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ANALYSIS OF INFECTIOUS DISEASE RATE IN CHILDREN OF DIFFERENT AGES AIMED
AT DEVELOPING HYGIENE

Krylov VP&
Pirogov Russian National Research Medical University, Moscow, Russia

The persistently high rate of infectious diseases requires constant monitoring, in-depth analysis of age-related characteristics of the disease spread and dynamics,
and also necessitates improving the sanitary and epidemiological well-being of the population, specifically, children, adolescents, and their parents. The study aimed
to to study epidemiological trends and identify the most vulnerable age groups among the pediatric population in the context of the incidence of key infections,
such as acute intestinal infections (Alls), enterovirus infection, viral hepatitis A, measles, whooping cough and enterobiasis. A retrospective epidemiological analysis
of official statistical data over a seven-year period (2018-2024) was carried out covering the pediatric population of the Western Administrative Okrug (ZAO)
of Moscow. Age differences in the structure of infectious morbidity have been determined. In children under one year, viral Alls (rotavirus, norovirus) and airborne
infections prevailed. A similar trend for viral Alls is reported in children aged 1-2 years. High prevalence of enterobiasis is reported for children aged 3-6 years
(attending preschool educational institutions), and a significant increase in the incidence of enterovirus infection and airborne infections is reported in all age groups,
especially in school students and adolescents. As for the viral hepatitis A incidence, the situation remains stable throughout the assessed period in all age groups.
High incidence of key infections among children persisting in all age groups demonstrates an urgent need for the development and implementation of the targeted
and adapted hygiene education programs for pediatric population and parents.
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AHAJINS UHOEKLIMOHHOIN 3ABOJIEBAEMOCTU AETEW PASHOIO BO3PACTA C LIESIbIO
PA3SPABOTKU NMPOrPAMM MNIrMeEHNYECKOIO BOCIMTUTAHUA

B. M. Kpbinos =
Poccunirckui HaumoHanbHbI ccnefoBaTensCKUin MeANLIMHCKUN yHMBepcuTeT nmenn H. . Muporoea, Mockea, Poccust

CoxpaHsaLWMACA BbICOKUIN YPOBEHb MH(EKLMOHHBIX 3a601eBaH TpebyeT NOCTOAHHOIO MOHUTOPWHIE, rMy60oKoro aHanmada Bo3pacTHbIX 0COOEHHOCTEN
pPacnpoCTPaHeHNs N AVHaMUKK 3a60N1eBaeMOCTU, a TakKe 0OYCNOBNNBAET HEOHXOAMMOCTb MOBbILIEHWS CAHUTAPHO-3MUAEMUONOMMHYECKOro 6n1aronosny4ms
HaceneHust — B YaCTHOCTW, AeTel, MOAPOCTKOB U MX poauTenelt. Liensto paboTbl Bbi10 U3yynTb NMOEMUONOrMYEcKNe TEHAEHLM 1 BbISBUTb Havbonee
yA3BVMble BO3PACTHbIE rPynMbl CPean AEeTCKOro HaceneHust B KOHTEKCTe 3a001eBaEMOCTU KIIIOHEBbIMM UHAPEKLMAMM, TakMMK Kak OCTPble KULLEYHble
nHdekumn (OKK), sHTepoBupycHas MHMEKLMSA, BMPYCHbIN renatuT A, KOpb, KOKIOW W 3HTEPOOWO3. BbINONHEH peTPOCMEKTVBHBIN 3MMAEMUONOrMYECKIIA
aHanm3 othrLmanbHbIX CTaTUCTUHECKNX JaHHbIX 32 CeMUNETHUI neprog (2018-2024 rT.), oxBaTbiBaIOLLMIA AETCKOE HaceneHne 3anaaHoro agM1MHUCTPATUBHOMO
okpyra (BAO) r. MockBbl. YCTaHOBNEHbI BO3PACTHbIE Pa3Nnyns B CTPYKTYPe UHMEKLMOHHOM 3aboneBaeMocTL. Y AeTei fo roaa npeobnanann supycHole OKK
(poTaBupycHas, HOPOBMPYCHAas) 1 MHMDEKLIN, NepefatoLLecs Bo3ayLIHO-KanenbHbIM nyTem. Cxoxasa TeHaeHums ans supycHeix OK oTmeveHa y geten
1-2 neT. YcTaHoBneHa BbICoKasi pacnpoCcTpaHeHHOCTb aHTepO6Mo3a cpeay AeTer 3—6 neT (NoceLLaioLyX AoLWKOSbHbIE 0bpasoBaTesnbHble yHpeXxaeHnsl), MoMMMO
STOrO BbISBMEHO 3HAYMTENBHOE YBENMYeHe 3ab60NeBaeMOCTI SHTEPOBUPYCHON MHMEKLMER 1 MHAEKLMAMI, NepeaatoLLIMMICS BO3YLLHO-KanebHbIM MyTeM,
BO BCEX BO3PACTHbIX MPyMnax, 0COGEHHO Cpean LLKOSbHMKOB 1 MOAPOCTKOB. 10 3a601€eBaEMOCTN BUPYCHBIM renatutoM A CUTyaLmns CTabuibHas Ha MpOTsXKEHNM
BCEro aHanmavpyemMoro nepuofa Bo BCex BO3PacTHbIX rpyrnnax. CoxpaHsioLlasics BO BCeX BO3PACTHbIX Mpyrnax Bbicokast 3ab60feBaeMOCTb AeTel KMo4eBbIMM
VHMEKUMAMI AEMOHCTPMPYET OCTPYIO MOTPEBHOCTE B pa3paboTKe 1 BHEAPEHUM LieneHanpaBneHHbIX 1 aAanTUPOBaHHbIX MPOrPaMM MIMEeHNYECKOro BOCTIUTaHMS
[ETCKOro HaCeneHust 1 poauTenen.
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Since the children's immune system is still developing, they
are often susceptible to infectious diseases. The lack of specific
immunity to various pathogens, along with other factors,
leads to high morbidity among children. The child's immune
system begins to form even before birth, from the first weeks
of intrauterine development. The immune system structure
and functions are formed during the body’s growth, starting
from birth and ending with the onset of puberty. Identification
and subsequent removal of foreign antigenic agents of both
external (e.g., pathogenic microorganisms) and internal

