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COMMON IMMUNOLOGICAL PATHWAYS OF ANTI-INFECTION IMMUNITY
AND ALLERGIC REACTIVITY MODIFICATION IN CHILDREN ASSOCIATED
WITH PECULIARITIES OF THE MODERN EDUCATIONAL PROCESS

AND ENVIRONMENT QUALITY

S.L. Valina, N.V. Zaitseva, O.Yu. Ustinova, I.LE. Shtina, O.A. Maklakova

Federal Scientific Center for Medical and Preventive Health Risk Management Technologies, 82 Monastyrskaya
St., Perm, 614045, Russian Federation

This study is relevant due to humoral and cellular pathways of the immune response having much in common as well
as its high sensitivity to factors of the modern educational processin school when building up anti-infection and anti-allergy
protection. Our research objects were secondary schools with profound studies of some subjects (Type 1 schools) and ordi-
nary secondary schools (Type 2 schools); overall, we examined 842 schoolchildren from Type 1 schools and 540 schoolchil-
dren from Type 2 schools.

The aim of this study was to establish conditions and common pathogenetic sections of immunological pathways of
anti-infection immunity and allergic reactivity modification associated with environmental exposures and exposure to factors
of the modern educational process.

We analyzed how educational activities were organized in the analyzed schools; what food products were consumed by
the participating schoolchildren daily and their chemical structure; basic aspects of schoolchildren’s lifestyles; quality of
indoor air in classrooms; quality of ambient air in areas where the analyzed schools were located; prevalence of allergic
diseases (ADs) and anti-infection immunity disorders; results of immunological tests and chemical blood tests; intensity of
humoral anti-infection and post-vaccination immunity. The study involved odds ratio calculation, linear regression analysis,
and neural network modeling.

As a result, we established that high educational loads, improper duration of breaks and periods of work with elec-
tronic teaching aids (ETAS), insufficient sleeping time, too low physical activity and too high digital activity among school-
children, manganese, nickel, chromium and formaldehyde in air inside classrooms in levels up to 1.8-8.5 higher than
RfCchr, and unhealthy diets created 1.3 times higher risks of ADs, 2.3 times higher risks of insufficient production of 1gG to
herpesviruses, 3.1-5.4 times higher risks of an increasing proportion of people seronegative to measles and diphtheria anti-
gens (OR = 1.33-5.40). Activation of cellular-mediated reaction of adaptive immunity response (an increase in levels of
CD3+-, CD3+CD25+-, CD3+CD8+- lymphocytes) and declining activity of the non-specific resistance system (a decline in
absolute phagocytosis, phagocytic number, and levels of CD16+56+- |ymphocytes) were common pathogenetic sections of
immunological pathways of anti-infection immunity and allergic reactivity modification upon exposure to a set of priority
factors. Isolated contributions made by various factors to likelihood of risk-associated ADs amounted to 35.7-74.0 % for
peculiarities of the modern educational process; chemical factors, 7.6-33.1 %; lifestyle, 7.6-31.2 %. Contributions to hu-
moral post-infection and post-vaccination immunity disorders amounted to 14.6-44.0 % for diet-related factors; educational
process, 13.5-30.8 %; lifestyle, 11.4-29.4 %; chemical factors, 6.5-19.9 %.

Keywords: schoolchildren, post-infection and post-vaccination immunity, allergic diseases, immunological pathways
of modification, neural network modeling, factor contribution.

© Valina S.L., Zaitseva N.V., Ustinova O.Yu., Shtina I.E., Maklakova O.A., 2025

Svetlana L. Valina — Candidate of Medical Sciences, Head of the Department for Children and Teenagers Hygiene
(email: valina@fcrisk.ru; tel.: +7 (342) 237-27-92; ORCID: https://orcid.org/0000-0003-1719-1598).

Nina V. Zaitseva — Academician of the Russian Academy of Sciences, Doctor of Medical Sciences, Professor, Scien-
tific Director (e-mail: znv@fcrisk.ru; tel.: +7 (342) 237-25-34; ORCID: http://orcid.org/0000-0003-2356-1145).

Olga Yu. Ustinova — Doctor of Medical Sciences, Deputy Director responsible for Clinical Work (e-mail: usti-
nova@ferisk.ru; tel.: +7 (342) 236-32-64; ORCID: https://orcid.org/0000-0002-9916-5491).

Irina E. Shtina — Candidate of Medical Sciences, Head of the Laboratory for Complex Issues of Children’s Health with a
Clinical Group (e-mail: shtina_irina@mail.ru; tel.: +7 (342) 237-27-92; ORCID: http://orcid.org/0000-0002-5017-8232).

Olga A. Maklakova — Doctor of Medical Sciences, Head of the Consulting and Polyclinic Department (e-mail:
olga mcl@ferisk.ru; tel.: +7 (342) 236-80-98; ORCID: http://orcid.org/0000-0001-9574-9353).

126 Health Risk Analysis. 2025. no. 2



Common immunological pathways of anti-infection immunity and allergic reactivity modification...

The RF President Order dated June 18,
2024 No. 529 names preventive and personal-
ized healthcare as well as provision of healthy
long life a priority trend in scientific and tech-
nological development'.

Schoolchildren’s health directly depends
on conditions and organization of the educa-
tional process in schools, qualitative and quanti-
tative structure of their diet, physical activity,
optimal study and rest regime, levels and struc-
ture of digital activity, education provided by
their families and family environment [1, 2].

At present, the leading role in maintaining
homeostasis undoubtedly belongs to the im-
mune system. Its functioning can go beyond
physiological parameters inducing immunopa-
thological processes, which implement geneti-
cally determined programs upon exposure to
various environmental factors [3, 4].

Although chronic stress-induced diseases
and anthropogenic diseases gradually displace
communicable ones, over the last decade a
growth has been observed in incidence of
‘eradicated’ infections. This has again at-
tracted attention to stability of the specific
anti-viral and anti-bacterial immunity created
by vaccination [5, 6].

Long-term observations in some Euro-
pean countries indicate that prevalence of al-
lergic diseases (ADs) grows twofold every ten
years, which allows describing allergy as a
pandemic process [7, 8]. Children with ADs
are established to have substantial changes in
humoral immunity upon vaccination as com-
pared to healthy peers. Antibody production
tends to be less intensive, highly protective
specific immunoglobulins do not accumulate
well, and post-vaccination immunity is lost
very rapidly. At the same time, it is a well-
known fact that children with allergy do need
protection from infections, which do not only
strengthen and prolong the allergic process by
determining a cascade of immune reactions but
also act as ADs triggers [9—-11].

Results obtained by epidemiological stud-
ies and medical statistics data give evidence
that prevalence of chronic infections as well as
their persistence is considerably higher among
children with ADs against their peers without
any signs of allergic pathology [12, 13]. The
range of infectious agents is rather diverse but
viruses, as a rule, occupy leading places.
Herpesvirus infections remain a priority inter-
disciplinary challenge for practical healthcare
due to high infection rates among the popula-
tion either with one or more often with several
human herpes viruses (Herpes simplex virus
(HSV) 1 and 2; Varicella zoster virus;
Epstein — Barr virus; Cytomegalovirus; Hu-
man herpesvirus 6). All these viruses are able
to produce immunotropic effects [14].

At present, the conventional concept
highlights the leading role that belongs to im-
balance between subpopulations of Th1/Th2-
helper T-lymphocytes in pathogenesis of
chronic infections, post-vaccination immu-
nity, and ADs. Prevalence of Th2-immune
response in patients with allergic pathology
involves production of IL-4, IL-5, IL-10, and
IL-13 cytokines, induces IgE synthesis and a
decline in the level of interferon-y, which
weakens anti-viral protection and promotes
long-term virus persistence. Common hu-
moral and cellular pathways of the immune
response underlie comorbidity of allergic and
infectious diseases as well as disrupted for-
mation of specific immunity as a response to
vaccination [15]. Apart from internal factors
determined by a patient’s individual peculi-
arities, some external factors can also act as
causes for insufficient effectiveness of the
global fight with its aim to both eliminate
vaccine-managed infections and decrease
ADs incidence. Industrial and transport emis-
sions, changes in lifestyle and diets, more in-
tensive educational activities and stress play a
significant role in changes of immunological
reactivity [16—18].

" Ob utverzhdenii prioritetnykh napravlenii nauchno-tekhnologicheskogo razvitiya i perechnya vazhneishikh naukoemkikh
tekhnologii: Ukaz Prezidenta Rossiiskoi Federatsii ot 18.06.2024 Ne 529 [On Approval of priority trends in scientific and techno-
logical development and the list of the most significant science-intense technologies: the Order by the RF President dated June 18,
2024 No. 529]. Prezident Rossii. Available at: http://www kremlin.ru/acts/bank/50755 (April 10, 2025) (in Russian).

ISSN (Print) 2308-1155 ISSN (Online) 2308-1163 ISSN (Eng-online) 2542-2308 127



S.L. Valina, N.V. Zaitseva, O.Yu. Ustinova, I.E. Shtina, O.A. Maklakova

The modern school environment is a mul-
ticomponent dynamic system. Given that, it is
becoming especially vital to establish factors
and biomarkers, which correlate with intensity
of vaccine-induced, post-infection and allergic
immune responses [19, 20].

Therefore, issues related to conjugate
post-vaccination immunity disorders and aller-
gic reactivity in children and adolescents re-
main in a focus of intensive researchers’ atten-
tion, first of all, due to the immune system be-
ing highly sensitive to external exposures, the
necessity to develop methods for predicting
intensity of an immune response as well as ac-
tivities aimed at establishing, eliminating, or
mitigating adverse impacts exerted by relevant
risk factors.

