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ABSTRACT. Despite the achievements of modern medicine, infantile cerebral palsy (ICP) currently remains one
of the most pressing problems of both domestic and world health care, dominating in the structure of neurological
disorders, leading to severe pathology of the movement system and disability. Often cerebral palsy is combined
with other serious disorders of neurological and/or psychiatric nature, causing pronounced persistent limitations
of physical abilities and a significant reduction in the quality of life of patients in all aspects. The purpose of this
scientific review was to attract the attention of specialists in various areas of health care to the problem of cerebral
palsy, as well as to substantiate the earliest necessary medication measures of therapeutic, rehabilitative and
preventive profile. Provision of maximum possible, continuous medical care to such children will contribute to the
reduction of disability, pronounced functional disorders, and prevent the development of serious complications.
The result of early diagnosis and effective treatment can be considered the achievement of individually possible
recovery or compensation of impaired functions with the prospect of integration into the surrounding society.

KEYWORDS: cerebral palsy, etiopathogenesis, diagnosis, treatment, rehabilitation, prevention
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EDITORIAL
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PE3IOME. HecMOTps Ha AOCTUXEHUS COBPEMEHHOI MeANLIMHbI, [ETCKNIi LiepebpanbHblii napanuy (ALMN) B Ha-
CTOSILLEE BPEMSA OCTAETCSH MO-NPEXHEMY OLHOI U3 Hanbonee akTyanbHbIX MPO6JIEM KaK OTEYECTBEHHOTO, TaK U
MUPOBOTO 3paBOOXPaHEHNs, LOMUHUPYS B CTPYKTYPe HEBPOJIOTMYECKNX HApYLLIEHWiA, NPUBOAALLUX K TAXENOi
naToNorMu CUCTEMbI ABUXeHUA n uHBanugusauuun. Hepegko ALUI coyetaercsd ¢ ApyruMn cepbesHbiMU pac-
CTpoiiCTBaMN HEBPONOTrMYECKOrO U/MNK NCUXUATPUYECKOro XxapakTepa, 06yCnoBNMBaET BblpaXeHHble CTOliKue
OrpaHuyeHunst GU3nYeckKnx BO3SMOXHOCTEl N 3HAaYNTENbHOE CHUXEHME KayeCTBa XNU3HM MaLMeHTOB BO BCEX
acnekTax. Llenbto HacToswWwero HayyHoro 063opa NOCYXWI0 NPUBJIEYEHNE BHUMAHUS CNELUannCcToB pasnny-
HbIX Hanpae/eHnii 3apaBooxpaHeHus K npobneme [ LM, a Takxxe 060CHOBaHUe Hanbonee paHHUX HEOBXOANMBIX
MeANKaMEHTO3HbIX MEPONPUATHUIA NeYebHOro, peabunnuTaunoHHoro n npodunaktTuyeckoro npoduns. Okasanue
MaKCUManbHO BO3MOXXHOW, HENPepbIBHON MeJULMHCKOI NOMOLLM TaKUM AeTAM 6yAeT cnoco6CTBOBAThb CHMXe-
HUIO MHBANWAN3AL MK, BbIPaXeEHHbIX GYHKLMOHANbHbIX HapyLWeHWii, npoduUnakTMpoBaTh pa3BUTUE CEPbE3HbIX
OC/OXHEHMWIA. Pe3ynbTaToOM paHHeii AuarHocTuku U aQOeKTUBHOIO NEYEHNUSI MOXHO CUNTATb AOCTUXKEHNE UH-
AVBUAYaNbHO BO3MOXHOIO BOCCTaHOB/EHUS UK KOMMEHCALUMN HapyLleHHbIX GYHKLNIA C NepCneKTUBOI UHTE-
rpauuu B OKpYXatoLuin counym.

KJIOYEBDBIE CNNOBA: geTckuii epebpanbHblif napanny, 3TMONAaTOreHe3, ANarHoCcT1Ka, 1e4eHne, peabunntayus,
npogunakTuka
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Nowadays, cerebral palsy in children is a certain
group of persistent neurological disorders that develop
in the ante-, intra- or postnatal periods and are charac-
terized by organic damage to the brain, in some cases
combined with developmental anomalies of the brain.
This subsequently leads, to gross defects and serious
motor disorders if there is no timely and adequate treat-
ment and rehabilitation.

Despite the fact that this pathology is considered
non-progressive, specialists register a strong dis-
crepancy between the constantly increasing demands
of the environment on the motor activity of a sick
growing child with significantly different parameters of
psychomotor and physical development from healthy
peers. Ultimately, as a result of irreversible functio-
nal and morphological changes in some patients, this
ends with the inevitable formation of persistent and
pronounced deviations from the norm in neurological
profile with the registration of disability in childhood.

In some cases cerebral palsy is combined with
severe diseases of the organs of vision and hearing,
speech disorders, and is accompanied by decreased
intelligence of varying degrees of severity, epilepsy,
and other pathologies. These significantly worsens the
condition and determines an unfavorable prognosis for
health, acquisition of everyday skills, and, in the future,
inclusion in educational and work processes, and com-
munication in general.

The search for the most advanced treatment and
rehabilitation measures dictates a detailed study of
modern views on the etiology and pathogenesis, dia-
gnosis and clinical picture of cerebral palsy [1-5]. The
prevalence of cerebral palsy in modern world tends to
increase, as evidenced by data from researchers in dif-
ferent countries studying this problem, amounting to
1.5t0 4 and higher per 1000 newborns. There is a direct
relationship between the detection of the disease and
weight of newborn children: 59.5 per 1000 children with
a birth weight of less than 1500 g; 6.2 per 1000 child-
ren born with weight of 1500-2499 g; for newborns
with weight of 2500 g and above, this value is 1.1 per
1000 children [6].

Perinatal pathology in the Russian Federation is dia-
gnosed in approximately a quarter of the entire child
population, while in the structure of neurological pa-
thology leading to disability, cerebral palsy still leads,
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the prevalence of which is 2-2.5 cases per 1000 chil-
dren; among all patients with cerebral palsy, about half
are premature newborns [7].

According to domestic authors, the following pre-
valence rates of cerebral palsy are typical for Russia
depending on the maturity and birth weight of a child:

® 1.6-6.0 per 1000 full-term newborns;

® 9.0-24.0 per 1000 premature newborns born with

a birth weight of 1000-2500 g;
® 18.0-40.0 per 1000 newhorns with very low birth
weight (less than 1000 g) [8].

Thus, on the one hand, modern high technologies
of nursing have increased the survival rate of extreme-
ly premature low birth weight babies, and on the other
hand, such children have an increased risk of perinatal
pathology with the subsequent development of cerebral
palsy. So, the shorter the gestational age and the birth
weight of the child, the more often cerebral palsy is dia-
gnosed later. In particular, when a child is born before
28 weeks of gestation, the risk of developing cerebral
palsy increases by 50 times, while in newborns born at
37-41 weeks, the risk of the disease is 10 times lower
[6, 7].

The etiology and pathogenesis of cerebral palsy are
currently being comprehensively studied. At the same
time, researchers note the primary importance in the
genesis of this disease of an unfavorable obstetric and
gynecological history and brain damage to a newborn
child in the coming months after birth.

When analyzing the age of mothers who gave birth,
whose child was subsequently diagnosed with cerebral
palsy, the following results were obtained: the majori-
ty of women were aged 19 to 30 years — 60.8%; 30 to
39 years — 29.2%; over 40 years — 3.1%; in the younger
age group under 18 years of age there were 6.9% of
expectant mothers [6].

In literary sources there are some researches on
correlation between the birth of a child with cerebral
palsy and multiple pregnancy. It was shown that when
a pregnant women carrying four fetuses, cerebral pal-
sy occurs in 43% of cases, and if there are triplets and
twins — in 8 and 1.5%, respectively, while a singleton
pregnancy was associated with a minimal risk of cere-
bral palsy — 0.2% [6].

The search for key links in the etiology and patho-
genesis of cerebral palsy has substantiated the
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consideration of causally significant factors depending
on their presence in the early periods of a child’s deve-
lopment.

Thus, among the causes of antenatal problems (37-
60% of cases) as risks of developing motor disorders in
the structure of cerebral palsy, maternal diseases of so-
matic and gynecological genesis, as well as stress and
bad habits that complicate the course of pregnancy,
are distinguished. Incompatibility of mother and child
by blood group or Rh factor may be accompanied by
fetal bilirubin encephalopathy with subsequent mani-
festation of hyperkinetic or dyskinetic syndromes.

Also, factors of damage to the central nervous sys-
tem (CNS) of the fetus of various origins should be no-
ted. For example, intrauterine infections, intoxications,
hypoxic and metabolic disorders, which lead, depending
on the timing and degree of exposure, to disturbances
in the formation and development of the central ner-
vous system organs, organic brain damage. The prob-
lem is especially aggravated by presence of combined
genetic pathology [6-12].

In particular, it has been shown that when a pre-
gnant woman becomes ill with a TORCH infection
(toxoplasmosis, rubella, cytomegalovirus infection, and
herpes infection), the potential risk of cerebral palsy in
the child increases.

Such pathologies as neoplasms, uterine scars,
morphological and functional disorders of the pla-
centa, including premature placental abruption, chorio-
amnionitis, are potentially dangerous for the normal
neurological development of the fetus.

The presence of antithyroid or antiphospholipid
antibodies in a pregnant woman represents severe in-
toxication for the neurons of the fetus and can cause
serious CNS disorders in the future.

Exposure of a pregnant woman to physical trauma
can be combined with direct trauma to the fetus and
also disrupt the delivery of oxygen and nutrients to the
developing organism in utero [7].

Structures of the child's central nervous system,
which is formed in utero, are very vulnerable, and
throughout the entire pregnancy there is a risk for the
formation of various pathologies, characterized by both
morphologically diagnosed structural defects and dis-
orders of the conduction system of CNS. Pathologies
of structure and disturbances in conduction along the
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cortex may correspond to both hereditary and sporadic
variants of formation.

In addition, fetal stroke of both hemorrhagic and
ischemic origin deserves the attention of specialists.
It is noted that pregnant women and fetuses have sig-
nificantly more frequent occurrences of various types
of coagulopathies responsible for the risk of hyper- or
hypocoagulation during pregnancy [7].

The causes (27-40% of cases) that have a negative
impact on the health of the fetus during the intranatal
period are considered separately. The risk of deve-
loping cerebral palsy increases in cases of premature
birth, fetal asphyxia during childbirth caused by the um-
bilical cord being wrapped around the neck, prolapse of
the umbilical cord, amniotic fluid entering the fetus's
respiratory tract, bleeding and other complications
caused by premature placental abruption or placenta
previa. The consequences of birth trauma and cerebral
hemorrhages, including those resulting from the use of
obstetric forceps and vacuum extractors, are extreme-
ly negative, as are the unfavorable consequences of
infection directly during childbirth, which can subse-
quently lead to severe disturbances in the movement
system [6-8].

Postnatal risks (3-25% of cases) are primarily rep-
resented by head injuries, various infectious diseases
and intoxications, as well as oxygen deficiency.

Meningitis and encephalitis, neonatal seizures can
result in persistent irreversible brain damage with se-
vere neurological deficit and mental disorders [7, 8].

According to the majority of authors, the clinical
manifestation of cerebral palsy usually requires the
combined adverse effects of several pathological fac-
tors acting in different initial periods of the child's de-
velopment [6].

Diagnosis of cerebral palsy still presents certain dif-
ficulties due to the variability of clinical manifestations
and the gradual appearance of characteristic symp-
toms. However, early diagnosis and timely treatment
and rehabilitation measures can significantly improve
the health of patients. This is achieved as a result of
partial restoration or compensation of impaired motor
functions, which, as far as possible in each particular
case, optimizes the further prognosis. Researchers
emphasize that as a result of adequate, time- and vo-
lume-based, comprehensive rehabilitation, pathological
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changes can undergo partial or even complete rever-
sal. Specifically, infancy is the most promising period
for rehabilitation measures for cerebral palsy, because
there is a decrease in in the rehabilitation potential of
an elder sick child with a noticeable decrease in the re-
sponse to treatment, so it is very important not to miss
the earliest time for treatment and rehabilitation pro-
grams [7].

For the diagnosis of cerebral palsy, it is important to
correctly assess clinical symptoms in combination with
available modern instrumental methods, using various
tests to assess the motor sphere and cognitive func-
tions [13-15].

An important role is played by a comprehensive as-
sessment of health status based on the ICF (Interna-
tional Classification of Functioning) [16, 17].

The basis for the earliest assessment of the health
status of children at risk of developing cerebral palsy
are the doctor’'s knowledges of the characteristics of
normal neuropsychic development in children of the
first year of life.

It is customary to distinguish the following degrees
of delay in the level of motor and psychomotor develop-
ment in cerebral palsy: up to 3 months — mild degree,
3-6 months — moderate degree, over 6 months — se-
vere degree [8].

Considering that about half of children with cerebral
palsy are born prematurely, it is fair to introduce correc-
tion factors: up to 1 year of life, the period of prematu-
rity in months is added; from 1 year to 2 years of life, it
is recommended to add half the period of prematurity
in months.

As is known, a clear sequence is typical for the de-
velopment of the movement system of a healthy child:
the extinction of unconditioned reflexes, formation of
corrective (straightening) reflexes and improvement of
balance reactions.

Researchers emphasize that an early manifestation
of cerebral palsy is a violation of the timely reduction
(at 2 months in full-term children, at 3-4 months in pre-
mature children) of unconditioned reflexes and postural
reactions [8].

In addition, in patients with cerebral palsy, tonic re-
flexes may be present throughout life, which disrupts
the development of corrective reflexes, voluntary move-
ments, interferes with normal balance and ultimately re-
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sults in a pathological postural stereotype in children.
Changes in normal muscle tone are typical for such
children, which should also alert doctors in terms of the
development of cerebral palsy.

The presence of hypertonicity of muscles in children
over 4 months in combination with an asymmetrical
posture can lead to the development of spastic forms
of cerebral palsy, while the frog pose observed with dif-
fuse muscle hypotonia in premature babies may indi-
cate the formation of an atonic-astatic form of cerebral
palsy in the future [8].

Thus, the authors identify the following early mani-
festations of cerebral palsy in children: delayed psy-
chomotor development, absence or delayed reduction
of congenital reflexes and tonic reflexes against the
background of delayed or absent formation of righting
reflexes, which is accompanied by pathology of muscle
tone and increased tendon reflexes, the emergence of
pathological synkinesis and patological attitudes (flexi-
on and pronation of the arms, adduction of the hip,
etc.) [8].

Taking into account the above, it is fair to empha-
size that nowadays there is no universal diagnostic
algorithm for the early diagnosis of cerebral palsy. At
the same time, a number of symptoms can and should
attract the attention of doctors immediately after the
birth in terms of alertness to the development of this
serious disease: a low score on the Apgar scoring sys-
tem, abnormal muscle tone and movements. Later, as
the sick child grows and develops, the pathology of
the motor sphere, compared to healthy peers, does not
raise doubts among doctors [6].

Among the methods of paraclinical diagnostics,
preference is currently given to magnetic resonance
imaging of the brain, which is characterized by higher
sensitivity compared to computed tomography of the
brain and is capable of detecting brain damage at the
earliest stages, namely: perinatal hypoxia, cerebrospi-
nal fluid dynamics disorders, and anomalies of intrau-
terine brain development [6].

Magnetic resonance neuroimaging diagnoses peri-
ventricular leukomalacia, ventriculomegaly, areas of
cerebral ischemia and hemorrhage [7].

Along with routine electroencephalography (EEG),
specialists choose EEG video monitoring of night sleep,
which allows for the most detailed assessment of the
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Table 1. Medical and psychological diagnostics in cerebral palsy

Tabauua 1. MeAMKO-NICMXOAOTMUYECKas AMarHOCTUKa NpPW AETCKOM LiepebpanbHOM napanvue

MeauKo-ncuxonoruyeckas AMarHocTMka npu AeTCkom LiepebpanbHoM napaauue /
Medical and psychological diagnostics for cerebral palsy

NHble meToAbI
uccaepoBaHma /
Other research methods

MeanunHckana anarHocTrka / Medical diagnostics

Mcuxonornueckas
AMarHoctuka /
Psychological

Noroneanyeckas
AWarHoctuka /
Speech therapy

Ophthalmologist

Morpadusi roAOBHOro mMosra /
Magnetic resonance imaging
of the brain

diagnostics diagnostics
OcmoTp NabopatopHas | MHCTpyMeHTaAbHas OcMOTp MEeAULMH- OcmoTp Aoronepom /
Bpayamu-crneuma- | AMarHocTMka / | AMarHocTuka / CKMM NCKUXOAO- Examination by
AUCTaMK / Laboratory Instrumental diagnostics rom / Examination a speech therapist
Examination diagnostics by a medical
by medical psychologist
specialists
MNeanatp / KAMHWYEeCKni YAbTPa3BYKOBOE UCCAep0BaHWE | KOHCyAbTaumsa / KoHcyAbTauua /
Pediatrician aHaAu3 KPoBW / | OpraHoB OPIOLLIHOM MOAOCTH / Consultation Consultation
Clinical blood | Ultrasound of abdominal
test organs
Hesponor / Brnoxmumnue- YAbTpa3BykoBas TectupoBaHue / Meanko-noroneam-
Neurologist CKMI aHaAU3 AeHcUToMeTpua / Testing YeCKOoe UCCAeAOBa-
Kposu / Ultrasound densitometry HWe npu aucdaruum /
Biochemical Medical and speech
blood test therapy examination
for dysphagia
TpaBmartonor- 06wuin aHa- HelpocoHorpadusa / Meaunko-Aoroneapmnye-
optonep / AU3 MOYn / Neurosonography CKO€E UCCAepOBaHue
Traumatologist- | General urine npu ans3apTpumn /
orthopedist analysis Medical and speech
therapy examination
for dysarthria
OdTanbmonor / MarHuTHo-pe3oHaHcHas To-

Bpau no neueb-
HOM dU3NYEeCcKomn

KomnbtoTepHasa Tomorpadpus
rOAOBbI /

Physiotherapist

KYAbTypE / Computer tomography scan
Physiotherapy of the head

doctor

dusuo- AnekTpoaHuedanorpadms:
TepanesT / * C HarpysouHbiMu npobamu;

® C BUAEOMOHUTOPUHIOM /
Electroencephalography:

e with load tests;

¢ with video monitoring

AnekTpomMuorpadums:

* UroAbyaTas;

e HaKoXHas OAHOM aHaTOMMU-
YeCKom 30HbI /

Electromyography:

¢ needle-like;

¢ cutaneous of one
anatomical zone
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Ending of the Table 1 / OkoHuaHue Taba. 1

MeaunKo-ncuxonoruueckasa AMarHoCTUKa Npu AETCKOM LepebpanbHoM napanuue /

Medical and psychological diagnostics for cerebral palsy

UHble meToAbI
uccnepoBaHua /
Other research methods

AnekTpo3aHuedanorpadus /
Electroencephalography

Crabunanometpus /
Stabilometry

PentreHorpadus:
° MO3BOHOYHUKE;

HOM KoCTH /
Radiography:
e spine;

femur

* TOAOBKMW U LUENKKN BeppeH-

¢ head and neck of the

functional activity of the brain and identification of fo-
cal symptoms.

Depending on the concomitant pathology, child-
ren with cerebral palsy are prescribed consultations
with specialists: a neurologist, surgeon, orthopedist,
ophthalmologist, etc. [6].

Other neurophysiological studies: ultrasound dia-
gnostics, electromyography, recording of evoked po-
tentials in combination with laboratory paraclinical
analyses, including biochemical analyses and genetic
tests, and consultations with the necessary specialists
help to promptly detect concomitant pathology, in parti-
cular, optic nerve atrophy, hearing loss and others, as
well as diagnose genetic syndromes with manifestation
in the first months of a child's life [7].

The scope of medical and psychological diagnos-
tics for cerebral palsy depends on the specific clinical
situation (Table 1) [3, 6].

In the structure of concomitant neurological patho-
logy, more than a third of patients are diagnosed with
convulsive syndrome, which is more often recorded in
the hemiparetic form of cerebral palsy.

Psychiatric disorders are caused by cognitive im-
pairments of various mental functions and occur in over
80% of patients with cerebral palsy. The authors note
mental retardation, mental deficiency and speech dis-
orders of varying severity. Only a third of children have
normal intelligence. Sensory pathology is observed in
approximately 2/3 of clinical cases [8].

According to researchers, concomitant diseases of
the sensory organs, cognitive impairment, speech dis-
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orders and convulsive syndrome significantly compli-
cate the course of cerebral palsy and seriously affect
the quality of life of such children [7].

Thus, the earliest possible diagnosis of cerebral
palsy during the first months of life, as well as the iden-
tification of concomitant pathology, are important for
timely treatment and rehabilitation measures and the
most favorable prognosis [8].

Due to the fact that the motor sphere is the central
link in the pathology under consideration, the existing
classifications of cerebral palsy, as a rule, reflect the
characteristic motor disorders in this disease.

In scientific literature, classifications are presented
with the allocation of both three and four variants of
motor disorders. In the case of three categories, the
following forms of cerebral palsy are noted:

e spastic — increased muscle tone and tendon
reflexes (upper or lower paraparesis, tetraparesis,
unilateral or bilateral hemiplegia);

e dyskinetic — impaired coordination and adequacy
of muscle tone regulation (athetoid or hyperkinetic
form);

e ataxic — with impaired coordination of voluntary
movements (atonic-astatic or mixed forms of
cerebral palsy) [7].

According to the classification of four forms, the
authors describe: spastic, athetoid, ataxic and mixed
variants of cerebral palsy.

However, in practice, specialists more often note
spasticity as the dominant symptom, occurring in
more than 80% of clinical cases and manifested by
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increased muscle tone and tendon reflexes. Less fre-
quently, a decrease in muscle tone with impaired co-
ordination (ataxic form of cerebral palsy) is recorded,
as well as instability of muscle tone (dyskinetic form
of cerebral palsy). Nevertheless, all forms of cerebral
palsy can be accompanied by pathological tonic refle-
xes, most pronounced when changing body position. In
addition, attention is drawn to increased general reflex
excitability, pathological synkinetic activity during vo-
luntary movements, as well as pathological variants of
coordinating interactions of synergist and antagonist
muscles [7, 8].

Currently, according to the International Statistical
Classification of Diseases and Related Health Prob-
lems, 10th revision (ICD-10), it is customary to distin-
guish the following forms of cerebral palsy:

* 580.0 — Spastic cerebral palsy.

* 580.1 — Spastic diplegia.

* 580.2 — Infantile hemiplegia.

* 80.3 — Dyskinetic cerebral palsy.

* 580.4 — Ataxic cerebral palsy.

* 580.8 — Other cerebral palsy.

* 580.9 — Unspecified cerebral palsy.

Based on the Surveillance of Cerebral Palsy in Euro-
pe (SCEREBRAL PALSYE, 2000), the following forms of
the disease are diagnosed:

e spastic paralysis — unilateral (hemiplegia), bila-

teral (diplegia, quadriplegia);

e dyskinetic — dystonic, choreoathetotic;

* ataxic.

In Russia, the classifications proposed by K.A. Se-
menova (1972) and L.0. Badalyan et al. (1988) are ge-
nerally recognized among specialists.

The clinical classification of K.A. Semenova provi-
des for the following forms of cerebral palsy: double
hemiplegia, spastic diplegia, hemiparetic form, hyperki-
netic form, atonic-astatic form, mixed forms.

It has been found that spastic forms of cerebral
palsy account for about 90% of all clinical forms, and
the percentage ratio of different variants of the disease
deserves attention:

* spastic diplegia — 69.3%;

* hemiparetic form — 16.3%;

e atonic-astatic form — 9.2%;

* hyperkinetic form — 3.3%;

* hilateral hemiplegia — 1.9% [6].
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According to the domestic classification of L.0. Ba-
dalyan et al., cerebral palsy variants are distributed by
age periods as follows.

1. Early age corresponds to spastic forms (hemi-
plegia, diplegia, bilateral hemiplegia), dystonic form,
hypotonic form.

2. Older age is characterized by spastic forms (he-
miplegia, diplegia, bilateral hemiplegia), hyperkinetic
form, ataxic form, atonic-astatic form, mixed forms (spas-
tic-ataxic, spastic-hyperkinetic, ataxic-hyperkinetic) [6].

In addition, the authors defined the stages of de-
velopment of cerebral palsy: the early stage lasts up
to 45 months; the initial residual stage lasts from
6 months to 3 years; the late residual stage is observed
in children over 3 years of age.

In scientific literature there is also a classification of
cerebral palsy depending on the severity:

e mild — independent movement and mastering of

self-care skills is possible;

* moderate — help is needed to move the sick child

and to take care of himself;

* severe- the patientis completely dependent on the

help of people around him.

Currently, various scales have been developed and
are used in practice to objectively assess motor func-
tions in patients with cerebral palsy.

The Gross Motor Function Measure (GMFM) was
proposed in 1989 by D. Russell et al. Motor testing
is performed from various starting positions: a) lying
down and turning; b) sitting; c) crawling on knees;
d) standing; e) while walking, running and jumping. De-
pending on the version, the scale is presented with 88
or 66 tests that can be independently completed by a
healthy child aged 5 years. Testing time is from 45 to
60 minutes.

The Gross Motor Function Classification System
(GMFCS) is a functional classification of cerebral palsy
proposed in 1997 by R. Palisano et al. In this case, the le-
vel of motor development and limitations of motor activity
in everyday life are taken into account, the functional ca-
pabilities of patients, and the need for special devices to
perform movements are assessed. The classification in-
cludes 5 levels for 4 groups of children of different ages:
up to 2 years; 2 to 4 years; 4 to 6 years; 6 to 12 years [6, 8].

