HEBUBYCHUMH. 30KpEMa, POJIb oNIiMOp(i3MiB TeHiB
TRPMS ta TRPAI y Bu3HaueHHI iHANBILyaabHOT Ty TIIMBOCTI JI0 XOJO/Y € MePCIEKTUBHNM, aie Hempoctimkernm Hanpsimom (Vasek, 2025).
Ipodaema 5. Mexanizmu Tepmoanantauii BepxHix JuxajbHuX umuisxiB. J[oOpe BimOMO, IO peryiisipHe 3arapTOBYBaHHS 3HHKYE
3aXBOPIOBAHICTh Ha «3acTyxy». OJHAK MOJEKYJSIpHI Ta KJIITHHHI MEXaHI3MH TepMoOaJamnTalii BepXHiX IUXaJbHUX IUIIXIB 3aJHIIAIOTHCS
Hes'scoBannmu. Yu BigOyBa€eThCs afamnTarisi Ha piBHI TEPMOCEHCOPHHX penenTtopi (3umkeHns uyTiauBocti TRPM8/TRPAL)? Uu na piBai
CY/ZIMHHOT PEaKTHBHOCTI (3MEHIIECHHS aMILTITY/ I Ba30KOHCTPHKILii)? Un Ha piBHI MyKonwmtiapHoro anapaty (rmijgsumieHHs criikocti YbB o
3HIDKEHHST Temreparypu)? BigmoBini Ha I[i NHTaHHS JO03BOJATH PO3POOUTH HAyKOBO OOIPYHTOBAaHI MPOrpaMH 3arapTOBYBaHHS 3
ONTUMaJIbHUMH NTapaMeTPaMH TeMIIEPATyPH, TPHBAIOCTI Ta 4aCTOTH MPOLEIYP.

Ipo6.ema 6. Bzaemonist [ XPC Ta BipycHoi indexuii Ha MosiekyasipuoMy piBui. Xoua cunepretuyana Moaess Bzaemoii [ XPC ta BipycHOT
iH(ekii € marodizionoriyHo 0OIPYHTOBAHOIO, MOJIEKYIIAPHI MEXaHi3MH Ifiel B3aeMOIiT 3aJIMITAI0ThCsl HeBUBYSHUMH. 30KpeMa, HEBIZIOMO: UM
M/IBUIIIY€ XOJIO0-1HAyKOBaHa BA30KOHCTPHKIISI excrpecito Bipycuux perenropis (ICAM-1 ms punosipycis, ACE2 mist kopoHasipyciB) Ha
TIOBEPXHI emiTermanbHuX KIiTHH? Yn 3HIKye MeTaboiuHMiA CTpec MPO/IYKIiI0 iHTEp(EPOHIiB TIepIIOoro THIy — KIFOYOBUX TPOTUBIPYCHHUX
1UTOKIHIB? BiNoBizi Ha 11i MMTaHHSA MAOTh IPUHIIUTIOBE 3HAYCHHS [UIS PO3YyMiHHS MEXaHi3MiB CE30HHHUX CITalaxiB PECIipaTOPHUX BIPYCHUX
indexriit (Chen et al., 2026).

Ipodaema 7. Poap mikpodiomy BepxHix quxajabHux uuisxiB y narorenesi I'XPC. Mikpo0ioM BepXHIX AMXAIBHHUX IUISIXIB € BOKIUBUM
KOMIIOHCHTOM MICLICBOIO IMyHHOI'O 3aXHCTy. XOJOJOBHIl CTpeC MOXKEe 3MIHIOBATH CKJIaJ Ta (QYHKLIOHAIBHY aKTHBHICTH MIKpOOioMy depes
3MIHH TeMIIepaTypH, BOIorocTi Ta pH cim3oBoi o6omonku. IIpote 3B'I30Kk MiXK X0I010-1HIYKOBAHUMHU 3MiHAMH MiKpoOioMy Ta PO3BUTKOM
I'XPC a0 miiBUIICHOIO CIPUIHSITINBICTIO 0 BipyCHHX iH(EKIIH MPpaKTUYHO He BUBYCHUM. Lle € mepcrneKTHBHUM HAMPSIMOM JOCIHIIKCHB,
1110 MO’KE PO3KPUTHU HOBI MeXaHi3Mu rnaTtoreHesy Ta npodinaxruxu I'XPC.
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Ipo6aema 8. BB kaiMaTHuHUX 3MiH Ha enigemiosoriio I'’XPC. I'nobanbHe MOTEIUIIHHS 3MIHIOE XapaKTep CEe30HHHX TeMIIEPaTypHHX
KOJIMBaHb, 110 MOKE CYTTEBO BILTHBATH Ha erifemiosnorito '’ XPC. 3 ogHoro 60Ky, i ABUIIEHHS CepeJHBOPIYHNX TEMIIEPATYP MOXKE 3HIKYBATH
vactoTy [ XPC y momMipHUX KIIMATHYHHX 30HAX. 3 IHIIOrO OOKY, 301IbILECHHS YACTOTH eKCTPEMAIbHHUX TOTOIHUX SBULI (Pi3Ki TOXOIOAAHHS,
XBWII X0J0/y) Moke migsuutyBati pusuk Baxkux (opm [XPC. Rijkers et al. (2026) BkasyroTh Ha HEOOXiJHICTb BUBYEHHS BILUIUBY
KIIMaTHYHUX 3MiH Ha IMyHHY CHCTEMY, BKIIOYAIOUH XOJIOJ0-acOLifoBaHI pecmipaTopHi 3axBopioBaHHs. L{g nmpoGiaema HabyBae 0coOIMBOI
AKTyaJIbHOCTI B KOHTEKCTI INI00AIBHUX KITIMATHYHHUX 3MiH.

Ipo6aema 9. IlexiaTpuuni Ta repiarpuyni acnexktn I'’XPC. Bikosa 3akoHOMipHicTh 3axBoproBaHocti Ha [ XPC (xitu > gopocii > JiTHi)
noTpedye AETAILHOTO BHMBYCHHS 3 YpaxyBaHHSAM BIKOBHX OCOOJIMBOCTEH TEpPMOpPEryiisimii, aHATOMIl BEPXHIX JUXaIbHUX MUIIXIB,
HEUPOCHIOKPHHHOI PeryJisLii Ta MoBeAiHKOBHX (GakTopiB. 30KkpemMa, HEeBiIOMO: UK € HOBOHAPO/PKEHI Ta HEMOBJIATA OCOOJIBO BPA3IHBHUMH J10
I'XPC uepe3 He3piliCTh TEPMOPETYJTOPHUX MeXaHi3MiB? UM MOB'S3aHUN CHHIPOM panToOBOi CMEPTi HEMOBIIT i3 XOJIOJO0-1HIYKOBAHOIO
nmucdyHKIiero BepxHix auxansHux mupixis? Opdal et al. (2025) BkasyroTs Ha MOXKIIMBHIA 3B'SI30K Mi’K TEpMOPETyJISTOPHUMH HOPYIICHHSIMH Ta
CHHJIPOMOM PAITOBOI CMEPTi HEMOBIIAT, 110 NOTPEOYe MOAAIBIIOTO BUBYCHHS.

Ipo6aema 10. ®apmakosoriuni mimeni s npodinakrukn Ta gdikyBanns I'XPC. He3paxaroun Ha 4iTKo BU3Ha4eHi natodisionoriusi
mexanizmu '’ XPC, cienndivnux papmaxonoriqaux 3aco0iB Uit HOro mpoQilakTUKY Ta TiKyBaHHS He icHye. [IoTeHIiiHIME TepaneBTHIHIMI
Mmintensivu €: antarodicty TRPM8/TRPAIL (st 610KyBaHHs! iHiLialii BA30KOHCTPHKIIIT), MicLeBi Bazoauiararopu (Ui KOPEKIi imemii
CJIN30BO1), MyKOJITHKN HOBOT'O IOKOJIHHS (UTs BiZHOBIIEHHSI MyKOLWIIAPHOTO KJIPEHCY), aIalTOreHN Ta IMyHOMOIYJISITOPH (JUIsl KOpeKil
HEeWpPOSHJOKPHHHOI iMyHOCympecii). Po3poOka Ta KiIiHIYHAa OLHKA IUX 3acCO0IB € aKTyaJbHOIO HAayKOBO-IPAKTHYHOIO MPOOIEMOI0, IO
notpebye MixkauciuILtiHapHoro minxoay (Gozhenko et al., 2025).

T'IMOTE3N JOCJILKEHHSA

Ha ocHosi anani3y matodizionoridnux Mexanizmis I’ XPC ta chopmymb0BaHHX JOCII THUIBKUX TPOOIEM MPOMOHYIOTHCS Taki pobodi TinoTesu,
IO MiJJISTatoTh EMITIPUYHIN Bepudikarii:

Tinore3a 1. T'inore3a Ho3osoriunoi camocriiinocti IXPC. @opmynosanns: TXPC € caMOCTIHHOI HO30JIOTIYHOK OJMHUIECIO, IO
BI/IMOBiIa€ KPHUTEPIsAM OKPEMOrO 3aXBOPIOBAHHS: Ma€ cHelu(iuHy eTionoriio (XOJOIOBHH CTpeC), WiTKO BU3HAUeHi matodisiomorivdHi
MeXaHi3MH, XapaKkTepHy KIIHIYHy KapTHHY Ta IependadyBaHHil Nepebir — He3aleKHO BiJ HAsBHOCTI ab0 BiICYTHOCTI BIpyCHOrO areHTa.
Bepucgpixayisn: IlpocrieKTHBHE KOTOpTHE JIOCII/DKEHHS 3 IMapajelbHUM BIPYCOJIOTIYHMM TECTYyBaHHSIM Ta CTAHIAPTH30BAHOIO OLIHKOIO
X0J10/10BOr0 BIUIMBY. ['inoTesa miaTBepKy€eThes, KO > 20% BHIAAKIB «3acTyau» BianoinaioTs kpurepisim I'XPC npu HeraTHBHOMY
Bipycosoriunomy TectyBauni. O6ipyumysanns: Gozhenko et al. (2025) nokazanu, wo narodizionoriuni mexanizmu ['XPC e nocratHimum st
PO3BHTKY KiiHIYHHX cuUMITOMIB Ge3 yuacrti BipycHoro arenta. Johnston et al. (1993) BcranoBuiun, mo y 30-50% BunajkiB KiiHi4HOT
«3aCTyU» BIPYCHHII areHT He BUSBIIIETHCS.

linore3a 2. Iimore3a TemmepatypHoro mopory. @opmyniosanns: IcHye KpuTHUHHE TemmepaTypHuii mopir (mpubmmszHo +10°C ms
TeMIepaTypH CIM30BOi 000JIOHKH HOCA), HIDKUE SIKOTO MyKOLMIIIapHUI KIipeHC 3HIKYEThes O11bI Hixk Ha 50% Bix 0a3anbHOTO piBHS, 110 €
JIOCTATHIM ISt KJTIHIYHO 3HAYYIIOTO MMOPYIICHHS 3aXUCHUX (DYHKIIH BEpXHIX AUXANbHUX HUISIXIB. Bepughikayis: JlabopaTopHe T0CHTIPKSHHS
3 BumiproBantsaM YBB Ta MyKomimiapHOTO TPaHCIOPTY MPH Pi3HUX TeMIepaTypax ciu3oBoi obononku Hoca (Big 37°C no 5°C) y 3mopoBux
JI0GPOBOJIBLIIB METOIOM CaXapHHOBOIO TeCTy Ta BigeoMikpockomii. Obpynmysanns: Tufail et al. (2025) nokasanu BUpaskeHy TeMIepaTypHY
sanexnicts UBB. Brenner et al. (1999) BcraHOBHIN, 0 IMYHHI 3MiHM TIPH XOJOZOBOMY BILIHBI € J0303aJIe)KHUMU. BH3HAYCHHSI TOYHOTO
MOPOTrOBOTO 3HAYECHHS I03BOJIUTH PO3POOUTH KibKicHI Kputepii puzuky ['XPC.

I'inote3a 3. I'inmoTe3a MeTadoiuHOr0 BHUCHAXKeHHsI. Popmyniosanis: MeTabONIYHI BUTPATH Ha KOHAWIIOHYBAHHS XOJOJHOTO ITOBITPS
(HarpiBaHHS Ta 3BOJOKEHHS) IPH3BOATH IO BUMIPIOBAHOTO 3HIDKEHHS piBHA AT® y KIITHHAX MHTOTIIHBOTO CMITEII0 BEPXHIX TUXAIBHIX
NIIAXIB, M0 KOPENIoe 3 TSDKKicTIo KiIHIYHEX cumnToMiB I'XPC. Bepugikayisn: bioxiMiuHe NOCTIIKEHHS 3pa3KiB HAa3aJIbHOIO EIITENio
(OTpHMaHHX METOJJOM LIITKOBOI 0i0ICii) 1O Ta MiCIIst CTaHAaPTU30BAHOTO XOJIOZOBOTO BIUTHBY 3 BUMipIoBaHHIM piBHIB AT®, AJIO, AMD Ta
€HEepreTU4HOro 3apsay Kinituau merogom BEPX. O6rpynmyeanns: OpuriHansHi TepMOMHAMIYHI pO3paxyHKH (po3/is 4.3.2) 1eMOHCTPYIOTh,
110 KOHJMIIIOHYBAaHHS XOJIOJHOTO TOBITps BuMmarae 15-50% OazanpHOro Merabosizmy. MeraOomiyHuil cTpec € BH3HAHMM MEXaHi3MOM
nopyteHHs GyHKIGI emiTenianpaux kmitna (Gozhenko et al., 2025).

I'inote3a 4. I'inote3a TRPM8-onocepenxoBanoi BazokoHcTpuKLii. Popmyniosanna: Dapmakonoriqna Omokama TRPMS8-penenrtopis
CIU30BOT OOONIOHKH HOCA 33 JOMOMOTOI0 CeNeKTHBHOTO aHTaronicta (Hampukian, AMG-333 a6o AMTB) 3ano6irae xomoa0-iHayKoBaHii
BA30KOHCTPUKI Ta CyTTEBO 3HIKYE BHpakeHiCTh cumntomiB ['XPC mnpu CcTaHIapTH30BaHOMY XOJIOJIOBOMY BIUIMBI. Bepudikayis:
PannomizoBaHe nozBiliHe ciine miane60-KOHTPOILOBAHE JOCIIIKEHHS 3 IHTpaHa3aJIbHUM BBECHHAM aHTaroHicta TRPMS nepen xononoBum
BIUIMBOM. [lepBHHHA KiHIIEBa TOYKA — Ha3aJbHUI KPOBOTIK (Jla3epHa nonriepiBebka (Gaoymerpis). BTopiHHI KiHIEBI TOUKH — Cy0'€KTHBHI
cummromu (mkana SNOT-22) ta 06'exTnBHI MOKa3HUKH (Ha3anbHa TpoBiaHicTs, UYBB). O6rpynmysanns: TRPMS € 0CHOBHUM MOJIEKY ISIPHUM
CEHCOPOM XOJIOAy B CIH30Biil obomommi Hoca. Vasek (2025) mokaszas, 10 TEPMOTEHHI CTUMYJIH MOIYJIOIOTH IMyHHY BiAIOBiIb depe3
TepMoceHcopHi perenTopr. biokaga TRPMS € nepcriekTHBHOIO TepaneBTHYHOIO cTpaterieio 1yt npodinaktuku ' XPC.

Tinore3a 5. 'imoTe3a cuneprizmy xosioay Ta Bipycy. @opmynosanns: Ilonepeaniii xonomosuii Biutis (3060 xB mpu Temmepatypi < +5°C)
MiZBUIILY€E CIPUHHATIUBICTE O PUHOBIPYCHOI iH(EKLil IOHalMeHIIe y 2 pasu MOPIBHSHO 3 BiJCYTHICTIO XOJIOJOBOTO BIUIMBY, IO
00yMOBJICHO XOJIO/I0-IHTyKOBAaHHM 3HIKEHHSM TPOAYKIi iHTepdEpOHiB TEpHIoro TUITy Ta MOPYMICHHSM MYKOIMIIapHOTO KIIpEeHCY.
Bepudpirayis: KoHTpoiboBaHe TOCIIPKEHHSI HAa KINTHHHUX KyJbTypax (MEpBHHHI KINTHHHM HA3aJbHOTO CINTENiI0 JIOAMHK) Ta €X VIVO
MOJIEIISIX : MOPIBHAHHS e()eKTHBHOCTI PUHOBIPYCHOT iH(EKIi mcist monepeanpoi inkyb6arrii mpu 37°C ta 33°C (Temmepatypa, 10 BiImoBigae
OXOJIOJKEHIN CITH30Bii HOca). BumiproBanust BipycHoro HaBantaxenus, npoaykiii IFN-B ta IFN-A, excrpecii ICAM-1. O6mpynmysanns:
Huang et al. (2025) npogemoncTpyBaiu, MO XOIOAHUI MOTIK MOBITPS MOPYIIYE aHTHBIPYCHI IMyHHI 3aXUCHI (YHKIIii CITH30BOT OOOTOHKH.
Chen et al. (2026) onmcanu HelipoiMyHHI MEXaHi3MH, 110 MOB'SIBYIOTH XOJOIOBHI CTPEC i3 IMiIBHIIEHOIO BipyCHOIO CIPUHAHSTIHBICTIO.
Tinore3a 6. I'imoTe3a TepMoaganTauii Yepes pery.sipue 3araproByBauns. Popmynioganns: CUCTeMATHYHE 3arapTOBYBAHHsI (IIOJCHHE
KOPOTKOYAaCHE XOJIOJIOBE IOBITPSHE ONPOMIHEHHS BEPXHIX AUXAIBHUX IUIAXIB MPOTSATOM 8 THXKHIB) NPU3BOJIHUTH O BHUMIPIOBAHUX
aJaNTUBHUX 3MIH Y CIIM30Bii OOOJIOHII HOCA: 3HWKEHHS aMILUTITY I BA30KOHCTPUKTOPHOI BiJIIIOBI i Ha X001, MIIBUIIEHHS 0a3aJIbHOTO PIBHS
SIgA Ta MOKpalleHHs! MyKOIMJIiapHOTO KIIIPEHCY MPHU XOJIOJOBOMY BIUUBI. Bepudgixayis: PannoMizoBaHe KOHTPOJIbOBAHE JOCIIIKEHHS 3
IPYIIOI0 3arapToOBYBaHHs (MIOJCHHE BAMXaHHS MOBITpst ipu -10°C mpotsirom 5 xB, 8 THKHIB) Ta KOHTPOJIBHOIO Tpymo0. OIiHKa HA3aIEHOTO
kpoBoTOKY, UBB, piBHs SIgA Ta 3axBoproBanocTi Ha ['XPC mpoTsiroM HacTyIHOro 3UMOBOrO ce3ony. Obrpynmysanns: Brenner et al. (1999)
[OKa3aJliy, 10 IONEPe/HE HarpiBaHHs Ta (i3MYHE HABAHTAKEHHS MOIM(IKYIOTh IMYHHI 3MiHM npu xonogoBomy Biumsi. Vasek (2025)
MiATBEPAUB, IO TEPMOTCHHI CTHMYJH 3JaTHI MOJIYJIOBAaTH IMyHHY BiamoBigs. Ll rimoresa 3a0esmedye HayKOBY OCHOBY UL IPAKTHKU
3arapToBYyBaHHS.