The aim of this study was to establish
conditions and common pathogenetic regulari-
ties of immunological pathways of anti-
infection immunity and allergic reactivity
modification in schoolchildren associated with
environmental exposures and exposure to fac-
tors of the modern educational process.

Materials and methods. The article re-
lies on using data obtained by studies accom-
plished over 2019-2024 within scientific re-
search conducted in conformity with Rospot-
rebnadzor’s Brunch Scientific Research
Program. All studies were accomplished in
compliance with the valid principles of bio-
medical ethics and approved by the local eth-
ics committee (LEC) of the Federal Scientific

Center for Medical and Preventive Health Risk
Management Technologies (the LEC Meeting
Protocols No. 3 dated March 01, 2019; No. 1
dated February 06, 2020; No. 1 dated February
04, 2021; No.3 dated February 17, 2022;
No. 3 dated February 14, 2023). Our research
objects were secondary schools with profound
studies of some subjects (Type 1 schools) and
ordinary secondary schools (Type 2 schools);
overall, we performed profound clinical and
laboratory examinations of 1382 primary,
middle and high school students from the ana-
lyzed schools. The observation group was
made of 842 schoolchildren from Type 1
schools, their median age being 12 (10; 15)
years; the reference group consisted of 540
schoolchildren from Type 2 schools, the me-
dian age being 12 (9; 15) years.

Educational processes in two different
types of the analyzed schools were compara-
tively assessed as regards their conformity
with the valid sanitary legislation”. The as-
sessment involved analyzing school schedules,
breaks, and time studies of work with elec-
tronic teaching aids (ETAs) during classes.

Consumption of food products by school-
children was analyzed by comparing averaged
data taken from school menus with recom-
mended average daily sets of food products’.
We determined how well a diet satisfied aver-
age daily needs in basic nutrients and energy by
calculating the chemical structure and caloric
contents of a schoolchild’s daily diet with the

2 SP 2.4.3648-20. Sanitarno-epidemiologicheskie trebovaniya k organizatsiyam vospitaniya i obucheniya, otdykha i oz-
dorovleniya detei i molodezhi; utv. postanovleniem Glavnogo gosudarstvennogo sanitarnogo vracha Rossiiskoi Federatsii ot
28.09.2020 g. Ne 28; vved. v deistvie s 01.01.2021 g. [Sanitary Rules SP 2.4.3648-20. Sanitary-epidemiological requirements to
organizing education, leisure and health improvement of children and youth; approved by the Order of the RF Chief Sanitary In-
spector on September 28, 2020 No. 28; came into force on January 01, 2021]. GARANT: information and legal portal. Available
at: https://base.garant.ru/75093644/ (April 11, 2025) (in Russian); SanPiN 1.2.3685-21. Gigienicheskie normativy i trebovaniya k
obespecheniyu bezopasnosti i (ili) bezvrednosti dlya cheloveka faktorov sredy obitaniya (s izmeneniyami na 30 dekabrya 2022
goda), utv. postanovleniem Glavnogo gosudarstvennogo sanitarnogo vracha Rossiiskoi Federatsii ot 28 yanvarya 2021 goda Ne 2;
vved. v deistvie s 01.03.2021 g. [SanPiN 1.2.3685-21. Hygienic standards and requirements to providing safety and (or) harmless-
ness of environmental factors for people (edited as of December 30, 2022), approved by the Order of the RF Chief Sanitary In-
spector on January 28, 2021 No. 2; came into force on March 01, 2021]. KODEKS: electronic fund for legal and reference docu-
mentation. Available at: https://docs.cntd.ru/document/573500115 (April 11, 2025) (in Russian).

3 SanPiN 2.3/2.4.3590-20. Sanitarno-epidemiologicheskie trebovaniya k organizatsii obshchestvennogo pitaniya naseleniya
(s izmeneniyami na 22 avgusta 2024 goda), utv. postanovleniem Glavnogo gosudarstvennogo sanitarnogo vracha Rossiiskoi Fed-
eratsii ot 27 oktyabrya 2020 goda Ne 32; vved. v deistvie s 01.01.2021 g. [Sanitary Rules and Standards SanPiN 2.3/2.4.3590-20.
Sanitary-epidemiological requirements to organizing catering provided for population (edited as of August 22, 2024), approved by
the Order of the RF Chief Sanitary Inspector on October 27, 2020 No. 32; came into force on January 01, 2021]. KODEKS: elec-
tronic fund for legal and reference documentation. Available at: https://docs.cntd.ru/document/566276706 (April 11, 2025)
(in Russian).
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use of relevant data from the reference book
(Appendix No. 10 SanPiN 2.3/2.4.3590-20%).

Socioeconomic statuses of schoolchil-
dren’s families, involvement in additional edu-
cational activities, daily routines, physical and
digital activity were examined by conducting a
survey using the authors’ questionnaire.

Air quality inside classrooms and ambient
air quality in areas near the analyzed schools
as well as manganese, nickel, chromium, for-
maldehyde, benzene and toluene levels in
blood were examined by chemical-analytical
tests conducted by experts from the Depart-
ment of Analytical Chemistry Analysis, Fed-

eral Scientific Center for Medical and Preven-
tive Health Risk Management Technologies, in
20192024 in accordance with valid methodi-
cal guidelines’.

ADs such as allergic rhinitis (AR), bron-
chial asthma (BA), and atopic dermatitis (AD)
were diagnosed based on data taken from
Medical Case Histories for Schools (Official
Form No. 026/y-2000) and results of profound
clinical and laboratory examinations. Anti-
infection immunity disorders were established
per clinical-laboratory indicators including
levels of IgG to herpesvirus infection caused
by Herpes simplex virus 1 (HSV-1 infection)

4 Tutelyan V.A. Khimicheskii sostav i kaloriinost' rossiiskikh produktov pitaniya: spravochnik [Chemical structure and ca-
loric contents of Russian food products: reference book]. Moscow, DeLi plus Publ., 2012, 284 p. (in Russian).

> MUK 4.1.1045-01. VEZhKh opredelenie formal'degida i predel'nykh al'degidov (S2-S10) v vozdukhe: metodicheskie uka-
zaniya, utv. Glavnym gosudarstvennym sanitarnym vrachom Rossiiskoi Federatsii — Pervym zamestitelem Ministra zdravookhra-
neniya Rossiiskoi Federatsii G.G. Onishchenko 5 iyunya 2001 g. [MUK 4.1.1045-01. HPLC determination of formaldehyde and
saturated aldehydes (C,-C,y) in ambient air: methodical guidelines, approved by G.G. Onishchenko, the RF Chief Sanitary Inspec-
tor and the First Depute to the RF Minister of Health on June 5, 2001]. KODEKS: electronic fund for legal and reference docu-
mentation. Available at: https://docs.cntd.ru/document/1200029341 (April 11, 2025) (in Russian); MUK 4.1.3167-14. Gazokhro-
matograficheskoe opredelenie geksana, geptana, benzola, toluola, etilbenzola, m-,0-,p-ksilolov, izopropilbenzola, n-propilbenzola,
stirola, metilstirola, benzal'degida v atmosfernom vozdukhe, vozdukhe ispytatel'noi kamery i zamknutykh pomeshchenii: metodi-
cheskie ukazaniya, utv. Glavnym gosudarstvennym sanitarnym vrachom Rossiiskoi Federatsii 16 iyunya 2014 g. [MUK 4.1.3167-14.
Gas chromatography identification of hexane, heptane, benzene, toluene, ethylbenzene, M-, o-, p-xylene, isopropyl benzene, n-
propyl benzene, styrene, a-methyl styrene, benzaldehyde in ambient air, air inside test chamber and closed premises: methodical
guidelines, approved by the Order of the RF Chief Sanitary Inspector on June 16, 2014]. GARANT: information and legal portal.
Available at: https://base.garant.ru/72079584/ (April 11, 2025) (in Russian); MUK 4.1.3481-17. Izmerenie massovykh kont-
sentratsii khimicheskikh elementov v atmosfernom vozdukhe metodom mass-spektrometrii s induktivno svyazannoi plazmoi:
metodicheskie ukazaniya, utv. Rukovoditelem Federal'noi sluzhby po nadzoru v sfere zashchity prav potrebitelei i blagopolu-
chiya cheloveka, Glavnym gosudarstvennym sanitarnym vrachom RF 15.06.2017 [MUK 4.1.3481-17. Measurement of mass
concentrations of chemicals in ambient air by inductively coupled plasma mass-spectrometry: methodical guidelines, approved
by the Order of the Head of the Federal Service for Surveillance over Consumer Rights Protection and Human Wellbeing, the
RF Chief Sanitary Inspector on June 15, 2017]. MEGANORM: the system for regulatory documents. Available at:
https://meganorm.ru/mega_doc/norm/metodicheskie-ukazaniya/0/muk 4 1 3481-17 4 1 metody kontrolya khimicheskie faktory.html
(April 11, 2025) (in Russian); MUK 4.1.2111-06. Izmerenie massovoi kontsentratsii formal'degida, atsetal'degida, propionovogo
al'degida, maslyanogo al'degida i atsetona v probakh krovi metodom vysokoeffektivnoi zhidkostnoi khromatografii: metodiches-
kie ukazaniya, utv. Rukovoditelem Federal'noi sluzhby po nadzoru v sfere zashchity prav potrebitelei i blagopoluchiya cheloveka,
Glavnym gosudarstvennym sanitarnym vrachom Rossiiskoi Federatsii G.G. Onishchenko 9 avgusta 2006 g. [MUK 4.1.2111-06.
Identification of mass concentrations of formaldehyde, acetaldehyde, propionaldehyde, butyraldehyde, and acetone in blood sam-
ples by using high performance liquid chromatography: methodical guidelines, approved by G.G. Onishchenko, the Head
of the Federal Service for Surveillance over Consumer Rights Protection and Human Wellbeing and the RF Chief Sanitary
Inspector on August 9, 2006]. KODEKS electronic fund for legal and reference documentation. Available at:
https://docs.cntd.ru/document/1200065243 (April 11, 2025) (in Russian); MUK 4.1.765-99. Gazokhromatograficheskii metod
kolichestvennogo opredeleniya aromaticheskikh uglevodorodov (benzol, toluol, etilbenzol, o-,m-,p-ksilol) v biosredakh (krov'):
metodicheskie ukazaniya, utv. Glavnym gosudarstvennym sanitarnym vrachom Rossiiskoi Federatsii G.G. Onishchenko 6 iyulya
1999 g. [MUK 4.1.765-99. Quantification of aromatic hydrocarbons (benzene, toluene, ethyl benzene, o-,m-,p-xylene) in biologi-
cal media (blood) by using gas chromatography: methodical guidelines, approved by G.G. Onishchenko, the RF Chief Sanitary
Inspector on July 6, 1999]. KODEKS electronic fund for legal and reference documentation. Available at:
https://docs.cntd.ru/document/1200039012 (April 11, 2025) (in Russian); MUK 4.1.3230-14. Izmerenie massovykh kontsentratsii
khimicheskikh elementov v biosredakh (krov', mocha) metodom mass-spektrometrii s induktivno-svyazannoi plazmoi: metodi-
cheskie ukazaniya, utv. Rukovoditelem Federal'noi sluzhby po nadzoru v sfere zashchity prav potrebitelei i blagopoluchiya
cheloveka, Glavnym gosudarstvennym sanitarnym vrachom Rossiiskoi Federatsii A.Yu. Popovoi 19 dekabrya 2014 g. [MUK
4.1.3230-14. Identification of mass concentrations of chemicals in biological media (blood and urine) by using inductively cou-
pled plasma mass spectrometry: methodical guidelines, approved by A.Yu. Popova, the Head of the Federal Service for Surveil-
lance over Consumer Rights Protection and Human Wellbeing and the RF Chief Sanitary Inspector on December 19, 2014].
KODEKS édlectronic fund for legal and reference documentation. Available at: https://docs.cntd.ru/document/495856222
(April 11, 2025) (in Russian).
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and 5 (Cytomegalovirus infection (CMVI))
(post-infection immunity) as well as intensity
of a specific humoral immune response to
measles, diphtheria, and pertussis vaccine an-
tigens (post-vaccination immunity).

