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Assessing the characteristics of interseasonal meteorological responses from the immune system remains a controver-

sial scientific problem. The aim of the study was to determine the intensity and nature of the seasonal meteorological re-
sponses from the immune system in healthy individuals and patients with bronchial asthma (BA) living in Vladivostok when 
exposed to favorable and unfavorable weather conditions. 

The objects of the study were the immune system indicators and climatic factors selected in a single spatiotemporal as-
pect. Four hundred and fifty people were examined, of which 160 people were included in the control group and 290 in the 
group of people with BA. Based on the information-entropy analysis, the seasonal level of meteorological responses was esti-
mated by determining the difference in values (Rconditional – Rwithout %). Using the conditional entropy indicator (Rconditional %) made 
it possible to estimate the favorable and pathogenic nature of the seasonal impact exerted by climatic factors. 

In Vladivostok, weather conditions have the most active effect on the immune system of patients with bronchial asthma, 
decreasing by 20–30 % from winter to autumn and again sharply increasing by winter, which is the most dangerous period 
of the year for patients with bronchial asthma. The healthy population of the city has a peak meteorological reaction in win-
ter. Unfavorable and favorable weather conditions are characterized by different levels of impact. In general, the climate in 
Vladivostok has a predominantly pathogenic orientation for the entire city population. For patients with bronchial asthma, 
winter and spring are the most unfavorable periods. The immune system of people with bronchial asthma has been shown to 
actively react to the temperature regime, namely, to low temperatures in winter and to high temperatures with high humidity 
in summer. By autumn, an increase in health-improving properties of the climate is observed, especially for healthy people. 

Keywords: bronchial asthma, healthy individuals, monsoon climate, weather conditions, meteorological immune re-
sponse, seasonal changes, immune system, information-entropy analysis. 
 

 
Diseases of the respiratory system are 

largely weather-dependent. About 10 % of the 
global population suffers from such patholo-
gies [1–4]. As the global climate is changing 
rapidly, assessing meteorological responses in 
patients with respiratory diseases, taking inter-
seasonal favorable and unfavorable climatic 
conditions into account, remains a controver-
sial scientific problem [5, 6]. 

The immune system as a most significant 
homeostatic one occupies the leading place in 
generating adaptive responses to weather ex-
posures [2, 5, 7]. Weather exposure is proven 

to be able to induce an immune response in 
the human body, especially in people with 
respiratory diseases. This response manifests 
itself either through greater immune reactivity 
or depressed cellular and humoral compo-
nents of the immunity [1, 8, 9]. Sensitivity of 
the immune system changes in different sea-
sons and depends on the ratio between favor-
able and unfavorable weather conditions. 
Therefore, seasonality is an important envi-
ronmental factor, which influences immune 
responses in addition to specific genetic fac-
tors. It can affect variations in incidence rates 
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and severity of immune-mediated diseases 
[10, 11]. 

At present, pathways responsible for 
maintaining seasonal variations have not been 
fully studied. Day length and outdoor tempera-
ture can be considered environmental signals 
able to coordinate seasonal phenotypes of the 
immune system [12, 13]. These factors induce 
changes in immune reactivity of the body, 
which, on one hand, are markers of exposure 
to unfavorable weather conditions, but on the 
other hand, they support subsequent develop-
ment of a disease, aggravate an already present 
one or make it chronic [11, 14]. Certain suc-
cess has been made in assessing peculiarities 
of effects produced by weather exposures on 
the immune system of patients with respiratory 
diseases as regards extreme air temperatures, 
high humidity and drastic interday changes in 
meteorological parameters [5, 15]. Favorable 
weather conditions largely depend on regional 
specificity of interseasonal changes in climate 
and weather factors. Monsoon climate is typi-
cal for Vladivostok, which means considerable 
interseasonal and interday changes in meteoro-
logical parameters [7, 16]. Unfavorable 
weather conditions in the southern Far East 
include high humidity combined with drastic 
fluctuations in air temperatures, frontal and 
circulatory changes in the atmosphere, strong 
winds, low air temperatures in winter, and 
stuffy air in summer as a non-specific irritator 
for the immune system of patients with respi-
ratory diseases. Favorable weather conditions 
in the region mean absence of any extreme de-
viations in meteorological parameters [5, 14].  