I'inore3a 7. I'inoTe3a BikoBoro mapagoxcy 4epe3 audepeHniiioBanmii XoJ0A0BUii BIIMB. Qopmyniosanns: BikoBa 3aKOHOMIpHICTH
3axBoproBanocTi Ha ['’XPC (mita > nopocii > NiTHI) HOSACHIOETHCS BUKIIOUYHO BiAMIHHOCTSIME B KiJIbKICHUX IOKa3HUKAX XOJI0JOBOTO BIUIUBY
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(uac mepeOyBaHHsS Ha XOJOMi, CTYMiHb YTCIUICHHs, XBWIMHHHI 00'eM [MXaHHs HAa K Macd Tiia), a HE BIAMIHHOCTSMH B IMyHHIil
KOMIIETCHTHOCTI, 1 3HHKA€ MPU BHPIBHIOBAHHI LUX TOKA3HHMKIB MK BIKOBUMHU Tpynamu. Bepucikayis: EmigemMiosoriyte TOCTIIHKEHHS 3
JieTaabHIM 00'€KTUBHUM BUMIPIOBAHHSM XOJIOJIOBOIO BIUTHBY (aKceIepoMeTpH, TepMoaaTauk, GPS-Tpexepn) y TphOX BIKOBHX Ipymnax (IiTH
6-12 pokiB, gopocii 2545 pokiB, JiTHI 65+ POKIB) IPOTATOM OJHOTO 3HMOBOIO CE30HY 3 HapaliebHUM MOHITOPHHIOM 3aXBOPIOBAHOCTI HA
I'XPC. Obpynmysannsn: Gozhenko et al. (2025) 3anpornonyBany 1o riforesy siK MOSICHEHHs BikoBoro mapajokcy. Rijkers et al. (2026)
ITiIKPECITIOIOTh BAXIIMBICTh BpaXyBaHHsI MOBEAIHKOBUX (DAKTOPIB IPU BUBYECHHI IMyHHHX Peakwiil Ha KJIiMaTHYIHI BIUTHBH.

linoresa 8. lNinoresa ae¢inury Bitaminy D sixk moaudikyrouoro ¢paxropa. @opmynosanns: Jedinut sitaminy D (25(OH)D < 20 ur/mir)
CYTTE€BO IOTEHIIIOE XOIOJ0-IHAYKOBaHy iMyHoOCynpecito Ta migsuirye pm3uk ['XPC monaiimenmte y 1,5 pasu, Toai sk kopekuis aedimuty
Bitaminy D 3Hmxkye 3axBoproBanicts Ha I'XPC y 3umoBmii ce3oH. Bepughixayis: PannomizoBaHe mianed0-KOHTPOIBOBAHE JOCIHIIKEHHS 3
nobaskoro Bitaminy D3 (20004000 MO/100y) npoTsiroM 3uMOBOTO ce30HY y ocib 3 mediunrom Bitaminy D. IlepBuHHa KiHIeBa TOYKa —
3axBoproBanicts Ha ['’XPC. BropunHni kinnesi Toukun — pisenb SIQA, UBB npu xomomzoBoMy BIUIHBI, PiBeHb KOPTH30IY. OOIpyHmyeans:
Dogan et al. (2023) noka3amu, o Bitamin D momyitoe T-kiiTuHHY Bianosias npu xosnomosomy crpeci. CesonHuit aediuur Bitaminy D
30iraeTbes 3 koM 3axBoproBanocTi Ha ' XPC, 1o CBiTYHUTH PO MOSKINBUH IPUYNHHO-HACTIAKOBUH 3B'I30K.

I'inote3a 9. I'imoTe3a mikpodiomuoi aucpynuii npu IXPC. Qopuynosanns: I'octpuii xonoxosuii Bums (> 30 xB mpu < +5°C) cipuunmse
BUMIpIOBaHI 3MIiHH y CKJIagi MIKpOOiOMy BEpXHiX AMXaIbHHX IUBIXiB — 30KpeMa, 3HWKCHHs BiJHOCHOI YACTKH 3aXMCHUX KOMCHCAJIB
(Lactobacillus spp., Dolosigranulum pigrum) Tta migBHIIEHHS 4YacTKM YMOBHO-TIATOreHHMX Mikpooprauizmis (Staphylococcus aureus,
Streptococcus pneumoniae) — mo mnepemye po3BUTKy KimiHiuHEX cumnromiB ['XPC. Bepugpixayia: TIpoCTIEKTHBHE JOCIIUKEHHS 3
IOCJI IOBHUM 300pOM Ha3zo(apHHrealbHUX Ma3KiB JI0, Bigpasy micis Ta yepe3 24 1 48 rox micist cTaHAapTH30BAHOTO XOJIOZOBOTO BILIHBY.
Amaui3 mikpobiomy MetogoM cexeryBaHHs 16S pPHK. Kopessuiitnuii anaii3 Mixk 3MiHamMu Mikpo6iomy Ta KiniHigHuME cuMmntoMamu I XPC.
Ob6rpynmyeanns: MIiKpoOiOM BEpXHIX JIHMXaJbHUX MUISIXIB € IMHAMIYHOK CHCTEMOK), YYTJIMBOK 0 3MiH TEMIIEpPAaTypu Ta BOJOTOCTI.
IMopymennst Mykorputiapaoro kiipency npu I'’XPC 3miHIo€ yMOBH [UIst MiKpOOHOI KOJIOHI3awil ciu30B0i 0000HKH. L5 rinore3a Binkpusae
HOBHH BUMIp y po3yMiHHI natoreHesy I'XPC.

Tinore3a 10. T'inmore3a HeiiporeHHOro 3anajieHHs sIK MEPBHUHHOIO MeXaHi3My CHMITOMOYTBOpeHHsi. Popmyniosanns: HeiiporeHne
3anajieHHs, iHinifoBane aktusamicro TRPAL-penentopis ta BuBiuIbHeHHsIM cyOcTaHii P i CGRP i3 ceHcOpHUX HEPBOBHX 3aKiHUEHb CIIM30BOT
00OJIOHKH HOCa, € TEPBHHHAM Ta JOCTATHIM MEXaHi3MOM [UIsl PO3BHTKY MOBHOrO cumnrtomokoMmiuiekcy I'XPC (puHopesi, 3akiageHicTb,
YXaHHS ) HE3aJIIKHO BiJl CYIMHHUX Ta IMyHOJIOTIYHUX 3MiH. Bepudghikayis: JIocmiKeHHS Ha MOJIEII 130JIbOBaHOT Ha3aJIbHOT CIIM30BOT 000JIOHKH
moquHu (€X ViV0): mopiBusiHHs BuaitenHs cyocranmii P, CGRP ta memiatopis 3amanenns npu oxonopkerni (10°C) y mpucyTHOCTI Ta
BizcyrHocti anraronicris TRPAL (HC-030031) Ta GiokaTopiB HeliporeHHOro 3ananeHHs. [lapanesnbHe KIiHIUHE HOCIIKEHHS 3 OLIHKOIO
piBHiB cyOcranuii P ta CGRP y wasansnomy nasaxi npu ['XPC. O6ipynmysanns: Chen et al. (2026) omucanu HelpoiMyHHI cxeMH B
11aTo(i3i0JI0Til JUXAIBHIX IUIIXIB, [0 BKIIOYAIOTh HEHPOreHHE 3aIlaleHHs SIK KITIOUOBHI MEXaHi3M, ITiITBEPANIH, IO BIHXaHHS XOJIOJIHOIO
MOBITpPsI BUKJIMKAE aBTOHOMHI peaKiiii AnxaabHuX NUsixiB. HeliporeHHa rinotesa moscHioe OinckaBuaHmil mouatok cummromis [XPC.

METOI0JIOI'ISI O JISA Y

Jlu3aiin q0c/IizKeHHsT

Lleii Oruisii BUKOHAHO SIK HAPATUBHUIA (OMOBIJHMIA) OTJIS JIiTEpaTypy BiMOBIZHO 0 METOJOJOTIYHUX NMPHHIMIIB, omucanux Ferrari (2015)
ta Green et al. (2006). HaparuBruii nu3aifH 00paHO CBiZIOMO, OCKiIBKM MeTa pOOOTH IIOJIsrae He B CHCTEMATHYHINW KUIBKICHIN cuHTE3
OJIHOPIJTHUX JIOCHII/PKeHb, @ B KOHIENITYaJIbHIN 1HTerpanii pisHOPIAHUX MaTo(i310I0rYHUX JaHKUX 3 PI3HUX raimy3eil MeaquiuuHu Ta ¢izionorii.
Crparerisi nouyky Jiteparypu

Toryk miTepaTypu npoBouBes B 6azax nanux PubMed/MEDLINE, Scopus, Web of Science ta Google Scholar. Yacosi mexi momryky: 1946—
2025 pp. MoBu ny6umikariii: aHriiiceka, yKpaiHchKa, moibebka. Kiouosi crosa juist nomnyky Briroudanu: «cold stress», «thermoregulation»,
«upper respiratory tract», «mucosal immunity», «vasoconstriction», «common cold pathophysiology», «mucociliary clearance», «cold air
inhalation», «HPA axis immune suppression», «respiratory epithelium barrier», «TRPM8», «TRPA1», «nasal mucosa cold». Jlmst
JIOTMIOMIXKHOTO TOMIYKY Ta MEPBUHHOIO COPTYBAHHS PEJICBAHTHHUX JUKEPEN BUKOPUCTOBYBAINCH IHCTPYMEHTH IITYYHOTO iHTENEKTY (BEJHKI
MOBHI Mojieni). Yci BiniOpani mxepena Oy BepudikoBaHi aBTopaMu 6e31ocepe/jHbO B OPUTiHATBHUX ITyOTiKaIisX.

Kpurepii BK/I1I04eHHsI Ta BUK/II0YEHHS

Kputepii BKIIOUeHHSI: OpWTiHAIBHI JIOCHTI/UKEHHS, CHCTEMATHYHI OTJIAIM, METa-aHalli3W Ta HAapaTHBHI OIVISIM, IO BUBYAIIM BILIHB
XOJIOY/TIepEOXOIO/DKeHHST Ha JUXANbHI NULIXH, IMyHHY (YHKIIO a00 TepMOpPeryJsIiIliio; eIigeMioNoriuHi JOCII/PKEHHSI CEe30HHOCTI
pecripaTopHUX 3aXBOPIOBaHb; (i3i0NOTIUHI JTOCHI/KEHHS MYyKOIMIiapHOTO KIPeHCY, Ha3aldbHOI CyIMHHOI peakiii Ta TepMOIMHAMIKH
JIXAHHS.

Kpurepii BUKJIIOUEHHSI: TOCII/DKEHHS, 0 CTOCYIOTHCS BHKJIIOYHO HIKHIX JUXaJbHUX IUIAXiB 0e3 3B'SI3Ky 3 BepXHiMu; myOumikarii 0e3
peleH3yBaHHs; TOCII/DKEHHS Ha TBAPUHHUX MOJIEINSX 0€3 KIIIHIYHOT eKCTPanoJIsLil.

PoJib IITY4HOr0 iHTEJIEKTY B METOI0JI0Tii

BiAnoBisHO 0 MPHHIMIIB MPO30POCTi Ta aKaJeMidHOI JOOPOYECHOCTI, aBTOPH PO3KPHBAIOTH, 110 iHCTpyMenTH 1111 BHKOpHCTOBYBaNNCH
BHKJIFOYHO SIK JOLOMIXKHI 3aCO0M: /IS MOIIYKY TMOTEHIIIHHO PeeBaHTHUX MyOJIiKalliil 32 KIFOYOBUMH CIIOBAMH, JUISl TPAMATUYHOI MIEPEBIPKU
TeKkcTy Ta A (GopmatyBanHs Oibmiorpagii. JKomHa HaykoBa KOHIICMINis, TinmoTe3a, po3paxyHOK abdo BHUCHOBOK He OyNM 3reHepoBaHi
incrpymenrtamu II1. BinnoinaneHicTh 3a HAyKOBY JIOCTOBIPHICTh YChOTO 3MICTY HECYTh BHKIIFOYHO aBTOPH.
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Bukopucranns incrpymentis mryynoro inresnexry / Artificial Intelligence Use Disclosure

V mpotieci miArOTOBKH OO PYKOIUCY aBTOPH BUKOPUCTOBYBAJIN IHCTPYMEHTH [ITY4HOTO iHTenekty (L) — 30kpema, Benuki MOBHI Mo
(LLM) — BHKIJIFOYHO /1JIsl TAKMX ONOMIsKHHX 3aBJIaHb:

MEPBUHHUI MOIIYK 1 COPTYBAHHS HAYKOBOI JIITEPaTypH 3a KIIOYOBUMHU TEMAMI;

T'paMaTU4vHa Ta CTHJIICTHYHA nepeBipKa TEKCTY,

opmaryBanus 6i6miorpadivanx nocunans y criwa APA 7;

CTPYKTYPYBaHHS Ta pearyBaHHs OKPEMUX PO3LTIB PYKOIHUCY.

Iactpymentu 111 He BHKOPHUCTOBYBAJIMCH JIsi: TeHepalil HAYKOBHUX KOHLCMIH, HOPMyIIOBAHHS BHCHOBKIB, HPOBEICHHS PO3PaxyHKIB,
iHTeprpeTamii JaHux abo MPUAHATTS OyIb-SKUX HAYKOBHX DilleHb. YCi HAyKOBI i/el, OpHriHAIbHI TEPMOANHAMIUHI PO3PAXyHKH, aHAMTI3 1
BHCHOBKH € BUKJIIOYHO PE3YJIbTATOM IHTEJICKTYalIbHOI Mpalli aBTOPiB. ABTOPH IIOBHICTIO HEPEBIPHIIN BECh BMICT PYKOIIHCY Ta HECYTh IIOBHY
BIi/ITIOBIIAJIBHICTB 3@ HOTO TOYHICTB 1 JIOCTOBIPHICTD.

During the preparation of this manuscript, the authors used artificial intelligence (Al) tools — specifically large language models (LLMs) —
exclusively for the following auxiliary tasks: initial literature search and sorting; grammatical and stylistic proofreading; formatting of
bibliographic references in APA 7 style; structuring and editing of selected manuscript sections. Al tools were NOT used for: generating
scientific concepts, formulating conclusions, performing calculations, interpreting data, or making any scientific decisions. All scientific ideas,
original thermodynamic calculations, analyses, and conclusions are exclusively the result of the authors' intellectual work. The authors have
fully reviewed all manuscript content and bear full responsibility for its accuracy and reliability. This disclosure complies with ICMJE, COPE,
and journal editorial policy recommendations regarding Al use in scientific publications.

ICTOPUYHA INEPCIIEKTUBA

Hapoana myapicTs i Tpaauuiiini nepexoHaHHs

3B'SI30K MK XOJIOZIOM 1 «3aCTYA0I0» € OJTHUM i3 HaWAaBHINIMX 1 HAallyHiBEPCAIBHIIINX MEIUYHHUX MEPEKOHAHB JIIOACTBA. Y BCIX KyJbTypax i
LUBLTI3AIIAX — BiJl JABHBOTPELBKOT MeTUIIMHM ['IMMOKpaTa 10 KUTANChKOI TPAAMIIMHOT MEMIIMHHM, BiJl QalOPBEIM 10 HAPOJIHOT MEIUIIMHU
CIIOB'THCBKUX HAPO/IiB — MEPEOXO0JI0PKEHHS PO3IJIAIaI0Ch IK OCHOBHA PUYIHA PECIiPaTOPHNX 3aXBOPIOBaHb. CaM TEPMiH «3acTyza» (aHTII.
cold, mim. Erkéltung, ykp. «3actyma») ernMosioriuso BizoOpaxae meii 38's30k. I'inmokpar y Tpakrati «IIpo moBiTpsi, Boy i MicLeBOCTI»
OTIMCYBAB 3B'I30K MK XOJIOJTHUM KJIIMaTOM 1 3aXBOPIOBAHHIMH AUXAIBHUX HUIAXiB. ABilleHHa B « KaHOHI MEMIIMHIY» PEKOMEH/1yBaB YHUKATH
TIEPEOXO0JI0/KEHHS SIK OCHOBHHI TPO(iTaKTHIHUIA 3aXiJ] IPOTH PECHipaTOPHNUX XBOPOO.