All obtained data were analyzed using
conventional statistical methods involving es-
tablishment of absolute, relative, and median
values. Odds ratio (OR) and its 95 % confi-
dence interval were determined to assess risk
levels. Logistic regression was applied for es-
timating likelihood of ADs, disorders of hu-
moral immunity to infections managed with
specific prevention means, as well as changes
in immunological indicators upon exposure to
relevant risk factors.

We employed building of artificial neural
networks to reveal deeper, mutual influence
taken into account, cause-effect relations be-
tween likelihood of a decline in humoral, post-
vaccination, and post-infection immunity and
risk factors; between likelihood of changes in
immunological indicators and analyzed fac-
tors; between likelihood of weakening anti-
infection humoral immunity and immunity in-
dicators. The networks were built using neu-
ralnet library and R-studio software. We used
the determination coefficient calculated as the
square of the correlation coefficient between
predicted and actual value to perform quantita-
tive assessment of prediction quality. We es-
timated sensitivity of neural network models
and established priority factors using elasticity
coefficients, which showed a relative change
in response at the output layer upon a relative
change in input data at the first neuron layer.
Ultimate contributions made by factors affect-
ing levels of post-infection and post-
vaccination antibodies were established based
on integral elasticity coefficients.

Results and discussion. We analyzed
how the educational process was organized in
the examined schools; as a result, we revealed
that long and short breaks were reduced
against the standard duration by 1.3-2 times in
some of them. On average, they equaled
16.87 = 0.47 and 8.8 + 0.36 minutes respectively
in Type 1 schools against 18.0 + 0.53 and 9.4

Weekly educational loads were 5.5-19.2 %
higher than their permissible levels in Type 1
schools. In Type 1 schools, duration of using a
personal computer (PC) and interactive white-
boards (IWB) during a lesson was 1.2-2.2
times longer than its permissible length and
1.4-2.6 times longer than in Type 2 schools.
Total daily duration of ETAs use was 1.4
times longer than established by safe standards
and 2.5 times longer than in Type 2 schools.
Our study of schoolchildren’s diets gave
evidence of negative trends in daily rations of
all examined children. In Type 1 schools, milk,
sour milk products, curds, butter, meat and fish
were consumed in quantities 1.5-8.4 times
lower than the norm; fresh fruits and vegeta-
bles, 1.3—4.7 times; eggs, 5.2—-10.0 times; ce-
reals and beans, up to 1.6 times; wheat bread,
up to 4.9 times (p < 0.001-0.007). We estab-
lished excessive consumption of macaroni
(1.2-1.7 times higher than the norm) and
confectionary products (6.1-12.3  times)
(» < 0.001-0.022). The chemical structure of
average daily diet consumed by schoolchildren
from Type 1 schools did not contain many nu-
trients in quantities meeting physiological
needs; thus, contents of proteins, fats, and car-
bohydrates were 1.2—2 times lower than neces-
sary; calcium, phosphor and magnesium con-
tents, 1.2—1.4 times lower; vitamins B1 and A
were introduced with food in quantities up to
1.2 times lower than needed; there was an age-
specific decline in vitamin B2 consumption; ca-
loric contents were 1.3 times lower than in the
reference group (Type 2 schools) (p <0.001).
We analyzed socioeconomic statuses of
the examined schoolchildren’s families; as a
result, we established that average monthly
incomes did not exceed 15,000 rubles per one
family member in each second family in Type 2
schools. The proportion of families with such
incomes was only 26.8 % in Type 1 schools;
30.4 % had monthly incomes varying between
15,001 and 30,000 rubles per a family member
(» < 0.001). The proportion of schoolchildren
involved in additional educational activities
was 1.4 times higher in Type 1 schools against
Type 2 schools (85.6 against 60.3 %,

+ 0.31 in Type 2 schools (p = 0.060-0.130). p < 0.001). Night sleep not shorter than
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8 hours was mentioned in the questionnaire by
17.3 % of the schoolchildren from Type 1
schools and 18.4 % of their peers from Type 2
schools (p = 0.057). One or less days a week
and less than 6 hours a week were spent doing
sports or physical exercises by 11 and 66.7 %
of the schoolchildren from Type 1 schools re-
spectively and 18.6 and 77.6 % of their peers
from Type 2 schools (p = 0.002-0.04). Our
analysis of digital activity revealed that the
proportion of children who operated three or
more devices and spent more than 2 hours
every day on screen time amounted to 33.1
and 77.6 % respectively in Type 1 schools;
22.1 and 66.5 % respectively in Type 2
schools (p = 0.011-0.045).

Hygienic assessment of ambient air qual-
ity in areas near the analyzed schools estab-
lished that average manganese and formalde-
hyde levels were up to 1.8-8.5 times higher
than reference concentrations upon chronic
inhalation exposure (p < 0.005). Nickel and
chromium levels were found to be up to 3.6
times higher than RfC for chronic exposure in
sporadic ambient air samples taken in areas
near the analyzed schools (p < 0.005).

Our analysis of air samples taken inside
classroom in the analyzed schools revealed
average manganese levels in some schools and
average formaldehyde levels in most schools
to be up to 1.9-6.4 times higher than RfC for
chronic inhalation exposure (p < 0.005).
Nickel and chromium were detected in levels
1.1-1.5 times higher than RfC for chronic ex-
posure in sporadic air samples taken inside
classrooms in Type 1 and Type 2 schools
(p < 0.005). Benzene and toluene levels did
not exceed single maximum and average daily
MPC and were below RfC for chronic expo-
sure in ambient air in areas near the schools
and in air samples taken inside them.

Chemical blood tests found benzene and
toluene in blood of 46.0 % of the examined
children; toluene was found 1.2 times more
frequently in blood of schoolchildren from
Type 1 schools and average group concentra-
tions of aromatic hydrocarbons were signifi-
cantly higher in them against their peers from
Type 2 schools (p = 0.0001-0.002). Formalde-
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hyde contents were higher than the back-
ground level in blood of 97.9-98.6 % of the
examined children and average group levels
were 3.4—4.3 times higher than the background
level (p < 0.005). In the observation group
(Type 1 schools), three fourths of the school-
children had nickel and chromium levels in
blood higher than the background level; the
proportion of schoolchildren with elevated
manganese contents in blood was 1.2 times
higher in this group against the reference one
(Type 2 schools) (p = 0.006-0.013).

Significant relationships between blood
manganese, nickel, chromium, formaldehyde,
toluene and benzene levels and a dose of
chemicals introduced with ambient air were
established by modeling methods (0.16 < R <
0.50; 31.97 < F < 214.88; p < 0.005). This
allowed us to consider elevated blood levels of
these chemicals as markers of exposure.