Effects produced by natural climatic con-
ditions on systemic immune processes are hard 
to examine due to methodological difficulties 
in identifying specific features of an immune 
response. The widespread correlation method 
is not always revealing in systemic studies, 
especially when examining poorly compared 
human and environmental systems with weak 
correlations, as a rule, not higher than  r = 0.5 

[16, 17]. Stronger correlations are observed in 
experimental and clinical studies when exam-
ined objects are compared with each other di-
rectly or in population and group studies with 
maximum possible approximation of Human 
and Environment systems in the same spatio-
temporal aspect [7]. It is well-known that in-
teractions between the most complicated sys-
tems ‘Human’ and ‘Climate’ generate infor-
mation noise as a process of entropy 
development in these interactions1 [18–20]. 
Use of information-entropy analysis makes it 
possible to detect even weak dependence 
trends by assessing levels of uncertainty and 
randomness of processes occurring in each 
system or when they interact with each other 
[18–20]. The aim of this study was to deter-
mine the intensity and nature of seasonal me-
teorological responses from the immune sys-
tem in healthy individuals and patients with 
bronchial asthma (BA) living in Vladivostok 
when exposed to favorable and unfavorable 
weather conditions. 

Materials and methods. Research ob-
jects were represented by peripheral blood 
immunity parameters identified in healthy 
people and BA patients residing in Vladi-
vostok. Climatic parameters were fixed in the 
unified spatiotemporal aspect. Over 2013–2024, 
450 people were examined (their average age 
was 56.5 ± 4.8 years), who had been living in 
Vladivostok for ≥ 10 years. Of them, 160 peo-
ple were included in the control group (condi-
tionally healthy people) and 290 in the group 
of BA patients, the disease having mild sever-
ity and partially controlled clinical course. BA 
was diagnosed in accordance with the Global 
Strategy for Bronchial Asthma Treatment and 
Prevention, Federal Clinical Guidelines on 
Bronchial Asthma Diagnostics and Treatment, 
and the International Classification of Diseases, 
10th revision (ICD-10). The following exclu-
sion criteria were applied: acute communica-
ble diseases, chronic diseases in the exacerba-
tion phase, chronic heart failure in decompen-

__________________________ 
 

1 Teoriya informatsii v meditsine: respublikanskii mezhvedomstvennyi sbornik nauchnykh rabot [Information theory in 
medicine: republican interdepartmental collection of research works]. In: Associated Professor V.А. Bandarin ed. Minsk, “Bela-
rus” Publ., 1974, 269 p. (in Russian). 
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sation, or contacts with adverse and hazardous 
occupational factors. The study was accom-
plished in conformity with the requirements 
fixed in the WMA Declaration of Helsinki 
(2013 Revision) and approved by a local ethics 
committee (the meeting protocol No. 1 dated 
January 08, 2024). All participants provided 
their informed voluntary consent. 

The immunological profile of the exam-
ined groups is provided in Table. 

Cellular immunity indicators (BD 
Multitest 6-color TBNK, USA) were measured 
by flow cytometry (BD FACS Canto II, USA); 
cytokine levels in blood serum (tumor necrosis 
factor α (TNF-α), interferon γ (IFN-γ), inter-
leukin 4 (IL-4), IL-6, IL-10, IL-17А with the 
Cytometric Bead Array, BD, USA). Phago-
cytic and oxidative activity of neutrophils  
was measured by using commercial kits 
PHAGOTEST (BD, USA) and BURSTEST 
(PHAGOBURST) (BD, USA). 