The GMFCS-E&R classification was developed in
2007, adding an adolescent group from 12 to 18 years
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old, taking into account the anatomical and physiologi-
cal characteristics of this age period. It has been shown
that after 12 years, a decrease in children's motor acti-
vity is recorded, which is due to intensive growth, active
formation of contractures and significant inhibition of
the development of new motor functions.

According to this classification, the following levels
are provided:

* Level 1 — the child is able to move without

restrictions and assistance;

* Level 2 — movement with restrictions, the child

does not go outside the premises;

* Level 3 — the child moves using devices and assis-

tive devices (walkers, sticks, crutches, orthoses);

* Level 4 — motorized means are needed for mo-

vement, since independent movement is sharply
limited;

e Level 5 — the child's movements are completely

dependent on others, transportation is carried out
in a stroller or wheelchair [6, 8].

International criteria for assessing the functional
state of children with cerebral palsy also include the
Barthel index, modified for children under 4 years of
age, the functional independence scale, modified Wee
Fim for children over 4 years of age, the Manual Ability
Classification System, and the Ashworth spasticity as-
sessment scale.

Thus, the main clinical symptoms of cerebral palsy
are disorders leading to pathology of motor function
and coordination: paresis, spasticity, fine motor dis-
orders, dystonic attacks, hyperkinesis. With prolonged
illness and pronounced morphofunctional changes,
serious complications develop, which include disloca-
tions and subluxations of joints (in 2/3 of patients),
foot deformities in over 80% of patients, contractures,
pathological postural settings, deformities of joints and
limbs, for the correction of which the surgical interven-
tion may be used [7].

Drug treatment of cerebral palsy is exclusively sym-
ptomatic and is aimed at correcting a specific symptom
or complication of the disease. The tasks of drug the-
rapy include correcting muscle tone, preventing cicatrix
and commissures, and improving the psychoemotional
background [7].

Among pharmaceutical preparations, the follo-
wing groups can be noted: nootropic and neurotrophic
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agents; preparations that restore cerebral hemodyna-
mics and microcirculation; normalize metabolic pro-
cesses in the nervous system, and also have reparative
and resolving properties; anticonvulsants; preparations
that correct muscle tone; agents for the treatment of
hyperkinesis; general tonic preparations, including vita-
min and microelement complexes [8].

In order to correct local and segmental spastici-
ty of the lower and upper extremities, intramuscular
administration of botulinum toxin type A preparation
is indicated, which can reduce spasticity for up to
3-5months. In Russia, botulinum therapy has been
included in the treatment standards for cerebral palsy
since 2004. Two preparations of botulinum toxin type
A are registered for use in children over 2 years of age:
Dysport for focal spasticity of the lower extremities and
Botox for focal spasticity associated with dynamic foot
deformity of the equine foot type [18-24].

Orthopedic treatment includes orthopedic shoes
and insoles, verticalizers, reclinators, functional splints,
tutors, and layings. This treatment helps to prevent con-
tractures and is aimed at restoring the correct position
of the limb.

Orthotics are an important part of the multidisciplinary
rehabilitation program for patients with cerebral palsy
and are performed in the form of semi-soft splinting. The
main goals of using orthoses are to increase function,
prevent deformations, maintain the joint in a functional
position, stabilize the trunk and limb, selectively facilitate
movement control, reduce spasticity, and protect the limb
in the postoperative period.

Fixed contractures that develop as a result of
long-standing muscle spasticity may be considered
from the point of view of the appropriateness of sur-
gical intervention. The most frequently used opera-
tions for cerebral palsy are tenotomise. The purpose
is to return the limb to its normal supporting position
as much as possible. In cases of severe symmetri-
cal spasticity that does not respond to medication,
accompanied by pain syndrome or joint complica-
tions, neurosurgeons recommend spinal rhizotomy to
interrupt the transmission of pathological impulses
from the spinal cord to the affected muscle groups.
Also among the indications for surgical treatment are
severe manifestations of scoliosis, pathology of the
joints and feet [25, 26].
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Taking into account very serious prognosis for the
health and life of children with cerebral palsy due to
the presence of limited health capabilities and disabili-
ties, inevitably facing psychological trauma and lack of
tolerance in society, especially with intact intelligence,
patients need comprehensive assistance and support
at all levels of treatment and rehabilitation, educatio-
nal and upbringing processes, inclusion in educational
and industrial organizations, and obtaining a profes-
sion. For this reason, in addition to health care wor-
kers, the active participation of a clinical psychologist,
speech therapist, defectologist, occupational therapist
and social workers is required [27, 28].

Comprehensive rehabilitation of patients with cere-
bral palsy includes medical, psychological, social, edu-
cational, training (with the formation of everyday skills),
educational and work components [29, 30].

The program of rehabilitation treatment for children
with cerebral palsy depends on the nature, severity and
predominant localization of the lesion, as well as the
presence of concomitant pathology [30, 31].

Under the guidance of a physical and rehabilitation
medicine physician, a multidisciplinary team actively
selects the most effective interventions and routing
plan for a specific patient [32-40].

The complex of treatment and rehabilitation mea-
sures, along with drug-based therapeutic and surgical
interventions, according to indications, includes methods
of physical rehabilitation (therapeutic exercise, massage,
mechanotherapy, physiotherapy, manual therapy, reflexo-
logy), psychological, pedagogical and speech therapy
correction, including high-tech speech therapy using com-
puter-controlled communication tools for patients with
severe speech problems; psychotherapy, occupational
therapy with elements of career guidance [41-43].

Great importance is given to the social and environ-
mental adaptation of patients and psychological as-
sistance to the family. Hippotherapy, canine therapy
and dolphin therapy can be recommended, which have
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a positive effect on the psycho-emotional background
and motor sphere.

Thus, the tasks of specialists still include a high de-
gree of alertness in terms of early diagnosis and timely
adequate treatment of cerebral palsy.

Today, only early effective and prolonged necessary
medical interventions can provide significant assis-
tance to patients with cerebral palsy, reduce the per-
centage of disability and severe functional disorders.

Comprehensive treatment, rehabilitation and pre-
ventive measures should further become an integral
and important part of the lives of patients suffering
from cerebral palsy.
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AONOAHUTEAbBHAA UHO®OPMALUA

Bknap aBTOpOB. BCe aBTOPbI BHEC/IN CYLLECTBEH-
HbI BKNaA B pa3paboTKy KOHLeNLmMn, NpoBeseHNne nc-
cnefoBaHusa U MOArOTOBKY CTaTbW, MPOYM U 0406pHK-
nn GUHanNbHY BEPCUIO Nepeg nybnukauue.

KoHnuKT nHTepecoB. ABTOPbI LeKNapupyoT OTCyT-
CTBUE IBHbIX ¥ NOTEHLMANbHbIX KOH(IMKTOB UHTEPECOB,
CBSI3aHHbIX C Ny6MKaLMeli HaCTosILLEel CTaTbMu.

WUcTouHuK puHaHcMpoBaHus. ABTOPbI 3aABNAIOT 06
OTCYTCTBMW BHeLWHero GuUHaHCMpPOBaHWA Npu NpoBe-
JEHUM uccnenoBaHus.
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ABSTRACT. The lecture presents data on the epidemiology of coronaviruses as causative agents of seasonal
respiratory viral infections in children, as well as the SARS-CoV-2 virus, which caused the COVID-19 pandemic.
The classification, morphology and structure of seasonal coronaviruses are given. The source and transmission
routes of the pathogen in a new coronavirus infection are shown, attention is paid to the role of COVID-19 as an
infection associated with healthcare. The structural features of SARS-CoV-2, its antigenic determinants that ensure
penetration of the virus into target cells, as well as the main and alternative mechanisms of virus penetration into
cells are described. Target cells that highly express entry receptors for SARS-CoV-2 are indicated. The pathogenesis
of the new coronavirus infection, as well as pathomorphological changes in organs and tissues in COVID-19 in
children, are presented in detail

KEYWORDS: COVID-19, children, etiology, epidemiology, pathogenesis

CHILDREN’S MEDICINE 2024 21
of the North-West N 4 Vol. 12



LECTURES

KOPOHABUPYCHAAl UHOEKLIUA U COVID-19 Y AETEW.
YACTb 1. ASNUAEMUOANOTUA, STUONOTUA, NATONEHE3

© Tamapa BacuabeBHa KoceHkoBal, Baapnmup Hrukoraesmny TUMUYEHKO?,
CseTraHa \eoHupoBHa baHHoBa?, TatbAHa MapatoBHa YepHoBaZ,
Mapusa ArekcaHapoBHa LLlakmaesa?, OkcaHa BraavmupoBHa ByanHa?,
MpuHa AHaToAbeBHa Eroposa 3

1 HaumoHaAbHbI MEAULIMHCKWI MCCAEAOBATEALCKUI LIEHTP UM. B.A. AAmasosa. 1973441, r. CaHkr-MNetepbypr, yA. AKKypaToBa, A. 2
2 CaHkT-leTepByprekuii rocyAapCTBEHHbIN NEAMATPUYECKUI MEAMLIMHCKIIA YHUBEpCeHTeT. 194100, r. CaHkr-Metepbypr, yA. AMTOBCKas, A. 2

3 TopoacKas NOAMKAMHKKA Ne 24, AeTCKOe MOAMKAMHUYECKoe oTaeneHne Ne 18. 190013, r. CankT-Tetepbypr, Ha6. 06BOAHOTO
KaHana, A. 123

KoHTakTHas uHGopmauusa:

Tamapa BacunbeBHa KoceHkoBa — A.M.H., podeccop, npodeccop Kadpeapbl AETCKUX HOAE3HEN C KAMHMKOW MHCTUTYTa MEAMLIMHCKOTO
obpasoBaHusa. E-mail: tamara.kosenkoval955@gmail.com ORCID: https://orcid.org/0000-0002-6022-3420

SPIN: 3719-3172

Ansa untupoBaHumsa: KoceHkosa T.B., TumueHko B.H., baHHoBa C.A\., YepHoBa T.M., lWakmaeBa M.A., byanHa O.B., Eroposa W.A.
KopoHaBupycHasa UHdekumst 1 COVID-19 y peteit. Yactb 1. Anvaemuonorus, atnonorus, natoreHes. Children’s Medicine of the North-
West. 2024. T. 12. Ne 4. C. 21-38. DOI: https://doi.org/10.56871/CmN-W.2024.86.55.002

Mocrynuaa: 04.09.2024 Opobpena: 17.10.2024 MpunaTa K neuartun: 16.12.2024

PE3IOME. B nekuuu npeacTaBneHbl faHHble 06 3NUMAEMUONOTNN KOPOHABUPYCOB Kak BO3OyauTENEel CE30HHbIX
pecnupaTopHbIX BUPYCHbIX MHPEKLWIi y feTelt, a Takxe 0 Bupyce SARS-CoV-2, KOTOpbIi Bbi3BaN NaHLEMUIO
COVID-19. NpuBegeHa knaccudukaymus, MOPGONOrUs U CTPYKTYpa CE30HHBIX KOPOHABKPYCOB. MokasaHbl UCTOY-
HUMK, MyTK Nepeaayn Bo3byauTens npu HOBOW KOPOHABMPYCHON MHBEKLNK, YAeNeHO BHUMaHue ponn COVID-19
KaK MHPEKLNY, CBA3aHHON C 0Kas3aHWEM MeAULIMHCKOI nomolu. OnucaHbl 0co6eHHOCTH CTpoeHnst SARS-CoV-2,
€ro aHTUreHHble AeTepMUHaHTbI, 06ecneymBatoLL e NPOHMKHOBEHWE BUPYCa B KITETKU-MULLEHM, @ TAKXKE OCHOB-
Hble 1 anbTepHaTUBHbIE MEXaHW3Mbl NPOHUKHOBEHWA BUPYCa B KNETKU. YKa3aHbl KNETKU-MULLEHU, KOTOPbIe
BbICOKO 3KCNpeccupytoT peuentopbl Bxoaa anst SARS-CoV-2. Moapo6Ho npefcTaBneH naTtoreHe3 HOBOW KOpO-
HaBUPYCHOIi MHPEKLMK, @ TaK)Ke NaTOMOPHONOrnyeckue MSMeHeHUS B opraHax u TkaHax npu COVID-19y peteii.

KNIOYEBDBIE CNNOBA: COVID-19, getun, aTnonorus, anujemMmnosiorns, natoreHes
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EPIDEMIOLOGY

Coronaviruses (causative agents of seasonal viral
infections in children) are a group of viruses that cau-
ses zoonotic infections transmitted between animals
(mammals, birds, amphibians and, presumably, rep-
tiles) and humans; they belong to the genus Alphacoro-
navirus and Betacoronavirus, order Nidovirales, family
Coronaviridae, subfamily Coronaviridae [1]. The viruses
can cause epidemic and even pandemic processes,
and the disease proceeds with multisystemic damage
of varying severity [2]. Currently, more than 40 types
of coronaviruses are known, the list of which is con-
stantly expanding due to spontaneous mutations, so all
types of coronaviruses can potentially be dangerous to
humans. There are four subfamilies of coronaviruses:
Alphacoronavirus, Betacoronavirus, Gammacoronavirus
and Deltacoronavirus. The Alphacoronavirus subfamily
includes 2 subgenera, each of which includes one spe-
cies of coronaviruses of medical significance (the sub-
genus Davinalovirus includes the species HCoV 229E
and the subgenus Setracovirus includes the species
HCoV NL63). The Betacoronavirus subfamily includes
5 species of coronaviruses of medical significance, which
are divided into 3 subgenera: Embecovirus (two species—
HCoV HKU1, HCoV 0C43), subgenus Merbecoronavirus
(species MERS-CoV) and subgenus Sarbecovirus (spe-
cies SARS-CoV and SARS-CoV-2), Gammacoronavirus and
Deltacoronavirus [1, 3]. Nowadays, Alphacoronavirus and
Betacoronavirus pose a danger to people.

The coronavirus was first isolated by A.F. Schalk,
M.C. Hawn (1931) and described as an infectious bron-
chitis virus in chickens [4]. The first publications on
respiratory diseases caused by coronaviruses in human
date back to 1965, when a description of acute respira-
tory infection (ARI) appeared in a British child with the
isolation of the pathogen a-coronavirus group 1, initially
described as isolate B814, then defined as HCoV-229E
human coronavirus, causing human coronavirus disease
229E, and in 1967 K. Mcintosh discovered coronavirus in
a tracheal cell culture [5-8]. In 1968, coronaviruses were
grouped into the Coronavirus group [7], which appeared in
the catalogues of the International Committee on Taxo-
nomy of Viruses (ICTV) in 1971. In 1976, the taxonomic
rank was raised from genus to family [2]. In 1996, at the
10th International Virology Congress, a taxonomic group
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was proposed — an order called Nidovirales (from Latin
nidos — nest). In 1967-1972, a number of cases of ARI
in adults were recorded, the causative agent of which
was B-coronavirus (HCoV-0C43 from group 2 of line-
age A, human coronavirus 0C43). In 2004, coronaviruses
HCoV-HKUT1 of lineage A of group 2 B-coronaviruses and
HCoV-NL-63 were isolated, and in 2005, HcoV HKU1 was
found [2].

Until 2004, the existence of four representatives of
the Coronavirinae family, subfamily Orthocoronavirinae
(HCoV 229E, HCoV NL63, HCoV HKU1, HCoV 0C43) was
known, which, circulating year-round, caused from 15 to
30% of annual cases of ARI, which, as a rule, occurred
with damage to the upper respiratory tract of mild or
moderate severity; no fatal outcomes were established
[9-11]. However, in 2003-2004, an outbreak of atypical
pneumonia of coronavirus etiology was noted in China,
which was named severe acute respiratory syndrome
(SARS), and the B-coronavirus SARS-CoV of group 2
lineage B (reservoir — bats) was isolated. Eight years
later, in 2012, in the city of Jeddah, Saudi Arabia, du-
ring a study of nasopharyngeal swabs taken from a man
with ARI, the B-coronavirus SARS-CoV of group 2 line-
age C — MERS-CoV (middle east respiratory syndrome
coronavirus) was isolated. Its reservoir is dromedary
camels. The virus caused the Middle East respiratory
syndrome (MERS). Both viruses had the ability to spread
in epidemics, and outbreaks of coronavirus infection
were registered in the world, while the mortality rate of
patients, including those under 18 years of age, during
the first outbreak was about 10%. The cause of death
of 774 people in 37 countries was confirmed. During
the second episode, the mortality rate reached 40%. By
2020, 866 deaths from MERS were registered, which fo-
rever secured the status of life-threatening for the coro-
navirus infection. Since 2004, no new cases of atypical
pneumonia caused by SARS-CoV have been registered,
but MERS-CoV continues to circulate and cause new
cases of the disease [2, 8, 12].

PANDEMIC OF THE NEW
CORONAVIRUS INFECTION

The new coronavirus that entered human circula-
tion at the end of 2019 is a highly homologous copy
of SARS-CoV (79%) and MERS-CoV (50%). On February
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11, 2020, the International Committee on Taxonomy
of Viruses assigned the official name SARS-CoV-2
(Betacoronavirus, assigned to pathogenicity group I1)
to this virus [13-15]. The virus had a lower severity
of the diseases it caused and lower mortality rates,
and determined the pandemic of a new coronavirus
infection that began on December 8, 2019, in Hubei
Province (Wuhan City) of the People's Republic of
China. It was there that the first case of a human dis-
ease caused by an unknown pathogen was officially
registered, and on January 7, 2020, a new virus be-
longing to the Coronaviridae family was identified,
temporarily named 2079-nCoV (from English novel
coronavirus 2019). On January 10, 2020, Genbank
published the complete genome of the 2019-nCoV
virus strain (Wuhan-Hu-1 under number MN908947,
RefCeq NC_045512) for the first time. On January 30,
2020, with a large number of infections and deaths,
the World Health Organization (WHOQ) declared the
ongoing outbreak caused by the 2019-nCoV virus a
public health emergency of international concern.
WHO has renamed the 2019-nCoV virus to SARS-
CoV-2 (severe acute respiratory syndrome 2 — SARS
coronavirus 2). On February 1, 2020, WHO assigned
the official name of the infection caused by SARS-
CoV-2 to be COVID-19 (Coronavirus disease — 2019).
On March 11, 2020, a pandemic was declared [16, 17].
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The main variants of SARS-CoV-2 have evolved
during the pandemic from pre-alpha, alpha and delta
to omicron, the highly transmissible variants of which
have led to an increase in the incidence and hospitali-
zation of children in many countries around the world,
including Russia [18, 19]. Children became the main
source of the spread of the virus, since its release into
the environment occurs not only during the incubation
period, but also within 7-14 days after the complete
resolution of the clinical picture of the disease. As
variants of the dominant virus strains changed, the se-
verity of disease in children changed significantly, and
by 2021, most patients had mild symptoms (58%) or
no symptoms (36%), and hospitalization rates dropped
from 10% to 0.2%. By early May 2023, the COVID-19
epidemic situation was assessed by WHO as favora-
ble, which made it possible to lift the international
emergency regime and declare the end of the pande-
mic on May 5, 2023.

MORPHOLOGY AND STRUCTURE
OF CORONAVIRUSES
AND SARS-COV-2 VIRUS

Analysis of the SARS-CoV-2 genome has shown
thatit is very similar to the genome of bat coronavi-
ruses, and the receptor-binding domain of the spike

Viral envelope

Spike Q?y(opro:ein )

Membrane Protein (M)

INSP3-papain_like_protease.

"t NsPI287

Fig. 1. The structure of coronaviruses (Source: https://img-new.cgtrader.com/items/2534580/8fe84e53e0/large/
corona-virus-scientifically-accurate-3d-model-3d-model-obj-fbx-blend-abc-gltf-usdz.jpg)

Puc. 1. CtpoeHune KopoHaBupycoB (MctouHuk: https://img-new.cgtrader.com/items/2534580/8fe84e53e0/large/
corona-virus-scientifically-accurate-3d-model-3d-model-obj-fbx-blend-abc-gltf-usdz.jpg)
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glycoprotein is similar to the Malayan pangolin coro-
navirus. Therefore, SARS-CoV-2 likely originated from
a bat-derived CoV and was transmitted to humans via
an unknown mammalian intermediate host, possibly
the Malayan pangolin. In addition, the SARS-CoV-2 S1/
S2 spike protein cleavage site has acquired a furin site
that is absent in bats and pangolins, which may indi-
cate natural selection either in the host animal before
zoonotic transfer or in humans after zoonotic trans-
fer [20].

All coronaviruses have the same morphological
properties and structure, although some species have
differences (Fig. 1) [2].

AEKUUMH

HCoV virions are spherical in shape with diameters
ranging from 80 to 229 nm and are the largest among
RNA viruses.

The RNA of coronaviruses has helical symmetry and
is located inside the nucleoprotein, which forms the
nucleocapsid covered by the supercapsid membrane
consisting of a lipid bilayer. Structural proteins are lo-
cated underneath. The spike protein (150-220 kDa) is
located on the surface of the lipid bilayer of the virus in
the form of club-like processes, which gives the virus a
crown shape. It is a glycoprotein that creates trimers
in the form of peplomers, which form the “teeth of the
crown” and ensure the penetration of the virus into the

~—— Target of am-bod-csT
3 Structure
- data source
\
Receptor-binding domain
. ﬁ, (RBD, trimer)
Fusion peptide PDB ID
(FP, hidden) 6CRV
Heptad repeat 1
(HR), hidden)
Target of fusion
inhibitors
Heptad repeat 2 - PDBID
(HR2) 2FXP

& Transmembrane domain - no data
(TM) (model)

Fig. 2. Structure of the spike protein (SP) of the SARS-CoV-2 virus (Source: https://svrobo.org/where-are-the-robots-

when-you-need-them/)

Puc. 2. CtpoeHue cnark-npoterHa (SP) Bupyca SARS-CoV-2 (McTtouHuK: https://svrobo.org/where-are-the-robots-when-

you-need-them/)
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cell. M-protein (23-25 kDa) is a transmembrane glyco-
protein that provides the shape of the virion and con-
trols particle size and assembly efficiency and is loca-
ted deeper than the SP. The N-protein (50-60 kDa) is a
phosphorylated protein by chemical structure and pro-
tects the viral RNA, keeping it in a stable state within the
viral envelope. The E-protein (9-12 kDa) is enveloped,
adjacent to the nucleocapsid, and is found only among
viruses of the Orthocoronavirinae subfamily. Its pen-
tamers form ion channels and are an important patho-
genicity factor. The protein can bind to gene-regulating
proteins, alter the pattern of human gene activation,
and participate in virion assembly and virion release
outside the cell. In some coronaviruses (HCoV-0C43
and HCoV-HKUT), an additional surface protein is de-
tected. It is called hemagglutinin esterase (HE protein,
9-12 kDa), which is a glycoprotein [2, 4, 8, 9, 20]. Vi-
ruses that have the HE protein have hemagglutinating
and esterase activities, which they use as a mechanism
for penetrating target cells. There no HE protein in all
particularly dangerous viruses (SARS-CoV, MERS-CoV,
SARS-CoV-2) [2].

SARS-CoV-2 has four conserved structural proteins
(SP, E, M, and N) [21] and accessory proteins (33, 6, 7a,
7b, 8b, 9b) that may influence the infectivity and patho-
genicity (e.g., 3a and 7a activate ion channels, increase
NF-kB activity, and enhance the induction of host target
cell apoptosis) of the virus [22]. SARS-CoV-2 SP is a tri-
meric glycoprotein (6-8 million Da) with three domains:
an ectodomain (subdomains S1, the receptor-binding
subunit, and S2, the membrane-bound subunit), a trans-
membrane region, and an intracellular domain that has a
short intracellular tail [23]. S1 SP contains the N (N-ter-
minal domain — NTD) and C (C-domain — CTD) domains
[22] (Fig. 2).

In this case, S1-CTD acts as a receptor-binding domain
(RBD) that interacts with ACE-2 (zinc-dependent peptidase
of the renin-angiotensin system) entry receptor for SP. The
RBD SP determines viral tropism and infectivity, and is re-
sponsible for viral attachment to the target cell membrane
and cell entry. Therefore, any RBD mutation may have a sig-
nificant impact on SARS-CoV-2 receptor binding [22]. The
S2 domain is the membrane fusion subunit and contains
the fusion peptide (FP), heptad repeat 1 (HR1), central he-
lix (CH), connector domain (CD), heptad repeat 2 (HR2),
and transmembrane domain (TM). S2 has two cleavage
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sites, one at the S1/S2 border (R685) and the other at S2
(R815). HRs trimerize to form a helical structure and pull
the viral envelope and host cell membrane bilayer into
close proximity, facilitating their fusion [22]. At the junc-
tion of the S1 and S2 subunits of SP there is a "furin site"
that is cleaved by furin, a host cell protease contained in
lysosomes, which greatly simplifies the interaction of SP
with TMPRSS2 (transmembrane serine protease 2) and
increases the rate of viral entry into the cell.

The CTD domain is the receptor-binding domain
for SARS-CoV-2, which recognizes ACE2 [24, 25] — a
zinc-dependent peptidase of the renin-angiotensin sys-
tem — a type | transmembrane glycoprotein [12], as an
entry receptor. It functions as a monocarboxypeptidase,
catalyzing the cleavage of angiotensin Il (Ang Il), which
is responsible for systemic vasoconstriction and aldo-
sterone release and also has prooxidant and proinflam-
matory effects. During the process, the heptapeptide an-
giotensin 1-7 (Ang 1-7) is formed, which counteracts
the action of the Ang Il peptide, causing vasodilating,
antiproliferative and antifibrotic effects) [12].