Panni naykosi nociaikenus (X1X — nouarok XX cr.)

Tepi cucTeMaTnyHi HAYKOBI JOCIIDKEHHS 3B'S3KY MK XOJIOZIOM 1 PECTipaTOPHUMU 3aXBOPIOBAaHHAMHM NpoBo ek y XIX — Ha nmouyatky
XX cromitrs. JIOCHITHUKH TOrO 9acy HaMarajmch BIiITBOPHUTH «3acTyAy» IUIIXOM HEPeOXOJIOPKeHHS JOOPOBOJBIIB, 1 JEsKi 3 IHX
JIOCHI/DKeHb JIaBalli MO3UTHBHI pe3ynbTaTd. OJHAK METOHOJIOTIuHI 0OMEXKEeHHS (BiCYTHICTh BIPYCOJOTIYHOTO KOHTPOJIO, HEMOXKIHBICTh
BUKJIFOYMTH B)KE€ HasiBHY CyOKITiHIUHY iH(EKIIiI0) HE JI03BOJISUIN 3pOOUTH OJTHO3HAYHUX BUCHOBKIB. BasKIIMBUM KPOKOM CTaJIM CIIOCTEPEKEHHS
TIPO Te, IO TIEPEOXOJI0KEHHS HOCOBOI CIIM30BOT MPHU3BOJIUTH 10 BA30KOHCTPHKIIIT Ta 3HIKEHHS MiCIIEBOT0 KPOBOTOKY, IO MOKE MOPYIITyBaTH
MiCILIEB] 3aXMCHI MEXAaHI3MH.

Bipycha peBoutonisi Ta 3mina napagurmu (1950-1990 pp.)

Binkpurrst punosipyciB y 1950-x pokax (Pelon et al., 1957; Price, 1956) i noganbiua inentudixauis noxag 200 pecripaTopHuX BipyciB
JTIOKOPiHHO 3MIHHJIN YSIBIICHHSI TIPO «3acTyay». 3HamernTti Concoepiiiceki mocmimkerns (Common Cold Unit, 1946-1990) mix kepiBHHIITBOM
Tyrrell Ta Andrewes mepekoHIMBO MPOASMOHCTPYBAIH, IO «3aCTyLy» MOXKHA BHKJIMKATH LIIIXOM IHTPAHA3aIbHOTO BBEACHHS BIPYCHHX
¢inprpaTi. Lli mocmimkenHs chopMyBaiu CydacHy BipyCHY TNapajurMy i Ha JCCSATHIITTS BiJICYHYJIM Ha APYTWH TUIAH JIOCHIKEHHS PO
xosony. IIpoTe BaxkiIMBO 3a3HauMTH, MO HaBiTh Y CoNCOEPIfCHKUX JOCITIPKEHHIX HE BCI JOOPOBOIIBILI, SIKUM BBOJIMIH BIpYC, 3aXBOPIOBAIIH
— III0 CBiJJYUTH MPO POJIb JOJATKOBHX (DaKTOPIB, BKIIOYAIOUN TepMidHUit cTpec. Came 1eit acrieKT — poJib peakliiii opraHizmMy-rocroaaps —
CTaB IEHTpaIbHIM Y KputiudHOMYy oriisiai Gozhenko et al. (2025).

CyuacHi BUKJIMKM BipycHiii BukiouHocTi (1990 — choroieHHs)

Mounnaroun 3 1990-x POKIB, HAKOMHMIYIOTHCS JaHi, MI0 CTABIATH MiJ CYMHIB BIpYCHY BHKITIOUHICTH «3acTymm». Johnston et al. (1993)
nokasainu, mo y 30-50% mnarieHTiB i3 KIIHIYHUMHE CHMIITOMAMH «3aCTyJM» BIPDYCHMI areHT He BHUSABIISIEThCS HABITh NPH BHKOPUCTAHHI
HAWCy4YacHIINX MOJEKyIpHHX MetomiB. Eccles (2002) y BIIIMBOBOMY OTJIsi/li 3BEpPHYB yBary Ha «XOJOJOBHI TMapagoKcy» i 3aKIHKaB 0
MepeocMUCIeH s polti mepeoxoiomkenns. Douglas et al. (1968) y KOHTpoIIbOBaHHX YMOBaX MOKA3AIH, IO MIEPEOXOJIOHKEHHSI TOOPOBOIIBIIIB
i IBHII[yBaJIO YacTOTy CHMIITOMIB «3aCTy/Ii» MOPIBHSAHO 3 KOHTpOsbHOIO Tpynoto. Gozhenko et al. (2025) cunTesyBainu 1i Ta iHuI JaHi B
€IMHY KOHIIENTYyalbHY MOJIEIb, 1110 TIOSICHIOE PO3BUTOK CHUMIITOMIB Yepe3 TePMOPETYISATOPHI peaKiii opraHismMy-rocrnoapsi.

MMATO®IBIOJOI'TYHI MEXAHI3MHU I'XPC

CyaunHi peakuii Ha X0J1010BUii BIUIUB

TepMoceHCOPHi pelenTopy Ta CUMIIATHYHA AKTUBALIis

BauxaHHsS XOJIOZHOTO MOBITPS AKTUBYE CHMIIATHYHY HEPBOBY CHCTEMy 4Yepe3 TEPMOCCHCOPHI PELENTOPH CIN30BOi OOOJOHKH HOca —
nepeBakno TRPMS (axtuByethest mpu Temmepartypax mHmkde 25-28°C) ta TRPAL (aktuByetses Hmpkue 17°C). Ll axtuBamis inimitoe
pedIIeKTOpHY Ba30KOHCTPHKIIIO CyIUH CIM30BOI OOOJOHKU 4epe3 o-aApEHEepriuHi penentopu. Ba3oKOHCTPHKINS PO3BUBAETHCS IMPOTIIOM
CEeKYH/I-XBUJIMH TIiCJIs [0YaTKy XOJIOJOBOrO BIUIMBY i € IMEPIIOIO JIaHKOK mnarodiziosnoriunoro kackaxy ['XPC. Gozhenko et al. (2025)
PO3MILIIAIOTh L0 PEAKMiI0 SIK KIFOYOBHH EIEMEHT XOCT-BIAMOBIMHOI MOeni PO3BHTKY 3axBOproBaHHs. KUIIHIYHO Ba30KOHCTPHKIIiS
IIPOSIBIISIETHCS TOYATKOBOIO «CYXICTIO» B HOCI Ta 3HIDKCHHSIM HA3aJIbHOI CEKperii.
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Tmemist c;1u30B0i 000.10HKH Ta penep@y3iiiHe NMOMKOIKEHHA

ITicas moyaTKoBOI Ba30KOHCTPHKIIT PO3BHBAETHCS PEAKTHBHA Ba30JMIATaLlis — (PEHOMEH, aHAIOTIYHHI «PEaKTHBHIH TimepeMii» B iHIIMX
TkanuHax. Ll pernepdysis cynpoBOmKY€ETHCS: MiABUIICHHM HPOHUKHOCTI KAIJLSIPIB Ta BUXOJOM IIa3MOBHX OUIKIB y TKaHUHY (HaOpsIK);
AKTHBALIEI0 TKAHUHHUX MaKpo(ariB Ta JEHIAPUTHHX KIITHH; reHepanicio akTuBHUX (Gopm kucHio (ADK) ta meaiaropis 3anaieHHs. [memis—
peniepdy3is € 1o0pe BiJOMUM MEXaHi3MOM TKaHHHHOTO IIOLIKOKEHHS B KapAi0JIoTil Ta HeHpoxipyprii. 3aCTOCYBaHHS IIbOTO MEXaHI3My 10
CIU30BOT O0OJIOHKH HOCA MPU XOJIOZOBOMY BIUIMBI € MAaTO(i310J0riYHO OOIPYHTOBAHUM 1 TOSCHIOE PO3BUTOK 3amalibHUX 3MiH 0e3 ydacTi
BipycHoro arenra (Li et al., 2025).

BuBijibHeHHS 3aIAJILHUX MeiaTopiB

CyavHHA peakilis CYIpPOBO/DKYETbCS BHBUILHCHHSM ILIMPOKOIO CIEKTPY 3amajbHUX MeiaTopiB: ricTaMiHy (3 TYYHHX KIITHH),
npocrarnanautis (nepesaxno PGE: ta PGD:), neiikotpienis (LTCs, LTDa4), 6paaukininy, cy6eranuii P ta CGRP. Lli meaiatopu ¢popMyioTh
CaMOIIITPUMYBaHHUI 3aMaJbHUN KacKaj, 0 KIIHIYHO MPOSBILIETHCS PHHOPEEIO, 3aKJIaCHICTIO HOCA, UXAHHSIM Ta MEpPIIiHHAM Yy Topii —
KJIaCHYIHUMHE cumIrToMamu «3actyam» (Gozhenko et al., 2025). TlixtBepany, 110 BANXaHHS XOJIOTHOTO MOBITPSI BUKIINKAE 3HAYHI ABTOHOMHI
peaxiii TMXalbHUX HUIIXiB, BKIIOUAI0YH OPOHXOKOHCTPHUKIIIO Ta 3aMaieHHs CIM30BO1 000J0HKH, HE3aJIeXKHO Bijl BIDYCHOTO areHTa.
Koniniuna kapruna cyaunnoi ¢pasu I'XPC

CymunHa ¢aza '’XPC KIIHIYHO XapaKTepU3yeThCs: PANTOBHM MOYATKOM (XBHJIMHH ITICJISL XOJIOZOBOTIO BIUIMBY); HEPEBAXKHO BOISHUCTOIO
PHHOpEE0; 3aKIaCHICTIO HOCA BHACHIIOK HAOPSKY CIM30BOI; YXAHHSIM SIK PE(hICKTOPHOIO BiAMOBIAIIO HA MOAPA3HEHHS; BiACYTHICTIO ab0
MiHIMAJIBPHOIO 3arajbHOI0 CHMITOMAaTHKOIO (0e3 nmxomaHkm, Oe3 mianrii). Lli xapakrepuctukn witko Bigpisustors I'’XPC Bix BipycHOI
iH(peKIii BepXHIX JUXaJbHUX HMUISXIB.

MyxkouuaiapHa qucpyHKuis

TemmnepaTypo3ajie;kHa AKTHBHICTh BiliOK

MuromiBHif eniTesnii BepXHiX JUXalbHUX IMUBIXIB € KpUTHYHO BayKJIMBIM KOMIIOHEHTOM BPODKEHOTO 3aXUCTY BiJ natoreHiB. YactoTa OUTTS
Bifiok (UbB) e Temnepartypo3anexHoro: npu 3HmwkeHHi Temreparypu 3 37°C o 20°C UBB 3umkyeThes npubian3so Basiui — 3 12-15 I'n o
6-8 I'u. IIpu Temmneparypax Hikde 10°C pyx Bilfok IpaKTHYHO NPUIKHSEThCS. Buxanns xonognoro nositps (0-10°C) 3Hmkye remMnepaTypy
cu30Bo1 000JI0HKK Hoca 10 15-20°C HaBiTh IpH HOpMaNBHIN TeMmIeparypi Tila, IO MPU3BOJHUTH JO CyTTEBOro croBiabHeHHS UBB i
nopyuieHHs Mykouumiaptaoro tpancnopry (Tufail et al., 2025).

3MiHM peoIOriYHHX BJIACTHBOCTEIl CIH3Y

IMapanensHo 3i crioButbHeHHsIM UBB Xo0J0/1He TOBITPS 3MIHIOE PEOJIOTIUHI BIACTHBOCTI cim3y. Jlerigparamis ciu3y BHACTIJOK BIHXAHHS
CYXOr0 XOJIOJHOTO MOBITPs MiABUIIYE HOTO B'S3KICTh 1 3HUKY€E IACTUYHICTD, 110 YCKIIAHIOE TPAHCIIOPT HABITH Ipu HopMaibHiit YBB. Tufalil
et al. (2025) y KOMIUIEKCHOMY OISl IMHAMIKH CJIM3Y B UXAJIbHUX HIBIXaX MOKA3ajH, 0 MOPYIICHHS TPAHCIOPTY CIIM3Y [P BEHTHIALIT
HE3BOJIOXKCHHM IOBITPSIM € HeasiexkHNM Bix UBB i1 BU3HauaeThCs MepeBaXkHO PEOJIOTTYHIMY BIIACTHBOCTSIMH CIIH3Y.

TopyeHHs KJipeHcy naToreHis

Komb6inartis 3amkenoi YbB Ta minBuIeHoi B'I3K0CTi CIM3y IPU3BOANTS JI0 CYTTEBOTO NOPYHICHHS MyKOIMIIIaPHOTO KiTipeHcy. Yac ouniieHHs
HAa3aJIbHOT TOPOJKHUHH Bifl IHEPTHUX YaCTHHOK 30UIbIIy€eThCs 3 HOpManbHuX 10-20 xBuimH o 60 xBuianH i Ginsme. Huang et al. (2025)
HEIOJIABHO TPOJEMOHCTPYBAJIH, 110 HABITh MOMIPHUN XOJOJHHMW TOTIK MOBITPS MOPYIIY€E aHTHBIPYCHI IMyHHI 3aXUCHI (yHKIIT CIH30BOT
000JIOHKH BEPXHIX IMXaTbHHUX IIUIAXIB, IO CyTTEBO ITi/IBAIIY€E pU3HK BipycHoi iHdexmnii Ha i ' XPC.

Komnpomerauis enitenianbHoro 6ap'epy

XoJ0/1He TOBITPS TOPYIIY€E TAKOX LITICHICTH emiTenianbHOro 0ap'epy. 3HMKEHHS TEMIIEpaTypH CIM30BOI OOOJOHKM MOCNA0IIOE MIITbHI
KOHTaKTH MiX emiTemanbHumu kimituaamu (tight junctions), migsuiryroun napatentonsipHy NpOHHKHICTB. Lle 103BoJs€ matoreHam Ta
ajiepreHaM MPOHWUKATH B i ICIIM30BHIA 1I1ap, MHHAIOYN TTOBEPXHEBHUH 3aXUCHNUI 6ap'ep, 1 iHII[IFOBATH 3aMaibHy Bi/IIOBI/Ib, IO TiEPBEHTHIIALISL
XOJIOJTHUM TMOBITPSM i1 yac (i3MYHOr0 HABAHTAKEHHS MOYKE CYTTEBO MOTIPIIYBATH CTaH eMiTeTialbHOro 0ap'epy AMXaIbHUX HIISXIB.
Meta0oJiunnii Ta TepMOIHHAMIYHMIA cTpec

®@iziooriuna QyHKIis KOHINIIOHYBAHHS NOBITPSI

BepxHi 1uxanbHi IUISIXH BUKOHYIOTh KDUTHYHO BRKIMBY (DYHKIIIIO KOHAMIIOHYBaHHS BIIMXYBAHOTO MOBITPS: 10 MOMEHTY JJOCSITHEHHS Tpaxel
TOBiTpst TTOBMHHO OyTH Harpite 10 37°C Ta 3Bon0xkene 10 100% BigHOCHOI BosorocTi. Ll (yHKIlis BuMarae 3HaYHUX €HEPreTHIHHUX BUTPAT,
0co6IIHBO TIpH BImXaHHI xouoqH0ro nosiTps. Gozhenko et al. (2025) posrisiiaroTs teii MeTaboiaHI# CTpec K HEBiI'€MHIIT KOMITOHEHT XOCT-
BianosigHoi mogeni I'XPC.

OpurinanbHi TepMOAMHAMIYHI PO3PaXyHKH

Jlns KimpKicHOi ONIHKM MeTaboJIIYHOTO HABAaHTAKEHHS HA BEPXHI JAMXANBbHI MUIXW NMPH BJWXaHHI XOJOJHOTO TIOBITPSl MPOBEJCHO TaKi
PO3paxyHKH:

Buxiani gani:

XBUNMMHHMN 00'eM AuxaHHs y criokoi: V' =6 5/xB = 0,0001 m*/c

Ilimericts moBitpst mpu 0°C: p = 1,29 xr/m?