Six meteorological parameters were se-
lected according to data provided by Primor-
skii Center on Hydrometeorology and Envi-
ronmental Monitoring (Primgidromet) includ-
ing wind speed and direction, precipitations, 
air temperature, air humidity, and atmos-
pheric pressure, which corresponded to a day 

and time when patients were being examined. 
These parameters were selected bearing sea-
sonality and their benign or adverse effects in 
mind. We selected days when meteorological 
parameters were unfavorable for people (dras-
tic interday contrasts in air temperatures  
> 6 °C, atmospheric pressure changeability  
> 5 mbar, and wind speed > 3 m/sec). Unfa-
vorable weather also included days with 
rains, snow, and other weather events, high 
air humidity > 60 %, stuffy days (high air 
humidity > 60 % with an air temperature  
> +20 °С), low air temperatures in winter  
< -18 °C and high wind speeds. Slight inter-
day changes in meteorological parameters 
within safe hygienic standards were taken as 
favorable [5, 21, 22]. 

All data were statistically analyzed with 
STATISTICA 10.0 software package for Win-
dows OS. The results were given as median 
values (Me) and quartiles (Q25, Q75). The ob-
tained distributions were checked for normalcy 
using Kolmogorov – Smirnov test. Homogene-
ity of variance was estimated using Levene’s 
test. Significance of intergroup differences was 
estimated using Mann – Whitney test. Critical 
level of significance (p) in testing hypotheses 
was taken as < 0.001, < 0.01, and < 0.05. 

T a b l e  
Immunological profile of the examined people 

Indicators Bronchial asthma, n = 290 Control, n = 160 
Т-lymphocytes (CD3+), % 39.6 (35.8–41.9), p = 0.062 45.6 (41.1–47.6) 
Т-helpers (CD3+CD4+), % 34 (31.8–39.2), p = 0.069 40.2 (37.1–45.6) 
B-lymphocytes (CD3-CD19+), % 9.6 (8.7–10.2), p = 0.044* 13.1 (11.2–14.8) 
Natural killers (CD16+CD56+), % 11.4 (9.2–14.6), p = 0.04* 17.5 (15.3–19.7) 
Т-cytotoxic cells (CD3+CD8+), % 16.4 (13.4–18.2), p = 0.02* 22.6 (19.1–25.8) 
CD4/CD8 index, a.u. 1.3 (1.22–1.43), p = 0.008** 1.7 (1.56–1.85) 
Tumor necrosis factor-α, pg/ml 67.2 (64.1–76.8), p < 0.001*** 46.3 (43.2–48.9) 
Interferon-γ, pg/ml 91.4 (87.2–96.3), p = 0.086 103.5 (91.6–122.7) 
Interleukin-4, pg/ml 98.1 (84.6–109.1), p = 0.044* 77.9 (69.2–81.0) 
Interleukin-6, pg/ml 93.1 (83.9–96.7), p < 0.001*** 38.2 (35.7–39.0) 
Interleukin-10, pg/ml 27.5 (21.7–32.8), p = 0.084 32.4 (30.1–35.7) 
Interleukin-17A, pg/ml 907.2 (852.0–964.2), p < 0.001*** 378.4 (360.0–395.1) 
Neutrophil phagocytic activity, % 58.7 (52.6–65.9), p = 0.052 65.0 (57.4–71.6) 
Phagocytic reserve, a.u. 0.8 (0.76–0.84), p < 0.001*** 1.2 (1.18–1.29) 
Nitroblue tetrazolium test, % 8.0 (7.78–8.2), p = 0.022* 13.0 (11.4–15.1) 
Reserve of nitroblue tetrazolium test, a.u. 0.82 (0.79–0.85), p = 0.008** 1.31 (1.28–1.42) 

Note: р shows significant differences between bronchial asthma and control; * means p < 0.05; **, p < 0.01; 
***, p < 0.001; a.u. means arbitrary units. 
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Data on the immune system and climatic 
parameters were analyzed using the informa-
tion-entropy analysis. Information redundancy 
(R %) was used as a criterion to determine relia-
bility of information transfer. That is, the higher 
is the information redundancy, the more reliable 
is information transfer; on the contrary, a de-
cline in R % indicates growing system random-
ness and uncertainty of processes2 [22].    