We comparatively analyzed ADs preva-
lence and anti-infection immunity disorders
using the results of clinical and laboratory re-
search. The analysis did not establish any sig-
nificant intergroup differences within three
levels of school education (primary, middle
and high school; p = 0.146-0.971). Still, ADs
prevalence tended to grow with age by 1.4
times among schoolchildren from Type 1
schools (from 162 to 228 cases per 1000 exam-
ined, p = 0.042; OR = 1.33; CI = 1.02-1.74); we
did not find any significant positive dynamics
in prevalence of anti-infection immunity dis-
orders (p = 0.084) whereas there was a decline
in the reference group, by 2.4 times (from 124
to 51 cases per 1000 examined, p = 0.029).

Our assessment of post-infection immu-
nity against herpesviruses found that the high
stress of serological response (IgG titers:
1:800-3200) to CMVI and HSV-1 infection
was detected 1.2—1.6 times less frequently in
schoolchildren from Type 1 schools against
their peers from the reference group
(26 against 43 % and 53.5 against 63.2 % re-
spectively, p = 0.002-0.068); insufficient pro-
duction of IgG (titers: 1:100-400) to CMVI
was detected 1.9 times more frequently against
the reference group (32.6 against 17.5 %,
p=0.002; OR =2.30; CI = 1.76-2.99).
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Our analysis of age-specific immune re-
sponse to vaccine antigens revealed that the
proportion of schoolchildren seropositive to
the measles virus went down by 1.2 times in
high school against primary school in the ob-
servation group (Type 1 schools) (from 74.4 to
60.8 %, p = 0,03; in Type 1 schools, from 77.2
to 75.4 %, p = 0.790); the number of school-
children with the negative result grew by 2.5
times (from 12.3 to 30.5 %, p < 0.005;
OR =3.11; CI = 1.88-5.36; in Type 2 schools,
from 11.9 to 13.8 %, p = 0,720). The propor-
tion of schoolchildren who did not have pro-
tective antibodies to diphtheria grew fivefold
in middle school against primary school in the
observation group (Type 1 schools) (from 2.7
to 13.4 %, p=0.003; OR =5.40; CI =2.79-11.14;
in Type 2 schools, from 1.5 to 3.7 %, p =
0.120). The proportion of schoolchildren with
proper protective levels declined 1.25 times
more intensively in high school against pri-

mary school in Type 1 schools (from 79.5 to
40.0 %, p < 0.005; in Type 2 schools, from
64.2 to 40.3 %, p = 0.007). The proportion of
schoolchildren seronegative to the pertussis
agent declined 1.2 times less intensively in
high school against primary school in Type 1
schools than in Type 2 schools (from 34.5 to
23.8 %, p = 0.090 against from 32.9 to 19.3 %,
p = 0.040).

Previously published works reported
some results obtained by regression analysis
with its aim to establish negative impacts of
various factors not conforming to safe stan-
dards including the educational process, diets,
lifestyles, chemical contamination of biologi-
cal media on likelihood of allergic rhinitis and
declining humoral immunity to diphtheria and
pertussis [21, 22]. Table 1 provides data about
relationships between the analyzed factors and
BA and AD incidence established by building
one-factor regression logistic models.

Table 1

Parameters of one-factor linear regression models describing relationships between BA and AD
and priority risk factors

Factor Response b0 bl R’ F p
Weekly educational loads AD -8.98 0.22 0.47 59.4 <0.001
. . AD -2.84 0.05 0.73 210 <0.001
Educationa] Duration of IWB use in class BA | -168 | 002 | 058 | 535 | <000l
process Total IWB use in school per day AD -2.69 0.04 0.82 108 <0.001
Duration of PC use in class AD -2.63 0.02 0.30 5.81 <0.001
BA -2 0.02 0.79 143.7 <0.001
Total PC use in school per day AD -2.77 0.04 0.36 44.7 <0.001
Wheat bread consumption AD -0.16 0 0.27 78.9 <0.001
Diet Confectionary products consumption BA -3.22 0.01 0.55 111 <0.001
Poultry consumption BA -2.40 0.01 0.39 773 <0.001
Periodicity of doing sports or physical AD -0.26 -0.13 0.68 369.37 | <0.001
exercises BA -1.93 -0.09 0.63 303.54 | <0.001
Lifestyle Duration of doing s'ports or physical AD 0.54 0.06 025 56.90 <0.001
exercises
The number of devices in use AD -0.69 0.04 0.10 29.3 <0.001
Benzene levels in blood BA -2.31 99.68 0.17 68.47 <0.001
AD -0.80 309.70 0.35 197.06 | <0.001
Toluene levels in blood BA 247 364.55 0.15 28.6 0.005
AD -1.65 118.65 0.15 31.7 0.0002
Chemical Manganese levels in blood BA -3.08 43.37 0.10 45.80 <0.001
exposures AD -2.34 83.11 0.31 61.17 <0.001
AR -0.70 56.55 0.18 89.89 <0.001
Nickel levels in blood BA -2.96 102.70 0.33 203.19 | <0.001
AD -1.60 45.06 0.19 65.0 <0.001
Formaldehyde levels in blood BA -3.14 18.96 0.67 848.95 | <0.001
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Weekly educational loads (RZAR, AD =
0.19-0.47), duration of IWB and PC use in
one class and total weekly use of these devices
(R®AR. AD, BA = 0.30-0.82) are priority factors
of the educational process, which influence
ADs incidence. We also established a dose-
dependent impact exerted by duration of small
breaks on levels of IgG to the pertussis agent
(R*=0.17).

Consumption of milk (R2AR = 0.64;
deiphtheria = 0.65), wheat bread (RZAR’ AD =
0.27-0.66), meat (R giphtheria, perussis = 0.21-0.34),
fish, eggs, sour milk products (RzpertussiS =
0.60-0.96), confectionary products (Rng =
0.55), and poultry (RZBA, Ar = 0.39; deiphtheria=
0.86) are significant diet-related factors as re-
gards post-vaccination immunity and allergic
reactivity modification in schoolchildren.

Periodicity (R®Ar. a, ap = 0.19-0.68) and
duration of doing physical exercises or sports
(R*sp = 0.25) as well as the number of devices
in use (R2AD = (.10) were the most significant
lifestyle aspects out of all analyzed ones with
the greatest influence on changes in incidence
of allergic diseases and post-vaccination hu-
moral immunity.

Levels of toluene (RZBA, AD, AR = 0.15—
0.64), benzene (R’ga. ap, ar = 0.17-0.35),
manganese (RZBA, AR, ap = 0.10-0.31; R? pertussis,
diphtheria = 0.19-0.40), nickel (R*AR. AD, BA =
0.18-0.33; R’giphtheria = 0.78), chromium
(R2 ar = 0.58; deiphtheria =0.12), and formalde-
hyde (R*ss = 0.67) were priority chemical fac-
tors, impacts of which on post-vaccination
immunity and allergic reactivity modification
were confirmed by building the above-
mentioned regression models.

In addition, the artificial neural network
method was employed to establish deeper rela-
tionships and to quantify contributions made
by environmental factors, the modern educa-
tional process, diets, and lifestyles to forma-
tion of anti-infection (post-infection and post-
vaccination) immunity. Machine learning of
artificial neural networks is being widely used
both in Russia and abroad; it seems an effec-
tive method for establishing qualitative and
quantitative regularities of immunologic reac-
tivity formation considering mutual influence
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exerted by multiple factors [23, 24]. Our cre-
ated neural network models have an external
input layer proportionate to the number of ana-
lyzed factors, internal layers, and an output
layer corresponding to likelihood of a decline
in levels of IgG to herpesvirus infection HSV-
1 and CMVI (post-infection immunity) as well
as to the measles virus, diphtheria toxin and
pertussis antigen (post-vaccination immunity).
Orientation of influence was determined by a
numeric experiment, which involved conse-
quent 1 % growth in each risk factor and sub-
sequent prediction of changes in likelihood of
post-vaccination and post-infection immunity
disorders (herpesvirus infection HSV-1 and
cytomegalovirus infection). Table 2 provides
ranking of risk factors, which determine addi-
tional likelihood of a decline in levels of IgG
specific to herpesvirus infection HSV-1 and
CMVL

According to neural network modeling re-
sults, likelihood of changes in production of
specific antibodies to herpesvirus infection
HSV-1 and CMVI is modified upon 1 %
changes in factors related to the modern edu-
cational process, up to 26.75 and 17.68 % re-
spectively; diets, up to 5.37 and 3.05 %; envi-
ronmental factors, up to 20.08 and 23.82 %;
lifestyle-related factors, up to 60.43 and
6.22 % respectively (Table 2).

The most pronounced modifying effects
on likelihood that production of specific anti-
bodies to the measles virus will deviate from
the proper protective level are produced by
changes in such factors related to the educa-
tional process as weekly educational loads (up
to 99.38 %); the pertussis agent, duration of
short breaks (up to 70.5 %); to the diphtheria
toxin, duration of long breaks (up to 82.71 %)
(Table 3).