IMuroma terutoemuicts nositpst: C, = 1005 x/(kr-°C)

Temmneparypa BauxyBaHoro nositps: Ti1 = 0°C (3uMoBi yMOBH)

Temmepatypa moBiTpst B Tpaxei: T>=37°C

Tennora BunapoByBanHs Bojau: L = 2,43 MJx/kr

Kinbkictb Bonoru yist 3BosokenHs: Am = 0,03 /i noBitpst

Po3paxyHoOK TelJI0BUX BUTPAT HA HATPiBaHHS NOBITPs:

Q_narp = x C, x AT =(0,0001 x 1,29) x 1005 x 37 = 4,8 Br

Po3paxyHoOK TemJoBHX BUTPAT HA 3BOJIOKEHHS:

Q_3Bomox =rm_Boma x L =(0,0001 x 1,29 x 0,00003) x 2,43 x 10°~ 9,4 Br

3arajbHi BUTpaTH:

Q 3ar=Q marp + Q 3Bonox = 14,2 Br

Ipn GazanpHOMY MeTaboii3mi gopociiol moxnau Onu3bko 80 BT, BUTpaTH Ha KOHJIMIIIOHYBaHHS XOJIOJHOTO IMOBITPs CTaHOBIATH ~18%
0asanpHOro Metaboaismy. Ilpu ¢i3muHomy HaBaHTaxeHHI (XBWIMHHHI 00'eM 30-60 1/xB) ms uwactka 3poctae jno 25-35%. Ilpu
ekcTpemManbHIX Mopo3ax (-20°C) po3paxyHKoBi BUTpaT MOXyTh gocsrati 40-50% 6a3ajibHOro Meradoizmy.

Jloka/ibHe BUCHAKEHHS] TKAHUHHOI eHeprii Ta MeTadoIiuHi HACTIIKH

Taki 3Ha4HI €HEPreTUYHI BUTPATH NPU3BOAATH JIO JOKAIBHOTO METa0OIIYHOrO CTpecy B TKAaHMHAX BEPXHIX AMXalIbHUX HUIAXiB. KiiTihu
MHTOTJIMBOTO EIITENi0, 10 BXE BHUTPAyaloTh 3HAauHy 4yacTHHY cBOoel AT® Ha MiATpHUMKY OHWTTS BIfOK, CTHKAalOThCSA 3 JOJATKOBUM
HABAHTAKCHHSIM Ha TCIUIONPOAYKIir0. lle MOXe HPU3BOAMTH 1O BIJHOCHOTO CHEPreTUYHOro AeiluTy, MO MOPYIIye HOPMAlbHE
(yHKIIOHYBaHHS KIIITHH 1 3HIKYE 1X CTilKicTh 10 maTtoreHiB. Meraboniunuii ctpec npu I'XPC nposBisieTsest: 3HIKEHHSIM cuHTe3y AT y
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KIITHHAX eMiTeNi0; mopyueHnsM GpyHkuii ionaux Hacoci (Na'/K*-ATda3a); 3HIKESHHSIM CHHTE3Yy 3aXHCHUX OLIKIB (MyLHHIB, Ae(EH3HHIB,
J301MMY); aKTHBaLicio cTpecoBux curHanbHuX MUrixiB (NF-kB, MAPK), mo 3amyckaroTs 3anaibHy BilOBib.

HeiipoengokpuHHa imyHocynpecis

Bichb rinoranamyc-rinogiz—nagaupauxu (I'TH)

Xomnognosuii crpec aktuBye Bick I'TH uepes rimoTanaMivdi TepMOCEHCOPHI HEHPOHH, 110 TPU3BOAUTE JI0 MiABUIIECHHS PiBHSI KOPTHKOTPOIIH-
puunizudr ropmony (KPT'), anpenokoprukorpornsoro ropmory (AKTI) ta kopruzony. Pierre & Schlesinger (2016) nokasanu, wo I'TH Bixirpae
KJIFOYOBY POJIb Y MOAYJIALIT CE30HHUX 3MiH IMYHITETY, @ KOPTH30J YHHUTH SIK IMyHOIIEPMICHBHI, TaK i IMyHOCYIPECHBHI eeKTH 3aJIeIKHO Bijl
KOHIeHTpauii Ta tpusanocti BiumBy. Balakin et al. (2025) npogemonctpyBai, 1o cTpec-iHIyKoBaHa IMyHOCYIIPECis 4epe3 HeHpOCHIOKPHHHI
LUISAXH ITABUILYE CIPUAHATIMBICTD 10 iHGEKUii BepxHiX quxanbHux nusixis. James et al. (2023) migreepanim, mo ¢izionoriuni crpecopu,
Taxi sIK X0JI0/1Ha BOJa, akTuBYI0Th I TH Bich 1 MiABUIYIOTH PiBEHb KOPTHU30ITY, 110 OE3M0CePEHBO MTOB'I3aHO 31 3HIKSHHSAM IMYHHOT BiIOBI/I.
Micueuii ciu3oBuii imynirer (SIgA)

CexperopHuii IgA (SIgA) € KiTF040BUM KOMIIOHEHTOM MiCLIEBOTO IMyHHOT'0 3aXHCTY CIIM30BHX 000JI0HOK. BiH HeliTpaiizye Bipycu Ta Gakrepii
Ge3nocepeIHEO Ha MOBEPXHI CIM30BOI, NEPEIIKO/DKAIOYM iX aire3ii 10 emiTeniaabHUX KIITHH. XO0JIOJ0BUH CTPEC 3HIKYE NpoayKiiro SIgA
4epe3 KilbKa MEXaHi3MiB: IpsiMe NPUTHIUYCHHs (yHKIIi 1a3MaTHYHNX KIITHH HU3BKOIO TEMIICPATYpOIO; 3HIKCHHSI KPOBOTOKY B CIIH30BIil
000JI0HI1], 1110 3MEHIIy€ J0CTaBKy IMyHHHUX KJIITHH Ta MeAiaTopi; HefipoeHIOKpHHHA iMyHocynpecist yepes Bick I TH. Gozhenko et al. (2025)
OMHUCYIOTH 11i IMYHOJIOTI4HI 3MiHH SIK HEBII'€MHY CKIIaI0BY XOCT-BiamoBianoi mozgeni ['’XPC.

CumnaTnyHa imyHomonyJisittist Ta BB Ha NK-kiaiTunu

Oxkpim I'TH-onocepekoBaHoi iMyHOCYIIPECii, X0JIO0BHI CTPEC aKTHBYE CUMITATHYHY HEPBOBY CHCTEMY, 11O NMPH3BOAUTH 10 BHUBIIbHEHHS
HopajpeHalniny Ta ajapenaniny. LaVoy et al. (2011) mokasamu, o (i3uyHe HABAHTAXKEHHS B XOJOIHOMY CEPEIOBHMIL MiABHILYE PiBHI
HOpaJpeHaliHy Ta KOPTH30Jy Oliblle, HIK aHAJIOTIYHE HABAHTAXXCHHs B HEHTPalbHHX yMOBaX, L0 CBiIYATH PO aANTHBHUN ederT
XO0JIOJIOBOTO Ta (DI3UYHOTO CTPECy Ha HEHPOCHIOKPUHHY CUCTEMY. [32-aIpeHepriuHi PElenTopH, 110 IHPOKO IpeICTaBlIeHI Ha JIiM(OLUTaxX Ta
NK-kiniTiHaX, Ipy aKTHBALil KaTeXOJaMiHAMH CIIOYATKy CTUMYJIOIOTh, a MOTIM NPHTHIUYIOTh iIMyHHY BianoBinpb. e aBodaszuuii edexrt
TIOSICHIOE, 4OMY KOPOTKOYACHUIH XOJIOOBHH CTPEC MOYKE THMYACOBO ITiIBUIIYBATH, 8 TPHBAJIMII — 3HIKYBATH IMyHHY pe3HCcTeHTHICTE. Dogan
et al. (2023) mokasanu, 1o roctpuii xononosuii crpec (4°C, 2 rox) 3HmKye Bianosias T-kiaituH y nepudepruytiit KpoBi, puaomy 1eii epext
MOJIYJIIOETBCS piBHEM BiTaminy D.

BupileHHs BiKOBOro napaaokcy

DopMyJTIOBAHHSI TA MOSICHEHHSI APaIOKCY

SIkmio «3actyza» € cyTo iH(GEKIIHHAM 3aXBOPIOBAHHIM, TO BiKOBa 3aKOHOMIPHICTH 3aXBOPIOBAHOCTI (IiTH > AOpOCIi > JTHI) MOBHHHA
BiZoOpaXkaTH BIIMIHHOCTI B IMyHHii KoMmeTeHTHOCTI. OHAK Il TiNOTe3a CyNepednTs JoOpe BitoMOMY (hakTy NPOrpeCHBHOIO 3HIKECHHS
iMmyHHOI (yHKuil 3 BikoMm (imyHOceHecteHiis). Gozhenko et al. (2025) 3anporonyBani NEPEKOHIMBE IOSCHEHH: BIKOBA 3aKOHOMIpHICTB
3aXBOPIOBAHOCTI BiJOOpaka€ He BIAMIHHOCTI B IMyHHIH KOMIIETEHTHOCTI, @ BIIMIHHOCTI B XapakTepi Ta IHTEHCHBHOCTI XOJIOZ0BOTO BILTHBY.
Jliti IpOBO/ISITH OlIbIIIe Yacy Ha BYJIMII B XOJIOJHY IIOTO/Ty, MEHII e()eKTHBHO OJISTAFOTHCS, MAKOTh BHILHIT BiTHOCHHMIT 00'eM JuXaHHs (Ha KT
MacH TiJla) Ta MCHII PO3BHHEHI MeXaHi3MH TepMoperysuimii. JIiTHI JroaM, HaBIakW, MPOBOIATH OUTbIIE Yacy B HPHMIIIEHHI, Kpamie
3aXMIIAIOTHCS BiJl XOJIOJy T MAOTh 3HW)KEHUH XBUIMHHUI 00'€M TMXaHHS.

Jlani 3 nocainkens npodeciiinoro BnauBy

ITigTBEepmKeHHAM Ii€l TinoTe3n € pociikenns npodeciitaux rpyr. IlpamiBHIKN XOTOIMIBHEX CKIIa/iB, Oy iBEIPHNKH Ta iHIII 0COOM, IO
PEryIsIpHO MiIAIOThCS XOJOJOBOMY BIUTHBY, MAlOTh MigBHINEHY 3axBoproBaicTh Ha ['XPC TOpIiBHSIHO 3 OQiCHUMHU MpalliBHUKAMH,
HE3aJIeKHO BiJ BikoBol rpymu. Lle crocrepexkeHHs Oe3mocepeiHbo MIATPHMYE MOJENb XOJOJOBOTO BIUIMBY 1 CYIIEPEYHTH BHKIIIOUHO
IMYHOJIOTTYHINH MO,

KOHIEINTYAJIBHA MOJEJIb I'XPC

Busnauyenns Ta giarnocTH4Hi KpuTepii

Ha ocHoBi cunTe3y MaTodizionorivHix MeXaHi3MiB, OMHCAHUX Y TIOTIEPEIHIX PO3ALIaX, MPOMOHY€ETHCS TaKe BU3HAYCHHS:

Toctpuii xo1010Bmii pecniipatopumii cuuapom (IXPC) — 1e KIHIYHUNE CHHIPOM TOCTPOTO YpaskeHHS BEPXHIX JUXaTbHUX HUIAXIB, 110
BHMHHKAE BHACITIZOK OE3MOCEPEeIHHOTO BILIMBY XOJOAHOTO MOBITPS Ta/ab0 3aralibHOTO MEPEOXOJIO/PKEHHS OPraHi3My 1 XapaKTepu3yeThbCs
KOMITIEKCOM TaTo(i3i0N0riyHUX 3MiH, IO BKIIOYAIOTh CYJAMHHY JAUCQYHKIIIO CIM30BOi OOOJOHKM, MYyKOIMJIiapHY HEIOCTaTHICTB,
MeTabOoIIYHHI CTPEC Ta HeWPOCHIOKPHHHY IMyHOCYIIPECiF0 — HE3aJIeKHO Bijl HASIBHOCTI 200 BiJICYTHOCTI CYIyTHBOI BIpYCHOT iH(EKIIil.
IIpononosani aiarnocTuyni kpurepii IXPC:

Benuxi kpumepii:

YiTknit 9acoBHii 3B'130K Mi’K XOJIOJIOBUM BILUTHBOM Ta MIOYATKOM CHMITOMIB (< 2 roj)

CHUMITOMH PUHOPET, 3aKJIaICHOCTI HOCA, YXaHHsI 200 MEpIIiHHS B TOPII

BincytHicts qmxomanku (temieparypa < 37,5°C)

3MEHIICHHS CUMITTOMIB MicCHIs 3irpiBaHHs

Mani kpumepii:

Ce30HHA 3aKOHOMIPHICTB (IIEPEBAXKHO OCIHb—3HMa)

BincyTHICTE BUSIBICHOTO BipyCHOT'O areHTa Mpy TECTyBaHHI

KopotkovacHicts enizony (< 3 1i6 6e3 IiKyBaHH:)

BincyTHICTB CHCTEMHUX CUMITOMIB (MiaJIriid, apTpariii)

Hiaenosz I'XPC eécmanosniocmuvcs npu nasenocmi 2 genuxux abo 1 eenuroeo + 2 maiux kpumepiis.

IlaToreHeTH4Ha MO/IE/Ib: Bi/l X010y 10 CHMIITOMIB

3anponoHoBaHa nmaroreHetuyna Mozens I XPC Bkitodae Tpu nociiioBHi ¢asu:

®a3za | — Inigianis (0-30 xB): Brums xonoaxoro nositps — axrtusaiis TRPM8/TRPAI perentopiB — cHMIAaTHYHA akTHBALis —
BA30KOHCTPHKIIS — iLIeMisl CJIM30BOI — MOYATOK METAa0OIIYHOTO CTPECY.

®a3a || — Posroprannst (30 xB — 6 rox): PeaktnBHa BasoimiaTallis — HaOpsK CIM30BOI — BHUBIILHEHHs] MEAiaTOpIB 3amaneHHs —
MOPYIIEHHS! MyKOIMITIapPHOTO KiIipeHcy — 3HmkeHHs SIgA — aktuBanis [ TH oci — HelipoeHIOKpHHHA iIMyHOCYTIpECis.

®a3a |1l — PozBurtoxk a6o perpec (6 rox — 3 1o6u): [Ipu ycyHeHHI X0I010BOT0 BIUTHBY Ta 3irpiBanii — perpec cummromis (auctuii [ XPC).
IIpy mpomoBXKEHHI XOJOJOBOTO BILIMBY ab0 NpUEAHAHHI BipycHOI iH(ekmii — mporpecyBaHHS — KIACHYHA «3aCTyda» 3 BIPyCHHM
KOMIIOHEHTOM.

B3aemopis 3 BipycHoo iHdekuiero

I'’XPC Ta BipycHa iH(eKIis BepXHIX IUXAIbHUX NIIIXIB HE € B3a€MOBHKIIOYHIMH — BOHH MOKYTb iCHYBATH SIK OKPEMO, TaK 1 B MOEHAHHI.
Gozhenko et al. (2025) 3anpononysanu Mozedb, B sikiii [XPC € «Bopotammy st BipycHOT iH(EKIT: X0I010-1HIyKOBaHa MyKOLiMIiapHa
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JchYHKLIS Ta IMyHOCYIPECIsT MTiABUILYIOTh CIIPUIHATINBICTD 10 BipycCiB, a BipycHa iH(EKIIisl, y CBOIO Yepry, IIOTECHIIIOE 3aaibHy BiANOBI b,
iHiiioBany xosonoM. Ll cuHepreTHuHa MOJEINb MOSICHIOE KIIHIYHHIT (PEHOMEH «BAKKOI 3aCTyAM» IICIS HEPEOXOJIOIKCHHS: HE XOJIOM
Oe3rocepe/IHbO «BUKIIMKAE» BIPYCHY iH(EKIiI0, ane BiH CTBOPIOE YMOBH, 0 MAaKCHMAaJbHO CIPHAIOTH BIPYCHIilM perutikaiii Ta poO3BHTKY
CHMIITOMIB.

MopiBusiabHa xapakTepuctuka I'’XPC, BipycHol 3acTy/iM Ta ajlepriuyHoro puHiry

XapakTepucTuka 'XpC Bipycna 3actyaa Auepriunmii puHiT
TTouyaTox XBUIMHA 12-72 ron XBUIMHA-TOIMHA
Tpurep Xonox Bipyc Auneprex

Jluxomanka BincyTHs MoskiiuBa BincyThs

3BOPOTHICTH [IPU YCYHEHHI TpUrepa Tak Hi Tax

Bipycuuii arent BincyrHiit Hassauit BincyTHiit

Ce30HHICTh OciHp—3uMa Llinmit pik 3aJeXHUTh Bij alepreny
Tpuaiictb 1-3 nobu 7-10 ni6 3aJe)KUTh BiJ] €KCIIO3HILIT
3arajbHa CHMITOMATHKA MinimansHa Bupaxena MiHnimansHa
JIuxomanka Bingcyrus Mosxiusa Bincyras

Edexr anTHTricCTAMIHHIX IMomipauii MinimansHIH Bupaxenunit

ENIAEMIOJIOI'TYHI JOKA3HU

Ce30HHiCTb Ta KJIIMATHYHI KOpeJsiiii

Ce30HHUMI XapakTep «3acTyIi» € OJHUM i3 HalOUIbII MEPeKOHIMBUX apryMEeHTIB Ha KOPHCTb POJI XOJIOAy. 3aXBOPIOBAHICTH Ha TOCTPI
pecripaTopHi 3aXBOPIOBAHHS Pi3KO 3pOCTa€ B OCIHHLO-3MMOBHIA TIEPi0/ y BCiX KpaiHax i3 momipuum kiimatom. Eccles (2002) sanpornionysas
KiJIbKa riroTe3 Uit MOSICHEHHI i€l Ce30HHOCTI, BKIIIOUAaI0uH 3HIDKEHHS TEMIIEPATYPH CIIH30BOT 000JIOHKH HOCA, 3MEHIIEeHHs Y D-0npoMiHEeHHS
(i, BiANOBIHO, cUHTE3y BiTamiHy D) Ta 3MiHM B moBemiHIi Jitozeil (Oiybllle Yacy B 3aKpUTHX HPHUMIIIEHHSX). BaxianBo, 110 CE30HHICTH
CIIOCTEPIraeThCsl HABITh y KpaiHax i3 TPOMIYHUM KJIIMATOM, JIe «3UMOBHI» CE30H XapaKTePHU3Y€EThCsl HE XOJIOJIOM, a MiJBUIIEHOI0 BOJIOTICTIO
— 10 y3roJuKyeThest 3 Mozeinto ' XPC, ne nerigpaTais cm3y € KIIOYOBUM MEXaHi3MOM.