For effective penetration of the virus into the cell, ac-
tivation of the TMPRSS2 SP [26], its cleavage and attach-
ment to the active zones of ACE2 are required. TMPRSS2
has three functional domains and mediates the first
cleavage of the SP at the S1-S2 boundary (R685) and the
second at the S2' regions (R815) [27]. The virus's entry
into the cell is aided by its receptor-binding domain (RBD),
which SARS-CoV-2 releases when capturing the cell and
which more effectively "latches" to ACE2, allowing the vi-
rus to enter the cell 4 times faster than SARS-CoV [28].

Note. The "Omicron" variant and its varieties ("Centaur",
"Ninja", etc.) are characterized by reduced binding of SP to
TMPRSS2 and the presence of multiple mutations in SP
(17 in RBD; 8 in NCD). Moreover, both domains are immunodo-
minant targets for neutralizing antibodies produced by
COVID-19 vaccines and antibodies in those who have recovered;
10 mutations in the SP region that contacts the ACE2 receptor,
combined with its 2.4-fold decrease in the ability to bind to sol-
uble sACE2 and be cleaved by furin; high stability of SP, diffi-
culty in cleaving S1; mutations in S2, etc. This makes the strain
the most transmissible among all SARS-CoV-2 variants, which
leads to a decrease in its virulence, facilitates easy and rapid
invasion into target cells, and also increases the resistance of
the virus to vaccines with neutralizing antibodies [29-31].

CHILDREN’S MEDICINE

Ne 4 Tom 12

of the North-West



PATHOGENESIS OF COVID-19

The source of infection is a sick person and/or hu-
man in the incubation period, as well as an asympto-
matic carrier. The greatest danger to others is posed
by a sick person in the last two days of the incubation
period and the first days of the disease. The patho-
gen is transmitted mainly by airborne droplets (when
coughing, sneezing, talking) at a close distance (less
than 2 meters) [32]; airborne dust, less often by con-
tact (when shaking hands and other types of direct
contact with an infected person), as well as through
food products, surfaces and objects contaminated
with the virus [1, 33].

The vast majority of infections occur through
contact with clinically manifested cases in family
clusters (75-85%); transmission of infection from
asymptomatic children to adults is possible [34].
Also possible: fecal-oral route, because SARS-CoV-2
RNA was detected in fecal samples from 8 out of
10 pediatric patients examined for several weeks
after recovery and normalization of nasopharyngeal
swabs [35]. Sexual transmission is possible: the virus
was detected in the semen of 15.8% of those infec-
ted, 26.7% of them had an acute infection, and 8.7%
were considered recovered [36]. The transplacental
route is also possible, and the basis of vertical trans-
mission of the virus from mother to fetus is placental
vasculopathy (maternal viremia, placental infection
lead to inflammation of the placenta and neonatal
viremia) [37-39]. The possibility of vertical trans-
mission is 5.3%, the incidence of COVID-19-positive
newborns is 8% [40]. RNA of the virus or antibodies to
SARS-CoV-2 are detected in vaginal fluid (4.6%), um-
bilical cord blood (6%), umbilical cord (6%), placental
tissue (12%), amniotic fluid (5.6%), and breast milk
(5%) [41]. The presence of PCR-positive throat swabs
in newborns born to mothers with COVID-19 immedi-
ately after birth, as well as SARS-CoV-2 virus-specific
IgM and IgG antibodies in blood serum, confirms the
possibility of vertical transmission of infection [42,
43]. However, IgM antibodies are not able to pene-
trate the placenta, which may indicate intrauterine
infection of the child. The incidence of infected new-
borns was almost 2 times higher in cesarean sections
(5.3%) than in vaginal deliveries (2.7%) [44].
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Note. The role of COVID-19 as a healthcare-associated
infection has been established. Healthcare workers are at
the highest risk of infection because they have prolonged aer-
osol contact while performing their professional duties. The
risk of airborne, dust and contact-household transmission of
the pathogen increases in conditions of non-compliance with
the requirements of the sanitary and anti-epidemic regime,
epidemiological safety rules, including the use of personal
protective equipment. There is also a risk of the formation of
epidemic foci of COVID-19 in organized groups and groups of
closed-type organizations if infection prevention measures
are not followed.

It is known that at room temperature, SARS-CoV-2
can remain viable in various environmental objects
for several hours to 3 days, while in dried form — up
to 3 days, in a liquid medium — up to 7 days. The virus
remains stable over a wide range of pH values (up to
6 days at pH 5to 9 and up to 2 days at pH 4 and pH 11).
At a temperature of +4 °C, the virus remains stable for
more than 14 days. When heated to 37 °C, the virus is
completely inactivated within 1 day, at 56 °C — within
45 minutes, at 70 °C — within 5 minutes. The virus is
sensitive to ultraviolet radiation and the action of vari-
ous disinfectants in working concentrations [16].

The virus penetrates target cells that have ACE2
receptors, which are highly expressed in the epitheli-
al cells of the mucous membrane of the nose, mouth,
tongue, and salivary glands, which explains the loss of
smell and impaired taste perception during the deve-
lopment of clinical symptoms of COVID-19 [12]. It also
penetrates the conjunctiva of the eyes [16], as well as
the epithelium of the bronchi and lungs, but in alveo-
locytes, the expression of ACE2 is significantly higher
than in the bronchi, while type Il alveolocytes, which
produce surfactant, express ACE2 in 83% of cases in
relation to type | alveolocytes [45]. The virus is tro-
pic to the epithelial cells of the stomach, duodenum,
ileum and rectum, which explains the occurrence of
abdominal and dyspeptic syndromes in patients [46,
47] and in the proximal tubules of the kidneys, blad-
der [12, 47-49]. Also the virus penetrates cardiomyo-
cytes, the membrane of pericytes, which regulate the
permeability of the blood-brain barrier and the lumen
of blood vessels [12, 46]. The virus penetrates the syn-
cytiotrophoblast (STB), villous cytotrophoblast (VTB),
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extravillous trophoblast (EVTB), endothelium, vascular
smooth muscle cells and decidual cells of the placenta
[50], in umbilical cord cells [51], in the epithelium and stro-
ma of the endometrium in the secretory phase compared
to the proliferation phase [52], in vagina, and also in the
tissues of the mammary glands, which does not exclude
the possibility of infection of breast milk [53, 54].

Note. Endothelial cells, fibroblasts, perivascular mac-
rophages do not express ACE2, but synthesize the VWF factor
(von Willebrand factor, a plasma glycoprotein that attaches
platelets to the damaged area of the vessel). Pericytes, which
normally do not come into contact with whole blood, when in-
fected with the SARS-CoV-2 virus, create the opportunity to in-
fluence the functions of the vascular endothelium, which sig-
nificantly changes the thrombogenetic function of the blood
[55]. ACE2 is not expressed in the liver, hepatocytes, Kupffer
cells, but is found in cholangiocytes [46].

Most frequently, SARS-CoV-2 interacts with goblet
cells of the nasal epithelium, type Il alveolocytes and
enterocytes. At the same time, glutamyl aminopepti-
dase may be the second probable receptor for the vi-
rus [10]. ACE2, TMPRSS2 and FURIN are co-expressed
in human lung tissue, so SARS-CoV-2 replication is sig-
nificantly higher in the lungs. When the virus is inocu-
lated into the respiratory tract, mucociliary clearance
activity is suppressed by inhibiting the motility of epi-
thelial cilia, which leads to the death of epithelial cells.
The surfactant system, its production and function are
destroyed, which leads to the collapse of the alveoli, and
as a result of a sharp disruption of gas exchange, acute
respiratory distress syndrome (ARDS) develops. The
permeability of cell membranes increases and there is an
increased transport of albumin-rich fluid into the intersti-
tial tissue of the lung and the lumen of the alveoli [3].
In intestinal epithelial cells, two serine proteases (TM-
PRSS2 and TMPRSS4) are expressed at once, and their
co-expression also contributes to the most pronounced
aggression from SARS-CoV-2 [56, 87]. This may explain
the very frequent manifestation of COVID-19, especially
in children, with intestinal manifestations.

The consequence of the binding of the SARS-CoV-2
NTD SP to mACE?2 is the proteolytic activation of the
spike proteins by host cell proteases and the penetra-
tion of the SARS-CoV-2/ACE2 complex into the cell via
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the mechanisms of fusion of the virion membrane with
the host cell membrane or by endocytosis [57]. Fol-
lowing the initial interaction between the S1 domain
and ACE2, the S2 segment mediates the fusion of the
host cell membrane and the viral membrane. This al-
lows the SARS-CoV-2 RNA genome to enter the host
cells. This is followed by viral RNA replication, assem-
bly of new virions, and their exit from the cell. New
viral particles are released into the extracellular space
via exocytosis. The ACE2 receptor is internalized by
the infected cell, resulting in its downregulation [57].

Note. Alternative mechanisms of virus penetration into
target cells are described: the use of cathepsin L (CTSL), which
ensures the penetration of the virus into the cell through the for-
mation of endosomes; with the participation of furin, elastase,
factor X or trypsin, which prepare SP by cleaving it into smaller
fragments [58]; via the protease ADAM17, it cleaves ACE2; us-
ing the co-receptors neuropilin-1 (NRP1), heparin sulfate (HS),
which promote binding between SP and ACE2 [59]; by binding
to C-type immune cell lectins (DC-SIGN, Langerin, MGL, MR,
Dectin-1 and Mincle), which are expressed by dendritic cells
and macrophages, which leads to suppression of their func-
tion, causing the release of proinflammatory cytokines and
induction of T-lymphocyte apoptosis, which may result in an
immune response in the form of a cytokine storm [60]. One of
mechanisms is interacting with polysaccharides of pulmonary
microbiome bacteria [61, 62], which can cause respiratory tract
infections; by binding to the target cell membrane antigen, the
CD147 protein (basigin), which promotes the penetration of the
virus into cells by endocytosis, its expression increases suscep-
tibility to SARS-CoV-2 infection [63, 64]. Although CD147 does
not bind to ACE2, CD147 silencing reduces ACE2 levels through
an as yet unknown mechanism [61, 65, 66]) and performs a
large number of physiological functions in the body, including
the activation of extracellular matrix metalloproteinases, which
ensure the restructuring of the intercellular substance in tissues
[66]. Glucose-related protein 78 (GRP78) promotes viral entry by
acting as a receptor or stabilizing the binding between SP and
ACE2 [67, 68]. Both CD147 and GRP78 are tumor markers [69],
which explains why cancer patients have a higher risk of se-
vere COVID-19. Another mechanism is carried out through the
interaction of the coronavirus protein Orf9b with the human mi-
tochondrial chaperone protein (TOM70), which affects the syn-
thesis of type | IFN and increases the replication of the SARS-
CoV-2 virus [70]. This variant of protein interaction is common
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to all three epidemically significant coronaviruses (SARS-CoV-1,
MERS-CoV and SARS-CoV-2), which allows us to consider this
type of binding (Orf9b-TOM70) pathogenetically important
and causing not only the insufficiency, but also the perversion
of the innate immune response and interferonogenesis in the
first day of COVID-19. The consequence of this is uncontrolled
replication, accumulation of viral particles and increased viral
load with the subsequent development of a hyperinflammatory
immune response by the 7th-10th day of COVID-19 disease. All
factors that regulate the expression of the ACE2 gene contri-
bute to more efficient penetration of the virus into cells. SARS-
CoV-2 can also invade target cells through mechanisms of he-
moglobin (B-1 chain) blocking, porphyrin binding and inhibition
of heme synthesis, which affects the nature of the immune
response [71]. All alternative mechanisms of SARS-CoV-2 vi-
rus invasion not only significantly increase its interaction with
target cells, but can also determine the possibility of vertical
transmission of infection from mother to fetus.

SARS-CoV-2 can downregulate ACE2 expression by
directly binding to the receptor on endothelial cells, resul-
ting in overactivation of the ACE2/Ang II/AT1 axis and in-
hibition of the ACE2/Ang-(1-7)/MasR axis. This results in
the development of vascular pathological changes such
as increased permeability, inflammatory response and
oxidative stress. This leads to disruption of endothelial
function and degradation of endothelial junction proteins,
including disruption of the blood-brain barrier, which con-
tributes to fluid extravasation and the development of
vasogenic edema [72]. The possibility of specific damage
to lymphocytes by the virus with their apoptosis and py-
roptosis has also been proven, which underlies prognos-
tically unfavorable lymphopenia, macrophage activation
syndrome and hemophagocytic syndrome, and deficiency
of neutrophils as one of the causes of ARD syndrome.

Dissemination of SARS-CoV-2 from the systemic
bloodstream or through the ethmoid plate leads to brain
damage. Changes in the sense of smell (anosmia) in pa-
tients at an early stage of the disease may indicate both
CNS damage by the virus, which penetrates primarily
through the olfactory nerve, and damage to the cells of
the nasal mucosa.

The critical form of COVID-19 is a type of cytokine
storm, and its manifestations are similar to the course
of primary and secondary hemophagocytic syndrome
(macrophage activation syndrome). Moreover, the cy-
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tokine storm is a predictor of mortality in patients with
COVID-19 [74].

Note. In the critical course of COVID-19, pathological acti-
vation of innate and adaptive (Th1 and Th17 types) immunity,
dysregulation of the synthesis of proinflammatory, immunore-
gulatory, anti-inflammatory cytokines and chemokines (IL-1,
IL-2, IL-6, IL-10, IL-12, IL-17, IL-18, granulocyte colony-stimu-
lating factor (GKSF), granulocyte-macrophage colony-stimu-
lating factor (GMKSF), tumor necrotizing factor alpha (TNF-a),
IFN-a and IFN-B and others, as well as inflammation markers
(CRP, ferritin) develop. Patients with severe COVID-19-infec-
tion develop vascular endothelial dysfunction, coagulopathy,
thrombosis with the presence of antibodies to phospholipids,
with a clinical picture resembling catastrophic antiphospholipid
syndrome. Cytokine storm in COVID-19, as a rule, leads to the
development of acute respiratory distress syndrome (ARDS),
multiple organ failure and can be fatal [16, 75-77].

The severity of the inflammatory response in
COVID-19 depends, on the one hand, on the virulence
of the pathogen, and on the other, on the immune resis-
tance of the host organism. In low-virulence strains of
SARS-CoV-2, the primary site of virus fixation is the cili-
ated epithelial cells of the upper respiratory tract, which
leads to the development of mild, sometimes asympto-
matic infections [78]. The highly virulent SARS-CoV-2
strain infects type Il alveolar cells and triggers the secre-
tion of a large number of proinflammatory cytokines and
chemokines (IL-2, IL-7, IL-10, G-CSF, TNF-q, etc.), to a les-
ser extent activates the secretion of TNF-a and IL-6, and
very minimally - IFNa / B [79, 80]. As a result, severe pul-
monary dysfunction occurs due to inflammation and ede-
ma caused by viral proliferation in the lung tissue, which
ultimately disrupts alveolar gas exchange. Such changes
lead to hypoxia, including cerebrovascular type [81].

An intermediate product of SARS-CoV-2 replication
is the formation of ssRNA, which triggers the activation
of the antiviral program in the cell. This results in the
induction of expression of more than 300 IFN I-related
genes (ISG), which together determine the antiviral sta-
tus of the cell through the synthesis of a huge number
of antiviral proteins, cyto- and chemokines, as well as
interferon-related enzymes, which leads to inhibition
of the spread of the virus. Moreover, SP SARS-CoV-2
is a key inhibitor of IFN | synthesis activation, blocking
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the induction of IFN synthesis, which prevents the initia-
tion of the innate antiviral immune response and makes the
patient with COVID-19 defenseless against infection [21].

PATHOMORPHOLOGY OF COVID-19

Pathological examination of lung tissue did not reveal
any specific macroscopic signs of COVID-19, although
the morphological picture can be considered characteris-
tic [16]. Lung damage in COVID-19 is characterized by pro-
nounced plethora of capillaries of the interalveolar septa,
as well as branches of the pulmonary arteries and veins,
with a slowdown in blood flow, erythrocyte sludge, fresh
fibrin and organizing thrombi; intrabronchial, intrabronchi-
olar and intraalveolar hemorrhages, which are a substrate
for hemoptysis, as well as perivascular hemorrhages.

Patients with critical COVID-19 develop vascular en-
dothelial dysfunction, coagulopathy, thrombosis with the
presence of antibodies to phospholipids, with a clinical
picture resembling catastrophic antiphospholipid syn-
drome. Clinical and pathological changes are difficult to
differentiate from multiorgan thrombosis developing with
ARDS and thrombotic microangiopathy (TMA).

The SARS-CoV-2 virus is detected in ciliated cells
of the bronchi, bronchiole epithelium, alveolocytes and
macrophages, as well as in the vascular endothelium.

Specific viral and cytokine storm-induced, and at a
later stage, possibly autoimmune, damage to the en-
dothelium, called SARS-CoV-2-associated endothelial
dysfunction and even endotheliitis, and hypercoagula-
tion syndrome are the basis of the thrombotic micro-
angiopathy characteristic of COVID-19, mainly in the
lungs, less often in other organs (myocardium, brain,
kidneys, etc.), and thrombosis of large arteries and
veins (often with thromboembolism). The possibility of
platelet activation by antibodies to SARS-CoV-2 as an
important cause of the development of hypercoagula-
tion syndrome is not excluded.

Changes have also been identified in other organs
that can presumably be associated with the generali-
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zation of coronavirus infection or immune disorders.
Changes may occur in the intestines (catarrhal and
hemorrhagic gastroenterocolitis, ischemic lesions),
brain and pia mater (encephalitis, meningitis, hypoxic
and ischemic lesions), heart (myocarditis, acute coro-
nary syndrome), pancreas, kidneys, spleen, testicles.

Skin manifestations typical of COVID-19 are de-
scribed (from hemorrhagic syndrome to various types
of rashes). The pathogenesis is unclear. There is evi-
dence that SARS-CoV-2 is capable of activating previ-
ous chronic infectious processes.

The second part of the lecture will describe the cli-
nical picture, diagnosis and treatment of coronavirus
infection.

ADDITIONAL INFORMATION

Author contribution. Thereby, all authors made a
substantial contribution to the conception of the study,
acquisition, analysis, interpretation of data for the work,
drafting and revising the article, final approval of the
version to be published and agree to be accountable for
all aspects of the study.

Competing interests. The authors declare that they
have no competing interests.

Funding source. This study was not supported by
any external sources of funding.

AOMNOAHUTEAbHAA UHO®OPMALUA

Bknap aBTOpoB. Bce aBTOpbI BHECNN CYLLECTBEH-
Hblii BKNag B pa3paboTKy KOHLEenLUmMu, NpoBeAEHNe 1C-
CNef0BaHUs U NOATOTOBKY CTaTby, NPOYSIM M 0L06PUNIY
(GuHanbHyto Bepcuto nepep, nybankauuei.

KoH(nuKT MHTepecoB. ABTOpPbI JEKNapupyoT 0T-
CYTCTBME SABHbIX U NOTEHLMANbHbIX KOHDIMKTOB UHTE-
PecoB, CBA3aHHbIX C Ny6iMKaL el HacTosLWell CTaTby.

WUcTouHuK gpuHaHCUpoBaHuSA. ABTOPbI 3asBNISOT 06
OTCYTCTBMU BHELHEro GMHaHCMpOBaHUs Npu NpoBe-
JEeHUN nccnepoBaHus.

REFERENCES

1. Romanov B.K. Coronavirus infection COVID-2019. Safe-
ty and risk of pharmacotherapy. 2020;8(1):3-8. https://
doi.org/10.30895/2312-7821-2020-8-1-3-8. (In Russian).

2. Khaytovich A.B. Coronaviruses (taxonomy, virus
structure). Krymskiy zhurnal Eksperimental'noy i klini-
cheskoy meditsiny. 2020;10(3):69-80. https://doi.
0rg/10.37279/2224-6444-2020-10-3-69-81. (In Rus-
sian).

CHILDREN’S MEDICINE

2024
30 Ne 4 Tom 12

of the North-West



10.

11.

12.

13.

14.

Nikiforov V.V., Suranova T.G., Chernobrovkina T.Ya., Ya-
nokovskaya Ya.D., Burova S.V. Novel coronavirus infection
(COVID-19): clinical and epidemiological aspects. Arkhiv”
vnutrenney meditsiny. 2020;10(2):87-93. https://doi.
0rg/10.20514/2226-6704-2020-10-2-87-93). (In Russian).
Schalk A.F., Hawn M.C. An apparently new respiratory
disease of baby chicks. J Am Vet Med Assoc. 1931;78:19.
Tyrrell D.A., Bynoe M.L. Cultivation of viruses from a high
roportion of patients with colds. Lancet. 1966;1(7428):76-
77. https://doi.org/10.1016/s0140-6736(66)92364-6.
L'vov D.K., Al'khovskiy S.V., Kolobukhina L.V., Burtse-
va Ye.l. Etiology of the COVID-19 epidemic outbreak in Wu-
han (Hubei Province, People’s Republic of China) associ-
ated with the 2019-CoV virus (Nidovirales, Coronaviridae,
Coronavirinae, Betacoronavirus, subgenus Sarbecovirus):
lessons from the SARS-CoV epidemic. Voprosy virusologii.
2020;65(1):6-15. https://doi.org/10.36233/0507-4088-
2020-65-1-6-15. (In Russian).

Almeida J.D., Berry D.M., Cunningham C.H., Hamre D.,
Hofstad M.S., Mallucci L., Mclntosh K., Tyrrell D.A.J. Vi-
rology: Coronaviruses. Nature. 1968;220:650. https://doi.
org/10.1038/220650b0.

Tyrrell D.A., Bynoe M.L. Cultivation of a novel type of com-
mon-cold virus in organ cultures. Br Med J. 1965;1:1467-
1470. https://doi.org/10.1136/bm;j.1.5448.1467.

Hamre D., Procknow J.J. A new virus isolated from the hu-
man respiratory tract. Proc Soc Exp Biol Med. 1966;121:190-
193. https://doi.org/10.3181/00379727-121-30734.
Bruckova M., Mclintosh K., Kapikian A.Z., Chanock R.M.
The adaptation of two human coronavirus strains
(0C38 and 0C43) to growth in cell monolayers. Proc
Soc Exp Biol Med. 1970;135(2):431-435. https://doi.
0rg/10.3181/00379727-135-35068.

Timchenko V.N., Sukhovetskaya V.F., Chernova T.M.,
Kaplina T.A., Subbotina M.D., Bulina 0.V., Pisareva M.M.
Results of 5-year monitoring of the circulation of seasonal
coronaviruses in hospitalized children in the pre-pandemic
period. Detskiye infektsii. 2021;20(1):5-11. https://doi.
0rg/10.22627/2072-8107-2021-20-1-5-11. (In Russian).
Abaturov A.E., Agafonova E.A., Krivu$a E.L., Nikuli-
na A.A. Pathogenesis of COVID-19. Zdorov'e Rebenka.
2020;15(2):133-144. https://doi.org/10.22141/2224-
0551.15.1.2020.200598. (In Russian).

LiG., FanY. LaiY., HanT., LiZ.,ZhouP. PanP.,,WangW.,
Hu D., Liu X., Zhang Q., Wu J. Coronavirus infections and
immune responses. J Med Virol. 2020;92(4):424-432.
https://doi.org/10.1002/jmv.25685.

Prompetchara E., Ketloy C., Palaga T. Immune responses
in COVID-19 and potentialvaccines: Lessons learned from
SARS and MERS epidemic. Asian Pac J Allergy Immunol.
2020;38(1):1-9. https://doi.org/10.12932/AP-200220-
0772.

CHILDREN’S MEDICINE

AEKLUHWUHU

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Carly G.K. Ziegler, Samuel J. Allon, Sarah K. Nyquist, lan M.
Mbano, Vincent N. Miao, Constantine N. Tzouanas et al.
SARS-CoV-2 Receptor ACE2 is an Interferon- Stimulated Ge-
ne in Human Airway Epithelial Cells and Is Enriched in Spe-
cific Cell Subsets Across Tissues. Cell. 2020;181(5):1016-
1035. https://doi.org/10.1016/j.cell.2020.04.035.
Vremennyye metodicheskiye rekomendatsii “Profilaktika,
diagnostika i lecheniye novoy koronavirusnoy infektsii
(COVID-19), Versii 1-18 (2020-2023 rr.). (In Russian).
Mattiuzzi C., Lippi G. Timeline analysis of clinical se-
verity of COVID-19 in the general population. Eur J In-
tern Med. 2023;110:97-98. https://doi.org/10.1016/j.
€jim.2022.12.007.

Peng Zhang, Mingwei Wei, Pengfei Jing, Zhuopei Li,
Jingxin Li, Fengcai Zhu. COVID-19 in children: epide-
mic issues and candidate vaccines. Chin Med J (Engl).
2022;135(11):1314-1324. https://doi.org/10.1097/
CM9.0000000000002169.

Wenping Gong, Seppo Parkkila, Xuegiong Wu, Ashok
Aspatwar SARS-CoV-2 variants and COVID-19 vaccines:
Current challenges and future strategies Int RevImmunol.
2023;42(6):393-414. https://doi.org/10.1080/08830185.
2022.2079642.

Swapnil B. Kadam, Geetika S. Sukhramani, Pratibha Bish-
noi, Anupama A. Pable, Vitthal T. Barvkar SARS-CoV-2,
the pandemic coronavirus: Molecular and structural in-
sights. J Basic Microbiol. 2021;61(3):180-202. https://
doi.org/10.1002/jobm.202000537.

Raul S. Freitas, Tyler F. Crum, Kislay Parvatiyar. SARS-
CoV-2 Spike Antagonizes Innate Antiviral Immunity by
Targeting Interferon Regulatory Factor 3. Front Cell Infect
Microbiol. 2022;10(11):789462. https://doi.org/10.3389/
fcimb.2021.789462.