Likelihood of a decline in production of
specific antibodies to the measles virus is
modified by diets, up to 797.65 % (consump-
tion of confectionaries); to the pertussis agent,
up to 45.6 % (consumption of fish); to the
diphtheria toxin, up to 58.75 % (consumption
of meat). Priority chemical environmental risk
factors that modify likelihood of weakening
post-vaccination humoral immunity include
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Table 2

Results of neural network modeling to describe influence of priority risk factors on formation
of humoral post-infection immunity, %

Changes in likelihood of

Changes in likelihood of

Factor declining IgG to HSV-1 declining IgG to CMVI
(layers 9; 5, R?=0.144) | (layers 14; 7, R”*=0.233)

Duration of long breaks 26.75 17.68
Educational Duration of shqrt breaks 3.99 16.58
process Week.ly educatlonal. loads 14.95 243
Duration of PC use in class 3.21 3.45

Duration of IWB use in class 1.44 2.30

Milk in typical daily diet 477 2.12
Confectionaries in typical daily diets 3.69 0.73

Cereals and beans in typical daily diet 3.66 0.26

Macaroni in typical daily diet 3.64 0.26

Sour milk products in typical daily diet 3.61 0.90

Diets  |Fish in typical daily diet 3.08 0.36
Fresh vegetables in typical; daily diet 3.06 1.32

Proteins in typical daily diet 5.73 0.40

Vitamin Bl in typical daily diet 4.18 0.10

Vitamin B2 in typical daily diet 1.50 1.67

Caloric contents in typical daily diet 3.29 3.05
Manganese in ambient air 20.08 15.68

Nickel in ambient air 3.76 6.97
Chromium in ambient air 3.62 0.78

Toluene in ambient air 13.79 0.93

Benzene in ambient air 2.04 10.15
Environment F ormal@ehyd.e ip ambient air 9.75 0.30
Nickel in air inside classrooms 5.90 0.51

Toluene in air inside classrooms 19.63 2.16

Benzene in air inside classrooms 3.15 1.48
Formaldehyde in air inside classrooms 6.97 2.54
Manganese in air inside classrooms 2.31 23.82
Chromium in air inside classrooms 2.36 2.02

Duration of night sleep 60.43 0.56
Involvement in additional education 4.55 6.22

Lifestyle |Monthly income per a family member 5.06 3.76
Total time spent on using devices a day 3.72 0.33

Duration of doing sports or physical exercises 0.37 2.25

Table 3

Results of neural network modeling to describe influence of priority risk factors on formation
of humoral post-vaccination immunity, %

Changes in likeli- | Changes in likeli- | Changes in likeli-
hood of declining | hood of declining | hood of declining
Factor IgG to measles | IgG to pertussis | IgG to diphtheria
(layers 5; 2, (layers 15; 10, (layers 10; 8,
R*=0.152) R*=0.175) R*=0.180)
Duration of long breaks 97.27 24 82.71
Duration of short breaks 56.52 70.5 55.39
Educational Week.Iy educationall loads 99.38 55.2 38.66
process Duration of PC use in class 50.38 174 5.89
Duration of IWB use in class 22.15 10.5 9.05
Total PC use in school per day 58.52 13.5 2.0
Total IWB use in school per day 12.5 233
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End of the Table 3
Changes in likeli- | Changes in likeli- | Changes in likeli-
hood of declining | hood of declining | hood of declining
Factor IgG to measles | IgG to pertussis | IgG to diphtheria
(layers 5; 2, (layers 15; 10, (layers 10; 8,
R?=0.152) R?=0.175) R*=0.180)
Milk in typical daily diet 60.55 34.5 1.67
Confectionaries in typical daily diets 797.65 0.2 14.55
Cereals and beans in typical daily diet 95.82 11.8 1.62
Macaroni in typical daily diet 636.25 16.3 12.08
Sour milk products in typical daily diet 435.74 52 15.0
Fish in typical daily diet 720.21 45.6 15.82
Fresh vegetables in typical; daily diet 70.36 9.9 14.93
Fresh fruits in typical; daily diet 80.87 9.8 9.29
Diets Meat in typical daily diet 309.51 1.2 58.75
Wheat bread in typical daily diet 71.78 10.6 16.4
Eggs in typical daily diet 58.93 8.7 5.69
Proteins in typical daily diet 410.12 12.0 5.84
Vitamin B1 in typical daily diet 10.63 0.1 6.19
Vitamin B2 in typical daily diet 11.55 32 3.49
Vitamin A in typical daily diet 92.39 3.6 2.5
Caloric contents in typical daily diet 30.85 7.4 11.62
Iron in typical daily diet 115.76 3.0 23.86
Magnesium in typical daily diet 27.96 6.6 21.78
Manganese in ambient air 70.71 422 34.89
Nickel in ambient air 85.79 39 6.9
Chromium in ambient air 59.73 7.4 14.96
Toluene in ambient air 19.22 12.6 2.73
Benzene in ambient air 68.78 25.5 7.2
Environment |Formaldehyde in ambient air 37.84 20.3 4.69
Nickel in air inside classrooms 19.22 52 8.7
Toluene in air inside classrooms 110.17 3.40 12.19
Benzene in air inside classrooms 31.13 13.1 0.21
Formaldehyde in air inside classrooms 109.31 28.8 14.56
Manganese in air inside classrooms 378.36 244 13.57
Chromium in air inside classrooms 156.09 8.5 30.01
Duration of night sleep 89.01 101.5 26.12
Involvement in additional education 58.36 8.6 26.75
Monthly income per a family member 72.25 3.6 62.08
Lifestyle  |Total time spent on using devices a day 9.92 3.3 6.93
Duration of doing sports or physical exercises 25.26 273 3.7
Pen’odigity of doi.ng sports 197 12.9 71
or physical exercises

the following: for measles, manganese in air
inside classrooms (378.36 %); for pertussis,
benzene in ambient air (25.5 %); for diphthe-
ria, manganese in ambient air (34.89 %)).
Shorter duration of night sleep modifies likeli-
hood of insufficient production of specific an-
tibodies to the measles and pertussis agents by
89.01 and 101.5 % respectively whereas
monthly incomes per a family member have
turned out to be the most significant lifestyle-
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related factor for anti-diphtheria immunity
(62.08 %).

Intergroup comparison of the results ob-
tained by immunological studies and subse-
quent mathematical modeling has made it
possible to establish negative effects on the
immune system and pathogenetic regularities
of anti-infection immunity and allergic reac-
tivity modification in children. It is associ-
ated with specific features of the modern
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educational process, the environment, diets
and lifestyles.

Under combined exposure to the analyzed
factors, weakened reactivity of humoral im-
munity is evidenced by 1.2 times lower rela-
tive levels of CD19+-lymphocytes in children
from Type 1 schools against their peers form
Type 2 schools, (12 (10; 14) against 14 (11;
16) %, p = 0.046) and levels of antibodies of
the late phase in immune response (IgG) be-
low physiological ranges in 30.5-54.7 % of
children in the observation group.

Activation of a cellular adaptive immune
response in children from Type 1 schools is evi-
denced by higher relative levels of CD3+-
lymphocytes (68 (64; 73) against 66 (62; 70),
p = 0.040) and high levels of activated T-cells
(CD3+CD25+-lymphocytes) in 20.3 % of them.

Prevalence of a cytotoxic effector path-
way of immune response in the children from
the observation group is accompanied with
higher relative levels of CD3+CD8+-lym-
phocytes (25 (22; 23) against 23 (21; 26) %,
p =0.023).

Elevated quantities of lymphocytes with
CDO95 receptor are observed in each third school-
child both in their relative (35.7 %) and absolute
values (21.4 %). This indicates that programmed
cell death pathways have intensified and im-
mune reactions have become less active.

Weakening activity of the non-specific
protection system is accompanied with low ab-
solute phagocytosis values in 15.6 % of the
children from the observation group (against
2.0 % in Type 2 schools, p = 0.03), phagocytic
number (PN) in 40.6 % (against 33.3 %,
p = 0.236), phagocytic index (PI) in 4.4 %
(against 0.9 %, p = 0.157), and phagocytosis
percentage in 12.5 % (against 2.0 %,
p = 0.080). Natural killers (CD16+CD56+-
lymphocytes), which are conventionally con-
sidered a significant component of innate im-
munity and not only are responsible for a
prompt effector response to presence of in-
fected cells but also coordinate interaction be-
tween innate and adaptive immunity, are also
registered in lower levels in the observation
group against the reference one (10 (6; 14)
against 12 (9; 17) %, p = 0.060).
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Our analysis of levels of the immune sys-
tem cytokines responsible for intercellular co-
operation, positive or negative immune regula-
tion, has established 1.2 times higher levels of
gamma-interferon in the children from Type 1
schools against their peers from Type 2
schools (2.02 (1.49; 2.55) against 1.75 (1.28;
2.54) pg/ml, p = 0.595) and 2.5 times lower
levels of its antagonist IL-4 (0.88 (0.55; 1.32)
against 2.24 (0.58; 2.7) pg/ml, p = 0,036),
which indicates that an adaptive response pri-
marily develops per Thl pathways.

IL-6 and IL-10, which, just as IL-4, pro-
mote transition of B-lymphocytes to antibod-
ies-producers, are also detected in the children
from Type 1 schools in lower levels (1.48
(1.18; 2.19) against 1.58 (0.85; 2.27) pg/ml
and 3.18 (1.73; 4.9) against 3.27 (1.97; 4.75)
pg/ml respectively).

IL-8 is able to support anti-inflammatory
activity of monocytes / macrophages and pro-
mote development of immune reactions medi-
ated by Type 1 T-helpers. Its levels have been
found to be higher than their physiological range
in 21.4 % of the children from Type 1 schools.