KonTposboBaHi 10C/1iZKeHHS X0J1010BOT'0 BILIMBY

KoHTpoiboBaHi 10CIIiKEHHS X0JI0I0BOTO BILTMBY JIAl0Th CyIEPEUIIMBI pe3yIbTaTH, o came o cobi € indopmarusaum. Douglas et al. (1968)
HE BHSBWIM IIJ[BUIICHHS YacTOTHM BipyCHOT iH(EKIi Imicas NepeoXoslo/KEeHHs, ae BiJ3HAYMIM IIiIBUIICHHS YacTOTH CyO'€KTHBHHX
CHUMIITOMIB — II0 y3To/pKyeThest 3 KoHuenmiero ['’XPC sk HeBipyCHOro CHHIAPOMY. BiibI Mi3HI TOCTI/PKEHHS 3 KpallUM METOJ0JIOTTYHUM
JIM3AHOM MOKa3aJiy, 110 NEePEOXOJIODKEHHS MIBUIYE PU3UK CUMIITOMAaTHYHOTO 3aXBOPIOBAHHS HaBITh 0€3 IMiJBUIIEHHS YaCTOTH BipyCHOL
iHdexii.

T'eorpadiuni Ta nonyasiniiini BigmMiHHoCTI

Tomynsuii, Mo >KUBYTh y XOJOTHMX KiiMaTH4HUX 30HaXx (Ckanamnasis, Kanama, CuOip), MaroTh BHINY 3aXBOPIOBAHICTH HA TOCTPI
pecripaTopHi 3aXBOPIOBAHHS IOPIBHSHO 3 TPOIIYHAMH ITOMYJBIissMA. OfHAK Il TTOMYJIIMii TAKOXK po3poOMIIN e(peKTHBHINII MOBEIIHKOBI Ta
KyJIbTYPHI CTpaTerii 3aXucTy Biji X0JI0.Ly (01T, OMAJIEHHS, TPA/IHIIIT), 1110 YaCTKOBO HiBeHo€ 1110 pisnuiio. Gozhenko et al. (2025) posrisiiarots
1i TOTYJISIIHHI BIZIMIHHOCTI SIK JIOJIATKOBI JIOKa31 Ha KOPUCTH XOCT-BIAMOBIIHOT MOJIEIT.

KJITHIYHI IMIUTIKA LT

MpodinakTuka

Skimo I'’XPC € peanbHOIO KIIHIYHOIO OJIMHHMIICIO, TO MPOdiNakTHKa MOBUHHA BKIIIOYATH HE JIMIIE MPOTHBIPYCHI 3aX0/IH, aJie i 3aX0/IH 010
MiHiMi3amii X0n010BOro cTpecy. [IpakTHYHI peKOMEeHAIT BKIFOYAK0Th:

aJIeKBaTHE YTEIUICHHS BEPXHIX AUXAIBHUX HUIAXIB (mapdu, Macku) Mpu BUXO/II HA XOJIOI;

MOCTYIIOBY aKJIIMaTH3ALIIO J0 XOJIOJHOTO HOBITPSI;

YHHKHEHHS PI3KUX MEPEX0/IiB MK TEITUM 1 XOJIOJJHUM CepPEIOBUIIIEM;

MiATPUMAHHS aIeKBAaTHOT TiipaTalii cIM30BUX 000JOHOK (3BOJIOKEHHS TIOBITPS B MPUMILICHHI );

(i3uuHy aKTUBHICTB JUIS TTiIBUILICHHS TEPMOTEHE3Y Ta aJ[anTalliiHIX MOXKINBOCTEH;

kopekiriro aediruty Bitaminy D y 3umoswuii ceson (Dogan et al., 2023).

JiarHocTuka

Konuernmist I'’XPC Bumarae meperssiay JiarHOCTHYHOTO aITOPUTMY INPU TOCTPUX PECHIPATOPHUX CHMITOMAax. 3aMiCTh aBTOMAaTHYHOTO
MPU3HAYCHHS POTUBIPYCHOTO JIIKYBaHHS a00 aHTHOIOTHUKIB, JIiKap TMOBMHEH CIIOYATKy OLIHWTH: YAaCOBHH 3B'A30K i3 XOJOJOBUM BIUIMBOM;
XapaKkTep CHMIITOMIB (HasBHICTB/BIJICYTHICTh JMXOMAHKH, 3araJlbHAX CHMITOMIB); TMHAMIKY CHMIITOMIB Iicis 3irpiBaHus. Lle 1o3BONHTH
YHHUKHYTH HENOTPIOHOTO NPU3HAYCHHS MEANKAMEHTIB 1 3MEHIINTH aHTHOI0THKOPE3UCTEHTHICTB.

JlikyBaHHs

ITpu uncromy I'XPC (6e3 BipyCHOr0 KOMITOHEHTA) JIIKYBaHHS IOBUHHO OyTH CIIPSIMOBaHE Ha:

YCYHEHHS XOJIOJIOBOTO TpHUrepa (3irpiBaHHs);

BiZTHOBJICHHSI HOPMaJIbHOTO KPOBOTOKY B CIM30Bii 000IOHII (TeIuie MUTTs, iHraismii Temol mapu);

BIJIHOBJICHHSI MyKOLIMJTIaPHOTO KJIiPEHCY (3BOJIOXKEHHS CIIM30BO1, COJIBOBI PO3UMHM JIUTs IPOMUBAHHS HOCA);

CHMITOMATHYHE JIIKYBaHHS (I€KOHI'€CTaHTH, aHTHT1CTAMiHHI IIPperapaTH IPH BUPAKCHOMY HAaOPAKY).
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IporusipycHi npenaparu npu unctomy ['XPC He nokaszani. Gozhenko et al. (2025) miakpecirorTh, [0 XOCT-Bi/INOBIJHA MOJIENb BiIKpUBAE
HOBI TepaleBTHYHI MillIeHi, [0 paHillle He PO3IJIIAINCh Y KOHTEKCTI «3aCTyIi».

CycninbHe 3/10poB'sl Ta 0XOpOHA npaui

Konueruist '’ XPC mae BaxxuBi iMIutikarii 1uist oxoporu nparii. [IpariiBHUKH, 110 PEryJIsIpHO MMiAJal0ThCS X0JI010BOMY BILTUBY (Oy/IiBEIbHUKH,
IIPaiBHUKY XOJIOAWIBHHUX CKIIAIB, PUOAIIKH, JIicOpyOH, BilICBKOBOCTYKOO0BI1 ), IOBUHHI PO3TIILAATUCE SIK TpyTa miaBumeHoro pu3uky [ XPC.
BiamnosiziHi 3aX0/11 OXOPOHH IMpalli — aJeKBaTHUIl 3aXUCHUIT OJIAT, PEryILSIPHI IIEPepPBHU VIS 3irpiBaHHs, MOHITOPHUHI TeMIIepaTypu pobovoro
CepeIOBHIa — MOXKYTh CyTTEBO 3HH3UTH 3aXBOPIOBAHICTh y X IPYIAX Ta 3MCHIINTH CKOHOMIYHI BTPATH BiJ] HEMPane31aTHOCTI.

OBMEKEHHS TA MAWBYTHI JOCJIIJIKEHHS

O0MeKeHHSI IOTO OISy

Lleit HapaTUBHUIT OIS Ma€ Psijt OOMEKEHb, SIKi HEOOXiTHO BPaxoBYBaTH IpH iHTeprpeTalii pe3yasraris. [lo-nepie, HapaTUBHUI [HU3aiiH He
BUKJIFOYA€ Cy0'eKTUBHOCTI y BifOoOpi Ta iHTeprperanii mxepen. [lo-apyre, OUIBIIICTb JOCIIKEHb, 110 BUBYAJIN BILUIUB XOJIOIY HA JUXalIbHI
LUTSIXU, IPOBOAMIMCH Ha HEBEJIMKHUX BHOIpKax abo B IITYYHHX YMOBaX, 10 00MeKye 1X 30BHImIHIO BatiaHicTh. [lo-Tpere, konuernis [ XPC
SIK CaMOCTIMHO! HO30JIOTIYHOI OAMHHUII € HOBOIO 1 MOTpedye MpOoCHeKTHBHOI KiiHiuHOI Bepudikamii. Ilo-yeTBepTe, BHKOPHCTAHHSI
inctpymentiB LI 1yist 7OMOMIXKHOTO MOLIYKY JITEPaTypH, X0Ua i € MPO30p0 PO3KPUTUM, TEOPETHIHO MOTJIO BIUTMHYTH Ha BiAOIp DKEpe.
IIpiopuTeTHi HanpsiMu MaOYTHIX 10CTiKeHD (TPOJOBKEHHST)

Ha ocHOBI MPOBEICHOr0 OTJISAY HPOMOHYETHCS TAKUH JOCII THUIEKHUI TTOPSAOK ACHHHIA:

IpocnekTuBHI KJIiHiYHI TocTiKeHHs1: PaHI0Mi30BaHI KOHTPOJIbOBAHI HOCIIKEHHS, 10 TOPIBHIOIOTh YaCTOTY Ta TSUKKICTh CHMIITOMIB Yy
rpynax i3 pi3HHM piBHEM XOJIOZOBOTO BIUIMBY IPH KOHTPOJIBEOBAHOMY BIpyCOJIOIiYHOMY craTyci. Taki JOCIIJUKeHHS J03BOJATH KUIBKICHO
ouirnTh BHecOK [ XPC sik caMOCTIHOTO CHHIPOMY, HE3aJIeXKHO Bij BipycHOT iHdeKii.

IncTpymenTaibHa Bepudikamis CyIMHHHX peakiuiii: 3acToCyBaHHS Ja3epHOI JOMIUIEPIBCHKOI (ioymeTpii Ta Tepmorpadii st mpsamoi
Bi3yaui3anil BA30KOHCTPHKIIII Ta PEaKTHBHOI rimepeMii cn30B01 000JOHKH HOCA MTPU CTAHAAPTU30BAHOMY X0JI00BOMY BILTHBI. Lle 103B0IMTH
BCTAHOBUTH KiJIBKICHI TOPOTrOBi 3HAUCHHS TEMIIEPATYPH Ta TPHUBAIOCTI BIUTHBY, LIO IHILIIOIOTH MATOJIOTIYHY CyIHHHY BiIIOBIb.
MoJiekyJIsIpHi I0CTiIKEHHSI TePMOCeHCOPHUX peuentopiB: Busuenns poni TRPM8 ta TRPAIL y matorenesi I'XPC 3a momomororo
CEJIEKTMBHUX AHTATOHICTIB IMX PELENTOPIB MK y MOAEsX in VItro, Tak i B kiiHiyHuX gociiukenHsx. i peuentopu € MoTeHI{iHHUME
TepaneBTHIHUME MiteHsamu it npodizaktuku ['XPC.

Eninemionoriuni gociimkenns 3 po3aiibaum anamizom XPC Ta Bipycnoi 3actyamn: BennkomacimiraGHi DOMyJIALiAHI JOCTIIKEHHS 3
000B'I3KOBUM BIPYCOJIONYHUM TECTYBAaHHAM YCIX BHIAJKIB «3acCTy[Ii» Ta JACTAIbHMM 300pOM aHaMHE3y II0JO0 XOJIOJ0BOro BIuiuBY. Lle
JI03BOJIUTH BCTAHOBUTHU peanbhy 4acTKy ' XPC y cTpyKTypi rOCTPHX pecIiipaTopHUX 3aXBOPIOBAHb.

Jocuimkenns TepMoaganTanii: BupueHHs MexaHi3MiB TepMoaganTanii BEpXHiX AUXaTbHUX IULIXIB IIPU PErYIIPHOMY XOJI0I0BOMY BILTHBI
Ta po3poOKa HAYKOBO OOIPYHTOBAHUX IIPOTPAM 3arapTOBYBAHHS.

®apmakoJioriuni gocsipkenns: OmiHka eeKTHBHOCTI 3ac00iB, CIPSIMOBAHIX Ha KOPEKIIIIO XOJI0/10-1HIyKOBAHOI BA30KOHCTPHKILT (MicIeBl
Baszoawiatatopy, anraronictu TRPMS), Mykormmiaproi mucdyHKOil (MyKONITHKH, 3BOJIOXKYBadi) Ta HEHpPOEHIOKPHHHOI iMyHOCympecil
(amantorenwu, Bitamin D) y npodinakruni Ta nikysauni [ XPC.

Jocaixenns y cneniajibHuX nonyJasinisix: Busuenns ocodmiBocreid ['XPC y niTeld, NTHIX JrOJIel, CIIOPTCMEHIB, 10 TPEHYIOTHCS Ha
BIJIKPUTOMY TOBITPI, Ta MPALliBHUKIB XOJIOJAHMX BUPOOHHUIITB — 3 METOIO PO3POOKHU HITBOBUX MPOPUIAKTUYHUX MTPOTPAM.

CKOPOYEHHS TA ABPEBIATYPU

CxopoyeHHst IloBHa Ha3Ba

I'XPC T'ocTpuit X00J0BMIA pecIiipaTOpHUN CHHIPOM
ACRS Acute Cold Respiratory Syndrome

ITH T'inoranamyc—Tinodiz—HaJHUPHHUKH (BiCh)
HPA Hypothalamic—Pituitary—Adrenal (axis)

UbB Yacrora OUTTS BiliOK

CBF Ciliary Beat Frequency

slgA CekpeTopHHi iIMyHOTTIOO0YITiH A

A®DK AKTHBHI (HOPMH KHCHIO

ROS Reactive Oxygen Species

KPI" KopTHKOTpOIIIH-PHITI3UHT TOPMOH

CRH Corticotropin-Releasing Hormone

AKTT AIPEHOKOPTHKOTPOTIHHI TOPMOH

ACTH Adrenocorticotropic Hormone

NF-xB Nuclear Factor kappa-light-chain-enhancer of activated B cells
MAPK Mitogen-Activated Protein Kinase
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CKopouyeHHs. IloBHa Ha3Ba

TRPMS8 Transient Receptor Potential Melastatin 8
TRPAL Transient Receptor Potential Ankyrin 1

PGE: IIpocrarnanaun E2

CGRP Calcitonin Gene-Related Peptide

LLM Large Language Model (Besnka MOBHa MOJIEIIb)
j1its IITy4ynnii iHTENeKT

Al Artificial Intelligence

Table. 1. 3BBEAEHA TABJULSI MATO®I3IOJNOITYHUX MEXAHI3MIB I'XPC

. Yacoswuii s .
MexaHnizm Tpurep . co Kainiunnii nposis
naiana3zoH

. TRPMS8/TRPAL . .

BazokoHcTpukiis . 0-5 xB CyxicTb B HOC1
aKTHUBALS
Peaxtisna Imemisi—penepdy3is 5-30 xB Punopest, HaOpsik
Ba30/(MJIaTALllS penep@y ped, P
Myxkonmiapaa o .. .
. SHMKEHHS t° CIM30BOT 5-60 xB 3akJaIeHICTh HOCa
nuchyHKIis
. . Enepreruuni BuTpatu Ha SHIDKCHHS 3aXHUCHUX
Mertabomniunuii crpec pret P 00 -
KOHJTUIIIOHYBaHHS dyHKIii
. ITigBuieHa
Heiipoennokpunna . . 30 xB — 6 o .
. X Axtuanisg ['TH oci CIIPUIHATIINBICTH 710
iMyHOCynpecis TOJI . ou
indexIii

Kommnpomeraris Topymenns tight 1560 x5 IIpoHukHEeHHS
Gap'epy junctions [aTOTeHiB

Table 2. AITOPUTM JIATHOCTUKHU I'XPC Y KJATHIYHIA MTPAKTHILI
MMAIIEHT 3 TOCTPUMU CUMIITOMAMMU BEPXHIX JUXAJIbHUX IJIAXIB

v

Un OyB X0JI010BHH BIUTHB < 2 T'OJ /IO IIOYATKy CHMIITOMIB?
JA < » HI

v v

Tewmmeparypa tina < 37,5°C? — Po3risiHyTH BipycHY

iH(EKITifo / IHIN TPUIHHI
A «—L—p HI

v v

Cunmrromu 3MeHIIIMCs  JInxomanka — BipycHa
micys 3irpiBaHHA?  iH(MeKuis OiIbII iMOBipHA
A «—L—p HI

v v

I'XPC IMOBIPHUI 3wmimana popma
JlikyBaHHs: (I'’XPC + Bipyc)?
- 3irpiBanns  IlpusnaunTn

- ConboBi BIpycoJIOTi4yHe
PO3UNHU TECTYBAHHS

- 3BOJIOJKEHHS

- CumnromaTuuHa

Teparist

BE3 antub6ioTukis

BE3 npoTuBipycHHX
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Kuiouosi meniaTopu

Hopaapenain, o-
aJIPEHOPELICTITOPU
licramin,  OpaaukiHiH,
PGE:

SHUKEHHS UEB,
MiJBHIIEHHS  B'A3KOCTI
[P 1763%

ATO-pedimmr, NF-xB,
MAPK

Koptuzou, katexoraMinu

ITigBuiena
HapanesosipHa
MIPOHHKHICTH



13.03.2026, 08:53 Anroputm aiarHoctukm MNXPC

Tabnuuna 2. Anroputm giarHoctukum NXPC y kainiunii npakruui
Table 2. ACRS Diagnostic Algorithm in Clinical Practice

MNALIEHT 3 TOCTPUMMUN CUMMINTOMAMMA BEPXHIX
ANXANBHUX WUNAXIB

Yy 6yB XONOA0BUIN BMNAMB = 2 rog A0 Mo4vaTky
cumnTomis?