Initially, unconditional entropy Runcond % 
was calculated, which described uncertainty 
and randomness of ongoing processes in the 
immune system. The algorithm for calculating 
the unconditional entropy Runcond % value in-
cluded the following:   

1) calculating the probability (рi), which 
allowed transferring all initial data into relative 

values: ;

ipi

i
 

 2) estimating the entropy value Н, using 
the Shannon’s formula: 
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3) determining the information redun-

dancy coefficient (R %): R % = (1 – actual
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which compared the actual entropy Н to the 
maximum possible one, the latter depending 
on the number of initial components (immune 
indicators and meteorological factors). 

Next, conditional entropy Rcond % was 
found, which allowed estimating uncertainty 
of the immune system upon exposure to mete-
orological factors. This conditional entropy 
was established relying on the probability (р) 
of combining values in the climatic and im-
mune systems: 

p(A/B) = p(A) · (p(A)р(В)), 

where А is the immune system, В is climate, 
with subsequent establishment of entropy (Н) 
and information redundancy R % in the  

combined variant of probabilities. The differ-
ence between the conditional and uncondi-
tional entropy (Rcond – Runcond  %) described the 
level of meteorological sensitivity in the city 
population per seasons. Analysis of the condi-
tional entropy (Rcond %) in healthy people and 
BA patients under favorable and unfavorable 
weather conditions made it possible to esti-
mate pathogenicity and health-improving ca-
pacity of climatic conditions.  

Results and discussion. The information 
redundancy coefficient (Rcond % – Runcond %) was 
determined per seasons in healthy participants 
and BA patients based on the calculations of 
the complex response in the immune system 
indicators upon exposure to the analyzed me-
teorological parameters (Figure 1). 

 
Figure 1. Meteorological response (Rcond % – Runcond %)  
of the immune system influenced by seasonal climatic 

changes in Vladivostok  

 Comparative analysis revealed a signifi-
cant meteorological response from the immune 
system for different groups of the examined 
participants. In BA patients, an active mete-
orological response was detected in winter-
spring and summer seasons. The maximum 
meteorological response was detected in 
healthy people in winter (Figure 1). 

In general, inter-seasonal differences in 
the integral meteorological response were ex-
amined based on analyzing the value of the 
indicator Rcond %, which described the condi-
tional entropy considering both favorable and 
unfavorable weather types. The value of the 
conditional entropy (Rcont %) quite clearly  

 
__________________________ 
 

2 Teoriya informatsii v meditsine: respublikanskii mezhvedomstvennyi sbornik nauchnykh rabot [Information theory in 
medicine: republican interdepartmental collection of research works]. In: Associated Professor V.А. Bandarin ed. Minsk, “Bela-
rus” Publ., 1974, 269 p. (in Russian). 
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pointed at the determinative relationship be-
tween the immune system state and the num-
ber of unfavorable weathers in BA patients 
and healthy people. The greatest negative ef-
fects are produced on people by unfavorable 
weather in winter (in BA patients, Rcond % = 13.8; 
in healthy people, Rcond % = 9.3) and spring  
(in BA patients, Rcond % = 9.4; in healthy peo-
ple, Rcond % = 6.0) (Figure 2). The lowest ef-
fects are produced by unfavorable weather on 
BA patients in autumn (Rcond % = 5.0); on 
healthy people, in summer (Rcond % = 2.7) and 
autumn (Rcond % = 3.5). 

 

 
Figure 2. Interseasonal effects produced by unfavorable 
and favorable weather conditions on the immune system 

in healthy people and BA patients  

Favorable weather conditions affect the 
immune system considerably weaker (by 2–2.5 
times) in winter and spring. As a result, the 
maximum health-improving response to favor-
able weather conditions is detected in BA pa-
tients in winter (Rcond % = 6.2) and autumn 
(Rcond % = 4.0); in healthy people, in autumn 
(Rcond % = 5.7) and spring (Rcond % = 3.5). 