Levels of the tumor necrosis factor (TNF)
that promotes formation of antibodies prolif-
eration and differentiation of T-helpers and
B-lymphocytes and simulates phagocytosis,
are 1.2 times lower in the children from
Type 1 schools against their peers from Type 2
schools (1.94 (1.28; 2.29) against 2.31 (1.74;
2.73) pg/ml, p = 0.008).

Interleukin 1-beta (IL-1B) is able to stimu-
late T- and B-cells; IL-17 ensures activation
and migration of neutrophils, stimulates pro-
duction of IL-1B, tumor necrosis factor and
IL-6 by peripheral blood monocytes and is
also able to negatively and positively regulate
IgE synthesis and influence development and
clinical course of allergic diseases. Upon ex-
posure to the analyzed factors, their levels are
1.8 times lower in the observation group
against the reference one (1.53 (0.88; 2.63)
against 2.75 (1.44; 3.23) pg/ml, p = 0.049 and
1.13 (0.72; 4.02) against 1.67 (1.05; 3.18)
pg/ml, p = 0.543 respectively).

Relationships between negative labora-
tory indicators of the immune system and rele-
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vant factors of the modern educational process
and the environment have been established by
creating one-factor regression logistic models
(Table 4).

We have established the relationship be-
tween relative levels of CD16+56+-lymphocytes
and all analyzed factor groups: diet (R* = 0.53),
chemical factors (R* = 0.10-0.24), lifestyle
(R? = 0.16), and the educational process
(R* = 0.10). Some lifestyle-aspects, chemical
exposures, and diet are priority risk factors af-
fecting levels of IgG (R* = 0.65, R* = 0.10-0.32

and R? = 0.10-0.13 respectively) and relative
levels of CD3+-lymphocytes (R* = 0.10, R* =
0.10-0.87 and R* = 0.46 respectively). Relative
levels of CD3+CD8+ (R* = 0.13-0.69),
CD3+CD25+-lymphocytes (R* = 0.10-0.79) and
IL-8 level (R = 0.71-0.87) depend on occur-
rence of chemicals in blood.

The next stage in neural network model-
ing has been performed to establish additional
relationships between likelihood of negative
responses by the immune system and the ana-
lyzed factors (Table 5 and 6).

Table 4

Parameters of one-factor regression logistic models for describing relationships between

immunological indicators and relevant risk factors

R2

Factor Immunological indicator| Trend b0 bl F p
E‘E‘(’it:;:al Duration of short breaks| CD16+56+-lymph., rel. | Lower | -1.88 | -0.064 | 0.10 | 1433 | 0.002
Eggs in daily diet 1eG Lower | -1.03 | -001 | 0.13 | 3450 | <0.001
. Confectionaries in daily IeG Lower | -1.19 | 0002 | 0.10 | 15.87 | <0.001
Diet diet
C CD3+-lymph., rel. | Higher | -4.21 0.04 0.46 | 162.26 | <0.001
Poultry in daily diet
oultry In datly diet e 6+56 +-lymph. rel.| Lower | 290 | 0022 | 053 | 387.81 | <0.001
The mumber of devices 1eG Lower | 236 | -0.12 | 0.65 | 811.27 | <0.001
- CD3+lymph., rel. | Higher | 4.15 | 0.11 | 0.10 | 46.96 | <0.001
. CD16+56+lymph,, rel.| Lower | 271 | 0.13 | 0.16 | 8537 | <0.001
Lifestyle — -
Periodicity of doing
sports or physical exer- | CD3+-lymph., rel. Higher | -2.95 -0.04 0.10 527 0.027
cises
1eG Lower | -136 | 20922 | 0.10 | 9.12 | 0.004
. L8 Higher | -1.79 | 14420 | 0.87 | 311.78 | <0.001
Benzene in blood CD3rCDS+1 o
rel'ymp ® | Higher | -4.01 | 70228 | 0.66 | 631.46 | <0.001
1eG Lower | 2.85 | 621.93 | 032 | 35.66 | <0.001
L8 Higher | 4.90 |1626.11| 0.71 | 61.30 | <0.001
Toluene in blood CD3+-lymph., rel. Higher | -3.05 | 77.81 0.79 | 497.88 | <0.001
CD3+CD8+-lymph., rel. | Higher | -3.52 | 377.31 | 0.69 | 527.79 | <0.001
Chemical CD16+56+lymph., rel.| Lower | -2.57 | 8144 | 0.10 | 11.83 | 0.002
fe‘tmca CD3+CD25+lymph,, rel.| Higher | 292 | 82.72 | 0.10 | 8.74 | 0.005
actors Mansancse in bload | CD3Hymph. rel. | Higher | -520 | 12036 | 043 | 17360 | <0.001
& CD3+CD8+lymph, rel. | Higher | 44 | 5347 | 0.13 | 47.45 | <0.001
CD16+56+-lymph., rel.| Lower | -3.11 | 52.43 0.15 62.50 | <0.001
CD3+CD25+lymph,, rel.| Higher | -2.88 | 282.79 | 0.79 | 342.37 | <0.001
. . CD3+-lymph., rel. Higher | -4.81 | 247.03 | 0.14 18.50 | <0.001
Nickel in bl
ickelin blood e g - lymph.. rel.| Higher | 3.67 | 118.84 | 021 | 8435 | <0.001
CD16+56+lymph., rel.| Lower | -2.98 | 7199 | 0.11 | 49.18 | <0.001
. CD3+lymph., rel. | Higher | -5.01 | 17401 | 0.87 | 719.84 | <0.001
hr 1
Chromium in blood - e e ymph. rel.| Lower | 315 | 12954 | 024 | 129.01 | <0.001
. CD3+CD8+lymph, rel. | Higher | 4.02 | 2048 | 0.62 | 646.93 | <0.001
Formaldeh 1
ormaldehyde in blood s o e mph. rel. | Lower | 266 | 493 | 010 | 3549 | <0.001
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Table 5

Results of neural network modeling to show influence of priority risk factors on immune
indicators (cellular and humoral components of the adaptive immune system), %

CD3+- [CD3+CD8+-| CDI19+ [CD3+CD25+| CD16+56+- | CD3+CD95+|CD3+CD95+ 196G
) lymph.,, rel. | lymph,, rel. | lymph.,rel. |-lymph.,rel.| lymph., rel. | -lymph., abs. | -lymph., rel. (layers 12; 10,
Risk factor (layers 10; 4, (I%Yers 5;2, (le;yers 18;8, (lazyers 14; 4, (lazyers 15;2, Oa}zfers 11;11, (lazyels 105,150 70 1 6)’
R?=0.144) | R¥=0.195) | RZ=0.124) | R?=0.587) | R?=0.155) | R*=0342) | R®=0.663) ’
2 | Weekly educational loads 0.14 0.33 0.54
§ Duration of short breaks 0.29 0.76 0.07 1.71
E« Duration of long breaks 12.16 0.04 2.03
g Duration of IWB use in class 0.08 0.16 0.05 0.08 0.03
£ |Total weekly IWB use 0.08 0.38 0.15
,é Duration of PC use in class 0.02 1.28 0.03 0.06 0.03 0.01 0.81
M | Total weekly PC use in school 0.04 0.51 0.06 0.03 0.02 1.9
Involvement in additional education 0.71 0.23 0.13 2.53
o |Duration of night sleep 0.21 0.59 0.72 5.61
g‘ Monthly incomes per a family member 1.7 0.18 0.18 0.08 0.13 1.08
& |Total average daily time spent on using devises 0.18 0.05 0.12 0.04 243
= Periodicity of doing sports or physical exercises 0.17 0.05
Duration of doing sports or physical exercises 0.1 1.72
Milk in a daily diet 0.15 0.02 0.17 0.05
Eggs in a daily diet 0.04 0.05
Fresh vegetables in a daily diet 0.02 5.5 0.04 0.05 0.03
Fresh fruits in a daily diet 0.1 0.06
Meat in a daily diet 0.02 1.1 0.07 0.63
Sour milk products in a daily diet 0.09 5.53 0.11 0.11 0.07
Confectionaries in a daily diet 0.10 0.64 0.11 0.23
Fish in a daily diet 0.06 0.04 0.03 0.02
B |Wheat bread in a daily diet 0.06 0.08 0.06
A |Cereals and beans in a daily diet 0.03 5.81 0.11 0.01 0.48
Macaroni in a daily diet 0.86 0.03 0.04
Proteins in a daily diet 0.09 0.15 0.04 0.03
Caloric contents in a daily diet 0.03 0.15 0.06 0.06
Vitamin Bl in a daily diet 0.14 0.01 0.07 0.38
Vitamin B2 in a daily diet 0.10 0.02 0.01 0.05 0.59
Vitamin A in a daily diet 0.05 0.08
Iron in a daily diet 0.02 4.47 0.02 0.05 0.01
Magnesium in a daily diet 0.01 0.1 0.16 0.02 1.47
Manganese in ambient air 0.24 6.85 0.06 0.13 0.08 1.54
Chromium in ambient air 0.07 0.1 0.01
Nickel in ambient air 0.05 0.01 0.06
z Formaldehyde in ambient air 0.12 0.56 0.11 4.3
= Benzene in ambient air 0.02 0.25 0.09 0.03 0.11 0.38
%‘ Toluene in ambient air 0.05 0.54 0.28 0.06 0.11 0.05
-2 |Manganese in air inside classrooms 3.15 0.29 0.24 2.65
é Nickel in air inside classrooms 0.09 0.04 0.01 0.01 0.27
O |Chromium in air inside classrooms 1.28 0.03 0.03 0.1
Formaldehyde in air inside classrooms 0.21 0.21 0.26 0.02
Benzene in air inside classrooms 0.01 0.14 0.15 0.11
Toluene in air inside classrooms 0.03 0.06 0.02
Table 6
Results of neural network modeling to show influence of priority risk factors on immune
indicators (the phagocyte system and cytokines), %
| e ot o [T |y [ e THET T T ] w [ oy | oo
Risk factor (layers 10; 4, (layers 18; 5, (layers 13; 13, | (layers 5:3, |36 5 1570 | o9, 16:11, |Cayers 12: 2,/ (layers 8; 8,(layers 8: 3,
R’=0.144) | R®=0313) | R*=0.108) | R?=0.105) R7=0485) R2=0.137)[R*=0.112)| R>=0.374) R7=0306) |[R°=0202) R"=0.185)
5 | Weekly educational 0.1 0.08 136 | 036 0.67
& |loads
% Duration of short 028 148 0.67 033
= |breaks
_§ Duration of long breaks 0.56 0.83 0.3 1.42 0.64 0.01 14.96
g |Duration of IWBusein |- ) 0.05 0.01 0.2 0.13 2.46
B class
Total weekly IWB use 0.08 0.05 0.12 0.17 0.92
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End of the Table 6