(e.g., virus-infected or malignant cells) origin are the immune
response central elements. The body’s defense system against
foreign substances is based on synergy of the innate and adaptive
(acquired) immunity, which complement each other and are being
continuously communicating [1-3].

Airborne infectious diseases and diseases transmitted
by household contacts are especially common among
children and adolescents, that is why the key role in prevention
of such infectious diseases is played by hygiene education
and training of children and adolescents, since in children's
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groups, poor hygiene is one of the main causes of the spread
of infections. Children should acquire basic sanitary and hygienic
skills, knowledge and abilities already in preschool years
or in elementary school. At this age it is necessary to develop
sustainable habits: be sure to wash your hands before eating,
take precautions if you may come into contact with sick
people — keep your distance, regularly ventilate the premises,
wear protective masks, and use personal utensils. At an older
age, the child should understand his/her responsibility
for the possible spread of infections — for example, understand
that it is unacceptable to attend school with symptoms of ARVI.
In addition, the prevention of vaccine-preventable infections
is an important link in the hygiene education for children
and adolescents. Vaccination is the most effective means
of protection against infectious diseases, and refusal of vaccination
leads to irreversible consequences, including death. For example,
in the 1990s, a major outbreak of diphtheria occurred
in the Russian Federation (RF) and the countries of the former
USSR. From 1990 to 1996, 111,144 people got infected
in the RF alone, including 35,928 children, of whom 3,047
people (729 children) died. Almost all of those, who died
of diphtheria (95%), were not vaccinated. Systemic shortcomings
in the vaccination campaign organization were the key factors
of the unfavorable epidemiological situation: decreased vaccination
rate in both children and adults due to refusal of vaccination,
which is general suggested low hygiene education levels [4].

Acute intestinal infections (Alls) are among the most
prevalent infectious diseases reported in Russian children.
In 2019, the pediatric population accounted for more than 70%
of the overall number of registered cases (more than 960,000)
[6, 6]. Furthermore, the share of Alls with the identified
causative agents in children was 79% ( 196,424 cases), which
was several times higher than the general population rate.
The vast majority of pediatric All cases occur in younger age
groups. Viral infections predominate (up to 70%), in particular
rotavirus and norovirus ones, mixed viral-bacterial forms
are also encountered [7, 8].

Enterovirus infection is showing a general upward trend
in Russia. After a decline in 2018, the incidence rate increased
by 25% in 2019, with 91.8% of cases (17,003 people) registered
in children.

The incidence of acute viral hepatitis A in children also
increased by 12.1% in 2019, reaching 4.98 per 100,000
population. Children under the age of 17 accounted for 34%
of the total number of cases (1,441 cases) in 2019, despite
minimal incidence rates in the previous year [9, 10].

Along with intestinal infections, airborne infections are common
among children and adolescents. For many years, isolated
cases of measles have been registered in the RF, and cases
of importation from foreign countries have been noted.
However, at the end of 2019 — beginning of 2020, there was
a significant increase in the incidence of measles in children
and adults, first in Europe and then in the RF. For example,
in the Republic of Sakha (Yakutia), children under the age
of 17 accounted for 29.4% of those infected, and the largest
number of infected children was registered in the age group
1-2 year: 10 cases (5.9%) [11].