Given the ongoing global climate change, 
investigating peculiar effects produced on 
natural climatic conditions on the immune sys-
tem is an important issue that has not been 
given enough attention. Within investigating 
climate-induced effects, certain success has 
been reached in estimating regional peculiari-
ties of body responses mostly to extreme air 
temperatures, high humidity, strong winds and 
drastic changes of meteorological parameters 
in neighboring days [4, 23]. 

Effects produced by climatic conditions 
are largely determined by regional conditions. 
Monsoon climate is typical for Vladivostok 
involving seasonal changes in the atmospheric 
circulation: winds from the continent prevail in 
winter whereas winds from the ocean are usual 
for summer. In spring, powerful air masses 
from the continent (Siberian anti-cyclone with 
high atmospheric pressure) are destroyed and 
replaced with humid air from the Pacific 
Ocean with low atmospheric pressure; the op-
posite situation occurs in autumn. Therefore, 
stable weather with low temperatures, strong 
winds, low humidity and precipitations is typi-
cal for winter; in summer, rainy weather is 
typical with sometimes weak winds, high air 
temperatures and humidity. Weather tends to 
be rather changeable in transitional seasons 
including drastic interday changes in wind 
speed and direction, atmospheric pressure, 
humidity and other meteorological parameters 
[7, 16, 22]. 

Accumulative data indicate that heat or 
cold waves and temperature fluctuations may 
create elevated risks of respiratory mortality 
and morbidity. Changes in the air temperature 
are a risk factor able to exacerbate bronchial 
asthma. In addition, heating in winter may in-
crease indoor air dryness and considerable dif-
ferences between indoor and outdoor tempera-
tures can also have a rather adverse effect on 
BA patients [3, 4]. Exposure to cold air leads 
to growing granulocyte and macrophage 
counts, induces mucociliary dysfunction, dam-
ages the epithelial barrier, and remodels the 
airways involving combined eosinophilic and 
neutrophilic inflammation. Cold stress induces 
changes in the metabolic rate, sympathetic ac-
tivity, fat acid oxidation, energy homeostasis 
and immune responses [9, 24, 25]. Tempera-
ture stress may promote repolarization of the 
T-helper immune response towards Th2 phe-
notype [26, 27]. 

For human body, creating protection from 
cold involves high metabolic costs since heat 
is mostly produced due to mitochondrial oxi-
dative metabolism. Activation of pathways for 
receiving heat (cellular oxidative metabolism, 
muscle contractions) or losing it (sweating, 
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greater blood inflow to skin) creates elevated 
loads on immune and metabolic resources [1]. 
The key role in perceiving and transferring 
temperature signals belongs to the transient 
receptor potential (TRP) channels, which ex-
cite sensory nerves in the airways thereby in-
ducing abnormal physiological and pathologi-
cal responses in the respiratory system. A re-
cent study has shown that activation of 
TRPM8 in bronchial epithelial cells upon cold 
exposure has led to a considerable increase in 
expression of important genes responsible for 
regulating cytokines and chemokines including 
IL-1, -1, -4, -6, -8, -10 and -13, GM-CSF 
and TNF- [8, 28]. 

In addition, some recent studies have also 
shown several processes in the immune system 
to be associated with creation of a specific 
immune profile depending on a season. Multi-
centered studies have revealed that more than 
400 protein-encoding mRNA genes in leuco-
cytes have seasonal expression profiles; the 
cellular structure of blood also changes de-
pending on a season. A significant correlation 
with seasonal changes is typical for production 
of cytokines, CD4+ and CD8+ sub-populations 
of T-cells. The immune system has been 
shown to have a pro-inflammatory trascrip-
tome profile with elevated levels of soluble 
receptor IL-r and C-reactive proteins in winter 
[10, 12]. 