Ming-Chun Yang, Yu-Tsun Su, Ping-Hong Chen, Ching-
Chung Tsai, Ting-I Lin, Jiunn-Ren Wu Changing patterns of
infectious diseases in children during the COVID-19 pan-
demic Front Cell Infect Microbiol. 2023;29(13):1200617.
https://doi.org/10.3389/fcimb.2023.1200617.

Daniel Wrapp, Nianshuang Wang, Kizzmekia S. Corbett,
Jory A. Goldsmith1, Ching-Lin Hsieh, Olubukola Abio.
Cryo-EM structure of the 2019-nCoV spike in the prefu-
sion conformation. Science. 2020;367(6483):1260-1263.
https://doi.org/10.1126/science.abb2507.

Walls A.C., Park Y.J., Tortorici M.A., Wall A., McGuire A.T.,
Veesler D. Structure, Function, and Antigenicity of the
SARSCoV- Spike Glycoprotein. Cell. 2020;181(2):281-
292.e6. https://doi.org/10.1016/j.cell.2020.02.058.

Ou X., Liu Y., Lei X. et al. Characterization of spike
glycoprotein of SARS-CoV-2 on virus entry and its im-
mune cross-reactivity with SARS-CoV. Nat Commun.
2020;11(1):1620. https://doi.org/10.1038/s41467-020-
15562-9.

of the North-West

2024
N 4 Vol. 12 31



26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Waradon Sungnak, Ni Huang, Christophe Bécavin, Marijn
Berg, Rachel Queen, Monika Litvinukova et al. SARS-CoV-2
entry factors are highly expressed in nasal epithelial cells
together with innate immune genes. Nature Medicine.
2020;26(5):681-687. https://doi.org/10.1038/s41591-
020-0868-6.

Chernova T.M., Ivanov D.0., Pavlova Ye.B., Timchenko V.N.,
Barakina Ye.V., Bulina 0.V., Bazunova 1.YU., Zherebtso-
va A.A,, Murashova K.D. Impact of the COVID-19 pande-
mic on infectious morbidity in children in a metropolitan
area. Detskiye infektsii. 2023;22(2):5-11. https://doi.
0rg/10.22627/2072-8107-2023-22-2-5-11. (In Russian).
Renhong Yan, Yuanyuan Zhang, Yaning Li, Lu Xia, Ying-
ying Guo, Qiang Zhou Structural basis for the recogni-
tion of SARS-CoV-2 by full-length human ACE2. Science.
2020:367(6485)1444-1448.

Alekseyeva Ye.l., Antsiferov M.B., Aronov L.S., Afukov L.I.,
Belevskiy A.S., Bulanov A.Yu. i dr. Clinical protocol for
the treatment of children with a new coronavirus infection
(COVID-19) undergoing inpatient treatment in medical or-
ganizations of the state healthcare system of the city of
Moscow. Pod red. A.l. Khripuna. Moscow: NIIOZMM DZM;
2021. (In Russian).

Shelley Riphagen, Xabier Gomez, Carmen Gonzalez-Mar-
tinez, Nick Wilkinson, Paraskevi Theocharis. Hyper in-
flammatory shock in children during COVID-19 pande-
mic. Lancet. 2020;395(10237):1607-1608. https://doi.
0rg/10.1016/S0140-6736(20)31094-1.

Stadnytskyi V., Bax C.E., Bax A, Anfinrud P. The airborne
lifetime of small speech droplets and their potential
importance in SARS-CoV-2 transmission. Proc Natl
Acad Sci USA. 2020;117(22):11875-11877. https://doi.
org/10.1073/pnas.2006874117.

Zhang Dong Y., Mo X.,Hu Y., Qi X., Jiang F., Jiang Z., Tong
S. Epidemiological Characteristics of 2143 Pediatric Pa-
tients With 2019 Coronavirus Disease in China. Pediatrics.
2020;145(6):20200702. https://doi.org/10.1542/
peds.2020-0702.

Jasper Fuk-Woo Chan, Shuofeng Yuan, Kin-Hang Kok, Kel-
vin Kai-Wang To, Hin Chu, Jin Yang, Fanfan Xing et al. A fa-
milial cluster of pneumonia associated with the 2019 no-
vel coronavirus indicating person-to-person transmission:
a study of a family cluster. Lancet. 2020;395(10223):514~
523. https://doi.org/10.1016/S0140-6736(20)30154-9.
YuP.,ZhuJ., Zhang Z.,Han Y., Huang L. A familial cluster
of infection associated with the 2019 novel coronavirus
indicating potential person-to-person transmission during
the incubation period. J Infect Dis. 2020;221(11):1757~
1761. https://doi.org/10.1093/infdis/jiaa077.

Li Diangeng, Jin Meiling, Bao Pengtao Clinical Cha-
racteristics and Results of Semen Tests Among
Men With Coronavirus Disease 2019. JAMA Netw

32 2024

LECTURES

36.

37.

38.

39.

40.

41.

42.

43.

44,

Open. 2020;3(5):208292. https://doi.org/10.1001/
jamanetworkopen.2020.8292.

Albert L. Hsu, Minhui Guan, Eric Johannesen, Aman-
da J. Stephens, Nahila Khaleel, Nikki Kagan, Brean-
na C. Tuhlei, Xiu-Feng Wan. Placental SARS-CoV-2 in a
pregnant woman with mild COVID-19 disease. J Med
Virol. 2021;93(2):1038-1044. https://doi.org/10.1002/
jmv.26386.

David A. Schwartz, Denise Morotti. Placental Pathology of
COVID-19 with and without Fetal and Neonatal Infection:
Trophoblast Necrosis and Chronic Histiocytic Intervillo-
sitis as Risk Factors for Transplacental Transmission of
SARS-CoV-2. Viruses. 2020;15,12(11):1308. https://doi.
org/10.3390/v12111308.

Alexandre J. Vivanti, Christelle Vauloup-Fellous, Sophie
Prevot, Veronique Zupan, Cecile Suffee, Jeremy Do Cao,
Alexandra Benachi & Daniele De Luca. Transplacental
transmission of SARS-CoV-2 infection. Nat Commun.
2020;11:3572. https://doi.org/10.1038/s41467-020-
17436-6.

Jafari M., Pormohammad A., Sheikh Neshin S. A., Ghor-
bani S., Bose D., Alimohammadi S., Basirjafari S., Mo-
hammadi M., Rasmussen-lvey C., Razizadeh M.H., Nouri-
Vaskeh M., Zarei M. Clinical characteristics and outcomes
of pregnant women with COVID-19 and comparison with
control patients: A systematic review and meta-analysis.
Rev Med Virol. 2021;2:2208. https://doi.org/10.1002/
rmv.2208.

Wu Y., Liu C., Dong L. et al. Coronavirus disease 2019
among pregnant Chinese women: Case series data on the
safety of vaginal birth and breastfeeding. BJOG. 2020;5.
https://doi.org/10.1111/1471-0528.16276.

Patane L., Morotti D., Giunta M.R., Sigismondi C., Picco-
li M.G., Frigerio L. et al. Vertical transmission of corona-
virus disease 2019: severe acute respiratory syndrome
coronavirus 2 RNA on the fetal side of the placenta in
pregnancies with coronavirus disease 2019-positive
mothers and neonates at birth. Am J Obstet Gynecol
MFM. 2020;2(3):100145. https://doi.org/10.1016/j.ajog-
mf.2020.100145.

DongL., TianJ.,He S., Zhu C., Wang J., Liu C. et al. Possi-
ble Vertical Transmission of SARS-CoV-from an Infected
Mother to Her Newborn. JAMA. 2020:12;323(18):1846-
1848. https://doi.org/10.1001/jama.2020.4621.

Walker K.F., 0'Donoghue K., Grace N., Dorling J., Co-
meau J.L., Li W., Thornton J.G. Maternal transmission
of SARS-COV-2 to the neonate, and possible routes for
such transmission: A systematic review and critical
analysis. BJOG. 2020;127(11):1324-1336. https://doi.
org/10.1111/1471-0528.16362.

Kenrie P.Y. Hui, Man-Chun Cheung, Ranawaka APM.
Perera, Ka-Chun Ng, Christine HT. Bui, John CWHo et al.

CHILDREN’S MEDICINE

Ne 4 Tom 12

of the North-West



45.

46.

47.

48.

49.

50.

51.

52.

Tropism, replication competence, and innate immune
responses of the coronavirus SARS-CoV-2 in human
respiratory tract and conjunctiva: an analysis in ex-vivo
and in-vitro cultures. The Lancet Respiratory Medicine.
2020;8(7):687-695. https://doi.org/10.1016/S2213-
2600(20)30193-4.

Vabret N., Britton G.J., Gruber C., Hegde S., Kim J., Kuk-
sin M., Levantovsky R. et al. The Sinai Immunology Re-
view Project, Inmunology of COVID-19: current state of
the science. Immunity. 2020;52(6):910-941. https://doi.
0rg/10.1016/j.immuni.2020.05.002.

Srikanth Umakanthan, Pradeep Sahu, Anu V Ranade, Ma-
ryann M. Bukelo, Joseph Sushil Rao, Lucas Faria Abra-
hao-Machado, Samarika Dahal, Hari Kumar, Dhananjaya
Kv. Origin, transmission, diagnosis and management of
coronavirus disease 2019 (COVID-19). Postgrad Med J.
2020;96(1142):753-758. https://doi.org/10.1136/post-
gradmedj-2020-138234.

Hao Xu, Liang Zhong, Jiaxin Deng, Jiakuan Peng, Hongxia
Dan, Xin Zeng, Taiwen Li, Qianming Chen. High expression
of ACE2 receptor of 2019-nCoV on the epithelial cells of
oral mucosa. Int J Oral. Sci. 2020;12(1):8. https://doi.
org/10.1038/s41368-020-0074-x.

Zou X., Chen K., Zou J., Han P., Hao J., Han Z. Single-cell
RNA-seq data analysis on the receptor ACE2 expression
reveals the potential risk of different human organs vulne-
rable to 2019-nCoV infection. Front Med. 2020;14(2):185-
192. https://doi.org/10.1007/s11684-020-0754-0.

Liqun He, Maarja Andaloussi Mae, Lars Muhl, Ying
Sun, Riikka Pietila, Khayrun Nahar, Elisa Vazquez
Liébanas, Malin Jonsson Fagerlund, Anders Oldner,
Jianping et al. Pericyte-specific vascular expres-
sion of SARS-CoV-2 receptor ACE2 — implications
for microvascular inflammation. 2020. https://doi.
org/10.1101/2020.05.11.088500.

Li M. Chen L., Zhang J., Xiong C., Li X. The SARS-CoV-2
receptor ACE2 expression of maternal-fetal interface and
fetal organs by single-cell transcriptome study. PLoS
One. 2020;15:20230295. https://doi.org/10.1371/journal.
pone.0230295.

Vento-Tormo R., Efremova M., Botting R.A., Turco M.Y.,
Vento-Tormo M., Meyer K.B., Park J.E., Stephenson E.,
Polanski K., Goncalves A. et al. Single-cell reconstruction
of the early maternal-fetal interface in humans. Nature.
2018;563:347-353. https://doi.org/10.1038/s41586-018-
0698-6.

Charlotte Steenblock, Nicole Toepfner, Felix Beuschlein,
Nikolaos Perakakis, Ranjit Mohan Anjana, Viswanathan Mo-
han, Nitish R Mahapatra, Stefan R Bornstein. SARS-CoV-2
infection and its effects on the endocrine system. Best
Pract Res Clin Endocrinol Metab. 2023;37(4):101761.
https://doi.org/10.1016/j.beem.2023.101761.

CHILDREN’S MEDICINE

AEKLUHWUHU

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Wu Yanting and Liu, Chen and Dong, Lan and Zhang,
Chenjie and Chen, Yang and Liu, Jun and Zhang, Chen
and Duan, et al. Viral Shedding of COVID-19 in Pregnant
Women. 2020. https://doi.org/10.2139/ssrn.3562059.
Scorzolini L., Corpolongo A., Castilletti C., Lalle E., Mari-
ano A., Nicastri E. Comment of the potential risks of sex-
ual and vertical transmission of Covid-19 infection. Clin
Infect Dis. 2020;16:ciaa445. https://doi.org/10.1093/cid/
Ciaad4s.

Jie Yan, Juanjuan Guo, Cuifang Fan, Juan Juan, Xuec-
hen Yu, Jiafu Li, Ling Feng et al. COVID-19 in pregnant
women, a report based on 116 cases. Amer J Obstet.
Gynecol. 2020;223(1):111.el-111.e14. https://doi.
org/10.1016/j.ajog.2020.04.014.

Rabaan A.A., Al-Ahmed S.H., Singh Malik Y.S., M Igbal
Yatoo M., Bonilla-Aldana K.D., Alfonso J Rodriguez-Mo-
rales A.J. SARS-CoV-2, SARS-CoV, and MERS-COV:
A Comparative Overview. Infez Med. 2020;28(2):174-184.
Shanes E.D., Mithal L.B., Otero S., Azad H.A., Miller E.S.,
Goldstein J.A. Placental pathology in COVID-19. Am J Clin
Pathol. 2020;154:23-32. https://doi.org/10.1093/ajcp/
aqaa089.

Soll D., Beer F., Spranger L. et al. Effects of weight loss
on adipose and muscular neuropilin T mRNA expres-
sion in obesity: potential implication in SARS-CoV-2 in-
fections? Obes Facts. 2022;15(1):90-98. https://doi.
org/10.1159/000520419.

0z M., Lorke D.E., Kabbani N. A comprehensive guide
to the pharmacologic regulation of angiotensin conver-
ting enzyme 2 (ACE2), the SARS-CoV-2 entry receptor.
Pharm Ther. 202:221:107750. https://doi.org/10.1016/j.
pharmthera.2020.107750.

Hui Zeng, Chen Xu, Junli Fan, Yueting Tang, Qiaoling
Deng, Wei Zhang, Xinghua Long. Antibodies in Infants
Born to Mothers With COVID-19 Pneumonia. JAMA.
2020;323(18):1848-1849. https://doi.org/10.1001/
jama.2020.4861.

Ulrich H., Pillat M. CD147 as a Target for COVID-19 Treat-
ment: Suggested Effects of Azithromycin and Stem Cell
Engagement. Stem Cell Rev Rep. 2020;16(3):434-440.
https://doi.org/10.1007/s12015-020-09976-7.
Uspenskaya Yu.A., Komleva Yu.K., Gorina Ya.V., Pozhilen-
kova Ye.A., Belova 0.A., Salmina A.B. Polyfunctionality of
CD147 and new possibilities for diagnostics and therapy.
Sibirskoye meditsinskoye obozreniye. 2018;4:22-30. https://
doi.org/10.20333/2500136-2018-4-22-30. (In Russian).
Anthony J. Carlos, Dat P. Ha, Da-Wei Yeh, Richard Van
Krieken, Chun-Chih Tseng, Pu Zhang et al. The chaperone
GRP78 is a host auxiliary factor for SARS-CoV-2 and
GRP78 depleting antibody blocks viral entry and infection.
J Biol Chem. 2021;296:100759. https://doi.org/10.1016/].
jbc.2021.100759.

of the North-West

2024
N 4 Vol. 12 33



64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Dat P. Ha, Richard Van Krieken, Anthony J. Carlos, Amy S.
Lee. The stress-inducible molecular chaperone GRP78 as
potential therapeutic target for coronavirus infection.
J Infect. 2020;81(3):452-482. https://doi.org/10.1016/].
jinf.2020.06.017.

Claudio Fenizia, Silvia Galbiati, Claudia Vanetti, Riccar-
do Vago, Mario Clerici, Carlo Tacchetti, Tiziana Daniele.
SARS-CoV-2 entry: at the crossroads of CD147 and
ACE2. Cells. 2021;10(6):1434. https://doi.org/10.3390/
cells10061434.

Ke Wang, Wei Chen, Zheng Zhang, Yonggiang Deng,
Jian-Qi Lian, Peng Du, Ding Wei, Yang Zhang et al. CD147-
spike protein is a novel route for SARS-CoV-2 infection to
host cells. Signal Transduct Target Ther. 2020;4,5(1):283.
https://doi.org/10.1038/s41392-020-00426-X.

Dat P. Ha, Richard Van Krieken, Anthony J. Carlos, Amy
S. Lee. The stress-inducible molecular chaperone GRP78
as potential therapeutic target for coronavirus infection.
J Infect. 2020;81(3):452-482. https://doi.org/10.1016/].
jinf.2020.06.017.

Jiewen Fu, Binghui Song, Jiaman Du, Shuguang Liu, Jiayue
He, Ting Xiao et al. Impact of BSG/CD147 gene expres-
sion on diagnostic, prognostic and therapeutic strategies
towards malignant cancers and possible susceptibility
to SARS-CoV-2. Mol Biol Rep. 2023;50(3):2269-2281.
https://doi.org/10.1007/s11033-022-08231-1.

David E. Gordon, Joseph Hiatt, Mehdi Bouhaddou, Veroni-
ca V. Rezelj, Svenja Ulferts, Hannes Braberg et al. Compar-
ative host-coronavirus protein interaction networks reveal
pan-viral disease mechanisms. Science. 2020;eabe9403.
https://doi.org/10.1126/science.abe9403.

He-wei Jiang, Hai-nan Zhang, Qing-feng Meng, Jia Xie,
Yang Li, Hong Chen, Yun-xiao Zheng, Xue-ning Wang,
Huan Qi, Jing Zhang, Pei-Hui Wang, Ze-Guang Han and
Sheng-ce Tao. SARS-CoV-2 Orf9b suppresses type | inter-
feron responses by targeting TOM70. Cellular & Molecular
Immunology. 2020;17:9. https://doi.org/10.1038/s41423-
020-0514-8.

Fabrizio Chiodo, Sven C.M. Bruijns, Ernesto Rodri-
guez, R.J. Eveline Li, Antonio Molinaro, Alba Silipo,
Flaviana Di Lorenzo et al. Novel ACE2-independent car-
bohydrate-binding of SARS-CoV-2 spike protein to host
lectins and lung microbiota. Bio Rxiv. 2020. https://doi.
org/10.1101/2020.05.13.092478.

Mohammed Alsharifi, Matthias Regner, Robert Blanden,
Mario Lobigs, Eva Lee, Aulikki Koskinen and Arno Miillba-
cher. Exhaustion of Type I Interferon Response following an
Acute Viral Infectio. J Immunol. 2006;177(5):3235-3241.
Spoulou V., Noni M., Koukou D., Kossyvakis A., Michos A.
Clinical characteristics of COVID-19 in neonates and
young infants. Eur J Pediatr. 2021:1-5. https://doi.
org/10.1007/s00431-021-04042-x.

LECTURES

74.

75.

76.

77.

78.

79.

80.

81.

Spoulou V., Noni M., Koukou D., Kossyvakis A., Michos A.
Clinical characteristics of COVID-19 in neonates and
young infants. Eur J Pediatr. 2021:1-5. https://doi.
org/10.1007/s00431-021-04042-x.

Osmanov .M., Mazankova L.N., Borzakova S.N., Yudi-
na A.Ye., Mironova A.K., Vinokurov A.V. Features of
clinical manifestations and therapy of a new coronavirus
infection (COVID-19) in young children during the spread
of the Omicron variant. Praktika pediatra. 2022;2:60-64.
(In Russian).

Fang F., Luo X. Facing the pandemic of 2019 novel coro-
navirus infections: the pediatric perspectives. Zhonghua
Er Ke Za Zhi. 2020;58(2):81-85. https://doi.org/10.3760/
cma.j.issn.0578-1310.2020.02.001.

Lishen Wang, Zhihan Wang, Rui Huang, Weishuai Li, Dong-
ming Zheng. SARS-CoV-2 may play a direct role in the
pathogenesis of posterior reversible encephalopathy syn-
drome (PRES) associated with COVID-19: A CARE-com-
pliant case report and literature review. Medicine (Bal-
timore). 2024;103(5):e37192. https://doi.org/10.1097/
MD.0000000000037192.

Singhal T.A. Review of coronavirus disease-2019
(COVID-19). Indian J Pediatr. 2020;87(4):281-286.
https://doi.org/10.1007/s12098-020-03263-6.
Channappanavar R., Fehr A.R., Vijay R., Mack M., Zhao J.,
Meyerholz D.K., Perlman S. Dysregulated type | interfe-
ron and inflammatory monocyte-macrophage respon-
ses cause lethal pneumonia in SARS-CoV-infected mice.
Cell Host Microbe. 2016;19(2):181-193. https://doi.
org/10.1016/j.chom.2016.01.007.

Dorjee K., Kim H., Bonomo E., Dolma R. Prevalence and
predictors of death and severe disease in patients hos-
pitalized due to COVID-19: A comprehensive systematic
review and meta-analysis of 77 studies and 38,000 pa-
tients. PLoS One. 2020;15(12):e0243191. https://doi.
org/10.1371/journal.pone.0243191.

Mohammed Alsharifi, Matthias Regner, Robert Blanden,
Mario Lobigs, Eva Lee, Aulikki Koskinen and Arno Miillbach-
er. Exhaustion of Type | Interferon Response following an
Acute Viral Infectio. J Immunol. 2006;177(5):3235-3241.

NMTEPATYPA

PomaHoB b.K. KopoHaBupycHas nidekuus COVID-2019.
BesonacHocTb U puck papmakotepanuu. 2020;8(1):3-
8. https://doi.org/10.30895/2312-7821-2020-8-1-3-8.
XaitToBuy A.B. KopoHaBupychl (TakCOHOMUS, CTPYKTY-
pa Bupyca). KpbIMCKUI1 XypHan aKCrnepuMeHTanbHoi 1
KNWUHKUYecKoii MeguumHbl. 2020;10(3):69-80. http://doi.
0rg/10.37279/2224-6444-2020-10-3-69-81.

Hukudopos B.B., CypaHoBa T.I'., YepHo6poBkuHa T.4.,
AHokosckas fl.[., byposa C.B. HoBas kopoHaBupyc-

CHILDREN’S MEDICINE

34 2024

Ne 4 Tom 12

of the North-West



10.

11.

12.

13.

14.

Has uHbekuma (COVID-19): KAMHMKO-3NUAEMMONO-
rMyeckmne acnekTbl. ApXMBb BHYTPEHHE MeAWLMHbI.
2020;10(2):87-93. https://doi.org/10.20514/2226-6704-
2020-10-2-87-93.

Schalk A.F., Hawn M.C. An apparently new respiratory
disease of baby chicks. J Am Vet Med Assoc. 1931;78:19.
Tyrrell D.A., Bynoe M.L. Cultivation of viruses from
a high roportion of patients with colds. Lancet.
1966;1(7428):76-77. http://doi.org/10.1016/s0140-
6736(66)92364-6.

NbBoB [.K., AnbxoBckuit C.B., KonobyxuHa J1.B.,
bypuesa E.W. 3Tnonorua anuaemMnyeckoii BCMbiWKK
COVID-19 B r. YxaHb (NpoBuHUMA Xy6aii, Kutaiickas
HapogHas Pecny6nuka), accoLumnpoBaHHO ¢ BUPYCOM
2019-CoV (Nidovirales, Coronaviridae, Coronavirinae,
Betacoronavirus, nogpog Sarbecovirus): ypoku anuge-
mun SARS-CoV. Bonpocbl Bupyconoruu. 2020;65(1):6-
15. https://doi.org/10.36233/0507-4088-2020-65-1-
6-15.

Almeida J.D., Berry D.M., Cunningham C.H., Hamre D.,
Hofstad M.S., Mallucci L., Mclntosh K., Tyrrell D.A.J.
Virology: Coronaviruses. Nature. 1968;220:650. https://
doi.org/10.1038/220650b0.

Tyrrell D.A., Bynoe M.L. Cultivation of a novel type of
common-cold virus in organ cultures. BrMed J 1965;1:1467-
1470. https://doi.org/10.1136/bm].1.5448.1467.

Hamre D., Procknow J.J. A new virus isolated from
the human respiratory tract. Proc Soc Exp Biol Med.
1966;121:190-193. https://doi.org/10.3181/00379727-
121-30734.

Bruckova M., Mclintosh K., Kapikian A.Z., Chanock R.M.
The adaptation of two human coronavirus strains
(0C38 and 0C43) to growth in cell monolayers. Proc
Soc Exp Biol Med. 1970;135(2):431-435. https://doi.
org/10.3181/00379727-135-35068.

TumyeHko B.H., Cyxoseukas B.®., YepHosa T.M., Kannu-
Ha T.A., Cy66oTuHa M.[l., bBynuna 0.B., Mucapesa M.M.
PesynbTatbl 5-N€THEr0 MOHMTOPUHIA 3a LMPKYNsiLuen
Ce30HHbIX KOPOHABUPYCOB Y FOCMUTANN3NPOBAHHBIX fie-
Tel B NpenaHfemMmyeckom nepuoge. [letckne MHekuum.
2021;20(1):5-11. https://doi.org/10.22627/2072-8107-
2021-20-1-5-11.

AbatypoB A.E., AradoHoBa E.A., Kpuywa E.J1., Hu-
KynuHa A.A. MatoreHes COVID-19. Zdorov'e Rebenka.
2020;15(2):133-144. https://doi.org/10.22141/2224-
0551.15.2.2020.200598.

LiG., FanY. LaiY., HanT., LiZ.,ZhouP. PanP.,,WangW.,
Hu D., Liu X., Zhang Q., Wu J. Coronavirus infections and
immune responses. J Med Virol. 2020;92(4):424-432.
https://doi.org/10.1002/jmv.25685.