Absolute [Phagocytosis| Phagocytic Phagocytic L4 IL-6 IL-10 IL-17
phagocytosis| percentage index number (layers 6; 5 (layers (layers (layers
(layers 10; 4,{(layers 18; 5,| (layers 13; 13, | (layers 5; 3, Y oo 12512, 12;9, 16; 11,

R?=0.144) | R?=0313) | R*=0.108) | R?*=0.105) R~:0'485)R2=0.137)RZ:0.112) R?=0374)

IL-18 INFy TNF
(layers 12; 2, |(layers 8; 8,((layers 8; 3,
R?=0.306) [R*=0.202)[R*=0.185),

Risk factor

Duration of PC use in
class

Total weekly PC use in
school

0.13 0.03 0.02 0.02 0.11 0.02 0.77

0.03 0.01 0.22 0.1 0.14

I‘nvolvement.m addi- 0.07 039 016 0.62
tional education

Duration of night sleep 0.28 0.53 0.14 3.63 0.56 0.75
Monthly incomes per a 0.14 075 | 092 | 034
family member
Total average daily
time spent on using 0.01 0.02 0.06
devises

Periodicity of doing
sports or physical exer- 0.29 1.09 0.01 0.04 0.04 0.55 0.07 1.69
cises

Duration of doing sports 0.08 0.04 0.02 115 | 029 257
or physical exercises

Lifestyle

Milk in a daily diet 0.08 0.02 005 | 001 0.1
Eggs in a daily diet 0.15 0.01 0.07 0.02 007 | 002 0.05 003 | L3
Frc_esh v_egetables ina 0.49 0.09 0.09
daily diet

gir:fh fruits in a daily 0.04 005 | 004 0.03 178
Meat in a daily diet 0.01 0.02
Sour milk productsina | ) |, 0.49 0.01 0.05 0.04 005 | 001 | 089
daily diet
Confectionaries in a 19 009 | 026 | 0.19
daily diet

Fish in a daily diet 0.01 0.2 0.02
Xi];eat bread in a daily 0.03 058 017 0.01
Cerealsandbeansina | o 0.01 005 | 001 | 009 0.18 0.01
daily diet

Macaroni in a daily diet|  0.19 0.06 0.42 0.11 0.06 0.03
Proteins in a daily diet 0.25 0.07 0.12 0.08
Caloric contents in a 0.68 043 | 074 | 04 2.66 0.01
daily diet

Vitamin B1 in a daily
diet

?j’igf‘“““ B2 ina daily 0.02 025 | 009 | 029 | 223 0.03
;’i‘;fm‘“ Aina daily 0.5 0.05 0.03 0.03 085 0.01

Iron in a daily diet 0.01 0.19 0.15 0.05

l(;{[agnesium in a daily 0.01 0.01 0.03 2.01 0.05
iet i . . : :

Diets

0.04 0.02 2.01 0.05 0.39

Manganese in ambient
air

Chromium inambient |~ ¢, 042 | 024 033
Nickel in ambient air 0.15 0.21 0.19 0.01 1.88
Formaldehyde in ambi- 016 036 0.12
ent air
Benzene in ambient air 0.01 0.01 0.1 0.18 0.98 0.26
Toluene in ambient air 0.25 0.07 0.01 0.43 0.02 0.22
Manganese in air inside 0.05 052 258 007
classrooms

Nickel in air inside
classrooms

Chromium in air inside
classrooms
Formaldehyde in air
inside classrooms
Benzene in air inside
classrooms

Toluene in air inside 0.02 01 0.16 001 0.02
classrooms

0.13 0.1 1.09

0.71 0.02 0.07 0.51

Chemical factors

0.03 0.2 0.14 0.17 0.1

0.2 0.57 1.03 0.07 1.08

0.06 0.02 0.31 0.12 0.01 1.32
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Table 7

Parameters of regression logistic models to describe relationships between immunological
indicators and allergic diseases / post-vaccination immunity disorders

Allergic disease /
post-vaccination Immunologic indicator Trend b0 bl R? F p
immunity disorders

CD3+-lymphocytes, rel. Higher -042 | 025 | 0.10 | 20.84 | <0.001
Allergic rhinitis CD3+CD25+- lymphocytes, rel. Higher -1.18 | 0.08 | 0.30 | 27.17 | <0.001
1L-8 Higher -272 | 034 | 0.38 | 19.77 | <0.001
CD16+56+- lymphocytes, rel. Higher -1.98 | -0.04 | 0.17 | 61.40 | <0.001
. CD3+CD8+- lymphocytes, rel. Higher -448 | 0.07 | 0.22 | 73.80 | <0.001
Bronchial asthma 1 o) 51 lymphoeytes, rel]  Higher 421 | 0.8 | 025 | 20.13 | <0.001
IgG Higher -1.93 | -0.05 | 0.10 | 16.82 | <0.001
CD3+- lymphocytes, rel. Higher -1.30 | 043 | 0.18 | 69.60 | <0.001
Atopic dermatitis CD3+CD25+- lymphocytes, rel. Higher -333 | 1594 | 0.69 | 8.78 | 0.033
CD16+56+-lymphocytes, rel. Higher -040 | -0.02 | 0.16 | 59.26 | <0.001
IgG to pertussis IeG Lower 415 | -036 | 043 | 14.10 | 0.005

Data provided in Tables 5 and 6 give evi-
dence that indicators of cellular adaptive im-
munity and functional activity of immune-
competent cells are more frequently influenced
the most by factors related to the educational
process and lifestyle. Any changes in these
factors raise likelihood that levels of
T-lymphocytes and cytokines will deviate
from their physiological norms by 12.2-15.0
and 1.7-3.6 % respectively. Quantitative as-
sessment of additional likelihood of changes in
humoral adaptive immunity has established
that the studied lifestyle aspects and chemical
factors most frequently have the greatest influ-
ence on the I1gG level raising likelihood of its
decline by up to 5.61 and 4.3 % respectively.
Lifestyle factors and diets are the most signifi-
cant ones for a growth in likelihood of innate
immunity indicators deviating from the
physiological norm. Any change in these fac-
tors by 1 % increases likelihood of a decline in
the phagocytic system indicators by up to 3.63
and 1.9 % respectively.

The list of laboratory immunological in-
dicators of risk-associated ADs and post-
vaccination immunity disorders is the ultimate
result of consequent regression logistic model-
ing. For them, a consequent relationship has
been proven: factor — change in laboratory
(immunologic) indicator — allergic disease /
post-vaccination immunity disorder (Table 7).

140

The results obtained by neural network
modeling of relationships between laboratory
indicators of disrupted immune homeostasis
and a decline in levels of specific G class
antibodies to herpesvirus infection HSV-I,
CMVI, measles, diphtheria, and pertussis
and conformity with biological feasibility
principle made it possible to enhance the list
of indicators of risk-associated post-
vaccination immunity disorders and to de-
termine laboratory immunological indicators
of risk-associated post-infection immunity
disorders (Table 8).