For BA patients, similar dynamics is un-
favorable addition to the already existing in-
flammatory background. In summer, high air 
temperatures combined with high air humidity 
create an elevated meteorological burden for 
BA patients whereas seasonal conditions pro-
duce quite sparing effects on healthy people. 
A relationship has been detected between 
asthma exacerbations and interday air tem-
perature changeability. A 1 °C rise in an inter-
day temperature range is largely associated 
with a growing number of visits to emergency 
wards by BA patients [23, 29]. Autumn has an 
opposite effect on healthy people and BA pa-
tients in Vladivostok since meteorological re-
sponses in healthy people are more intense 
than those in BA patients. Given that autumn 
is the most favorable season in this region due 

to the longest duration of stable, warm and 
sunny days, positive meteorological responses 
can be assumed among the city population. 
However, a drastic transition from a mild me-
teorological response in autumn to the maxi-
mum intensive one in winter can create a high 
risk of BA exacerbations when weather turns 
to winter cold temperatures.  

The number of favorable and unfavorable 
weathers creating seasonal peculiarities of me-
teorological responses makes it possible to es-
timate either pathogenic or health-improving 
effects on the immune system in BA patients. 
The indicator Rcond %, which described condi-
tional entropy, was used as a calculation unit; 
it allowed for negentropy occurring upon di-
rect exposure to weather conditions. Analysis 
of the Rcond % values has revealed the climate in 
Vladivostok to be unfavorable for BA patients 
in any season but especially so in winter and 
spring due to low air temperatures and strong 
winds. Meteorological responses in BA pa-
tients become less pathogenic only in autumn, 
which indicates that this season is somewhat 
favorable for them. Health-improving effects 
produced by favorable weather are detected in 
all seasons through the year but they are less 
pronounced. Thus, the lowest Rcond % value for 
BA patients was detected in summer.  

Climatic conditions in Vladivostok create 
a substantial burden on healthy people as well 
due to unfavorable weather conditions, espe-
cially in winter and spring. Summer has the 
lowest adverse effect on healthy people, which 
gives evidence of summer peculiarities of 
monsoon climate being within adaptation ca-
pabilities of a healthy person. Autumn is the 
most favorable season with high health-
improving effects for healthy people due to 
intensified compensatory-adaptive responses 
[7, 22]. 

Conclusion. Use of information-entropy 
analysis has made it possible to estimate the in-
tensity and nature of meteorological responses 
from the immune system in Vladivostok popula-
tion upon exposure to monsoon climate. In BA 
patients, meteorological immune responses have 
been established to grow by 20–30 % during a 
year with a drastic increase by winter, which is 
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the most dangerous season for them. By autumn, 
an increase in health-improving properties of the 
climate is observed. Healthy people in Vladi-
vostok tend to have weaker meteorological re-
sponses in winter, spring and summer, while 
their meteorological sensitivity grows in autumn. 
Analysis of meteorological responses in healthy 
people has revealed an insignificant rise beyond 
safe ranges in winter, which indicates there are 
developing adaptive responses of the immune 
system upon weather exposures. Effects pro-
duced by unfavorable and favorable weather 
conditions on the immune system in BA patients 
have been established to be different throughout 
a year. Temperatures are a risk factor for the 
immune system in BA patients, namely, low air 
temperatures in winter and high ones together 
with high air humidity in summer.  

In general, the climate in Vladivostok has 
a predominantly pathogenic orientation for BA 
patients and, to a lesser extent, for healthy 
people. BA patients are especially susceptible 
in winter, spring and summer. Autumn is the 
most favorable season for the entire city popu-
lation, especially for healthy people due to 
immune responses in them having a health-
improving effect. 

Our findings make it possible to develop 
preventive activities aimed at mitigating ef-
fects produced by weather conditions on pa-
tients with bronchial asthma, especially given 
the ongoing global climate change. 
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