Prompetchara E., Ketloy C., Palaga T. Immune responses
in COVID-19 and potentialvaccines: Lessons learned from

CHILDREN’S MEDICINE

AEKLUHWUHU

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

SARS and MERS epidemic. Asian Pac J Allergy Immunol.
2020;38(1):1-9. https://doi.org/10.12932/AP-200220-0772.
Carly G.K. Ziegler, Samuel J. Allon, Sarah K. Nyquist,
lan M. Mbano, Vincent N. Miao, Constantine N. Tzouanas
et al. SARS-CoV-2 Receptor ACE2 is an Interferon-
Stimulated Gene in Human Airway Epithelial Cells and Is
Enriched in Specific Cell Subsets Across Tissues. Cell.
2020;181(5):1016-1035. https://doi.org/10.1016/j.
cell.2020.04.035.

BpemeHHble MeToAMYeCKMe pekoMeHaunn «Mpodunak-
TWKa, AMArHOCTUKA U JIeYeHWe HOBOI KOPOHABUPYCHO
nHdekyum (COVID-19), Bepcum 1-18 (2020-2023 rr.)
Mattiuzzi C., Lippi G. Timeline analysis of clinical
severity of COVID-19 in the general population. Eur J
Intern Med. 2023;110:97-98. https://doi.org/10.1016/j.
€jim.2022.12.007.

Peng Zhang, Mingwei Wei, Pengfei Jing, Zhuopei Li,
Jingxin Li, Fengcai Zhu. COVID-19 in children: epidemic
issues and candidate vaccines. Chin Med J (Engl).
2022;135(11):1314-1324. https://doi.org/10.1097/
CM9.0000000000002169.

Wenping Gong, Seppo Parkkila, Xuegiong Wu, Ashok
Aspatwar SARS-CoV-2 variants and COVID-19 vaccines:
Current challenges and future strategies Int RevImmunol.
2023;42(6):393-414. https://doi.org/10.1080/08830185.
2022.2079642.

Swapnil B. Kadam, Geetika S. Sukhramani, Pratibha
Bishnoi, Anupama A. Pable, Vitthal T. Barvkar SARS-CoV-2,
the pandemic coronavirus: Molecular and structural
insights. J Basic Microbiol. 2021;61(3):180-202. https://
doi.org/10.1002/jobm.202000537.

Raul S. Freitas, Tyler F. Crum, Kislay Parvatiyar. SARS-
CoV-2 Spike Antagonizes Innate Antiviral Immunity by
Targeting Interferon Regulatory Factor 3. Front Cell Infect
Microbiol. 2022;10(11):789462. https://doi.org/10.3389/
fcimb.2021.789462.

Ming-Chun Yang, Yu-Tsun Su, Ping-Hong Chen, Ching-
Chung Tsai, Ting-I Lin, Jiunn-Ren Wu Changing patterns
of infectious diseases in children during the COVID-19
pandemic Front Cell Infect Microbiol. 2023;29(13):1200617.
https://doi.org/10.3389/fcimb.2023.1200617.

Daniel Wrapp, Nianshuang Wang, Kizzmekia S. Corbett,
Jory A. Goldsmith1, Ching-Lin Hsieh, Olubukola Abio.
Cryo-EM structure of the 2019-nCoV spike in the prefusion
conformation. Science. 2020;367(6483):1260-1263.
https://doi.org/10.1126/science.abb2507.

Walls A.C., Park Y.J., Tortorici M.A., Wall A., McGuire A.T.,
Veesler D. Structure, Function, and Antigenicity of the
SARSCoV- Spike Glycoprotein. Cell. 2020;181(2):281-
292.e6. https://doi.org/10.1016/j.cell.2020.02.058.

Ou X., Liu Y., Lei X. et al. Characterization of spike
glycoprotein of SARS-CoV-2 on virus entry and its

of the North-West

2024
N 4 Vol. 12 35



26.

27.

28.

29.

30.

31.

32.

33.

34.

immune cross-reactivity with SARS-CoV. Nat Commun.
2020;11(1):1620. https://doi.org/10.1038/s41467-020-
15562-9.

Waradon Sungnak, Ni Huang, Christophe Bécavin, Marijn
Berg, Rachel Queen, Monika Litvinukova et al. SARS-CoV-2
entry factors are highly expressed in nasal epithelial cells
together with innate immune genes. Nature Medicine.
2020;26(5):681-687. https://doi.org/10.1038/s41591-
020-0868-6.

Yeprosa T.M., UBaxoB [1.0., MaBnosa E.b., TumyeHko B.H.,
bapakuHa E.B., bynuHa 0.B., basyHoBa 1.10., XXepe6uo-
Ba A.A., Mypawesa K.[. Bnnauue nangemuu COVID-19 Ha
MH(PEKLIMOHHYHO 3a601€BaeMOCTb Y ieTEN B YCNIOBUSAX Me-
ranonuca. [letckue uHobexunn. 2023;22(2):5-11. https://
doi.org/10.22627/2072-8107-2023-22-2-5-11.

Renhong Yan, Yuanyuan Zhang, Yaning Li, Lu Xia, Yingying
Guo, Qiang Zhou Structural basis for the recognition
of SARS-CoV-2 by full-length human ACE2. Science.
2020;367(6485):1444-1448.

AnekceeBa E.W., AHuudepos M.b., ApoHoB J1.C., Ady-
ko U.WU., benescknii A.C., bynaHnos A.10. n gp. KnuHuve-
CKUI NPOTOKON NleYeHus AeTeil C HOBO KOPOHaBUPYCHOM
nHdekymeii (COVID-19), HaxoAAWMXCSH Ha cTaLMOHAp-
HOM NleYyeHUu B MeLMLMHCKUX OpraHu3auusx rocygap-
CTBEHHOIi CMCTEMbI 3[,paBoOXpaHeHus ropoga MockBbl.
Mog pea. A.W. XpunyHa. M.: HUMO3MM [3M; 2021.
Shelley Riphagen, Xabier Gomez, Carmen Gonzalez-
Martinez, Nick Wilkinson, Paraskevi Theocharis. Hyper-
inflammatory shock in children during COVID-19
pandemic. Lancet. 2020;395(10237):1607-1608. https://
doi.org/10.1016/S0140-6736(20)31094-1.

Stadnytskyi V., Bax C.E., Bax A., Anfinrud P. The airborne
lifetime of small speech droplets and their potential
importance in SARS-CoV-2 transmission. Proc Natl Acad
Sci USA. 2020;2;117(22):11875-11877. https://doi.
org/10.1073/pnas.2006874117.

Zhang Dong Y., Mo X., Hu Y., Qi X., Jiang F., Jiang Z.,
Tong S. Epidemiological Characteristics of 2143
Pediatric Patients With 2019 Coronavirus Disease in
China. Pediatrics. 2020;145(6):e20200702. https://doi.
org/10.1542/peds.2020-0702.

Jasper Fuk-Woo Chan, Shuofeng Yuan, Kin-Hang Kok,
Kelvin Kai-Wang To, Hin Chu, Jin Yang, Fanfan Xing
et al. A familial cluster of pneumonia associated with
the 2019 novel coronavirus indicating person-to-person
transmission: a study of a family cluster. Lancet.
2020;395(10223):514-523. https://doi.org/10.1016/
S0140-6736(20)30154-9.

Yu P., Zhu J., Zhang Z., Han Y., Huang L. A familial
cluster of infection associated with the 2019 novel
coronavirus indicating potential person-to-person
transmission during the incubation period. J Infect Dis.

LECTURES

35.

36.

37.

38.

39.

40.

41.

42.

43.

2020;221(11):1757-1761. https://doi.org/10.1093/
infdis/jiaa077.

Li Diangeng, Jin Meiling, Bao Pengtao Clinical Cha-
racteristics and Results of Semen Tests Among
Men With Coronavirus Disease 2019. JAMA Netw
Open. 2020;3(5):e208292. https://doi.org/10.1001/
jamanetworkopen.2020.8292.

Albert L. Hsu, Minhui Guan, Eric Johannesen, Amanda J.
Stephens, Nabila Khaleel, Nikki Kagan, Breanna C.
Tuhlei, Xiu-Feng Wan. Placental SARS-CoV-2 in a
pregnant woman with mild COVID-19 disease. J Med
Virol. 2021;93(2):1038-1044. https://doi.org/10.1002/
jmv.26386.

David A. Schwartz, Denise Morotti. Placental Pathology of
COVID-19 with and without Fetal and Neonatal Infection:
Trophoblast Necrosis and Chronic Histiocytic Intervillosi-
tis as Risk Factors for Transplacental Transmission of
SARS-CoV-2. Viruses. 2020;12(11):1308. https://doi.
org/10.3390/v12111308.

Alexandre J. Vivanti, Christelle Vauloup-Fellous, Sophie
Prevot, Veronique Zupan, Cecile Suffee, Jeremy Do Cao,
Alexandra Benachi & Daniele De Luca. Transplacental
transmission of SARS-CoV-2 infection. Nat Commun.
2020;11:3572. https://doi.org/10.1038/s41467-020-
17436-6.

Jafari M., Pormohammad A., Sheikh Neshin S. A., Ghorbani S.,
Bose D., Alimohammadi S., Basirjafari S., Mohammadi M.,
Rasmussen-lvey C., Razizadeh M.H., Nouri-Vaskeh M.,
Zarei M. Clinical characteristics and outcomes of pregnant
women with COVID-19 and comparison with control patients:
A systematic review and meta-analysis. Rev Med Virol.
2021;2:€2208. https://doi.org/10.1002/rmv.2208.

Wu Y., Liu C., Dong L. et al. Coronavirus disease 2019
among pregnant Chinese women: Case series data on the
safety of vaginal birth and breastfeeding. BJOG. 2020;5.
https://doi.org/10.1111/1471-0528.16276.

Patane L., Morotti D., Giunta M.R., Sigismondi C.,
Piccoli M.G., Frigerio L. et al. Vertical transmission of
coronavirus disease 2019: severe acute respiratory
syndrome coronavirus 2 RNA on the fetal side of the
placenta in pregnancies with coronavirus disease
2019-positive mothers and neonates at birth. Am J
Obstet Gynecol MFM. 2020;2(3):100145. https://doi.
org/10.1016/j.ajogmf.2020.100145.
DongL.,TianJ.,HeS.,Zhu C.,Wang J., Liu C. et al. Possible
Vertical Transmission of SARS-CoV-from an Infected
Mother to Her Newborn. JAMA. 2020;323(18):1846-1848.
https://doi.org/10.1001/jama.2020.4621.

Walker K.F., O’'Donoghue K., Grace N., Dorling J.,
Comeau J.L., Li W., Thornton J.G. Maternal transmission
of SARS-COV-2 to the neonate, and possible routes for
such transmission: A systematic review and critical

CHILDREN’S MEDICINE

36 2024

Ne 4 Tom 12

of the North-West



44.

45.

46.

47.

48.

49.

50.

51.

52.

analysis. BJOG. 2020;127(11):1324-1336. https://doi.
org/10.1111/1471-0528.16362.

Kenrie P.Y. Hui, Man-Chun Cheung, Ranawaka APM.
Perera, Ka-Chun Ng, Christine HT. Bui, John CWHo et al.
Tropism, replication competence, and innate immune
responses of the coronavirus SARS-CoV-2 in human
respiratory tract and conjunctiva: an analysis in ex-vivo
and in-vitro cultures. The Lancet Respiratory Medicine.
2020;8(7):687-695. https://doi.org/10.1016/52213-
2600(20)30193-4.

Vabret N., Britton G.J., Gruber C., Hegde S., Kim J.,
Kuksin M., Levantovsky R. et al. The Sinai Immunology
Review Project, Immunology of COVID-19: current state
of the science. Immunity. 2020;52(6):910-941. https://
doi.org/10.1016/j.immuni.2020.05.002.

Srikanth Umakanthan, Pradeep Sahu, Anu V Ranade,
Maryann M. Bukelo, Joseph Sushil Rao, Lucas Faria
Abrahao-Machado, Samarika Dahal, Hari Kumar,
Dhananjaya Kv. Origin, transmission, diagnosis and
management of coronavirus disease 2019 (COVID-19).
Postgrad Med J. 2020;96(1142):753-758. https://doi.
org/10.1136/postgradmed;j-2020-138234.

Hao Xu, Liang Zhong, Jiaxin Deng, Jiakuan Peng, Hongxia
Dan, Xin Zeng, Taiwen Li, Qianming Chen. High expression
of ACE2 receptor of 2019-nCoV on the epithelial cells of
oral mucosa. Int J Oral Sci. 2020;12(1):8. https://doi.
0rg/10.1038/s41368-020-0074-x.

Zou X., Chen K., Zou J., Han P., Hao J., Han Z. Single-cell
RNA-seq data analysis on the receptor ACE2 expression
reveals the potential risk of different human organs
vulnerable to 2019-nCoV infection. Front Med. 2020;14(2):
185-192. https://doi.org/10.1007/s11684-020-0754-0.
Liqun He, Maarja Andaloussi Mae, Lars Muhl, Ying
Sun, Riikka Pietild, Khayrun Nahar, Elisa Vazquez
Liébanas, Malin Jonsson Fagerlund, Anders Oldner,
Jianping et al. Pericyte-specific vascular expression
of SARS-CoV-2 receptor ACE2 — implications for
microvascular inflammation. 2020. https://doi.
org/10.1101/2020.05.11.088500.

Li M., Chen L., Zhang J., Xiong C., Li X. The SARS-CoV-2
receptor ACE2 expression of maternal-fetal interface and
fetal organs by single-cell transcriptome study. PLoS
One. 2020;15:0230295. https://doi.org/10.1371/journal.
pone.0230295.

Vento-Tormo R., Efremova M., Botting R.A., Turco M.Y.,
Vento-Tormo M., Meyer K.B., Park J.E., Stephenson E.,
Polanski K., Goncalves A. et al. Single-cell reconstruction
of the early maternal-fetal interface in humans. Nature.
2018;563:347-353. https://doi.org/10.1038/s41586-018-
0698-6.

Charlotte Steenblock, Nicole Toepfner, Felix Beuschlein,
Nikolaos Perakakis, Ranjit Mohan Anjana, Viswanathan

CHILDREN’S MEDICINE

AEKLUHWUHU

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Mohan, Nitish R Mahapatra, Stefan R Bornstein. SARS-
CoV-2 infection and its effects on the endocrine system.
Best Pract Res Clin Endocrinol Metab. 2023;37(4):101761.
https://doi.org/10.1016/j.beem.2023.101761.

Wu Yanting and Liu, Chen and Dong, Lan and Zhang,
Chenjie and Chen, Yang and Liu, Jun and Zhang, Chen
and Duan, et al. Viral Shedding of COVID-19 in Pregnant
Women. 2020. https://doi.org/10.2139/ssrn.3562059
Scorzolini L., Corpolongo A., Castilletti C., Lalle E., Maria-
no A., Nicastri E. Comment of the potential risks of sexual
and vertical transmission of Covid-19 infection. Clin
Infect Dis. 2020;16:ciaa445. https://doi.org/10.1093/cid/
ciaad45.

Jie Yan, Juanjuan Guo, Cuifang Fan, Juan Juan, Xuec-
hen Yu, Jiafu Li, Ling Feng et al. COVID-19 in pregnant
women, a report based on 116 cases. Amer J Obstet
Gynecol. 2020;223(1):111.el-111.e14. https://doi.
org/10.1016/j.ajog.2020.04.014.

Rabaan A.A., Al-Ahmed S.H., Singh Malik Y.S., M Igbal
Yatoo M.I., Bonilla-Aldana K.D., Alfonso J Rodriguez-
Morales A.J. SARS-CoV-2, SARS-CoV, and MERS-COV:
A Comparative Overview. Infez Med. 2020;28(2):174-184.
Shanes E.D., Mithal L.B., Otero S., Azad H.A., Miller E.S.,
Goldstein J.A. Placental pathology in COVID-19. Am J Clin
Pathol. 2020;154:23-32. https://doi.org/10.1093/ajcp/
aqaa089.

Soll D., Beer F., Spranger L. et al. Effects of weight
loss on adipose and muscular neuropilin 1T mRNA
expression in obesity: potential implication in SARS-CoV-2
infections? Obes Facts. 2022;15(1):90-98. https://doi.
org/10.1159/000520419.

0z M., Lorke D.E., Kabbani N. A comprehensive guide to
the pharmacologic regulation of angiotensin converting
enzyme 2 (ACE2), the SARS-CoV-2 entry receptor.
Pharm Ther. 202:221:107750. https://doi.org/10.1016/j.
pharmthera.2020.107750.

Hui Zeng, Chen Xu, Junli Fan, Yueting Tang, Qiaoling Deng,
Wei Zhang, Xinghua Long. Antibodies in Infants Born to
Mothers With COVID-19 Pneumonia. JAMA. 2020;323(18):
1848-1849. https://doi.org/10.1001/jama.2020.4861.
Ulrich H., Pillat M. CD147 as a Target for COVID-19
Treatment: Suggested Effects of Azithromycin and Stem
Cell Engagement Stem Cell Rev Rep. 2020;16(3):434-440.
https://doi.org/10.1007/s12015-020-09976-7.
YcneHckas 10.A., Komnesa 10.K., F'opuHa f.B., MoxuneH-
koBa E.A., benoea 0.A., CanmuHa A.b. MonudyHkymo-
HanbHOCTb CD147 1 HOBble BO3MOXHOCTMW ANs AUarHo-
CTUKM 1 Tepanuun. Céupckoe MeanLMHCKOE 0603peHMe.
2018;4:22-30. https://doi.org/10.20333/2500136-2018-
4-22-30.

Anthony J. Carlos, Dat P. Ha, Da-Wei Yeh, Richard Van
Krieken, Chun-Chih Tseng, Pu Zhang et al. The chaperone

of the North-West

2024
N 4 Vol. 12 37



64.

65.

66.

67.

68.

69.

70.

71.

72.

GRP78 is a host auxiliary factor for SARS-CoV-2 and
GRP78 depleting antibody blocks viral entry and infection.
J Biol Chem. 2021;296:100759. https://doi.org/10.1016/].
jbc.2021.100759.

Dat P. Ha, Richard Van Krieken, Anthony J. Carlos, Amy
S. Lee. The stress-inducible molecular chaperone GRP78
as potential therapeutic target for coronavirus infection.
J Infect. 2020;81(3):452-482. https://doi.org/10.1016/j.
jinf.2020.06.017.

Claudio Fenizia, Silvia Galbiati, Claudia Vanetti, Riccardo
Vago, Mario Clerici, Carlo Tacchetti, Tiziana Daniele. SARS-
CoV-2 entry: at the crossroads of CD147 and ACE2. Cells.
2021;10(6):1434. https://doi.org/10.3390/cells10061434.
Ke Wang, Wei Chen, Zheng Zhang, Yonggiang Deng, Jian-
Qi Lian, Peng Du, Ding Wei, Yang Zhang et al. CD147-spike
protein is a novel route for SARS-CoV-2 infection to host
cells. Signal Transduct Target Ther. 2020;4,5(1):283.
https://doi.org/10.1038/s41392-020-00426-x.

Dat P. Ha, Richard Van Krieken, Anthony J. Carlos, Amy
S. Lee. The stress-inducible molecular chaperone GRP78
as potential therapeutic target for coronavirus infection.
J Infect. 2020;81(3):452-482. https://doi.org/10.1016/].
jinf.2020.06.017.

Jiewen Fu, Binghui Song, Jiaman Du, Shuguang Liu, Jiayue
He, Ting Xiao et al. Impact of BSG/CD147 gene expression
on diagnostic, prognostic and therapeutic strategies
towards malignant cancers and possible susceptibility
to SARS-CoV-2. Mol Biol Rep. 2023;50(3):2269-2281.
https://doi.org/10.1007/s11033-022-08231-1.

David E. Gordon, Joseph Hiatt, Mehdi Bouhaddou, Vero-
nica V. Rezelj, Svenja Ulferts, Hannes Braberg et al. Com-
parative host-coronavirus protein interaction networks
reveal pan-viral disease mechanisms. Science. 2020;
eabe9403. https://doi.org/10.1126/science.abe9403.
He-wei Jiang, Hai-nan Zhang, Qing-feng Meng, Jia Xie,
Yang Li, Hong Chen, Yun-xiao Zheng, Xue-ning Wang,
Huan Qi, Jing Zhang, Pei-Hui Wang, Ze-Guang Han and
Sheng-ce Tao. SARS-CoV-2 Orf9b suppresses type
| interferon responses by targeting TOM70. Cellular
& Molecular Immunology. 2020;17:9. https://doi.
org/10.1038/s41423-020-0514-8.

Fabrizio Chiodo, Sven C.M. Bruijns, Ernesto Rodriguez, R.J.
Eveline Li, Antonio Molinaro, Alba Silipo, Flaviana Di Lorenzo
etal. Novel ACE2-independent carbohydrate-binding of SARS-
CoV-2 spike protein to host lectins and lung microbiota. Bio
Rxiv. 2020. https://doi.org/10.1101/2020.05.13.092478.
Mohammed Alsharifi, Matthias Regner, Robert Blan-
den, Mario Lobigs, Eva Lee, Aulikki Koskinen and

38 2024

LECTURES

73.

74.

75.

76.

77.

78.

79.

80.

81.

Arno Miillbacher. Exhaustion of Type | Interferon
Response following an Acute Viral Infectio. J Immunol.
2006;177(5):3235-3241.

Spoulou V., Noni M., Koukou D., Kossyvakis A., Michos A.
Clinical characteristics of COVID-19 in neonates and
young infants. Eur J Pediatr. 2021:1-5. https://doi.
org/10.1007/s00431-021-04042-x.

Spoulou V., Noni M., Koukou D., Kossyvakis A., Michos A.
Clinical characteristics of COVID-19 in neonates and
young infants. Eur J Pediatr. 2021:1-5. https://doi.
org/10.1007/s00431-021-04042-x.

OcmaHos W.M., MasaHkosa J1.H., bopsakosa C.H., I0aun-
Ha A.E., MupoHoBa A.K., BuHokypoB A.B. Oco6eHHoCTU
KNMHWUYECKMX NMPOSIBNIEHWI U Tepanuu HOBON KOPOHABU-
pycHoii uHpekuum (COVID-19) y neTeii paHHero Bo3pac-
Ta B Nepuoj pacnpocTpaHeHns BapuaHta «OMUKPOH».
lMpakTuka neguatpa. 2022;2:60-64.

Fang F., Luo X. Facing the pandemic of 2019 novel
coronavirus infections: the pediatric perspectives.
Zhonghua Er Ke Za Zhi. 2020;58(2):81-85. https://doi.
org/10.3760/cma.j.issn.0578-1310.2020.02.001.
Lishen Wang, Zhihan Wang, Rui Huang, Weishuai Li,
Dongming Zheng. SARS-CoV-2 may play a direct role in
the pathogenesis of posterior reversible encephalopathy
syndrome (PRES) associated with COVID-19: A CARE-
compliant case report and literature review. Medicine
(Baltimore). 2024;103(5):e37192. https://doi.org/10.1097/
MD.0000000000037192.

Singhal T.A. Review of coronavirus disease-2019
(COVID-19). Indian J Pediatr. 2020;87(4):281-286.
https://doi.org/10.1007/s12098-020-03263-6.
Channappanavar R., Fehr A.R., Vijay R., Mack M., Zhao J.,
Meyerholz D.K., Periman S. Dysregulated type | interferon
and inflammatory monocyte-macrophage responses
cause lethal pneumonia in SARS-CoV-infected mice.
Cell Host Microbe. 2016;19(2):181-193. https://doi.
org/10.1016/j.chom.2016.01.007.

Dorjee K., Kim H., Bonomo E., Dolma R. Prevalence
and predictors of death and severe disease in patients
hospitalized due to COVID-19: A comprehensive
systematic review and meta-analysis of 77 studies and
38,000 patients. PLoS One. 2020;15(12):0243191.
https://doi.org/10.1371/journal.pone.0243191.
Mohammed Alsharifi, Matthias Regner, Robert Blan-
den, Mario Lobigs, Eva Lee, Aulikki Koskinen and
Arno Miillbacher. Exhaustion of Type | Interferon
Response following an Acute Viral Infectio. J Immunol.
2006;177(5):3235-3241.

CHILDREN’S MEDICINE

Ne 4 Tom 12

of the North-West



AEKLUHWUHU

UDC 613.2.032.33+616.33-083.2-053.2
DOI: 10.56871/CmN-W.2024.50.45.003

PRACTICAL ASPECTS OF ORGANIZATION OF ENTERAL NUTRITION
IN PEDIATRIC INTENSIVE CARE UNIT PATIENTS.
PART 1. CHOOSING A NUTRITIONAL STRATEGY

© Ivan A. Lisitsa, Anna N. Zavyalova, Yurii S. Alexandrovich, Valeria P. Novikova,
Oleg V. Lisovskii, Maksim V. Gavshchuk, Alexandra A. Bassanets, Milena N. Yakovleva,
Maria A. Koleboshina, Alexey V. Meshkov, Milad M. Al-Hares

Saint Petersburg State Pediatric Medical University. 2 Lithuania, Saint Petersburg 194100 Russian Federation

Contact information:
Ivan A. Lisitsa — Assistant of the Department of General Medical Practice. E-mail: ivan_lisitsa@mail.ru
ORCID: https://orcid.org/0000-0003-3501-9660 SPIN: 4937-7071

For citation: Lisitsa IA, Zavyalova AN, Alexandrovich YuS, Novikova VP, Lisovskii OV, Gavshchuk MV, Bassanets AA, Yakovleva MN,
Koleboshina MA, Meshkov AV, Al-Hares MM. Practical aspects of organization of enteral nutrition in pediatric intensive care unit
patients. Part 1. Choosing a nutritional strategy. Children’s Medicine of the North-West. 2024;12(4):39-57. DOI: https://doi.
org/10.56871/CmN-W.2024.50.45.003

Received: 25.09.2024 Revised: 15.11.2024 Accepted: 16.12.2024

ABSTRACT. The provision of enteral nutrition is an important component of a multimodal system of therapy.
Failure to meet the energy needs of patients in critical conditions against the background of hypercatabolism
leads to a more severe course of diseases, increased hospitalization time and lethality. Lack of independent
nutrition in pediatric intensive care units (PICU) leads to the need for artificial nutrition, mainly enteral nutrition
through special devices (probes, feeding stomas). Anatomo-physiological features of children of different ages
necessitate a differentiated approach to the choice of devices and algorithms of general and special care. The
article substantiates the necessity of using an individualized approach in the organization of enteral nutrition of
children hospitalized in intensive care units with the help of special devices.