An increase in the incidence of whooping cough has also
been noted in all population groups, especially in children.
In 20283 in the Orenburg Region, children under the age of 14 made
up the overwhelming majority (81.3%) of all whooping cough
cases. Of particular concern is the sharp increase in the incidence
among the youngest children: for children under the age
of one year, the rate exceeded the 2019 level by 6.4 times
(from 52.63 to 338 per 100,000 children). The incidence rate
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among adolescents aged 15-17 also increased significantly, rising
from 7.58 to 207.53 per 100,000 compared to the pre-pandemic
2019 level [10, 12].

Parasitic diseases, in particular enterobiasis, also remain
common in children and adolescents [13]. In the Astrakhan
Region, 11,502 cases of helminthic and protozoal infestations
were registered in 2016-2020, with 93.7% of those (10,777
cases) occurring in children under the age of 17. During this
period enterobiasis accounted for 84% of all pediatric parasitic
infestations (9,052 cases). The largest proportion of cases
(568.5% or 5,295 cases) was registered in school-age children
(7-17 years). In children aged 1-7 years, enterobiasis
was diagnosed in 38.2% of cases (3,702 cases), which
was 1.5 times less often than in school students. The lowest
incidence rate was reported for infants aged 5-12 months
(0.6%, 54 cases) and children under the age of one year (0.3%,
14 cases) [14].

The study aimed to analyze the incidence of infectious
diseases in the pediatric population in order to improve hygiene
education of children of different age groups and their parents.

METHODS

The study included a comprehensive analysis of infectious
morbidity in children of different age groups. The main objective
of the analysis was to identify age groups most susceptible
to infectious diseases in order to develop hygiene education
programs considering age characteristics.

In a retrospective study, statistical data on the incidence
of infectious diseases in adolescents were used: data from statistical
accounting and reporting annual forms No. 2 "Information
on infectious and parasitic diseases" of the Center for Hygiene
and Epidemiology in Moscow in the Western Administrative Okrug
(ZAQ) of Moscow for the years 2018-2024, as well as information
on the population size for each age group based on the data from
the tables of estimated populations of the Moscow administrative
districts for the years 2018-2024. The incidence rates of the infections
analyzed were calculated per 1000 people in each age group
using the MS Office 2016 software package (Microsoft; USA).

RESULTS

Differences in morbidity in different age groups of children
and adolescents have been determined. Fig. 1 shows changes
in the infectious morbidity over 7 years (2018-2024) among
children of various age groups in the ZAO of Moscow. Airborne
infectious diseases and those transmitted by household
contacts (aerogenic and fecal-oral routes of infection
transmission) that are especially widespread among children
were included in the analysis. Among the infectious diseases
identified in this population, the highest incidence rates
are typical for Alls and enterobiasis. In the structure of morbidity,
the leading places are occupied by Alls caused by the identified
bacterial and viral pathogens, as well as foodborne toxic
infections of known etiology, enterovirus infection, viral hepatitis A,
enterobiasis, whooping cough, measles.

In 2018-2024, in the age group of children under the age
of one year the maximum levels of viral Alls (including rotavirus
and norovirus ones), as well as airborne infections, such
as whooping cough and measles, were reported (Fig. 2).

In the age group of 1-2 years, there is a consistently high
level of incidence of Alls of viral etiology (in particular, rotavirus
and norovirus ones) in 2018-2024 (Fig. 3).

In the age group of 3-6 years, there is an alarming increase
in the incidence of airborne vaccine-preventable infections
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Fig. 1. Infectious morbidity rates in pediatric population of the ZAO of Moscow for the years 2018-2024 (7-year average)

(measles, whooping cough). Furthermore, the number of cases
of enterobiasis has increased (Fig. 4).

In children aged 7-14 years, a multiple increase in the incidence
of airborne infections (whooping cough, measles) has been
also noted, and the incidence of acute intestinal and enterovirus
infections increased several times. Furthermore, the enterobiasis
incidence rate has increased (Fig. 5).

In children aged 15-17, as well as in those aged 7-14,
an increase in the incidence of almost all analyzed infections
was noted: the incidence of airborne infections (whooping
cough, measles) increased, the incidence of acute intestinal
and enterovirus infections increased several times; the incidence
of enterobiasis increased as well (Fig. 6).

DISCUSSION

Based on the results of the analysis of infectious morbidity
in children of different age groups living in the ZAO of Moscow,
it can be noted that there is a high incidence of AllS (caused
by the identified bacterial and viral pathogens, as well as foodborne
toxic infections of known etiology) not only among young
children, but also among school students and adolescents
(3-6 years — an increase of 48%, 7-14 years — 188.5%,
15-17 years — 291.3%). This is consistent with the data
of studies of the RF [5, 6].

=/

There is a significant increase in the incidence of enterovirus
infection in children of all age groups (under the age of one year —
an increase of 273.8%, 1-2 years — 490.8%, 3-6 years —
645.4%, 7-14 years — 502%, 15-17 years — 292.6%), which
is also in line with the previously published research data
for the RF [9, 10].