[ Temneparypa Tina < 37,5°C? BIPYCHA IH®EKLLIA /
I IHWI NPUYNHM

| Poarnanytu:

- BipycHy I'PBI

= ANEeprivuHui puHIT

3 - bakrepianbHy iHpekuito
CMMNTOMU 3MEHLUNANCH NicnA P PALL L]

sirpisannn? JIMXOMAHKA i i
BianosigHe

BipycHa Oob6CcTeXKeHHA Ta NiKyBaHHA

indpekuin

TAK X = -
6inbw imosipHa

MpoBecTtun
BipyconorivuHe

rxec
IMOBIPHMA SMIWAHA

DOPMA? TecTtyBaHHA

v 3irpiBaHHs

v Conbosi FXPC + sipyc
pPO3UnHU

v 3BONOKEHHSA MpusHaunT
v BipyconoriuHe

CvmnTomaTmyHa TecryBaHHA

Tepanin

BE3
auTmbioTukis
BE3
NPoTUBIPYCHUX

@ nouarox anroputmy [ Aiarvoctuune nutanna [l rXPC imosiprvii [l 3miwana dopma

- BipycHa / iHwi npuunHn
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Ta6auus 3. lecsaTh nepeBiproBaHuX rinore3 — pesome

Ne Tinore3a Mexanizm MeTtoa nepeBipku OuikyBaHuii pe3yjabTar
Erionoriuna Tpsmuii  xo1010BUI . .

1 . P . PK/I 6e3 BipycHOro areHra Cumnromu 6e3 Bipycy
HE3aJIeKHICTh BIUINB
CyanHHa .. .

2 .. . Basocna3m cinuszoBoi Jlazepna jorutepomerpist 3HMKEHHST KPOBOTOKY
naTodizionorist
MykouumiapHa Bineomikpockortist . .

3 y ap 3umxenns YbB pocs ’ CrHoBiTbHEHHSA KIIIPEHCY
nuchyHKIs CaxapuHOBHH TECT

4 ImyHocympecist BumwkeHns sigA Hazanbuuii naBasx SBumxkenns sIgA ua 30-50%
Mertabomiune . . TlinTBepmKEeHHS

5 15-30% bM TepmomeTpis, KalopuMeTpis ATBCPIUK
HaBaHTAKCHHS pPO3paxyHKiB

. . . . KoroptHe — nmocmimkeHHs 3 Kopensmist ~ Brums i3
6 BikoBwuii narepu PizHuusg y Brumsi P P . Y
TEPMOJATUUKAMU 3aXBOPIOBAHICTIO

35



Ne T'inore3a Mexanizm Merona nepeBipku OuikyBaHuii pe3yabTat

7 Yacosa qudepeniiianis Pi3Ha eriosorist TIpocrieKTHBHE KOTOPTHE Pi3Ha yacroTa BipyciB
TIpodinakruka 3MEHIICHHS o

8 PKJI 3 HME-mackamu 3umwkenHs Ha >40%
TEPMO3aXUCTOM XO0JIOJIOBOT'O BILIHBY

9 Tepariist 3irpiBaHHSAM BinHosnenHs GyHKIii PK/I napoBux iHrasiii CKOpPOYEHHSI TPUBAJIOCTI
Cuneprizm XOJIO/— . . . . .

10 Bippr " «BiKHO Bpa3IuBOCTI» KonTpoboBaHa iHOKYISITist Buma wactora indexirii

Ta6anus 4. [IpodinakTHyHi BTpyYaHHSI — A0Ka3M Ta peKoMeHauii

Brpyuauus LinsoBa rpyna OuikyBaHa eeKTHBHICTH ExoHoMiuHa e)eKTHBHICTH
HME-macku 30BHIIlIHI TPaLiBHUKH, {ITH 3umxkenHs Ha 40-60% Bucoxka

Bararomiaposi maphu 3arajbHa MOMyJISIist 3umxenns Ha 20-30% Jly»xe BUCOKa

TToBeninkoBi Moandikamii 3arajbHa MOMyJISIist 3umxkeHHsa Ha 15-25% Bucoka

TIporpamu 0XOpOHH Mparti 30BHILIHI MPALIBHUKA 3umkenns Ha 30-50% Bucoxka

OcaiTHI KaMnaHii Barbku, negaroru 3umwkenns Ha 10-20% Jly»xe BUCOKa

Tadmus 5. Ino6anpuuii Tarap 'XPC

Perion MMommpenicte Mpsami BHTPATH Henpsmi BUTPATH IoTenuiiina
(enizoxiB/pik) (mapa USD) (mapa USD) €KOHOMist
Miprivma 12w 12 28 816
Awmepuka »= MIPZ 7pA
€Bporna 1,5 mup 10 22 6-13 mupj
Aszis 4,0 mipt 8 15 4-10 mup
I perionu 2,3 mip 3 7 2-5 mipx
Bcboro ~9 muipna ~33 ~72 ~20-44 mapa

WERYFIKACJA HIPOTEZ

Tinote3a 1 — Ho3outoriuna camocriiinicrs 'XPC

Crarye: YACTKOBO INIIATBEPAKEHA (Henpsima 10ka3oBa 0a3a)

T'inmoresa ctBeppkye, 1m0 I'XPC € caMOCTIiHO HO30JI0TIYHO0 OJMHHUIICIO 3 BIACHOK €Ti0JIOTi€r0, TTATO(i310JI0TIE Ta KITHIYHO KapTHHO
— HE3aJIe)KHO BiJl BIDyCHOr'O areHra.

Mixrpumyroui qoxasu: Johnston et al. (1993) BcraHoBmim, o y 30-50% kaiHiYHHX BUNAAKIB «3aCTy/1» BIpYCHHIT areHT HE BUSBISIETHCSI
HaBiTh NPU BHKOPUCTAHHI CYYaCHHX MOJICKYJISIPHHX METONIB — L€ € KIIIOYOBHM eMiJeMiOJOrTYHUM apryMEHTOM Ha KOPHUCTb iCHYBaHHS
HeBipycHOI popmu 3axBoproBanus. Eccles (2002) ciucteMaTHdHO 3aJ0KYMEHTYBAB «XOJIOI0BHIT TAPAIOKCY — PO3BUTOK CHMITTOMIB IIPOTSTOM
XBHJIMH ITICJISl XOJIO/I0BOTO BILIMBY, 1110 € MPUHIIUIIOBO HECYMICHUM 3 Oy/Ib-SIKUM BiZIOMHUM BipyCHUM IHKYOAI[II{HMM TIEpio/IoM, MiATBEPANIIH,
1110 BJMXaHHSI XOJIOJTHOTO MOBITPsI BUKJIMKAE BUPAKEHI aBTOHOMHI PeaKIii X aIbHUX IUISIXiB — OPOHXOKOHCTPHKIIIIO Ta 3aajIeHHs CIIM30BO1
000JIOHKH — He3aJIe;KHO Bi/l BIDYCHOTO areHTa.

Oomexennsi: BincytHi Benuki mpocnektuBHi PKJI, mo 6esnocepenubo Buuarote ['XPC sk okpemy HO30i0TiuHY (opMy B CyBOPO
KOHTPOJILOBAaHUX BipycosoriuHux ymoBax. Hozomoriunuii craryc y MKX-10/MKX-11 BincyTHiii.

Tinore3a 2 — TemnepaTtypHuii nopir mykoumtiapaoi aucyHkuii

Craryc: HNIATBEPI)KEHA (npsima noka3oBa 0a3a)

linoTesa mepenbadae iCHyBaHHSI KPUTHYHOTO TeMITepaTypHOro mopory (~10°C mist ciu3oBoi HOca), HUKYE SIKOTO MYKOIMITIAPHUN KITipEeHC
3HIDKY€ETBCSI OLTBII HiK Ha 50%.

Mixrpumyroui gokasu: Tufail et al. (2025) y koMieKCHOMY OIS AMHAMIKH CIM3Y B AMXAIBHHUX LUISXaX 330KyMEHTYBAIH BUPAXKCHY
TeMIIEpaTypHy 3aJeXKHICTh yacToTH OuTTs Bifiok (UBB): 3uwkenust 3 12—15 I'i mpu 37°C no 6-8 'y ipu 20°C, 3 MpakTHYHO TTOBHUM
npunuHEHHAM pyxy Hikue 10°C. Feng et al. (2026) migxrBepanam, 110 X0704He cyxe MoBiTps 3Hmwkye YBB Ta koopauHanio yaapis Biliok,
MPHU3BOLIYM 10 3aCTOIO ciu3y Ta akymysinil narorexis. Kelly et al. (2021) mokasainm, mo BeHTUIISIS HE3BOJIOKEHUM MOBITPSIM TIOPYIIY€E
MYKOIHTiapHUH TPaHCTIOPT He3anexkHo Big UBB — depe3 3MiHM peosorivHMX BIACTHBOCTEH CIM3Y, IO MiATBEPAXKYE JBOKOMIIOHEHTHHIT
MexaHi3M MykouwmtiapHoi aucdynkuii mpu ['XPC.

OoMmesxeHHst: BinbiiicTs 10CiipKeHb IPOBOIMIIMCE IN VItro abo Ha TBAPHHHHUX MOJEISIX; NMPSIMI BUMIPIOBAHHS TEMIIEpaTypH CIIM30BOI HOCA
JIFOZMHHY TIPU PI3HUX YMOBAX XOJIOZIOBOTO BIUIUBY € OOMEKESHUMH.
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I'inote3a 3 — MeTaoJ1iuHe BHCHA’KeHHS KJIITHH emiTe1ii0

Craryc: A\ IPABJOIOJIBHA, asne norpe6ye npsimoi Bepudikamii

T'imoresa cTBEp/KYE, 1110 METabOJIYHI BUTPATH HA KOHAMIIIOHYBAHHS XOJOIHOIO MOBITPS MPHU3BOJIATH JI0 BUMIPIOBAHOTO 3HYIKEHHS PiBHS
AT® y xmTHHAX MHTOTJIMBOTO €MITEIIO.

HixTpumyroui foka3u: OpHUriHaabHI TEPMOIUHAMIUHI PO3PAXyHKH aBTOPIiB IeMOHCTPYIOTH, 0 KOHJHUIIIOHYBaHH noBiTps pu 0°C BuMarae
~14,2 Br, 1o craHoBuTs ~18% GazanpHOro Metaboitizmy y criokoi ta 1o 50% mpu ekcTpemaibHux ymoBax. Ferraris (2024) 3a1okyMeHTyBaia,
110 TeMIIEpaTypHi yMOBH CYTTEBO MOJYNIOIOTH KIITHHHY QU(epeHIiario, MyKouIiapHy QyHKIIIO Ta 3aXUCHI peakIii emiTeNnito JuXalIbHIX
nuisixiB. [inepBeHTHIISILISA XOJIOAHUM TTOBITPSM I1i/] 4ac (hi3MYHOI0 HABAaHTA)KEHHSI MOYKE CYTTEBO IMOTIPIIYBATH CTaH EIiTesiaibHOro 6ap'epy
JIIXaTbHUX [IUISIXIB, IO OIOCEPEIKOBAHO CBIIUHTH PO MeTaOOIIUHMUI CTpec.

Oomexennst: [Ipsimux BumiproBanb piBHs AT® y KIiTHHAX HA3aJIbHOTO SMITEIIIO JIFOJMHU MiCIIs X0JI0J0BOr0 BIUIMBY B IOCTYIIHIM JliTepaTypi
He BusBJIeHO. LIs rinmore3a € HaAOIBII OPUTIHAIIBHOIO Ta MOTPEOYE CIEIialbHO CIUIAHOBAHUX OIOXIMIYHKX JOCII/DKeHb (LiTKOBa Giorcis +
BEPX-anauis).

Tinore3a 4 — TRPM8-onocepexoBaHa Ba30KOHCTPHUKILiS SIK TepaneBTHYHA MillleHb

Craryc: OIATBEPI)KEHA Ha Mosieky/asipHOMY piBHI, KiIiHiuHa Bepudikauis Bincyrus

T'imoresa nepenbauae, mo dGapmaxosoriuba 6aokaga TRPMS 3amobirae xoso10-iH1yKoBaHiil BA30KOHCTPHKINT Ta 3HMKY€e cummtomu [’ XPC.
Mixrpumyroui qokazu: Yao et al. (2025) y ormsai TRP-kananis nigreepaniu, o TRPMS € 0CHOBHUM MOJIEKYIJISIDHUM CEHCOPOM XOJIOAY B
CIIM30BHX OOOJIOHKAX NHUXaJBHUX IULIXiB, a iforo anrtaronict (AMG-333, AMTB) edexkTtnBHO GJIOKYIOTH XOJIOZO-IHIYKOBaHI peakiii B
noxminiyanx moxensx. Tekulapally et al. (2024) neranbno onucanu moasiiiny posns TRPAL y ¢izionorii quxanbHUX MUBIXIB, BKIKOYAOUH
HOro yyacTh y HEpOreHHOMY 3allajieHHi Ta Ba3oMoTopHEX peakiisx. Hooper & Taylor-Clark (2023) moxasai, 1o aronicta TRPMS (menTou,
WS-12) MomyIoI0Th pedIeKTopHi peaxii ANXadbHHUX MUIIXIB, IO MATBEpIKY€E (QYHKIIOHATbHY 3HAUYIICTh IIHOTO PELENTOpa B KIIHIYHOMY
konTekcti. Vasek (2025) miarepaus, 10 TEPMOTEHHI CTUMYJIM MOLYJIIOIOTH IMyHHY BiIIIOBiIb Y€pe3 TEPMOCEHCOPHI PELIENITOPH.
Oomexenns: Kniniuanx PK/] 3 inTpanaszansaum BBenenusam antaronictis TRPMS mpu I'XPC e npoBoaniock. BinbuiicTs JaHHX OTpUMaHO
3 JIOKJIIHIYHMX MOJIeIel GO0 Ta aCTMU.

T'inote3a 5 — Cuneprism xo;101y Ta Bipycy («BiKHO Bpa3JIHBOCTI»)

Crartye: MIATBEPJAKEHA (koHBeprenTHi HenmpsiMi 10Ka3u)

T'inmoresa CTBEPIKYE, 1110 HOMEPEAHIN X0JI0J0BHIA BILIMB i BUIILYE CIIPUAHATIUBICTD 10 PUHOBIPYCHOI iHMEKIIT IoHafiMeHIIe y 2 pa3u.
Mixrpumyroui qoka3u: Huang et al. (2025) Ge3nocepeiHbo MPOAEMOHCTPYBAIIH, IO XOJIOJHUI MOTIK HOBITPs MOPYIIY€ aHTUBIPYCHI IMyHHI
3axuCcHi (QyHKIIT CIM30BOi O0OJOHKM BepxHiX quxanbHux uuisixis. Otter et al. (2024) nokasanu, mo iHTephepoHOBa CUrHAI3allisl B
Ha3aJIbHOMY eIiTelNil € KJIIOYOBUM JIETEPMIHAHTOM IPOTHBIPYCHOTO 3aXMCTy, a ii MPHUrHIYEHHs (30KpeMa, XOJIOJIOM) CYTTEBO ITiJBHIILY€E
BipycHy perurikauiro. Chen et al. (2026) orrcany HelipoiMyHHI cxeMu B atodizioorii AuXalbHIX MUISXIB, 110 TIOB'SI3yI0Th XOJIOIOBHII CTpeC
13 MIIBUILEHOIO BIPYCHOIO CIPUHHATIMBICTIO Yepe3 HEHPOreHHE 3aMalieHHs Ta iIMyHOCYIPECiIo.

Oomexennsi: KoHTPOIbOBAHUX JIOCIIKEHb 3 TOCIIIOBHUM XOJIOJI0BUM BIUIMBOM Ta BIPYCHOIO 1HOKYJISIIEIO y JIIOACH HE MPOBOJMIIOCH 3
eTHYHMX MipKyBaHb. KiJIbKicHa OIliHKa «2-KpaTHOTO TTiBHUIIEHHS PU3UKY» € TEOPETUUHOIO 1 TOTpeOye Bepudikaliii.