KEYWORDS: enteral nutrition, nutritional support in PICU, tube-feeding
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PE3IOME. O6ecneyeHne 3HTepanbHOrO NUTaHNA ABAAETCS BaXHbIM KOMMOHEHTOM MY/IbTUMOZAANIbHOW CUCTEMBI
Tepanuu. HeynoBneTBOpeHMe SHEpPreTUYeckux NOTPebHOCTel NaUMeHTOB B KPUTUYECKUX COCTOSHUSX Ha (oHe
runepkatabonu3ma npuBOAMT K 601ee TAXKENOMY TeYeHN0 3a601eBaHNIA, yBENMYEHUIO AJIUTENBHOCTU IEYEHNA B
CTaLmMoHape 1 netanbHOCTU. OTCYTCTBME BO3MOXHOCTU CAMOCTOATENbHOMO MUTaHNUS B OTAeNeHUsAX peaHumMaLum
n uHTeHcuBHoM Tepanuu (OPUT) y aeTeil NnpuBOAMT K HEO6XOAMMOCTU NPOBEAEHUS UCKYCCTBEHHOTO NUTAHMUS,
NPeNMyLLECTBEHHO SHTEPAsIbHOIO, Yepes crieLnanbHble yCTPoicTBa (30HAbI, MUTaTe/bHbIE CTOMbI). AHaTOMO-
dusmonornyeckne ocobeHHOCTH feTell pa3HOro Bo3pacTta TPaKTYOT Heo6xoauMocTb AnddepeHLMpoBaHHOrO
noAxoAa K Bbl6Opy TaKuUX YCTPOIWCTB M anropuTMOB 06LLEro U CneunanbHoro yxoga. B ctatbe o60cHoBaHa He-
06X0AMMOCTb MCNONb30BaHUA UHAMBUAYANU3UPOBAHHOIO NOAX0AA NPU OPraHW3aLumu SHTEPANbHOIO NUTaHUA
JeTeil, rocNUTanu3npoBaHHbIX B OTAENIEHUSA peaHuMaLn U MHTEHCUBHOW Tepanuu, C NOMOLLbIO ChelunanbHbIX
YCTPOWCTB.

KNIOYEBBIE CNOBA: 3HTepasnbHOe nuTaHue, HyTpUTUBHAsA noaszepxka s OPUT, tube-feeding
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INTRODUCTION

Providing enteral nutrition to patients hospitalized
in intensive care units (ICU) is an integral part of any
multimodal therapeutic strategy for disease treatment
[1-3]. Children, unlike adults, are more sensitive to
starvation due to insufficient reserves of energy sub-
strates in the body and increased metabolic needs [4].
Nutritional support has an undoubted positive effect
on the condition of the gastrointestinal mucosa, af-
fecting the microbiota. In the absence of maldiges-
tion, nutritional support ensures the supply of sub-
stances necessary not only for recovery, but also for
maintaining the physical and mental development of
a child [5-7]. It is especially important to ensure en-
ergy needs in patients hospitalized in ICU, given that
most of them have varying degrees of protein-energy
malnutrition or are at high risk of its development [8,
9]. Organization of enteral nutrition for patients with

AEKLUHWUHU

dysphagia is of great importance [10-12]. Enteral nu-
trition using a special device (tube-feeding) not only
ensures the satisfaction of nutritional needs, but in
some cases can lead to a reduction in the risk of aspi-
ration syndrome [13, 14].

AIM

To propose effective practical recommendations
for organizing enteral nutrition for children hospitalized
in intensive care units.

CHOOSING A METHOD
OF ENTERAL NUTRITION

Providing nutritional support to ICU patients is asso-
ciated with a number of difficulties. The most common
problems are associated with the inability to eat inde-
pendently or the presence of contraindications to it.
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Fig. 1. Algorithm for selecting a nutritional support method.

catheter

PVC — peripheral venous catheter; CVC — central venous

Puc. 1. ArropuTm Bbibopa MeToaa HYTPUTMBHOM MoAAEpPXKU. NIBK — nepudepuuecknii BeHO3HbIN KaTteTep; LUBK —

LEHTPaAbHbIN BEHO3HbIN KaTeTep
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In diseases accompanied by acute cerebral, respirato-
ry, cardiovascular failure, and artificial ventilation, in-
dependent nutrition is impossible [15]. Another group
includes not only patients in the early postoperative
period after facial interventions, but also patients with
severe forms of cardiovascular or respiratory failure, in
which physical activity during meals leads to increased
hypoxia [15]. In diseases that were previously consi-
dered absolute contraindications to the start of enteral
nutrition, such as necrotizing enterocolitis, toxic me-
gacolon, Ogilvie's syndrome, peritonitis, gastrointestinal
bleeding and high intestinal fistulas, it is now possible
to use trophic nutrition in a volume of 0.1-20 ml/kg per
day [16-19].

The choice of the method of nutritional support de-
pends on the clinical and nutritional status of a child,

Table 1. The functional oral intake scale

LECTURES

the expected duration of artificial feeding and the need
to use special devices for delivering a formula (Fig. 1)
[16, 20]. In addition, there are various problems as-
sociated with the degree of swallowing disorder. For
non-invasive detection of dysphagia and its severity in
children depending on age, the functional oral intake
scale (FOIS) is used (Table 1) [21-23]. Daily assess-
ment using the FOIS allows not only timely detection of
dysphagia and its severity, but also the determination
of therapeutic strategies, in particular, the use of com-
pensatory techniques associated with modification of
the food texture, as well as the use of special devices.
In this case, texture is determined not only by the con-
sistency of food, but also by the rheological (viscosi-
ty) and structural (density, surface tension for liquids)
properties of food, as well as the type of cooking.

Tabamua 1. OyHKUMOHAAbHAA LWKAAA NMPUEMa NULLK Yepes poT

Aetn meHee 1 ropa / Infants

YpoBeHb /
Level

Aetn 1-18 pet /
Children aged 1-18 years

Huuero yepes pot / Nil per os

Huuero uepes pot / Nil per os

MCKyCCTBeHHoe nUTaHne Yyepes3 30HA C MUHUMaAb-
HbIMM NOMbITKAMW NPUEMA NMULLM UAK XUAKOCTH /
Tube dependent with minimal attempts of food
or liquids

MCKyCCTBEHHoe N1UTaHne 4yepes3 30HA C MUHUMaAb-
HbIMM NOMbITKAMW MPUEMA NMULLM UAK XXUAKOCTH /
Tube dependent with minimal attempts of food
or liquids

MCKyCcCTBEHHOE NUTAHWE Yepes 30HA

C NapaAAeAbHbIM MOCTOSTHHbLIM NePOopPabHbIM
npUeM NMULLKA UAK XKUAKOCTHU /

Tube dependent with consistent oral intake
of food or liquids

MCKyCCTBEHHOE NUTAHWE Yepes 30HA C napan-
AEAbHbIM MOCTOAHHBIM NEPOPaAbHbIM MPUEM
MUY AU XKUAKOCTK /

Tube dependent with consistent oral intake
of food or liquids

PaclnpeHve nepopanbHOro npuema ¢ nocrenex-
HbIM M3MEHEHWEM TEKCTYPbI MULLM
(OT XXMAKOM AO ryCTOM M TBEPAOW B 3aBMCMMOCTH

MepopanbHas AneTa OAHOM NopPeobpa3HON KOH-
cUcTeHumn /
Total oral diet of a single consistency

oT Bo3pacTta) /

Expanding oral intake with gradual changes
in food texture (from liquid to thick and solid
depending on age)

MOAHBIM NEPOPaANbHbIV PALLMOH PA3AMYHON KOHCH-
CTEHULMU, HO TPebyoLLMI cneunarbHON NOArOTOB-
KW UAM KOMMEeHcauum /

Total oral diet with multiple consistencies, but
requiring special preparations or compensations

MOAHBIV NepopanbHbIA PaLMOH Pa3AMYHON KOH-
cUCTeHUMM 6e3 cneumranbHOM NOArOTOBKHM, HO C
ONPEAEAEHHbBIMW OrPaHUYEHUAMU B eAE /
Total oral diet with multiple consistencies
without special preparation, but with specific
food limitations

MOoAHBIN NepopanbHbIV NPUEM C MOCTENEHHbIM
pacLIMpEHNEM AMETBI OT XMAKOWM AO NyCTOM U TBEP-
AOW B 3aBMCUMOCTH OT Bo3pacTa /

Full oral intake with gradual expansion of the diet
from liquid to thick and solid depending on age

MoAHbIV NepopanbHbIV pauroH 6e3 orpaHUyeHni /
Total oral diet with no restrictions
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Inextricably linked to consistency, food texture is a
broader concept defined by mechanical, tactile, and
in some cases visual and auditory receptors. Enteral
nutrition is carried out by introducing a nutritional for-
mula into the stomach (gastric method) or small in-
testine (jejunal or postpyloric method), depending on
the clinical situation and technical capabilities of the
medical organization.

ADMINISTRATION OF NUTRITION FORMULA
INTO THE STOMACH

When providing nutritional support for up to 30
days and implementing a night alimentation program,
an oro-/nasogastric tube is used [24-26]. If long-term
artificial nutrition is required, independent food intake
is impossible, gastroesophageal reflux disease (GERD)
is present and progresses, and aspiration syndrome oc-
curs, gastrostomy is recommended [16, 20, 25, 27, 28],
including percutaneous endoscopic (PEG) and laparo-
scopic gastrostomy [24, 28-34].

The introduction of less invasive gastrostomy
techniques has improved the efficiency of nutrition in
seriously ill children [35]. In particular, laparoscopic
methods are a safe alternative in cases of severe sco-
liosis, obesity, strictures and other congenital or ac-
quired diseases of the esophagus with stenosis of its
lumen, and other contraindications to endoscopic gas-
trostomy. In cases of severe GERD, recurrent aspiration
pneumonia, and uncontrollable vomiting, gastrostomy
is recommended to be performed simultaneously with
fundoplication [36-38]. An indication for early gastro-
stomy is initially severe dysphagia in patients with ce-
rebral palsy IV-V according to the EDACS (Eating and
Drinking Ability Classification System). A feeding dura-
tion of more than 4 hours per day or more than 30 mi-
nutes per feeding, as well as any duration of feeding
with progression of nutritional deficiency are indica-
tions for gastrostomy [39].

The advantages of gastric access include maintai-
ning the cyclic release of intestinal hormones, which
has a positive effect on the regeneration of the intesti-
nal mucosa [16, 40]. In addition, being more physiologi-
cal, the method reduces the risk of developing osmotic
diarrhea. The method is cheap and available in all me-
dical organizations [40].

CHILDREN’S MEDICINE
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In case of absolute contraindications to the in-
stallation of an oro- or nasogastric tube, nutrition
is provided through a tube inserted into the jejunum
(nasojejunal tube, jejunostomy). Postpyloric methods
of introducing enteral formula are recommended in
cases of high risk of aspiration, uncontrolled GERD, in-
effectiveness of nutritional correction, and refusal of
parents or legal representatives from fundoplication.
To prevent regurgitation of food into the stomach, the
distal end of the tube should be located more than
40 cm distal to the ligament of Treitz [41]. Complica-
tions of this method of nutritional support include the
development of osmotic diarrhea and maladaptation
of gastric motility.

Enteral tube feeding can be performed as a bolus,
intermittently or continuously [15, 42]. Bolus feeding
has a number of important advantages: imitation of
physiological reactions of the endocrine system, free
feeding regime, ensuring the required temperature of
the nutritional mixture. However, it is not recommen-
ded for postpyloric feeding methods due to the high
risk of developing dumping syndrome and diarrhea
[43]. Intermittent administration allows the rate to be
adjusted depending on food tolerance. Continuous
feeding can be used throughout the day, separately
during the day or night (night alimentation), and is re-
commended in cases of intolerance to the formula,
and jejunal feeding [26, 44]. A combination of continu-
ous night feeding with boluses is possible when there
is a need to meet high energy needs or intolerance to
food volume [24]. In this case, bolus feeding can be
carried out using mixtures whose consistency, accor-
ding to the International Dysphagia Diet Standardisa-
tion Initiative (IDDSI) scale, corresponds to 0-1, since
mixtures with a higher viscosity require more pressure
for insertion into a probe or gastrostomy tube, often
causing obstruction of their lumen [45, 46]. Thicker
formulas (IDDSI 1-3) can be administered using spe-
cial enteral feeding pumps — enteromats [46]. The rate
of introduction of the mixture depends on the age and
weight of the child, while at the beginning of enteral
support, the initial rate is set, and when the volume of
food is absorbed, and there are no complications or
adverse effects, the rate of introduction is increased to
the maximum (Table 2) [16]. However, the assignment
of the food volume must correspond to the anatomical
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Table 2. Age-specific features of the rate of nutrition introduction

Tabauua 2. Bo3pacTHble 0COBEHHOCTM CKOPOCTU BBEAEHWS NMUTAHUSA

Tun BBepeHunA / | boatocHoe BBepeHue / HenpepbiBHOE BBepeHUe /
Type of intro- | Bolus feeding Continuous feeding
duction
Bospact,netr/ | 0-1 1-6 >7 0-1 1-6 >7
Age, years
HavanbHbIN 10-15 ma/kr | 5-10 ma/Kr Kax- | 90-120 mn/ 1-2 Mn/Kr 1 MA/Kr 25 MA/Kr
obbem / Kaxable Able 2-3 yaca/ | KI Kaxable KaXAbl Yac / | KaXAbli Yac / | Kaxablit uac /
Initial feeding | 2-3 vaca / 5-10 ml/kg 3-4 yvaca/ 1-2 ml/kg 1 ml/kg every | 25 ml/kg
volume 10-15 ml/kg | every 2-3 hours | 90-120 ml/kg | every hour hour every hour
every every
2-3 hours 3-4 hours
YBeanyeHue 10-30 mA 30-45 ma 60-90 mAa 1-2 MA/KrP 1 MA/KrT 25 MA/KrT
obbema / Ha Kaxpaoe Ha KaXpoe Ha Kaxaoe KaxAble KaxAble KaxAble
Increased KOPMAEHUE/ | KOPMAEHHKE / KopmaeHne /| 2-8 yacoB,/ | 2-8vyacoB/ | 2-8uacoB/
nutritional 10-30 ml 30-45 ml per 60-90 ml 1-2 mi/kg 1 ml/kg every | 25 ml every
intake per feeding feeding per feeding every 2-8 hours | 2-8 hours 2-8 hours
AonycTumblv 20-30 mna/kr | 15-20 mna/Kr 330-480 man | 6 MA/Kr 1-5 ma/Kr 100-150 mA
06bEM OAHOIO | KaxAble KaxAable KaxAble KaXAbIM yac / | KaXAblv yac / | kaxablvi vac /
KOPMAEHUSA / 3-4 vaca / 4-5 yacos / 4-5 yacoB / 6 ml/kg 1-5 ml/kg 100-150 ml
Suggested 20-30 ml/kg | 15-20 ml/kg 330-480 ml every hour every hour every hour
tolerance every every 4-5 hours | every
volumes 4-5 hours 4-5 hours

and physiological characteristics of the sizes of the
gastrointestinal tract organs. The need to ensure ener-
gy needs that exceed the ability to be absorbed by vo-
lume is the basis for using hypercaloric formulas.

In the prospective multicenter observational study
by E.E. Martinez et al. (2022), when analyzing the ef-
fectiveness of continuous and bolus feeding in 1375
critically ill children on mechanical ventilation, no dif-
ferences were found between the methods in providing
energy and protein needs, as well as the development
of infectious complications [47]. Similar results were
obtained in a systematic review by P. Rohani et al.
(2022) [14].

Conducting artificial nutrition through special de-
vices leads to the “switching off” of the oral cavity
from the digestion process and a number of nega-
tive consequences. On the one hand, the influence
of nutrition on the excitation of receptors of the oral
mucosa and sensory fibers of the V, IX and X pairs
of cranial nerves has been proven [20]. On the other
hand, there is a lack of wetting of the food bolus
with saliva, which contains more than 50 enzymes
that promote not only the initial digestion of food,

but also the protection of the mucous membrane of
the oral cavity and esophagus [20]. In addition, pro-
longed absence of oral nutrition leads to the deve-
lopment of dysphagia due to oral inactivity as one
of the components of the “learned non-use” pheno-
menon, in which there is a disconnection of the sen-
sorimotor processes of food consumption from the
intake of the nutritional formula [11]. Therefore, oral
feeding should always be encouraged, provided that
safety conditions for the child are met and there is
no severe dysphagia [48].

The decision to administer enteral nutrition using
special tubes installed in the stomach or intestine
is made not only in accordance with the anatomical
and physiological characteristics, but also taking into
account the presence of GERD, gastroparesis of any
etiology, and the risk of developing aspiration syn-
drome [43]. In 2023, the European Society for Pae-
diatric Gastroenterology Hepatology and Nutrition
(ESPGHAN) prepared guidelines for healthcare pro-
fessionals on infant feeding, which demonstrated the
positive effect of mixed foods, including blended or
pureed forms [45].
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TUBE FEEDING

Enteral tube feeding is the most commonly used
method. The access of choice is often through the na-
sal passages, however, in some cases, it is possible to
place it through the mouth. Insertion of a gastric tube
is a standardized invasive procedure that is most of-
ten performed blindly by nurses, attending physician.
When inserting the tube, it is necessary to achieve
the correct position of the distal end, which normally
reaches the stomach (3-10 cm below the lower eso-
phageal sphincter). If the insertion depth is insuffi-
cient, the end and side holes of the probe end up in the
esophagus, which increases the risk of aspiration. If
the tube is inserted too deeply, it may become kinked
in the stomach, become knotted, bend upwards into
the esophagus, or, after passing through the pyloric
section, the distal section, be installed into the duode-
num, which increases the risk of developing dumping
syndrome.

Several techniques are used to determine the length
to which the tube will be installed. The most common
is the “nose-earlobe-xiphoid process” technique, pro-
posed in 1951 [49-51]. This technique allows accu-
rate length determination in approximately 72.4% of
cases [52]. A prospective study by Taylor et al. (2014)
found increased risks of transpyloric or transesopha-
geal positioning when using the nose-earlobe-xiphoid
process + 10 cm technique in adults and older chil-
dren [53].

A.J. Csaldo et al. (1992) suggested calculating the
depth of insertion of an orogastric tube based on a
length equal to 9.7 cm + 0.226 x patient height (cm),

Table 3. Esophageal length as a function of age [57]
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and a nasogastric tube equal to 8 cm + 0.252 x height
(cm) [54, 55]. Taking into account the identified diffi-
culties, A.J. Csaldo et al. (2002) suggested calculating
the depth of probe insertion by the length calculated
as the sum of the measurements of the distances from
the nose or corner of the mouth to the earlobe and from
the earlobe to the point midway between the xiphoid
process and the navel [56].

Taking into account the anatomical and physio-
logical characteristics of children, .M. Vorontsov and
A.V. Mazurin pointed out the need to determine the
length of the probe placement based on the length
of the esophagus (Table 3) [57]. In addition, to calcu-
late the distance from teeth to the stomach entrance,
the formula 201n is used, where n is the child's age in
years. The length of the esophagus can be calculated
using the formula: height (cm) x 0.2 + 6.3 cm [58].

In full-term newborns, the formula for calculating
the length of nasogastric tube insertion is based on a
child’s length: 1.95 cm + 0.372 x length (cm) [59]. In
addition, in 2011, M.L. Cirgin Ellett et al. proposed a
table of predictive length of nasogastric tube insertion
for newborns (Table 4) [59].

K.J. Gallaher et al. in 1993 proposed minimum va-
lues for the depth to which the tube is inserted, corre-
sponding to 13 cm for infants weighing <750 g, 15 cm
for infants weighing 750-999 g, 16 cm for infants
weighing 1000-1249 g, and 17 cm for infants weighing
1250-1499 g [60]. For children over 1 month and up to
18 years old, formulas proposed by M.L. Ellett et al. in
2012 can be used (Table 5) [55].

To determine the tube diameter, a scale proposed
by Joseph Frederic Benoit Charriere is used, where 1 F,

Tabamua 3. AAMHaA NULLEBOAA B 3aBUCUMOCTH OT Bo3pacTa [57]

Bospacr, roabl / Age, years AnvHa, cm / PaccTtosiHue oT 3y60B A0 BXOAA B XXEAYAOK, CM /
Length, cm Distance from teeth to stomach entrance, cm

HoBopoxaeHHbIn / Newborn 8-10 16-20

1 12 20-22

2 13 22,5-24

5 16 26-27,9

10 18 27-33

15 19 34-36

B3pocable / Adults

MyxuuHbl / Men 25 (23-30) 40

XeHwmHbl / Women 23 (20-26)
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Table 4. Length of nasogastric tube insertion from birth to 1 month of age [59]

Tabauua 4. NAAMHa BBEAEHUS HA30raCcTPaAbHOro 30HAA OT PoXAeHMA A0 1 mecaua [59]

AnvHa AAvHa BBepEHUSA AnvHa AAvMHa BBepeHUA

HOBOPOXAEHHOrO, M / Tpy6KH, CM / HOBOPOXXAEHHOr0, CM / Tpy6KH, CM /

Newborn length, cm Tube insertion Newborn length, cm Tube insertion length, cm

length, cm

35,0-35,5 15,0 47,0-47,5 19,5
36,0-37,0 15,5 48,0-49,0 20,0
37,5-38,0 16,0 49,5-50,5 20,5
38,5-39,5 16,5 51,0-51,5 21,0
40,0-41,0 17,0 52,0-53,0 21,5
41,5-42,0 17,5 53,5-54,5 22,0
42,5-43,5 18,0 55,0-55,5 22,5
44,0-45,0 18,5 56,0-56,5 23,0
45,5-46,5 19,0

Table 5. Formula for calculating the length of probe placement depending on age [55]
Tabauua 5. Dopmyna pacueta AAMHbI MOCTAHOBKM 30HAA B 3aBMCHMMOCTH OT Bo3pacTa [55]

Bospacrt, mecsaues / Bua 30Hpa / Type of tube dopmyna pacueTa no AAMHe Teaa, cm (L) /
Age, months Formula for calculating body length, cm (L)
1-28 HasoractpanbHbiil / Nasogastric =148+ 0,19xL

OporacTpanbHbiii / Orogastric =13,3+0,19x%xL
59100 HasoractpanbHbilt / Nasogastric =18,3+0,19xL

OporacTpanbHbili / Orogastric =16,8+0,19xL
100 HasoractpanbHbilt / Nasogastric =16,6 +0,22xL

OporacTpanbHbili / Orogastric =15,1+0,22x%xL

Fr or Ch (Charriére) is equal to 0.33 mm. For visual
differentiation, tube connectors are color-coded ac-
cording to diameter size. To select the correct tube, it is
necessary to take into account its diameter at the point
with the narrowest (projection of the upper edge of the
3rd thoracic vertebra) and widest (projection of the up-
per edge of the 7th thoracic vertebra) lumen [61]. It is
especially important to determine anatomical changes
in the region of the upper point in the presence of eso-
phageal dysphagia [62].

When placing a nasogastric tube, the structural
features and dimensions of the lower nasal passage
should be taken into account. It has been shown that
the diameter of the inferior nasal passage in 78.7% of
children of the first year of life is less than 2.0 mm,
in toddlers — 2.0 mm, in children 4 to 6 years old —
2.7 mm, in children over 7 years old — 2.7-3.3 mm
[63]. Similar data were obtained using craniome-
try with a detailed study of the width of the inferior

nasal passage. It was determined that the width of
the inferior nasal passage at the level of an anteri-
or edge of the inferior turbinate at the age of 1-1.5
years is 2.5t0.1 mm, at the level of the posterior
edge — 2.320.1 mm, by 2-3 years — 3.2+0.1 mm and
3.1£0.1 mm, respectively, with a subsequent increase
in the inferior nasal passage by 0.2-0.3 mm in each
age group of children, reaching 3.920.1 mm at the
level of the anterior edge of the inferior turbinate and
4.01£0.4 mm at the level of the posterior edge of the in-
ferior turbinate at 13-16 years [64]. Additionally, soft
tissue structures narrow the lumen.

Thus, the diameter of the probe should be minimal
to prevent trophic complications, sinusitis, and nose-
bleeds. However, given the high probability of probe
occlusion during blender feeding, it should be no less
than 18-24 Fr [76].

The main methods for monitoring the correct instal-
lation of the probe are:
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1) "gold standard" - X-ray /computed tomography
of the abdominal organs [43, 55, 65-68];

2) ultrasound examination of the stomach [69, 70];

3) pH-metry of gastric aspirate using test strips or
standard laboratorytests (normal pH should be <5)
[71-74];

4) colorimetric capnometry or capnography [68, 75];

5) aspiration test;

6) test with the introduction of air and simultaneous
auscultation of sounds in the projection area of
the stomach.