Having generalized all obtained data, we
have created lists containing immunological
indicators of risk-associated ADs and anti-
infection immunity disorders. Thus, immu-
nological indicators of risk-associated ADs
upon combined exposure to risk factors related
to the educational process, environment, diets,
and lifestyle include elevated relative contents
of CD3+-, CD3+CD25+-lymphocytes and a
decline in relative contents of CD16+56+-
lymphocytes. Likelihood of anti-infection im-
munity disorders associated with combined
exposure to the analyzed factors is estimated
per the following immunological indicators:
elevated relative levels of CD3+CD8+-,
CD3+CD95+-lymphocytes, declining levels of
IgG, absolute phagocytosis, phagocytic index,
IL-17, IL-1B, and TNF.
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Table 8

Results of neural network modeling to describe the relationship between likelihood of changes
in the level of specific class G antibodies to herpesvirus and vaccine-managed infections and
immunological indicators, %

IgG to HSV | IgG to CMV |IgG to measles| IgG to diphtheria |IgG to pertussis
Immunological indicator (layers 15; 11, | (layers 11; 5, | (layers 15; 10, (layers 5; 2, (layers 5; 2,
R*=0.323) | R°=0.143) | R?=0.323) R*=0.514) R? =0.508)
CD3+CD8+-lymphocytes, rel. 1.79 4.89 37.78 0.24 7.05
CD19+- lymphocytes, rel. 1.41 4.55 25.52
CD3+CD95+- lymphocytes, abs. 1.40 277.78
CD3+CD95+- lymphocytes, rel. 3.58 34.72 2.70
IgG 15.84 7.15 2.58
Absolute phagocytosis 3.94 0.98 16.92
Phagocytosis percentage 249
Phagocytic index 20.54 0.03 4.41
Phagocytic number 2.23 28.17
1L-4 17.26 0.81
1L-6 16.01
1L-10 45.89
1L-17 1.56 36.43 0.05 43.13
IL-1B 1.11 8.54 2.10 30.94
INFy 0.93 13.55
TNF 2.28 37.33 23.31

Common mechanisms of anti-infection
immunity and allergic reactivity modification in
children, which is associated with specific fea-
tures of the modern educational process and
quality of the environment, include imbalance of
humoral and cellular immunity components to-
gether with activation of cellular-mediated reac-
tions of the adaptive immunity response. This
process involves a growth in relative levels of
CD3+- and CD3+CD25+-lymphocytes (immu-
nological indicators of risk-associated allergic
diseases) and CD3+CD8+-lymphocytes (an im-
munological indicator of anti-infection immunity
modification). A decline in absolute phagocyto-
sis and the phagocytic index indicate weaker ac-
tivity of the non-specific protection system when
anti-infection immunity modification occurs
upon exposer to environmental factors, factors
related to the modern educational process, diets
and lifestyle. Allergic reactivity modification is
indicated by a decline in levels of natural killers,
which are conventionally considered cellular
components of innate immunity.

The results of the accomplished multi-
factorial logistic modeling have established that
an isolated contribution made by the modern
educational process to likelihood of risk-
associated AR amounts to 61.8 %; chemical

ISSN (Print) 2308-1155 ISSN (Online) 2308-1163 ISSN (Eng-online) 2542-2308

exposures, 30.6 %; lifestyle factors, 7.6 %; like-
lihood of BA associated with the analyzed fac-
tors is contributed by the modern educational
process, 35.7 %; chemical exposures, 33.1 %;
lifestyle, 31.2 %. Leading contributions made
to likelihood of risk-associated AD belong to
the modern educational process (74.0 %), fol-
lowed by lifestyle factors (18.4 %), and chemi-
cal exposures (7.6 %).

We have accomplished quantitative as-
sessment of likelihood of a decline in IgG anti-
bodies to herpesvirus infection HSV-1 based on
neural network modeling. As a result, we have
established that lifestyle and diets, with their
contributions equaling 28.9 and 26.2 % respec-
tively, have the greatest influence on humoral
immunity to herpesvirus infection; contribu-
tions made by ambient air quality and peculiari-
ties of the modern educational process amount
to 13.7 and 13.5 % respectively. Too short
night sleep (10.0 %) makes the greatest contri-
bution among lifestyle factors; among diet-
related factors, the greatest contributions are
made by high contents of confectionaries in a
typical daily diet (4.8 %) and low magnesium
contents in it (2.9 %); among chemical envi-
ronmental factors, elevated formaldehyde levels
in ambient air (its contribution is 7.5 %). The
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greatest contributions to declining levels of
IgG-antibodies to CMVI are made by diets
(44.0 %), the modern educational process (17.9
%), chemical exposures (12.5 %, air quality in-
side classrooms), and lifestyle (12.3 %). Low
caloric contents in a typical daily diet and insuf-
ficient consumption of cereals and beans hold a
special place among other violations of a diet
structure and quality as they make the greatest
contributions (9.1 and 2.9 % respectively) to a
disrupted humoral response to CMVI. Among
factors related to the modern educational proc-
ess, the greatest contribution is made by dura-
tion of long breaks (9.5 %), followed by quality
of air inside classrooms per elevated manganese
levels in it (9.2 %), and lifestyle as too short
night sleep (5.3 %).

The greatest contributions to declining lev-
els of specific Class G antibodies to measles are
made by the modern educational process (30.8
%), including shorter duration of long breaks
(26.7 %); diets (30.3 %), including insufficient
contents of sour milk products (6.4 %) and iron
(4.4 %) in a typical daily diet. The contribution
made by ambient air quality equals 12.4 %, in-
cluding elevated manganese levels (8.1 %);
lifestyle, 11.4 %, including too short duration of
doing sports or physical exercises (3.2 %). The
greatest contribution made to changes in levels
of specific antibodies to diphtheria toxin is
made by lifestyle (29.4 %), the modern educa-
tional process (20.5 %), and environmental ex-
posures (19.9 %). Among lifestyle factors, too
short night sleep holds the leading place per its
contribution (16.7 %); among factors related to
the modern educational process, shorter dura-
tion of long breaks (11.2 %); among environ-
mental exposures, elevated formaldehyde levels
in ambient air (7.2 %). Diet has the greatest in-
fluence on declining levels of IgG-antibodies to
pertussis with its contribution reaching 34.0 %.
The most significant contributions within an
unhealthy diet are made by low contents of sour
milk products (2.6 %) and low caloric contents
(5.1 %) in a typical daily diet. The second place
per a contribution to declining humoral immu-
nity to pertussis belongs to factors related to the
modern educational process (21.9 %), including
too short long breaks (19.1 %); the third place
is occupied by lifestyle factors (18.4 %), includ-
ing too short night sleep (8.5 %).
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Conclusion. Therefore, innovative educa-
tional volumes according to educational pro-
grams accepted in secondary schools with pro-
found studies of some subjects are frequently
completed involving too high educational loads
for schoolchildren, which typically mean viola-
tions of safe standards for the organization of the
educational process. High ‘physiological costs’
of education caused by elevated educational
loads, too much time spent at school, too much
time spent on doing homework, and intensive
involvement in additional education make a sub-
stantial contribution to changes in schoolchil-
dren’s lifestyles and diets.

In Type 1 schools, two rest phases are not
provided for schoolchildren (duration of breaks
is shortened by 1.3-2 times), educational loads
do not conform to age-specific capabilities
(weekly loads are 5.5-19.2 % higher than their
maximum permissible levels), the central nerv-
ous system is overloaded and this results in
overall exhaustion (duration of work with IWB
is 1.2-2.2 times longer than allowed by safe
standards). Optimal environmental conditions
are not provided either as some chemicals are
established in ambient air near these schools
and in air inside classrooms in levels higher
than RfC for chronic exposure including man-
ganese and formaldehyde, 1.8-8.5 times; in
sporadic air samples, nickel and chromium in
levels up to 3.6 times higher than chronic RfC;
benzene and toluene have been established in
levels not higher than RfC for chronic exposure.
All the foregoing combined with unhealthy di-
ets, too short night sleep, too low physical ac-
tivity and too high digital activity lead to a 1.3
times growth in ADs risks over the whole pe-
riod of school; insufficient production of IgG to
herpesviruses indicating a threat that such in-
fections could be activated, 2.3 times; a growth
in the proportion of seronegative persons to
measles and diphtheria antigens, 3.1-5.4 times
(OR =1.33-5.40; CI = 1.02-11.14).

We have established pathogenetic modi-
fication regularities and the list of immu-
nological indicators of risk-associated ADs
and anti-infection immunity disorders. Upon
exposure to the analyzed factors, children
with ADs tend to have more pronounced acti-
vation of the cellular adaptive immune re-
sponse (1CD3+-, CD3+CD25+-lymphocytes,
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relative) and declining natural cytotoxic ac-
tivity (JCD16+56+-lymphocytes, relative).
The immune status of children with risk-
associated anti-infection immunity disorders
is characterized with a prevailing cytotoxic
effector pathway of the immune response
(1CD3+CD8+-lymphocytes, relative), streng-
thening pathways of programmed cell death
(1CD3+CD95+-lymphocytes, relative), a de-
cline in reactivity of the humoral immunity
component (|1gG), weakening activity of the
non-specific protection system (|absolute
phagocytosis, PN, PI, and the phagocytosis
percentage), deregulated intercellular coop-
eration (|IL-17, IL-18, TNF). Activation of
cellular-mediated reactions of the adaptive
immunity response (1CD3+-, CD3+CD25+-
lymphocytes, relative, and 1CD3+CD8+-
lymphocytes, relative) and weakening phago-
cytic activity (|absolute phagocytosis, PI and
1CD16+56+-lymphocytes, relative) are com-
mon immunological pathways of anti-
infection immunity and allergic reactivity
modification associated with exposure to en-
vironmental factors and factors related to the
modern educational process.

Maximum isolated contributions made to
likelihood of risk-associated ADs are made by
specific features of the modern educational
process, 35.7-74.0 %; isolated contributions
made by chemical exposures and lifestyles are
comparable and amount to 7.6-33.1 and
7.6-31.2 % respectively.

Our ranking of risk factors determining
likelihood of declining humoral post-infection
and post-vaccination immunity has revealed that
the maximum contribution to declining levels of
IgG-antibodies to herpesvirus infections is made
by diets (26.2-44.0 %) followed by lifestyles
(12.3-28.9 %), the modern educational process
(13.5-17.9 %), and chemical exposures holding
the fourth rank place (9.2-13.7 %). Contribu-
tions made by the analyzed factors to declining
levels of IgG-antibodies to vaccine-managed
infections are ranked as follows: the modern
educational process (20.5-30.8 %) and diets
(14.6-34.0 %), followed by lifestyles (11.4-29.4
%) and chemical exposures (6.5-19.9 %).
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