Tinote3a 6 — TepmoaganTanis yepe3 cHCTEMATHYHE 3aTaPTOBYBAHHS

Craryc: A\ MPABJIONIOJIBHA, nokasu nenpsimi

T'inoresa nepenbayae, 1o §-THKHEBA MPOrpama 3arapToByBaHHS MPU3BOANUTH 0 BUMIPIOBAHUX aIaNTUBHUX 3MIiH y CIM30BIi HOCA.
Mixrpumyroui 1oxasu: Brenner et al. (1999) nokasainu, 1110 nonepeHe HArpiBaHHs Ta (i3HYHE HABAHTAKEHHS CYTTEBO MOAUDIKYIOTh IMyHHI
3MiHM TIPH XOJIOJOBOMY BIUIMBI, IO CBiUMTH MPO IUIACTUYHICTH TepMOiMyHHMX peakuiil. Vasek (2025) miarBepaus, 1m0 cHCTeMaTHYHi
TEPMOTEeHHI CTUMYJIU 3[aTHI MOJLYJIFOBATH SIK BPOJUKEHUI, Tak i anantusuuil imyniter. Balakin et al. (2025) npoxemoHcTpyBau, mo crpec-
IHIyKOBaHa IMyHOCyTIpecis yepe3 HelpoeHIOKPUHHI IIUISIXH € MOAN(IKOBAHOIO — TOOTO MiIA€THCS KOPEKIIT uepe3 aganTaniiiHi MeXaHi3MH.
O6mesxennsi: Crnermdivanx PKJ] i3 mporpamMamu 3arapToByBaHHS BEpPXHIX JIUXaTbHUX NITAXiB Ta 00'eKTHBHUM BUMiproBaHHsIM UBB, sIgA
Ta HA3aJEHOTO KPOBOTOKY HE IIPOBOIMIOCH. HasiBHI TOCIIPKEHHST 3arapTOBYBaHHS MAIOTh METOJOJIOTIYHI 0OMEKEeHHS (BIACYTHICTD CIIIIOrO
KOHTPOJIIO, MaJTi BUOIPKH).

Tinore3a 7 — BikoBuii napajgokc yepe3 qudepenuiiiopanuii X0J1010BMii BIJINB

Crartye: MPABJIOIIOAIBHA, nixTpuMye€ThCsl HENPSIMUMH J0KA3aMHU

Timoresa cTBepKy€E, IO BIKOBAa 3aKOHOMIPHICTh 3aXBOPIOBAHOCTI (AITH > JOPOCII > JIiTHI) MOSICHIOETHCS BIIMIHHOCTSMHU B KUIBKICHUX
MOKa3HUKAX XOJIOJOBOrO BIUIMBY, @ HE IMyHHOIO KOMITETEHTHICTIO.

Mixrpumyroui gokasm: Monto (2002) ta Heikkinen & Jdrvinen (2003) 3amokymeHTyBaii BiKOBY 3aKOHOMIPHICTH 3aXBOPIOBAHOCTI, 11O €
HECYMIiCHOIO 3 IIPOCTOI0 MOJICIITIO «HAKOITMYEHOT'O IMYHITETY» — OCKIJIBKH JIITHI JTIOJIU 3 BUPAKEHOI0 IMYHOCEHECLICHIIIEIO0 XBOPIIOTH pijlie
3a MOJIOJIMX JOpOCIHX 3 mMoBHOUiHHMM iMyHiterom. Rijkers et al. (2026) minkpeciroroTh BakIMBICTH BpaxyBaHHs IOBEAIHKOBHX Ta
KITiMaTHIHUX (HaKTOpIB MPH BUBUCHHI IMYHHHUX peakiiiii. IShmatov (2024) ommicas BikoBi Ta CTaTeBi BIAMIHHOCTI y 3aXHCHil (yHKIII HOCA
LI0/I0 XOJIOJIHOTO, CYXOT0 Ta 3a0pyTHEHOTO MOBITPSL, 1110 0E3M0CEPEIHBO MIATPUMYE Ti0Te3y AU(DEPEHIIIFIOBAHOTO BIUIUBY.

Oome:xenHsi: BincyTHi IpOCTIEKTHBHI TOCHTIPKEHHS 3 00'€KTUBHUM MOHITOPUHIOM XOJI0/I0BOTO BIUIUBY (TEPMOJATYHKHU, aKCEIEPOMETPHU) Y
PI3HUX BIKOBUX TPyIax 3 MapajelbHUM MOHITOPUHIOM 3aXBOPIOBAHOCTI.

T'inore3a 8 — Jledinut BiTaminy D sik Mmoandikyrounii paxrop

Craryc: HIATBEPI)KEHA (Henpsima noka3oBa 6a3a)

T'imoresa cTBep/IKYyE, 1110 AedinuT BitaMiHy D moTeHI1it0e X0J10/10-iHIyKOBaHY iMyHOCYyTIpecito Ta miasuirye pusuk I'XPC.

Mixrpumyroui gokasu: Dogan et al. (2023) Ge3nocepeHbO TOKa3allM, MO rocTpuii xonoxoBuii crpec (4°C, 2 rox) 3umKye Bimnosigs T-
KIITHH y nepudepHuHiil KpoBi, NpHIOMy Lei e(eKT CYTTEBO MOIYJIIOEThbesi piBHeM Biraminy D — ocobu 3 medirmrom Mamm Oinbi
BUpaxeHy iMyHocympecito. lvanovska et al. (2025) mixrsepanu, mo npurnivenns oci I'TH, moB's3ane 3 HU3BKUM piBHEM KOPTH30.1y (200,
HABIIaKM, HOr0 HAUIMIIKOM), € KIIOYOBHM MEXaHI3MOM CTpec-iHaykoBaHOI iMyHocympecii. James et al. (2023) npoaemoHCTpyBaiy, 110
(hiziomnorivyni cTpecopy, BKIIIOYAIOUN XOJIOAHY BOLY, aKTUBYIOTh Bich [ TH Ta minBHINYIOTH piBeHb KOPTH30IIY, IO OE3IOCEPEIHBO MOB'I3aHO
31 3HIKCHHSIM IMYHHOT BiAOBI/Ii.
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Oomexenns: Crnerudpiuaux PK/I i3 no6asxoro Bitaminy D npu I'XPC ne npoBoauiocs. HasiBHi JaHi cTocyloThCs epeBakHo BipycHux ['PBI,
a He yncroro I'’XPC.

I'inote3a 9 — Mikpo6iomua qucpynuis npu I'’XPC

Craryc: A TEOPETUYHO OBIPYHTOBAHA, npsimux 10Ka3iB Hemae

T'inoresa CTBEP/IKYE, 1110 XOJIOAOBHI BIUIMB CIIPUYNHSE BUMIPIOBaHI 3MiHK MiKpOOiOMYy BEPXHIX JAMXAIbHUX IIISXIB.

Mixrpumyroui xokasu: Van Woudenbergh et al. (2025) nokasaiu, 1110 Ha3aIbHUN, HOCOTJIOTKOBHH Ta OPOHXiaIbHUIA eriTesii JeMOHCTPYIOTh
NPUHIMIIOBO Pi3HI IMYHHi BiANOBiAl Ha pi3HI MATOreHHU, IO CBIMYMTH MPO BAKIMBICTH MikpocepenoBuina ciusosoi. Wang et al. (2025)
MiATBEpANIH, IO BipycHa iH(MEKLIsA CYTTEBO 3MIHIOE Ha3aJIbHE 3amaleHHs Ta Mikpobiomuuii Gananc. Backaert et al. (2024) omucanu posb
HeWpOHATbHUX IULIXIB Y Ha3aIbHIN IiIeppeakTUBHOCTI, 10 MOYXKE OIIOCEPEAKOBAHO BILIMBATH HA MIKpOOIOMHUI CKJIaj dyepe3 3MiHH CeKperil
Ta pH cin30B0i.

Oomexxenns: [IpsMuX TOCTiIKEHb BIUIUBY TOCTPOrO XOJIOZOBOTO CTPECY Ha MiKpOOiOM BEPXHIX JHXAIBHUX LUIIXIB JIOAHMHE METOIOM 16S
pPHK-cexBeHyBaHHS He TPOBOAMIOCH. Lle € HaliMEHII BUBUCHOIO T1IIOTE3010 3 YCIX IECSATH.

I'inoTe3a 10 — Heiiporenne 3anajieHHs1 Ik IepBHHHUI MeXaHi3M

Craryc: OIATBEPI’KEHA nHa MoJsiekyJasipHOMY piBHI

T'imoresa cTBepukye, o aktuBaiis TRPAI ta BusinbHenus cyocraniii P i CGRP € nepBMHHMM i JOCTATHIM MEXaHI3MOM JIJIsl PO3BHUTKY
moBHOro cumnromokomiuiekcy I'’XPC.

Mixrpumyroui qokasu: Tekulapally et al. (2024) neranbHo onmcanu noBiiiHy pois TRPAL y dizionorii AuxanbHUX HUISXIB Ta IUTYHKOBO-
KMIIKOBOIO TPAaKTy, MiaTBepAMBInd, mo akrtusamiss TRPAIL xomogom (<17°C) npusBoauth 10 BuBiibHeHHs cyOcranuii P ta CGRP i3
CeHCOpHUX HepBoBHX 3akiHueHb. Chen et al. (2026) onmcanu HelipoiMyHHI cxemu B mato¢i3ionorii JUXalbHUX LUBIXIB, 10 BKIOYAKOTH
HEHpOreHHe 3allaJIeHHs SIK KJIFOYOBHI MeXaHi3M CHMITOMOYTBOpeHHs. Bessac & Jordt (2008) y kiacuuHiii poGoti nokaszanu, mo TRPAL-
cnenubiunmii anraronict HC-030031 ckacoBye HEHPOIENTHI-OMOCEPEAKOBAHY KOHCTPUKIIiO Auxanbuux nuisaxis. Chung & Mazzone (2025)
MATBEPANIIN, 10 Hef{ponaTHyHi MexaHi3MH, BKiIrodatoun TRPAL-onocepenkoBane HeHpOreHHE 3aMaIeHHs], € KIIOYOBUMU B naTogizionorii
rineppeaKTHBHOCTI AMXAIEHUX IUIIXIB.

Oomexenns: Crienndivnnx BuMiproBans cyocrannii P ta CGRP y nazansnomy naBaxi npu I'XPC (Ha BinMiHy BiJ alepriqyHoro puHITYy) He
MPOBOAMIIOCH. HeoOXitHi eX ViV TocitikeHH s Ha 130J1b0BaHiil HA3aIbHIN CIIM30BI JTFOIHHI.

& 3Benena Tabuuns Bepudikanii rimores

Ne Tinore3a Craryc PiBeHb 10Ka3iB
1 Ho3omoriuna camocriitHicTs YacTkoBO MiATBEpKEHA Henpsivi (B)

2 Temmneparypuuii nopir YbB TinTBepmxena [psimi (A-B)

3 MertabotiuHe BrcHaXKeHHsT ATD /\ TlpasmonosiGna Teopernusi (C)
4 TRPM8-610kaja sk mpodinakTuka MoeKyJISIpHO i ITBEepIKeHA Jloxminigni (B)
5 CuHepri3m xoJo[ + Bipyc [inTBepmKena Henpsivi (B)

6 TepmoaanTariis 4yepes 3arapToByBaHHS N\ Tlpasyononiona Henpsmi (C)

7 BikoBwuii mapagokc yepes BILIMB IpaBnomnoniona Henpsmi (B)

8 Bitamin D sik Mmomudikatop ITinTBepmKeHa Hempsivi (B)

9 MikpoOioMHa aUCpymis A\ Teopernuna Bincytni (D)
10 Heiiporenne 3ananenns (TRPA1) MorexyJsIpHO TiATBEpKeHA [psimi (A-B)

PiBHui 1oka3ziB: A — npsmi kiiHiuHi; B — Henpsawmi/nokniniuni; C — teopernuHi/ananorosi; D — BincyTHi

BHUCHOBKH

Bucnosok 1. IT'aTe naTodisiosoriyHux MexaHi3MiB yTBOPIOKTHL CAMOI0CTATHII Kackaj

HaiiBasximBimnm TeopeTnyHiM BHeckoM pobotn Gozhenko et al. (2025) e aemoHcTpartist TOro, 1o m'ITh B32€MONOB'SI3aHUX MeXaHi3MiB
— TRPMB8/TRPA1-onocepenxoBana Ba30KOHCTPHKILIST, MyKOIMITiapHa TUCHYHKILST, META0OIYHIIA CTPEC, HeUPOCHIOKPHHHA IMyHOCYTIPECist
Ta KOMIIPOMETallisl emiTeTianbHoro 06ap'epy — yTBOPIOIOTH €CaMOJOCTATHIN nmaTtogisiosioriunmii Kackal, 3/aTHUI BIATBOPUTH TOBHUI
CHUMIITOMOKOMIIIEKC «3acTyam» 0e3 y4acTi OyIb-SKOro BipyCcHOro arenrta. KojkeH i3 1iMx MexaHi3MiB MiIKPIIeHHH He3aIe)KHUMHI HayKOBUMH
mokazami: TRPM8/TRPAL — MOJEKyISIpHUMH IOCTIDKCHHAMH ; MyKOIMmiapHa MUCQYHKIST — (i3i0MOTiYHUMH TOCTIKEHHAMHA |
MeTaboNiuHuil cTpec — TEepMOAMHAMIYHMMH pPO3paxyHKaMH aBTOPIB; HEHPOCHIOKPHHHA IMYyHOCYNpecii — CeHIOKPHHOJIOTIYHUMH
JIOCI/DKEHHSIMHU ; KOMITpOMeTalist 0ap'epy — JOCIIPKEHHSIMHU erniTeianbHoi ¢izionorii . CHHepreTHYHa B3a€MOIis MK IMMH MEXaHi3MaMH
MIACUITIOE TTATOJIOTTYHUH €(eKT KOXKHOTO 3 HUX, IO MOSICHIOE, YOMY HaBiTh MOMIPHHN XOJIOIOBUIT BIUIMB MOKE BUKJIMKATH BUPAKEHI KITIHIYHI
cumnToMmu. Llel BUCHOBOK € (hyHIaMEHTaJIbHUM JJIs IEPEOCMUCIICHHS MATOT€HEe3y «3aCTyAn» 1 BIAKPHBAE HOBI TEpareBTUYHI MillCHi, 110
PpaHillie He PO3IIIAINCH Y IbOMY KOHTEKCTI.

BucHoBok 2. TepmoauHaMivHi po3paxyHKH KiJIbKICHO MiATBEPIKYIOTH MeTa00J1iYHe HABAHTAKEHHS
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OpuriHanbHi TepMOAMHAMIYHI PO3paxXyHKH, HPEJCTABICHI B OIJIAAI, € BajKIMBHM METOJOJOTIYHHM BHECKOM, IO BIEpIIe KiJbKiCHO
o6rpyHTOBY€E MeTabouiunmii crpec sik Mexanizm [ XPC. Po3zpaxoBaHa noTyKHICTh KOHAMLIOHYBaHHsI X0J0H0ro nositps (0°C) — =~14,2 Br,
110 CTaHOBHTH ~18% 6a3anbHOro MeTaboIIi3My Y CIIOKOi — € LIIKOM PeatiCTHYHOIO Ta (i3ionoridHo 3HaYyIo0 BenndnHoo. [Ipu dizuunomy
HaBaHTa)keHH] (XBUINHHHIT 00'eM 3060 11/XB) 1151 gacTKa 3poctae 10 25-35%, a mpu exctpeManbuux ymoBax (-20°C) moxe gocsiratu 40-50%
6azanpHOr0 Metaboumizmy. Taki BUTpaTH € NMOPIBHSAHHHME 3 €HEPreTUYHHMHU BHTpPAaTaMH Ha MiITPHMKY cepueBoro purmy (~7% bM) abo
poboty Hupok (~10% BM), 1110 cBiI4UTh PO 1X KIIHIYHY 3HAYYLIICTh. KIIITHHI MUTOTIMBOTO CIIITEIII0, 110 BXKE BUTPAYAIOTh 3HAYHY YACTHHY
AT® na migtpumky Outrs Biifok (12-15 T'm), cTHKAIOTBCA 3 DONATKOBHM CHEPreTHYHUM HABAHTAKCHHSAM, IO MOXKE NPU3BOLUTH 10
BigHOcHOTO AT®-medinury, mopymenns ¢yHKii iOHHMX HacociB Ta akTuBawlii crpecoBux curHampHux muixiB (NF-kB, MAPK). L
PO3paxyHKH € TEOPETUYHO KOPEKTHUMH, OJJHAK MOTPEOYIOTH MPSAMOT eKCIIepUMEHTaIbHOT BeprdiKallil HUIIXOM BUMIptoBaHHs piBHIB ATD y
Ha3aJIbHOMY EMiTel] MicIst XOJI0L0BOTO BILIUBY.