When using the tube for a long time, the material
from which it is made is of significant importance [77].
Polyvinyl chloride tubes are the cheapest, and due to
their appropriate rigidity they can be inserted without
a conductor. Low adhesion of the nutrient mixture and
medicinal substances prevents rapid obturation of the
tube lumen. However, low biocompatibility with tissues,
corrosion by gastric and intestinal contents, leading
to hardening during prolonged use, as well as the pre-
sence of phthalates and plasticizers in the composition
determine the period of use of the tube no more than
3-7 days. Silicone tubes are the softest and most fle-
xible, which determines the best tolerance by patients
when using them, and rarely cause allergic reactions and
trophic disorders. However, the absence of a semi-rigid
frame leads to both difficulties during placement, which
determines the need to use conductors, and to compli-
cations in the form of kinks during use. Polyurethane
tubes have sufficient rigidity when installed. The walls
soften after implantation when the patient's body tem-
perature is reached. This makes it possible to install
polyurethane probes without conductors. Such probes
are somewhat inferior to silicone ones in terms of ensu-
ring patient comfort during use. The technology for pro-
ducing probes has made it possible to reduce the wall
thickness, which relatively increases the internal lumen
compared to tubes made of other materials. In addition,
in some cases it is possible to install tubes in the post-
pyloric sections, which is achieved not only by the ap-
propriate length of the tube, but also by the presence of
olives. Polyurethane tubes also have good biocompati-
bility, do not change their physical characteristics when
interacting with gastric and intestinal contents. Silicone
and polyurethane tubes can be used for up to 4-6 weeks
if care requirements are met.
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NUTRITION THROUGH STOMA

Children with initial protein-energy malnutrition, ag-
gravated by the premorbid background, are often admit-
ted to ICU already with a gastrostomy tube. In some ca-
ses, gastrostomy is performed in ICU, especially during
long-term hospitalization, the presence of oropharyn-
geal or esophageal dysphagia of various etiologies, as
part of the preparatory stage for surgical interventions.
Care of a gastrostomy tube in children requires special
attention, since it is a technological device that requires
specific procedures: careful attachment of the tube to
the body; fixation of the outer part and prevention of dis-
location of the elements of the gastrostomy tube. The
placement of gastrostomy tubes with a diameter greater
than 18-20 Fr should be avoided due to the increased
incidence of complications [68, 76].

After gastrostomy, it is necessary to control and eli-
minate pain. Traditionally, feeding is preferred to be post-
poned for up to 24 hours after gastrostomy due to concerns
about suture failure and food leakage from the stomach
into the abdominal cavity. However, the possibility of star-
ting feeding 3 hours after the operation, depending on the
severity of the condition, has been confirmed [78-80].

Daily inspection of the postoperative wound makes
it possible to promptly identify signs of inflammation
and other complications. To prevent infectious compli-
cations, dressings are applied using aseptic bandages.
After the wound has completely healed, it is necessary to
rotate the gastrostomy tube by 180-360° and move it up
and down by approximately 1-2 cm at the stoma site to
prevent granulation. To prevent obstruction, it is neces-
sary to select the consistency of the formula (according
to IDDSI no more than 0-3) with the diameter of the tube.

Studies on enteral nutrition in adults have shown that
percutaneous endoscopic gastrostomy in the areas of
the posterior wall or along the greater curvature of the
stomach are significant risk factors for both early and
late complications [81]. This may be due to the relatively
large distance between the walls of the stomach and the
abdominal wall, which increases the tension of the gas-
trostomy tube during gastric contraction, causing slow or
incomplete fistula formation, increasing the risk of per-
foration, bleeding, peritonitis. The anatomical and phy-
siological features of the stomach in children suggest a
similarly high risk of developing such complications.
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PRINCIPLES OF ORGANIZING CHILDREN'S
NUTRITION IN THE ICU

A child's serious condition is not a reason to stop
feeding if the child has effective breathing and swal-
lowing and can be fed orally. In some cases, sipping
therapy is prescribed in addition to independent feeding
(see Fig. 1). If the patient's condition is stable and or-
ganizational and technical capabilities are available, itis
recommended to involve trained parents in feeding the
child. When eating, regardless of the method, the follo-
wing rules must be observed.

1. Prepare the child's favorite dishes.

2. Maintain a 5-6 meal regimen, more often if ne-
cessary.

3. When feeding independently, initially prepare a
small portion.

4. Do not serve the dish too hot or cold.

5. The temperature of the administered formula
should be 37-37.5°C [15, 76, 84].

6. Isolate the child from food odors if they cause
nausea.

7. Ventilate the ward or box after eating.

8. Carefully monitor hygiene when feeding the child
(hand washing rituals before and after eating, oral hy-
giene, hand hygiene of those feeding).

9. During feeding, place the child in a sitting or
semi-sitting position with the head end raised to prevent
choking and aspiration.

10. When feeding in bed, it is necessary to place ab-
sorbent napkins under the head and on chest to ensure
hygiene of the body and bed linen.

11. If possible, create conditions that remind the
child of a “normal” meal: put cutlery in his hands, use a
change of plates, etc.

12. When feeding with a spoon, use a chair to sit on,
do not stand over the child, do not sit on the child's bed
without his permission.

13. If the child refuses to eat, do not force-feed, if
necessary, consult a nutritionist or pediatrician in a
timely manner on dietary adjustments.

14. In children who maintain independent feeding and
have a decreased chewing/swallowing speed, it is advisa-
ble to use homogeneous thick liquids (IDDSI level 4) [82].

15. When administering artificial nutrition, in order
to optimize the speed and volume of the administered
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nutritional formula, among other things, the dynamics
of intra-abdominal pressure should be taken into ac-
count [85].

EXCUSION FROM TUBE-FEEDING

After stabilization of the condition, restoration of
nutritional status and effective breathing and swallo-
wing, patients are transferred to independent feeding.
In some cases, the transfer to oral feeding is postponed
until transfer to a specialized department or until dis-
charge from the hospital. H. Clouzeau et al. developed
criteria for possible weaning from the tube [86, 87]:

1) stable course of the underlying disease;

2) absence of short- or medium-term planned inter-
ventions that may cause or increase the risk of
nutritional deficiency;

3) satisfactory nutritional status in accordance with
age-standard or disease-specific centile corri-
dors, growth charts;

4) safe and functional swallowing;

5) readiness of health care staff and family.

When transferring a patient from artificial to inde-
pendent feeding, it is extremely important to take into
account the time of oral inactivity. Long-term artificial
enteral feeding can lead to the formation of unwanted
oral triggers (tube insertion procedure, reflux, vomiting,
silent aspirations), lack of taste and texture sensations,
disruption of parent-child interaction during feeding,
and decreased appetite [87-89]. Several methods have
been developed for weaning formula-fed infants [90,
91]. Some of these are based on a rapid reduction in
caloric intake to induce hunger and wean patients off
formula over several weeks during hospitalization un-
der the supervision of health care workers [90].

FIMATHO and GFHGNP have published key reco-
mmendations for weaning children from tube feeding
[86]. A multimodal strategy that combines caloric re-
striction with psychobehavioural and/or sensorimotor
treatment is recommended. Psychological and beha-
vioural characteristics of children and caregivers re-
lated to nutrition are considered in conjunction with
cultural practices in psychological interventions [92].
Sensorimotor interventions based on afferentation
or reafferentation of the oropharynx have been deve-
loped to correct tactile hypersensitivity. Restoration
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of normal circadian rhythm is achieved using sensory
oral stimulation even before switching to oral nutri-
tion, during tube feeding. The acquisition of sucking,
chewing and swallowing skills is achieved by oral mo-
tor interventions, which are divided into compensatory
interventions (head turns and tilts, chin tucks, chan-
ges in viscosity, texture and volume of food), special
exercises (tongue retention, neck flexion, supraglottic
swallowing, supra-supraglottic swallowing, enhanced
swallowing, Mendelsohn and Masako Maneuvers), al-
ternative methods (passive gymnastics of the tongue,
lips, vocal exercises). The criteria for effectiveness are
jaw strength, lateral movements of the tongue, spiral
movements of the lower jaw and sufficient lip tone.

CONCLUSION

Organization of enteral nutrition of children hospi-
talized in the intensive care unit is an important link
in the multimodal therapeutic strategy. Providing ente-
ral nutrition in accordance with the severity of the pa-
tient's condition, his ability to take food independently
or to receive it with the help of special devices is the
key to meeting the energy needs necessary for reco-
very. The developed scale for assessing the ability to
independently eat FOIS and IDDSI allow for personali-
zation of the therapy.
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PE3KOME. MpoBefeHne NCKYCCTBEHHOrO NUTaHUA y AeTei, roCNUTann3MpoBaHHbIX B OTAENIEHNe peaHumaLumn n
NHTEHCHBHOI Tepanun (OPUT), sBnsieTcs BaXHOI 3aaueit KOHLENLMN MyIbTUCUCTEMHO OpraHM3aLum okasa-
HUS MeLMLMHCKO nomoluu. [1ns sHTepanbHOro NUMTaHUs, yYnMTbiBasi NPOTUBONOKA3aHWUs MM HEBO3MOXHOCTb
CaMOCTOATENIbHOr0 NUTaHUS, NPUMEHSAIOTCSH M3MEHEHUS TEKCTYPbI MUK, [pn HapyLWeHNWAX rNoTaHNus No pasnuny-
HbIM NPUYMHAM AN1A AOCTaBKW NMMTATENbHONW CMECH UCMOMb3YHTCA CneluanbHble yCTPOMCTBA — NUTATENIbHbIE
Tpy6ku. OcylecTBNeHe MepONpUATKIi yXoaa 3a NUTATeNIbHbIMU 30HAaMMW U CTOMaMi NO3BOJNIAET YBEINYUTD
CPOK MX 3KCNayaTauum Npu CHUXEHUM PUCKA PA3NIMYHbIX OCITOXHEHUN.

KJNTIOYEBDBIE CJIOBA: TeKkCTypHbie uSMEHEHUS MUK, YXOF 38 30HAOM, YXOf 3a racTpOCTOMOM, HYyTPUTUBHASA
noAAepxKa, 3HTepanbHoe NuTaHue y fetei
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INTRODUCTION

When administering enteral nutrition to patients with
swallowing disorders, which include those hospitalized
in intensive care units (ICU), it becomes necessary to
change the texture of the nutritional formula [1-4]. The
concept of “texture” takes into account the rheologi-
cal and structural properties of food products, as well
as the type of heat treatment. Largely determined by
consistency, food texture is a broader concept deter-
mined by the patient using mechanical, tactile, visual
and auditory receptors and allows one to characterize
hardness, elasticity, stickiness, friability, viscosity and
fluidity for liquids. Determining the consistency of food
that a child can consume without the risk of aspiration
is an important resource for early rehabilitation of ICU
patients. The use of standardized scales, including the
Functional oral intake scale (FOIS), allows to determine
the necessary nutritional support strategy from the first
day of hospitalization [5]. In children hospitalized in
ICU, various technical devices are used to provide en-
teral nutrition in case of swallowing disorders or con-
traindications to independent feeding [6]. Most often,
tubes (stomach or intestinal) are used, much less often
nutritional stomas are used. General and special care
measures for them allow for successful nutritional sup-
port, prevent the development of complications both in
the early and late periods.

AIM

To demonstrate modern recommendations for the
care of seriously ill children during artificial feeding.

FEATURES OF FOOD TEXTURE DURING
ENTERAL NUTRITION

When prescribing enteral nutrition, it is important
to choose right consistency of the formula while re-
specting its energy value. Liquid formulas are more
convenient when administered through various tubes,
while thick mixtures or mixtures thickened with spe-
cial additives (locust bean gum, potato starch) can
cause tube obstruction. If the patient is able to eat
independently, depending on the functional status
(2-7 levels on the Functional Oral Nutrition Scale —

LECTURES

FOIS), it is necessary to individually select the con-
sistency of food. In addition, the correct texture of
the food bolus allows in some cases to prevent the
development of aspiration in children with dyspha-
gia of various origins, including that developed in the
structure of the syndrome of consequences of inten-
sive care [3, 7, 8]. Known differences in the processes
of swallowing liquid and solid food allow choosing a
specific food consistency for a specific patient [9-
14]. To determine the texture of food, it is necessary
to use developed tools that allow individualization
of the prescription of nutritional support [9, 15-20].
One of the most convenient of these is the classifica-
tion of modified food and liquid consistencies used
in patients with dysphagia, proposed in 2017 (The In-
ternational Dysphagia Diet Standardisation Initiative—
IDDSI) (Fig. 1) [10, 20]. The use of the FOIS scale and
the IDDSI system is becoming especially important in
children hospitalized not only in ICU, but also when
transferred to specialized departments, including in
connection with the increase in the share of parental
participation in the implementation of care measures.

According to the IDDSI classification, solid or
semi-solid food that can be used in children with a
formed act of chewing and swallowing corresponds to
levels 5-7. As the levels decrease, the texture of the
food becomes more pureed (6—3), and the liquid be-
comes less viscous (4—0), which is indicated by food
manufacturers with color marking [12]. In addition, a
syringe test is used to determine the 0-3 level of liquid,
a spoon tilt test is used to determine the viscosity and
stickiness of food at level 4, and a fork pressure test
is used to assess food products at levels 4-7 (Tab-
le 1) [21]. The possibility of using the IDDSI system in
assessing the nutrition of young children, including de-
termining the degree of thickening of the formula, has
been proven [22, 23].

The texture of normal food prepared using mechan-
ical gentleness methods corresponds to level 7. More-
over, it may include a "double consistency" that simulta-
neously contains solid and liquid parts. It is prescribed
to patients who can bite, chew for a long time, neces-
sary to create a homogeneous food bolus, without ex-
periencing pain and fatigue, and hold the food bolus in
the oral cavity until swallowing. The assessment test
can be performed with either a spoon or a fork. When
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[ MULLA / FOODS ]
06blyHas nuwa / Regular

’§ ~3 Muia, KoTopyto Aerko xesatb / Easy to chew
IS8

g = =

o I

Y g _E ManeHbkue mAarkue Kycouku / Soft and bite-sized
E s E

c O 2

E <F

Minced and moist

[ BAa)kHasi romoreHM3upoBaHHasA nuLua /

Ko

3 Msrkas BaaxkHas nuwa /
B Soft and moist

[ Muwa Kak kucenb / Like kissel

FycTas XXMAKOCTb, XXUAKUM KUCEAD /
Thick fluids, liquid kissel

Tekyuas, kak mep uau cupon / Sticky as honey or syrup

[

XUAKOCTb / DRINKS ]

Fig. 1. Classification of modified food and liquid consistencies

Puc. 1. Knaccudukaums MoAMGULIMPOBAHHbBIX KOHCUCTEHLMIA ML U XMAKOCTEN

Table 1. Levels of food and liquid consistencies [10]

Tabamua 1. Knaccrudukaumsi KOHCUCTEHLMM MUK U XunaKocTel [10]

YpoBeHb / Level (0] | 1 | 2 | 3

4 5 6 | 7

Tect / Test

=)

‘§Qf‘

performing the pressure test, a finger is pressed on a
fork or spoon under a pressure of 17 kPa, which corre-
sponds to the pressure of the tongue on food bolus du-
ring swallowing [10, 24, 25]. This is achieved by press-
ing the fork with a force that causes the nail plate to
turn pale. Pieces of food smaller or larger than 8 mm
for children under 5 years of age or 15 mm for children

CHILDREN’S MEDICINE

over 5 years of age and adults are used for the analy-
sis [26]. After pressing, the food sample should lose
its original shape without returning to its original shape
after the end of the test.

Foods with a texture resembling soft pieces are
classified as IDDSI level 6. These foods do not require
biting, but chewing is required before swallowing.
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Food samples may be crushed with a fork, spoon or
chopsticks, with complete loss of the original tex-
ture. Chopped food corresponding to IDDSI level 5 is
prescribed to patients who have the ability to chew
minimally and swallow effectively. In this case, the
chopping depends on age: for children under 5 years
old, the length should not exceed 8 mm, and the width
2 mm, for children over 5 years old and adults, the
length should not exceed 15 mm, the width 4 mm. In
this case, the food lumps are easily separated from
each other with the tongue. When pressing the fork
with a finger with a force less than 17 kPa, the food
lumps are easily separated and do not join together
at the end of the test. The sample collected from the
plate with a fork remains on it in the form of a slide,
but can penetrate slightly through the teeth. When
placing the sample on a spoon, the preservation of the
structure of the food lumps is noted. When the spoon
is tilted, the food easily “slides” down in a single lump.
Puree foods or highly thickened liquids are IDDSI le-
vel 4. Such foods are eaten with a spoon or fork, but
should not be drunk from a cup or with a straw. The
food lump has a uniform, non-sticky consistency wi-
thout lumps and does not require chewing. Under the
influence of gravity (tilt of the spoon), it slowly flows
down as a single lump, but does not pour, and when
dropped, it retains its shape on the plate. A sample
collected from the plate with a fork remains on it in
the form of a slide, but a small amount may leak be-
tween the tines. When stored for a long time, the food
does not separate into liquid and solid phases.

Liquid food is food with a consistency of 1-3 le-
vels according to IDDSI. The evaluation uses a 10 ml
syringe test into which the test sample is poured into
the cylinder. In this case, the length of the syringe barrel
at the 10 ml mark should be 61.5 mm. The amount re-
maining 10 seconds after opening the tip is estimated.
If the remainder is 8 ml, level 3 according to IDDSI is set,
4-8 ml — level 2, 1-4 ml — level 1. Liquid remaining in
a volume of less than 1 ml corresponds to the viscosity
of water.

Liquid puréed food is IDDSI level 3. It can be drunk
from a cup, but is difficult to drink through a 6.9 mm
straw. The food does not hold its shape, and flows
through the tines of a fork. Considering the consisten-
cy, the food does not require chewing and can be swal-
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lowed without first forming a bolus. Weakly thickened
liquids, which are classified as level 2, can be drunk.
Food does not hold its shape, flows quickly from a
spoon, but more slowly than liquid of normal consisten-
cy. Requires little effort when drinking through a stan-
dard straw (diameter 5.3 mm). This consistency can
be used in children with decreased muscle tone of the
tongue. Level 1 s a slightly thickened liquid that passes
freely through a standard tube, nipple on a bottle/cup.
The consistency of the food resembles an industrially
prepared formula for baby food of the “anti-reflux” type.
It is used with a slight weakening of the swallowing re-
flex. Water, expressed breast milk, standard milk for-
mula and liquids of similar consistency are classified
as level 0 IDDSI. The liquid flows at the speed of water.
You can drink from any cup and through straws of any
diameter.

The choice of the optimal food texture is especially
important in patients with swallowing disorders of vari-
ous genesis. Depending on the severity of dysphagia,
the preservation of independent swallowing, when de-
ciding on maintaining oral nutrition, it is necessary to
determine the type of food consistency that will lead to
the lowest risk of aspiration and food retention in the
laryngeal valleculae and pyriform sinuses. In all child-
ren before the introduction of complementary foods
and in patients with severe dysphagia during artificial
enteral feeding, it is necessary to use food texture le-
vels 0-1 according to IDDSI. Thickening to levels 1-2
is possible in children with mild dysphagia with con-
comitant GERD when prescribing antireflux mixtures.
Food texture levels 3-5 are allowed for children without
swallowing disorders or conditions that prevent inde-
pendent feeding, up to 1 year after the introduction of
complementary foods, as well as for children with mild
dysphagia. Consistency corresponding to food texture
level 6 is prescribed to healthy children and children
with mild dysphagia, mainly not associated with che-
wing disorders. Food level 7 is not prescribed for pa-
tients with dysphagia.

To support independent swallowing in a child requi-
ring treatment in ICU, it is necessary to use various de-
vices, in particular, special dishes and cutlery. The use
of such products allows for increased swallowing safe-
ty. Examples of adapted dishes are modified nipples,
cut-out cups, weighted spoons, angled spoons, sectio-
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nal plates, and non-tipping bowls. Some studies show
the benefits of carbonation of beverages in reducing
the frequency and severity of aspiration in neurogenic
dysphagia in children [27], who are often hospitalized in
ICU due to nervous anorexia and developed water-elec-
trolyte disorders.

Saliva, which is involved in the formation of a food
bolus on the surface of the tongue before swallowing,
is of great importance in maintaining independent nu-
trition. It has been proven that the rate of saliva pro-
duction increases with the presence of food in the
mouth and during chewing [28], while a decrease in sa-
liva secretion (xerostomia) leads to a deterioration in
the condition of the oral mucosa and a decrease in the
quality of life of patients, including those hospitalized
in ICU [29].

CONTROL OF RESIDUAL VOLUME
OF THE STOMACH

The concept of gastric residual volume (GRV) mo-
nitoring before feeding is based on the prevention of
nausea, vomiting, and aspiration in patients with gas-
troparesis, which is a common symptom in critically
il children [30, 31]. Studies have noted an increased
risk of these complications when GRV reaches 5 ml/kg
3-4 hours after the last meal during continuous fe-
eding or before each bolus feeding [31]. Currently,
several studies have been conducted, which have
provided conflicting data on the value of this method
[30, 32, 33]. Z. Wang et al. (2019) did not reveal an
increase in the incidence of aspiration, ventilator-as-
sociated pneumonia, or the development of feeding
intolerance in the absence of gastric residual volume
monitoring [34].

Obtaining results depends on a number of factors,
including the size of the syringe, the pressure used
for aspiration, the viscosity of the aspirated fluid, the
material and size of the gastric tube, and the loca-
tion of the distal end of the tube [35, 36]. The use of
small syringes results in the creation of less negative
pressure, which leads to distortion of the results. The
walls of silicone tubes are compressed during active
aspiration, which also leads to false negative results
in determining GRV [31]. At the same time, the positive
aspects of aspiration include the ability to control the
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nature of the contents (blood, bile, gastric or intestinal
discharge), which allows for timely diagnosis of the
development of complications [31].

Further studies are needed to determine the role of
ultrasound in assessing GRV in pediatric ICU patients
as a bedside diagnostic tool [37].

CARE OF NUTRITION TUBES

The list of possible special care measures for
feeding tubes is huge and includes all stages, from
insertion of the tube to its removal. The manipulations
should ensure not only the physical well-being of the
patient, but also the psychological one. Lack of control
over the implementation of care measures for tubes
can lead to the development of various complications
(Table 2). When directly feeding the child, certain re-
quirements must be observed. Taking into account
the constant opening of the esophageal sphincters, to
prevent passive aspiration after the introduction of a
nutritional mixture during bolus feeding, it is neces-
sary to leave the child, in the absence of contraindica-
tions, in a semi-sitting position for 30-40 min. The de-
velopment of emetic syndrome should be diagnosed
in a timely manner with temporary cessation of the
introduction of the formula, prescription of antiemetic
drugs. In case of relapses of nausea and vomiting, the
rate or volume of the introduced nutritional mixture is
reduced. Considering the frequent placement of the
distal section of the tube in the postpyloric region, af-
ter taking food and medications, the tube should be
rinsed with water to prevent obstruction of the lumen,
and if there are difficulties with the introduction of for-
mula, the tube should be rinsed with water, and if in-
effective, with a carbonated drink or an aqueous solu-
tion of pancreatin [6, 38]. If it is impossible to restore
the tube's patency, it should be removed and replaced
with a new one. With prolonged use of nasogastric
tubes (more than 1-3 weeks), it is recommended to
change the nasal passages to prevent trophic disor-
ders.

Great attention must be paid to fixing the tube to
prevent its displacement, completely cleaning the sy-
ringe during repeated use, and also to control the rate
of administration of the mixture, since these aspects
are most often not performed during feeding [39].
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Table 2. Complications of gastric tube placement

Tabamua 2. OCAOXHEHMSA NOCTAHOBKM XEAYAOYHOIO 30HAA

LECTURES

Yactble ocnoxHeHUs / Frequent complications

Peakue ocnoxHeHus / Rare complications

MHTybaums Tpaxeu, acnmpaunoHHas nHesMoHua [40, 41] /
Tracheal intubation, aspiration pneumonia

Mepdopauma nuweopa [42] uamn xenyaka [43] /
Perforation of the esophagus or stomach

FactpoasodareanbHblit peGAOKC MPU MOCTOHHO OTKPbLITOM
HUXHEM MULLEBOAHOM COUHKTEPE /

sphincter

MmaponHeBmoTopake [44] 1 rMAPONHEBMONEPUTO-
Heym [45] /

Gastroesophageal reflux in postonally open lower esophageal | Hydropneumothorax and hydropneumoperitoneum

TpaHcnUAOpUYEcKas TPaHCAOKaLUMA C pa3BUTHEM
AEMIMUHT-CUHAPOMA /

syndrome

Transesophageal translocation with development of dumping

CreHo3 nuweBopa / Esophageal stenosis

[epekpyurBaHue, 3aBA3biBaHWe y3aa / Torsion, knotting

Mepdopauma pelueryatoro AabupuHta /
Perforation of the lattice labyrinth

HocoBble KpoBOTEUEHMS NPU NOCTAHOBKE /
Nasal bleeding during probe placement

MocTaHOBKa B rOAOBHOW MAM CMIMHHOWM MO3T NpU
nepeanome OCHOBaHUA yepena /

Placement in the brain or spinal cord during skull
base fracture

OTeK CAU3UCTOM 0BOAOUYKM HOCOTAOTKU /
Edema of nasopharyngeal mucosa

330darut / Esophagitis

PuHocuHycutbl / Rhinosinusitis

MponexHn / Bedsores

OTWTbI NPU AAMTEABHOM HAaXOXAEHWU 30HAA /
Otitis media with prolonged probe placement

Kapuec, opodapuHreanbHbli KAHAMAOS /
Caries, oropharyngeal candidiasis

ORGANIZATION OF NUTRITION THROUGH
NUTRITIONAL STOMATS

Gastrostomy tubes are installed in children hospi-
talized in ICU for a long time. Although not a physio-
logical route for delivering nutrients, nutritional support
through nutritional stomas allows for the satisfaction
of patients' energy needs [46]. When organizing care
measures, it is necessary to remember the possibility
of developing early and late complications. In the pre-
sence of a gastrostomy, all complications can be divi-
ded by the time of occurrence (Table 3) [47-51].