The situation with viral hepatitis A in children and adolescents
in the ZAO of Moscow in the selected period is stable, the largest
age group based on the incidence of this infection are children
aged 7-14 years (17% of the total number of cases — 118
cases), in contrast to the situation in the RF, where, according
to previously published data, the increase in the incidence
of the disease was reported for the entire child population [9, 10].

Among those with enterobiasis, children and adolescents
attending preschool and general education institutions
are the predominant groups. They accounted for 96.5% of the total
number of people infected with enterobiasis, which is consistent
with previously published data on the enterobiasis incidence
in the Astrakhan region [14].

In the ZAO of Moscow, an upward trend of the incidence
of measles has been reported. Children under the age
of 17 accounted for 56.9% of all cases, and the largest number
of cases were detected in the age group of 7-14 years: 1,216
cases (24.1%). A similar trend was identified in the Republic
of Sakha (Yakutia) [11].
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Fig. 2. Infectious morbidity rates in children under the age of one year in the ZAO of Moscow for the years 2018-2024. Note: All — acute intestinal infections; EVI —

enterovirus infection; VHA — viral hepatitis A
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Fig. 3. Infectious morbidity rates in children aged 1-2 in the ZAO of Moscow for the years 2018-2024. Note: All — acute intestinal infections; EVI — enterovirus

infection; VHA — viral hepatitis A

The incidence of whooping cough in the ZAO of Moscow
has increased significantly in all age groups. The majority
of cases also occurred among children aged 7-14 years
attending general education institutions (38.2% of all whooping
cough cases), which is consistent with the data of the whooping
cough incidence studies conducted in the Orenburg Region
[10, 12].

Hygiene education and the healthy lifestyle promotion
provide the basis for the infectious disease prevention. These
areas are implemented consistently and continuously: from
the moment the child enters school and throughout the entire
educational path. Preventive work with children should be carried
out continuously in a variety of settings: at home, during
school classes, extracurricular activities, as well as in places
of children's recreation and health improvement. Futhermore,
it is important to take into account two interrelated aspects
of impact. The first is individual, namely direct training of the child,
his/her acquisition of the necessary knowledge and practical
skills in the field of hygiene. The second is the influence
of the immediate social environment, where parents play a key
role. It is the family that helps the child consolidate what
he/she has learned in the educational institution. The coordinated
efforts of teachers and parents yield tangible results. Firstly,
all participants in the process develop a common understanding
of the importance of hygiene standards and rules of conduct.
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Secondly, the continuity of learning is ensured: the knowledge
acquired at school is successfully transferred into everyday
life. Thirdly, theoretical information is firmly absorbed through
the regular practical application. And finally, repeating actions
over and over again helps to form sustainable habits. For students,
more effective methods of improving hygiene education could
be various competitions, quizzes, immunization lessons,
game activities, thematic dictations, essays, and gameplay
videos. It is necessary to conduct seminars and meetings
(on the importance of vaccination, on how to protect a child
from infection, etc.) for teachers and parents with a survey
to determine their knowledge. The combined efforts of children,
parents, and teachers contribute to the deeper understanding
of hygiene knowledge, which, in turn, results in reduction
of the infectious disease rate.

CONCLUSIONS

During the study we examined epidemiological trends
and identified the most vulnerable age groups among the pediatric
population for key infectious diseases (acute intestinal infections
(Alls), enterovirus infection, viral hepatitis A, measles, whooping
cough, enterobiasis). Younger age groups are the most vulnerable:
children under the age of one year show maximum incidence
rates of viral Alls (rotavirus, norovirus ones), as well as airborne

2021

Years

2022 2023 2024

m=@== Enterobiasis === \\'hooping === \Measles

cough

Fig. 4. Infectious morbidity rates in children aged 3-6 in the ZAO of Moscow for the years 2018-2024. Note: All — acute intestinal infections; EVI — enterovirus

infection; VHA — viral hepatitis A
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Fig. 6. Infectious morbidity rates in children aged 15-17 in the ZAO of Moscow for the years 2018-2024. Note: All — acute intestinal infections; EVI — enterovirus

infection; VHA — viral hepatitis A

infections (whooping cough, measles). In the 1-2 year group,
the incidence of viral acute intestinal infections (mainly
of rotavirus and norovirus etiology) remains consistently high.
An alarming increase in vaccine-preventable airborne infections
(measles, whooping cough) and enterobiasis has been reported
for preschool children (3-6 years old). In school students
(714 years old), a multiple increase in the incidence of airborne
infections (measles, whooping cough), Alls and enterovirus
infections, and enterobiasis has been reported. Adolescents
(15-17 years old) demonstrate the dynamics similar to those
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