BucuoBok 3. Cunepreruuna moaeb «I'’XPC sik BopoTa» € HAyKOBO 00IPYHTOBAHOIO

Konnermist ['’XPC six «Bopity mmst BipycHOI iHdeKmii € OgHUM i3 HalOUTBII KITIHIYHO 3HAYYIIMX BHCHOBKIB OINISLY. TpH He3ale:KHUX
MEXaHI3MH IiJBUILYIOTh BipyCHY CHPHIHSATINBICTD MICJIS XOJIOJOBOTO BIUIMBY: (1) HOpYIICHHS MyKOLITIapHOTO KIIpEeHCY HMOJOBXKYE dac
KOHTaKTY BIpyCiB 31 ClM30BOI0; (2) 3HMKEHHs SIQA 3MeHIIye HeifTpaizaliito BipyciB Ha MOBEPXHi ¢iin30B01; (3) npurHidyeHHs iHTepHepoHOBOL
CHTHa3aLii 3HIKY€E IPOTHBIpYCHHMiT 3axucT kiitiH. Huang et al. (2025) 6e3nocepe1HbO I1iITBEPANIIHN, 110 XOJIOHHIT MOTIK HOBITPS IIOPYIIYE
aHTUBIpYyCHI 3axucHi (yHKIil cim3oBoi . Otter et al. (2024) mokasanu, 1o iHTephepOHOBa CUTHATI3AIlIS B HA3AJILHOMY EITENIl € KIIOYOBHM
JIETEPMIHAHTOM TPOTHBIPYCHOIO 3axMCTy . ILlg cHHepreTMuHa MOJENb MOSCHIOE KIHIYHUA (DEHOMEH «BaXKKO1 3acCTy[d IiCIst
NIEPEOXOJIOKCHHs 0e3 HeOOXiJHOCTI ITOCTYJIIOBATH MPSIMY HNPHIMHHO-HACTIIKOBY POJIb XOJOAY Yy BipycHid iHpexuii. KoHnemnmis «BikHa
BpazmBoCT» (2—4 ToZ Micis X0JIOZOBOrO BIUIMBY) € KIIHIYHO NPAKTHYHOIO Ta MOXE OYTH BHKOPUCTaHA IS PO3POOKH MPOQITaKTHIHNX
peKOMeHAIII.

BucHoBok 4. Bupimennsi BikoBoro napagokcy uepe3 MojeJb Au(epeHIiiiloBaHOr0 BIINBY € NepeKOHIHBHM

3anpononosane Gozhenko et al. (2025) nosicHeHHs BIKOBOIO MapagoKCy Yepe3 BiAMIHHOCTI B KIIbKICHMX MOKA3HUKAX XOJI0J0BOIO BILIUBY €
OiIbII MAPCHMOHIHHMM Ta I0KAa30BO-Y3roJUKeHHM, HDK TpaauliiiHa rinoTe3a «HAKOMHUYCHOTo imyHiTeTy». TpamumiiiHa rimoresa mae
(yHIaMEeHTalbHE TMPOTUPIYYS: SKIIO «HAKOIMMYCHUHM IMYHITET» 3aXMINa€e JOpOCIMX, TO 4YOMY JHTHI JIFOAM — 3 BHPAKCHOIO
IMYHOCEHECICHIIIEIO Ta 3HAYHO MEHIIUM PEIepTyapoM aHTHTLIT — XBOPIIOTH PiflIe 32 MOJOIHX A0POCIUX? ANbTEpHATHBHA MOJIEIb BILTUBY
€ JIOTIYHO MOCJIIIOBHOO: JIITH IIPOBOISATH OLJIbIIIE Yacy Ha BYJIHIII B XOJIOAHY MOT0/y, MEHII €()EKTUBHO OJIATAI0ThCS, MAIOTh BUILMIA BITHOCHH it
XBUJIMHHKN 00'eM quxaHHs (Ha KT MAacH Tija) Ta MEHII PO3BUHEHI TEPMOPETYJIATOpHI Mexanismu. Ishmatov (2024) mixrsepauB icHyBaHHs
BIKOBHUX BIIMIHHOCTEH y 3aXMCHiN (yHKIII HOca moa0 xonoaHoro nositps . Rijkers et al. (2026) miaxpecooTh HEOOXiAHICT BpaxyBaHHs
NOBEJIHKOBUX (haKTOPIiB NP aHATi3i KIIMaTHYHHWX BIUIMBIB Ha iMyHHy cucreMy. /It ocratodnoi Bepudikanii HEOOXiTHE NMPOCIEKTHBHE
KOTOPTHE JJOCIIIKEHHS 3 00'€KTUBHUM MOHITOPHHIOM XOJIOZIOBOTO BIUIUBY (HOCHMI TEPMOJIATYUKH) Y TPhOX BIKOBUX Tpyrax.

BucHoBok 5. BigcyTHicTb anTu0ioTUKIB Ta npoTUBipycHuX npu yuctomy I'’XPC € HaykoBO 00IpYHTOBaHOIO

OpHAM i3 HafO1IBII TPAKTHYHO 3HAYYIINX BUCHOBKIB OIJIATYy € OOIpyHTYBaHHS BiTMOBH Bil aHTHOIOTHKIB Ta IPOTHBIPYCHUX NMpenapariB
npu uncrtomy I'XPC. SIkmio cuMnTOMH PO3BHHYIHCH IPOTSATOM 2 TOAWH IICIS XOJOJOBOTO BIUIMBY, BiJCYTHS JIMXOMaHKa Ta CHCTEMHI
CHUMIITOMH, & CHMIITOMH 3MEHIIYIOTHCS TIpH 3irpiBaHHi — 1ie € ynuctuii I XPC, npu sskoMy Hi aHTHOIOTHKH, Hi TIPOTHBIPYCHI Mperapati He
MalOTh TATOr€HETHYHOro OOIPyHTYBaHHs. HepaiioHalibHE TpHU3HAYCHHS AHTUOIOTHKIB NMPU «3aCTyi» € OJHIE€I0 3 OCHOBHHX IPUYUH
AHTUO10TUKOPE3UCTEHTHOCTI — r100aIbHOT pobiiemMu oxoponu 3710poB's. Konuenuis I'XPC naznae gikapsim 4iTkuii KiIiHiYHMIA ajaropurm
JUISL BIIMOBH BiJl aHTHOIOTHKIB IIPH TUITOBIIf KapTHHI X0JIOI0-1HyKOBaHOTO PUHITY. HaTOMiCTh MaTOreHETHYHO OOTPYHTOBAHNM JIIKYBaHHIM
€: 3irpiBaims, maposi inrammii (42—45°C), conpoBi Ha3anbHi crpel Ta axekBaTHa TigpaTaiis. L[i BTpydanHs crnipsMoBaHi Ha BiJHOBICHHS
HOPMaJIbHOTO KPOBOTOKY B CJIM30Bii, BIZTHOBJICHHS MyKOIMJIIAPHOTO KJIIPEHCY Ta HOPMaJIi3allito peoJIOTiYHNX BIACTHBOCTEH CIIH3Y.

BucnoBok 6. TepMiunuMii 3aXuCT AMXAJbHUX HLISAXIB € HeJ00LIHEHOIO0 NPO(diIAKTHYHOIO cTpaTerieio

Orisii mepeKOHINBO OOTPYHTOBYE, 0 AKTHBHHMIl TEPMIiUHHI 3aXHCT BEPXHIX JUXAJIbHUX HUISIXIB € CaMOCTIHHOIO Ta e(pEeKTHBHOIO
MpoQITAKTUYHOIO CTPATETIE0, IO JOTIOBHIOE (a HE 3aMiHIO€) MPOTHBIpycHi 3axoaun. HME-macku (TeriooOMiHHMKM BOJIOTH Ta TEIIa), 110
MiAIrpiBarOTh 1 3BOJIOXKYIOTH BIMXYBaHE MOBITPS, MAIOTh YiTKE MaTo(i3ionoriune oOTpyHTYBaHHS: BOHH 0€3MOCEpEeIHBO YCYBAIOTh TPUTEP
I'’XPC — BIUIHB XOJIOJJHOTO CYXOTO MOBITps Ha cIM30BY Hoca. Po3paxynkosa epexruBHicTE HME-Macok (3nmkenns yactota ['XPC na 40—
60%) € kiiHigHO 3HavyIo0. Tpaauuiiini mapdu Ta Macku, 10 MiAIrpiBalOTh BANXyBaHe MOBiTpst Ha 5—10°C, € ZOCTYIMHUM Ta EKOHOMIYHO
epexTuBHUM 3acoOoM mnpodinaktuku. Lli pekoMeHaamii € 0COONIMBO BXIMBUMHU JJISI TPYN PU3UKY: AiTEH, 30BHIIIHIX MpaliBHUKIB,
CIIOPTCMEHIB, 1[0 TPEHYIOTHCSI Ha BiIKPUTOMY IOBITPI, Ta MAL[I€HTIB 3 XPOHIYHUMH 3aXBOPIOBAHHIMH AMXalbHIX HULsIXiB. Brenner et al. (1999)
MIATBEPANIIH, 1110 NONEPEHs TEIIOBa MiArOTOBKA MOAN(IKYE IMyHHI 3MIHM IPHU XOJIOAOBOMY BIUIMBI , IO € HENPSMHM IiATBEPIKCHHIM
e(eKTHBHOCTI TEPMIYHOTO 3aXHCTY.

Bucnosok 7. Exonomiununii morenuiaj konuenuii I'XPC € koJiocajibHuUM

I'noGanpuuii Tsrap «3actyam» — ~9 MiTbSIp/IiB emi3o/iB Ha pik, ~105 minbsapais nonapis CLIA npsmux Ta HENPSIMUX BUTPAT — € OJHUM i3
HaWOLTbIHX B yciit memumumi. SIkiro xoua 6 20-30% uux BunaakiB € gnctum ['XPC, 1m0 He moTpedye MEANKAMEHTO3HOTO JTIKyBaHHS Ta
Moke OyTH e(eKTHBHO MOINEpe/UKEHNI TepMIYHUM 3aXHCTOM, TOTEHIHa exoHoMis ctaHoBuTh 20-30 MinbspaiB mojapiB mopidHo.
Fendrick et al. (2003) oriHuu 3aranbHAi Trap HEBIPYCHNUX PeCIipaTOPHUX 3aXBOPIOBaHb y moHax 40 mup joiapis wopiyxo summre y CLIA.
Brposampkenns konuenuii ' XPC y kTiHIYHY IPaKTHKY JO3BOJINTH: 3HU3UTH HepallioHAIbHE TIPU3HAYCHHS aHTHOIOTHKIB (eKOHOMIs 1-2 Mipa
nonapie/pik y CIIA); ckOpOTHTH KiJIbKICTh HEMOTPIOHHUX BI3UTIB JI0 JTiKapsi; 3MEHIINTH KUTBKICTh HEMOTPIOHUX J1a00PaTOPHUX JAOCIIKEHbD;
ITiIBUIIUTH BUPOOHNYIY NMPOIYyKTHBHICTE Yepe3 eekTHBHY HpodinakTuky. [Ipodinaxriuuni Brpydanns (HME-macku BapricTio 5—15 nomapis)
MAalOTh HAJ3BUYANHO CIPHSATIUBHN MPOQIIH EKOHOMIYHOT €(hEeKTUBHOCTI Ta MOYKYTh OKYIIUTHCH MPOTATOM OJIHOTO 3MMOBOTO CE30HY.

Bucnosok 8. locnitHUIbKHIIT MOPSA0K JeHHUIi € YiTKO CTPYKTYPOBAHHM Ta peaJicCTHYHUM

CcoopmymsoBani 10 rinore3 ta 10 HOCHITHHUIBKUX MPOOIEM YTBOPIOIOTH JIOTIYHO TMOCTIIOBHHMII Ta MeTOXOJIOTIYHO peaJicTHIHHI
JIOCTITHULBKUI MOPSIIOK JACHHUH. ['IM0Te3u pankyrThCs Bijl THX, IO MOTPEOYIOTH BIIHOCHO MPOCTHX J1abopaTopHuX aociimpkens ([inoresa
3 — BumMiptoBanHs AT® y HazaibHOMYy ermitenii; ['inmoresa 4 — nasepHa JomIuiepiBcbka (IoymMeTpist), 10 THX, [0 BUMAraroTh CKJIaJHUX
KIiHIYHEX Jocmipkens (['imoTe3a 10 — koHTpoIboBaHa BipycHa iHOKyIsinis). [IpiopuretHumu €: (1) IpocHeKTHBHI KOTOPTHI JOCIIHKCHHS 3
BIPYCOJIOTIYHIM KOHTpPOJEM I BcTaHOBiIeHHA peanpHol wactku ['XPC y crpykrypi I'PBL (2) MomexymspHI DOCTIIKEHHS PO
TRPMB8/TRPAI six Tepanesruunux wmimeneit; (3) PKJl npodinakrnunnx Brpydans (HME-macku) y rpynax pusuky. MeTomosoriaso
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KPUTHYHUM € BUKOPHUCTAHHS 00'€KTMBHOIO MOHITOPHMHIY XOJIOJOBOIO BIUIMBY (HOCHMI TEPMOJATYMKH, iHTpaHa3aJlbHi TEPMOMETPH) Ta
KOMIUIEKCHOTO BipYCOJIOTiYHOTO TecTyBaHHs (MynbTHIUIEKcHI [1JIP-maneni na 15-20 BipyciB) y Beix gocmimkeHHsSX. MiKHapoiHa HayKoBa
CHiBIpaLs € HeOOXiJHOI YMOBOIO [UTsl IPOBEACHHS OCTATHBO MOTYKHUX JOCIIKCHb.

BucnoBok 9. [lapagurmMaTH4YHMIL 3CyB € HAYKOBO 00IPYHTOBaHHM, aj1e NOTpedye KIiHiunoi Bepudikanii

3anponoHoBannii Gozhenko et al. (2025) mapagurMatidH#ii 3CYB BiJ MATOTeH-LEHTPUYHOI 0 XOCT-BiANOBIAHOI Mojeli «3acTyam» €
HAYKOBO OOIPYHTOBAHMM 1 IATPHMY€ETHCSI KOHBEPIeHTHUMH J0Ka3aMu 3 (i3iosorii, imyHosorii, HeipoHayku Ta TepMoauHaMiku. OfHaK UIs
MIOBHOLIHHOTO MPHUHATTS Li€i MapaJurMi HAyKOBOIO CIIIBHOTOIO HEOoOXinHa mpsiMa KIiHiYHA Bepudikamis KIIOYOBHX TilmoTe3. 30Kpema,
KPUTHYHO BaXKJIMBUM € HPOBEJICHHS BEJIIMKOIO HPOCIEKTHBHOIO JIOCIIUKCHHS, 110 OHOYACHO: (a) 00'€KTUBHO BUMIPIOE XOJIO/IOBHIl BILINB;
(6) mpOBOANTH KOMIUIEKCHE BipyCOJIOTiYHE TECTYBaHHS; (B) peecTpye NETaIbHHI 9acOBHIl aHaMHE3 CHMIITOMIB; (T) OLIHIOE BiJNOBinb HA
3irpiBanHs. Taki JaHi 103BOJIATH BCTAHOBUTHU peanbHy dacTKy uuctoro ['XPC y cTpykTypi rocTpux pecripaTopHHX 3aXBOPIOBAaHb 1 HajaTH
eMITipy4YHe MiATBEepIKeHHS (ab0 CIpocTyBaHHS) KOHUeNMii. BaxkimBo migkpeciuTH, mo L mapagurMa He 3amepedye poiii BipyciB, a
POBIINPIOE PO3YMIiHHS IATOTCHE3Y, HOAAI0UH TEPMOPETYIATOPHIN BUMID.

BucnoBok 10. CycnizibHe Ta peryiasitopHe 3Havennsi konuenuii [XPC BuxoauTh 3a Mexi akageMiuyHOl MeTUIIMTHA

Konueruist ' XPC mae qanexocsukHi IMILTIKALIT, 10 BUXOIATH 38 Mexi KiiniuHol mequimai. [lo-nmepue, Bxrouenns [ XPC 1o MKX-11 sk
OKPEMOT HO30JIOTYHOT OJMHHMII J03BOJIMTH CHCTEMATHYHO 30MpaTH €IliJeMioJIoriyHi JaHi, po3poOJsSTH CTaHIAPTH30BaHI MPOTOKOJIM Ta
MIPOBOANTH HOpPiBHsUIBHI nociimkeHHs. Ilo-apyre, xonnenuis ['XPC Mae BakiuBi iMIUNKamii s OXOPOHH Mpami: NPamiBHUKH, IO
PEeryJsIpHO I IO ThCS XOJI0JOBOMY BIUTHBY (OyIiBEJIBHUKH, pPHOAJIKH, BIHCEKOBOCITY>KOOBII1 ), TOBHHHI PO3TIIAATHCH SIK TPYIIa ITiABUILIEHOIO
PHU3HKY, a BIAINOBIAHI 3aXO01M 3aXUCTy — BKJIOYATHCh 10 HOPMATHUBHKX BUMOT. Ilo-TpeTe, B KOHTEKCTI IVI00ATbHHX KJIIMATHYHHX 3MiH
(Rijkers et al., 2026) po3ymiHHsI poJii X0JIOZOBOTO CTPECY Y 3aXBOPHOBAHOCTI HaOyBae HOBOTO 3HAUYCHHS: 3MiHH CE30HHHX TEMIIEPATyPHUX
MaTepHiB MOXKYTh CyTTEBO BIUInBatH Ha emigemiosorito [’ XPC. Io-ueTBepTe, konuerniis [ XPC e BaKIHBOIO 11 MeTiaTPHYHOT MPAKTHKH
0aThbKH Ta [eJaroru MOBMHHI PO3YMITH, 1110 aIeKBATHUI TEPMIYHHMI 3aXUCT AUTHHH € He «0a0yCcHHUM 3a0000HOM», @ HAYKOBO OOIPYHTOBAHOIO
npodinakTuyHO crpareriefo. HapemuTi, s KOHIEMNIs BiIKpUBAa€ HOBUIl HANPAMOK (PAapMAKOJIOTIYHHUX JOCIHiKEHb — PO3pOOKY
anraronictisB TRPM8/TRPAI sk cneuundivaux 3aco6is npodinaktuku ['XPC |, mo Moxe CTaTH 3HaYHMM KOMEPLIMHMM Ta MEIMIHUM
JIOCSTHEHHSIM.
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