In order to prevent infectious complications, it is
necessary to change dressings daily [53]. In case of de-
fective care and failure to observe asepsis when wor-
king with a postoperative wound, infectious complica-
tions arise: abscess, cellulitis, necrotizing fasciitis. The
most common sources are bacterial (Staphylococcus
aureus, Pseudomonas, Escherichia coli, Enterobacter
cloacae, Streptococcus, Lactobacillus and Bacteroides)
or fungal (Candida spp.) flora. Healthcare-associated
infections are of particular importance. To prevent
them, it is necessary to carry out daily dressings of the
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stoma area with fixation of aseptic dressings with a
Y-shaped incision until the wound is completely healed.
If hyperemia, pain, exudate appear, a bacteriological
study of the wound discharge is carried out, systemic
antimicrobial and antifungal therapy is prescribed. In
the absence of positive dynamics against the back-
ground of conservative therapy, and the detection of
fasciitis, surgical intervention is indicated.

The gastrostomy tube affects the change in the
microbiome of the stomach and the entire digestive
tract [54, 55]. A decrease in the a-diversity of micro-
organisms (a decrease in the Shannon index), a re-
duction in Firmicutes-type bacteria and an increase
in Bacteroides have been shown. At the same time,
a decrease in the Firmicutes / Bacteroides index is
associated with an increase in the duration of hospi-
talization in ICU and the likelihood of an unfavorable
outcome [55, 56].

After complete healing of the wound, it is neces-
sary to change the position of the gastrostomy tube
by 180-360°, and also move it up and down (deep) by
approximately 1-2 cm to prevent the growth of gra-
nulation [38]. To prevent obstruction of the lumen of
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Table 3. Postoperative complications after gastrostomy
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Tabauua 3. MNocaeonepauMoOHHbIE OCAOXHEHUS MOCAE racTPOCTOMMM

PaHHWe 0CAOXKHEHUA
(meHee 72-96 vyacos) /
Early complications (less
than 72-96 hours)

Mo3aHME OCAOXKHEHUA
(6onee 72-96 vacoB) /
Late complications
(more than 72-96 hours)

OTCpOYEHHbIE OCAOXKHE-
HuA (bonee 1 mecaua) /
Delayed complications
(more than 1 month)

BHe 3aBucumocTu
OT BpeMeHu /
Regardless of time

AbBCLECC UAU LIEANOAUT BPIOLLIHON CTEHKK /
Abdominal wall abscess or cellulitis

Moctnuaopuueckas
Murpaumsa /
Postpyloric migration

3acopeHue Tpybku /
Tube blockage

UpecneueHouHoe
pa3melleHue /
Transhepatic placement

MHeBMmonepuToHeym /
Pneumoperitoneum

[panyrauuun /
Granulations

BHyTprbptoWMHHOE UCTeUeHWE
XEAYAOUHOIO COAEPXKUMOTO /
Intraperitoneal effusion of
gastric contents

KpoBoTeUYEeHUE U3 XENYAOU-
HbIX apTepu /

PacxoxaeHue kKpaeB paH,
3BeHTpauus /

AEeMMUHT-CUHAPOMOM /
Dumping syndrome

MepuctomanbHas MHbekUMs /
Peristomal infection

Bleeding from gastric
arteries

Wound margin separa-
tion, euteration

femoneputoHeym /
Hemoperitoneum

KOHTakTHbIN Aepmatut /
Contact dermatitis

Bamnep-cuHapom [52] /
Bumper syndrome

AcnupaunoHHaa NHEBMOHUA /
Aspiration pneumonia

MocTHapKo3Hble
OCAOXHeHUs /
Post anesthesia
complications

MNepdopauns xeayaka /
Gastric perforation

HesanaaHupoBaHHOE
yaaneHwue tpybku /
Unplanned tube removal

the tube, it is necessary to correlate the diameter with
formula’s consistency (according to IDDSI no more
than 0-3).

When there is excessive compression of tissue be-
tween the external and internal fixation devices of the
gastrostomy tube, bumper syndrome occurs, characte-
rized by ischemia, necrosis and infection of soft tissues
[52]. In this case, the bumper can be at any distance
between the gastric mucosa and the skin, which can
lead to gastric perforation, peritonitis, and subcutane-
ous fat infections. A characteristic triad of symptoms
is described: the inability to administer the mixture,
obstruction of the tube, and leakage of gastric con-
tents into the stoma area. To prevent this syndrome,
it is necessary to ensure the correct positioning of the
external cushion between the skin and the external fi-
xator, which should be at least 10 mm. A positive effect
is provided by weekly changes in the tube position by
180-360° after unfastening the external fixing plate
(after the wound has healed). When bumper syndrome
develops, surgical intervention with reinstallation of the
tube is indicated.

CHILDREN’S MEDICINE

If the gastrostomy is not sufficiently fixed to the
skin, as well as if there is active gastrointestinal peri-
stalsis, the intragastric balloon may be dislocated be-
yond the pyloric sphincter. Against this background,
nausea, vomiting (especially during feeding), and hy-
poglycemia often develop. In severe cases, dumping
syndrome develops. To prevent complications, it is
necessary to apply a mark on the outer part of the gas-
trostomy tube as a reference point and, if necessary,
tighten the tube. In case of frequent relapses, the is-
sue of installing a low-profile gastrostomy should be
considered.

Excessive traction of the gastrostomy tube or trau-
ma leads to the growth of granulation tissue, which may
cause a loose fit of the pressure plate with leakage of
gastric contents or dislocation of the tube. In addition,
the appearance of granulation leads to difficulty in im-
plementing care measures with subsequent develop-
ment of infectious complications.

Frequent movements of a gastrostomy tube, pro-
liferation of granulation tissue, decreased motility of
the gastrointestinal tract, severe coughing leading to
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increased intra-abdominal pressure, and cracks in the
tube itself lead to leakage of acidic gastric contents
from the stoma. This not only increases the diameter
of the stoma, but also damages the skin with the de-
velopment of contact dermatitis. To prevent excessive
mobility of the tube, it is recommended to attach it
to the skin of the anterior abdominal wall, and not to
clothing. Avoid pulling or bending the tube too tightly.
Check the balloon for water at least once a week to
ensure it is filled to the volume recommended by the
doctor. If there are no contraindications, medications
that reduce stomach acidity are prescribed. In case
of problems with intestinal peristalsis, gastrostasis,
pharmacological correction is also carried out. In case
of development of contact dermatitis, it is necessary
to use protective cream, petroleum jelly or zinc paste.
In some cases, it is recommended to remove the gas-
trostomy tube for a short period to stimulate narrowing
of the lumen. To prevent stenosis of the gastrostomy,
tubes of a smaller diameter are inserted into the lumen
or, if absent, a Foley catheter with subsequent inflation
of the balloon.

Thickening of the formula, deposition of lumps or
medications can lead to narrowing of the lumen and
obstruction of the gastrostomy tube. In this case, it
is technically impossible to introduce the nutritional
mixture or medications. To prevent complications, it
is necessary to flush the gastrostomy tube with warm
water before and after the introduction of nutritional
formula and medications. For children receiving conti-
nuous enteral feeding, the tube should be flushed every
4-6 hours. To prevent drug deposits due to incomplete
dissolution of solid forms, solution analogues are used
whenever possible. The blocked tubes are immediate-
ly washed with carbonated water using a syringe, then
the contents are aspirated with a syringe, pancreatic
enzymes may be used. The absence of a positive ef-
fect from the conservative therapy determines the indi-
cations for surgical intervention with reimplantation of
the gastrostomy.

The algorithm for care of the postoperative wound
and gastrostomy in children (adapted from Wierni-
cka A. et al., 2016) [57] is as follows.

Day 1:

e First dressing change in the morning after gast-

rostomy placement.

LECTURES

* Inspect the wound to determine early complica-
tions (bleeding, erythema, discharge, induration,
allergic skin reaction, etc.).

* Insert the tube 1-3 cm (depending on the child’s
age) ventrally and gently pull it back until the inter-
nal fixation flange resists.

* Place a Y-shaped aseptic dressing under the tube.

* The external fixation plate is secured with free
movement of at least 5 mm.

Days 2-7

* Change dressings daily, inspecting the wound to
detect complications.

* Finish dressings by fixing aseptic dressings.

e Attach the outer part of the gastrostomy tube to the
child’s skin (not to clothing) to prevent accidental
removal during clothing changes.

7-14 days

Dressings can be changed once every 2-3 days de-

pending on contamination.

Regularly inspect the wound to detect late, delayed

complications.

Patients’ hygiene (washing with soap and water or

taking a shower) is performed after the initial healing of
the postoperative wound [58].

ORAL CARE

In cases of swallowing disorder, especially in intu-
bated patients on mechanical ventilation, bacterial co-
lonization is observed in the oropharynx. Risk factors
include the use of certain medications, lack of oral food
or liquid intake, and dry mouth [59].

Mechanical cleaning of teeth is carried out mainly
with a toothbrush. In conscious patients, accessible to
productive contact, electric toothbrushes can be used to
increase the effectiveness of cleaning. In any case, bru-
shing teeth should be aimed at areas where plaque and
food debris accumulate (around the gums and fissures on
the chewing surfaces of the teeth). Brushing teeth should
be done carefully, using a toothbrush with a small head
and soft bristles, which helps avoid accidental injury to
the gums, at least 2 times a day, and after each meal, for
at least 1-2 minutes. It is necessary to clean all surfaces
of the teeth and, if possible, soft tissues. To clean the
interdental space, it is necessary to use dental floss, as
well as special solutions for rinsing (if the swallowing re-
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flex is preserved). If there is no possibility for mechanical
cleaning of the oral cavity with a toothbrush, it is neces-
sary to use gauze swabs moistened with a solution of an
aqueous antiseptic, for example, chlorhexidine. To re-
move food debris, you can use rinsing with subsequent or
simultaneous aspiration with an electric suction device.

To reduce the risk of dental caries, mechanical
cleaning with a toothbrush should be supplemented
with methods of remineralization of the tooth structure.
Methods of maintaining hydration of the oral mucosa,
diet modification, and the use of special pastes enriched
with fluoride are used. The inclusion of fluorides in the
crystalline structure of tooth enamel reduces the pH at
which it dissolves.

CONCLUSION

Organization of nutritional support in patients hos-
pitalized in ICU is a complex process that requires an
individual approach to the choice of food consistency,
feeding method, and care of feeding tubes during arti-
ficial nutrition. Optimization of food texture in patients
with dysphagia and changes in feeding methods helps
to prevent complications, while routine measurement
of residual gastric volume during nutritional support
does not reduce the incidence of aspiration and mani-
festations of emetic syndrome.
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ABSTRACT. Introduction. According to the World Health Organization (WHO), in a number of regions endemic
for poliomyelitis there are cases of various forms of poliomyelitis associated with the continued circulation of
vaccine-derived polioviruses and an unfavorable social and epidemiological situation. In the Russian Federation
(RF), the situation is assessed as favorable, but there is a high risk of poliomyelitis cases occurring in neighboring
countries (Tajikistan, Ukraine), which raises serious concerns due to the growing possibility of importation of wild
strains and circulating vaccine-derived polioviruses (cVDPV). It is impossible to exclude the emergence of local
cVDPV in the territory of the Russian Federation and the occurrence of new cases of vaccine-associated paralytic
poliomyelitis (VAPP) if sanitary rules and regulations are not observed. Purposes and tasks — to study the clinical
and epidemiological aspects of polio at the present stage. Materials and methods. Russian-language and foreign
literary sources, processing, analysis and visualization of information. Results. To date, two states — Afghanistan,
Pakistan — are endemic for wild poliovirus type 1. In 2021-2022, cases of importation of wild poliovirus type 1
to Malawi and Mozambique were reported. In 2024, 6 confirmed cases of polio caused by the wild strain were
identified in these States. The problem of circulating vaccine strains of type 2 also remains relevant. In 2022, these
viruses were detected in wastewater from London, New York and Jerusalem. According to WHO, for 2023 there are
308 cases of polio caused by mutated type 2 vaccine poliovirus worldwide. Since 2021, a new stable monovalent
oral polio vaccine (nOPV2) containing a more. genetically stable type 2 vaccine poliovirus has been certified.

KEYWORDS: epidemiology, vaccine-associated paralytic poliomyelitis, type 1 wild poliovirus, circulating vaccine-
derived poliovirus 2 type, immunoprophylaxis
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PE3IOME. Beegenne. Mo faHHbIM BcemupHoi opranusauum sgpaBooxparenuns (B03), B psae 3HAEMUYHBIX MO
NONIMOMUENUTY PErMoHax BCTPeYatoTCA Cnyyan 3abonesaHmns pa3nnyHbiMu popMamu NONMOMUENNTA, CBA3AHHbIE
C COXpaHEeHUEM LUPKYNSLMK MONNOBMPYCOB BaKLMHANBHOIO NPOUCXOXAEHUSA U C HE6NAronpuATHON CoLManbHOIA
W aNUAEMMONOrnYecKoii 06¢TaHoBKoii. B Poccuiickoii ®epepaunn (PO) cutyaums oueHuBaeTcs Kak 6narono-
NyYHasi, HO UMEKT MECTO BbICOKWE PUCKN BOSHUKHOBEHUS CITyYaeB NOSIMOMUENNTA Ha TEPPUTOPUM BIM3NexaLLnx
rocyaapcTs (TagXuKncTaH, YKpauHa), 4To Bbl3bIBaeT CEPbE3HbIE ONACEHUS B CBA3MN C pacTyLLeil BO3MOXHOCTbIO
3aB03a ANKMX LUITAaMMOB W LMPKYIUPYHOLLMX MONMOBUPYCOB BaKLIMHHOTO NpoucxoxaeHus (4MBBIM). HeBo3aMoxHO
UCKMOYUTD NosABNEHWe NoKanbHbiX UIMBBI Ha TeppuTtopun PO 1 BOSHUKHOBEHME HOBbIX ClyyaeB BaKLMH-ac-
COLMMPOBAHHOTO Napanutuyeckoro nonuomuenuta (BAIM) npu HeCO6MIOAEHNN CaHUTAPHbIX NPaBUI N HOPM.
Llenb — n3y4ynTb KIIMHUKO-3MNAEMNONOTMYECKINE aCNeKTbl MOJIMOMUENNUTA Ha COBPEMEHHOM aTane. MaTepuanbi
M MeTogbl. PyccKoA3blYHble M MHOCTPaHHbIEe IMTEpaTypHble UCTOYHMKMW, 06paboTKa, aHanu3 u BU3yanusaums
uHdbopmauuu. Pesynbtatel. B HacTosLee BpeMs 3HAEMUYHbIMU N0 JUKOMY NOAWOBUPYCY 1-ro TMNa ABASOTCA
ABa rocynapctea — Adranuctad u lMakuctaH. B 2021-2022 rr. 3aperncTpupoBaHbl Clyyan 3aBo3a AUKOro no-
nuoBupyca 1-ro Tuna B Manaeu u Mozam6uk. B 2024 r. BbisBNeHO 6 NOATBEPXKEHHbIX CyYaeB NOANOMUENNTA,
BbI3BaHHbIX LMKWUM LUTAMMOM B 3TUX rocyAapcTBax. AKTyallbHOCTb COXpaHsIeT Takxe Npobiema LUpKyanpyoLwmx
BaKLMHHbIX WITaMMOB 2-ro Tna. B 2022 r. 3Tv BUpYCbl 06HAPYXMBANNCh B CTOYHbIX Bogax JIoHAoHa, Hblo-Mopka
u Wepycanuma. Mo gaHHbiM BO3, 3a 2023 r. B Mupe 3apeructpupoBaHo 308 cnyyaeB NoAMOMMENUTA, Bbl3BaH-
HOro MYTMPOBABLIMM BaKLMHHbIM NONMoBUpycom 2-ro Tuna. C 2021 r. cepTuduympoBaHa HoBas CTabunbHas
MOHOBasNeHTHas opabHas nonuomMuennTHas BakuuHa (nOPV2), copepxallas 60/1ee reHeTUYecKu CTabunbHbli
BaKLMWHHbIWA MONMOBUPYC 2-r0 TUNa.

KJNTIOYEBDBIE CJNNOBA: anugemunonorus, BakynmH-accCoynnpoBaHHbIN napanuTudecknii noanoMUennT, UKUA
noanosupyc 1-ro Tuna, YMPKyanpPyrLMii MoJMOBUPYC BaKLUMHHOO NPOUCXOXAEHUS 2-ro TUMa, UIMMYHOMPOPUAaKTUKa
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INTRODUCTION

According to the World Health Organization (WHO),
against the backdrop of the pandemic of a new coro-
navirus infection, military conflicts, unfavorable epide-
miological situation in regions endemic for poliomye-
litis, unjustified vaccine refusals, non-compliance with
vaccination schedules in Third World countries, and
the continued circulation of vaccine-derived poliovi-
ruses, the incidence of various forms of polio remains
[1-4].

In the Russian Federation (RF), the polio situation
is assessed as favorable, but there is a high risk of
cases of the disease occurring in neighboring coun-
tries (Tajikistan, Ukraine). This raises serious con-
cerns due to the growing possibility of importation of
wild strains and circulating vaccine-derived poliovi-
ruses (cVDPV). It is impossible to exclude the emer-
gence of local cVDPV in the RF and the occurrence of
new cases of vaccine-associated paralytic poliomye-
litis (VAPP) if sanitary vaccination standards are not
observed [5, 6].

In 2022, new cases of wild poliovirus (WPV) type 1
were documented in countries declared polio-free. cVDPV
types 2 and 3 were reported in waste waters in New
York City and Jerusalem. Environmental surveillance
sequencing showed that cVDPV type 2 strains from
New York and Jerusalem were related not only to each
other but also to environmental isolates found in Lon-
don [7]. In the United States, a case of paralytic po-
liomyelitis caused by cVDPV type 2 was reported on
18 July 2022 in an unvaccinated patient with immuno-
deficiency [8].

The Global Polio Eradication Initiative has made sig-
nificant progress. According to WHO, two out of three
strains of wild poliovirus have now been eradicated
worldwide. The WHO regions: Africa, Americas, Europe,
Eastern Mediterranean and Western Pacific are certi-
fied polio-free. Endemic transmission of wild poliovi-
rus type 1 persists in Afghanistan and Pakistan, where
12 cases of polio caused by WPV type 1 were reported
in 2023. Additional surveillance in 2023, such as waste-
water monitoring, shows widespread circulation of wild
poliovirus type 1 among the population in endemic
countries. This poses risks of international spread due
to population migration [5].
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According to the WHO, the new polio eradication
strategy is planned to allocate from 4.5 to 6.2 billion
dollars annually [9].

The causative agent of polio is Poliovirus hominis,
which belongs to the family Picornaviriadae, the genus
Enterovirus. It is an RNA + virus, the genome of which
is about 7500 nucleotides long, size is 7.4 kb. The vi-
rus has an icosahedral capsid measuring 30 nm, con-
sisting of 60 copies of 4 structural proteins (VP1, VP2,
VP3, VP4). The genome contains a large open reading
frame, framed by a highly structured 5'-untranslated
region, ending with a poly(A) tail. The open reading
frame encodes a polyprotein that is cleaved into four
capsid proteins and seven non-structural proteins (2A,
2B, 2C, 3A, 3B, 3C, and 3D) involved in viral replication.
The second, shorter reading frame encodes the ORF2p
protein, which plays a significant role in viral replication
[10-12].

There are three serotypes of wild poliovirus: type
1 — Brunhilde, it is characterized by epidemic outbhreaks
with the development of paralysis; type 2 — Lansing,
the causative agent of sporadic cases; type 3 — Leon,
causes VAPP. Since 1999, no case of wild poliovirus
type 2 has been registered in the RF, and since 2012 —
type 3 [13].

The pathogenesis of poliomyelitis is characterized
by four phases: enteric, lymphogenous, viremic, and
neural. The enteric phase is characterized by the entry
of wild poliovirus into the gastrointestinal tract [14],
after which the virus attaches to the CD155 receptors
of epithelial cells. This causes conformational chan-
ges in the viral capsid necessary for the release of
viral RNA into the cell cytoplasm [11]. During the lym-
phogenous phase, WPV replicates in the lymph nodes
of the small intestine and Peyer's patches. Then, in
the viremic phase, the virus enters the bloodstream.
This leads to dissemination and replication in organs
and tissues: spleen, liver, lungs, myocardium. The
development of latent and abortive forms of the dis-
ease is associated with this stage of pathogenesis. Vi-
rus replication is also possible in muscle tissue, which
causes myalgia before paralysis. In the neural phase,
poliovirus enters the central nervous system through
the blood-brain barrier. There is another variant of vi-
rus spreading — perineural. It consists of the entry of
the infectious agent through the autonomic fibers of
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the nerves innervating the gastrointestinal tract into
the segments of the spinal cord. Poliovirus affects the
gray matter of the spinal cord and brainstem, mainly
the motor neurons of the anterior horns of the spinal
cord, the motor nuclei of the cranial nerves (glos-
sopharyngeal, vagus, facial, etc.). It is characterized
by mosaic pattern and asymmetry of damage to indi-
vidual muscle groups. In some cases, neurons of the
posterior horns, cells of the spinal ganglia can be af-
fected. The midbrain, cerebellar nuclei and cerebral
cortex (neurons of the moto region of the frontal lobe
of the cerebral cortex) can be affected in the brain.
The posterior roots of the spinal cord are rarely in-
volved in the inflammatory process, so there are no
sensory disturbances in polio patients. Sometimes
the reticular formation is affected. The presence of
pain syndrome and neural tension symptoms is asso-
ciated with damage to the spinal meninges [14]. It is
worth noting that poliovirus does not replicate in mus-
clesinvivo. All changes occurring in peripheral nerves
and skeletal muscles are secondary to the neuronal
cell death [15].

Strains included in the oral poliovirus vaccine (OPV)
can mutate and become cVDPYV, causing polio cases in
regions with low immunization rates [12]. This is due
to the lack of proofreading ability in RNA-dependent
RNA polymerase, which leads to point mutations in the
viral genome. This results in the formation of cVDPV
types 1, 2, and 3 [10]. In addition to mutations, vaccine
strains of polioviruses are capable of recombination
with other enteroviruses C in coinfections and the re-
turn pathogenic properties [2]. One nucleotide site that
is critical for attenuation lies in the 5' non-coding region
of the genome of each of the three OPV strains, at nu-
cleotide 480 in type 1, 481 in type 2 and 472 in type 3.
Two mechanisms can lead to the formation of chime-
ric genes. The first is “break-and-join” mechanism, in
which the genetic sequence of one parental genome is
cleaved by a nuclease and re-ligated with a sequence
derived from the other parental genome. The second
is “copy-choice” mechanism, in which a nascent RNA
strand switches the template strand during genome
replication. It is these processes at the nucleotide sites
of attenuation that lead to the adaptation of vaccine
strains of polioviruses and the acquisition of pathoge-
nic properties [16].
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Currently, the WHO strategy has introduced no-
vel oral polio vaccine type 2 (nOPV2) [9] as of 2021.
Since March 2021, approximately 450 million do-
ses of this vaccine have been distributed for local
use to control cVDPV type 2 cases in 21 countries
[17]. Modifications to the poliovirus genome in this
vaccine stabilize mutations in the 5’-untranslated
region, suppress replication with other enterovirus
types in coinfections, and limit the adaptability of
the virus [18].

EPIDEMIOLOGICAL SITUATION IN REGIONS
OF THE WORLD ENDEMIC FOR WILD
POLIOVIRUS TYPE 1

Currently, Pakistan and Afghanistan remain en-
demic countries for poliomyelitis (according to WHO
data). The dynamics of polio cases caused by wild
poliovirus type 1 are presented in Figure 1. The ma-
ximum rates were observed in 2019-2020, a decrease
was noted in 2021 and an increase in 2022. In 2024,
after the data update on 28.05.2024, 6 confirmed po-
lio cases caused by WPV type 1 were detected in en-
demic countries. The last cases were detected in April
2024 [19].

The dynamics of the number of isolated WPV type
1 strains from the environment in endemic regions is
shown in Figure 2. The maximum values were observed
in 2019-2020, a decrease was noted by 2021 and an
increase in 2023. In 2024, after updating WHO data on
05.28.2024, 173 isolated WPV type 1 strains were de-
tected from the environment. In 2021-2022, importa-
tion into countries declared polio-free was registered —
Malawi and Mozambique [19].

In Afghanistan, the unfavorable epidemiological
situation has developed due to the ban on house-to-
house polio vaccinations. This has led to the fact that
since May 2018, more than 1 million children in the
southern regions of the country have been systema-
tically not covered by immunization against polio. As
a result, in 2019-2020, 90% and 75% of polio cases
caused by WPV type 1 in Afghanistan, respectively, oc-
curred in areas currently inaccessible for vaccination.
In areas accessible for vaccination, there are person-
nel problems, and there are no accounting and repor-
ting mechanisms [9].

CHILDREN’S MEDICINE

Ne 4 Tom 12

of the North-West



OB30PbI

200

180 176

160
~ 140
©
g 140
3
=3 120
S ®
§ ]
g o 100
o by
= O
8 g 60
g 2
3 40 30
= 33
P 13
3 20 6

0 -

2018 rop / year 2019 rop / year

2020 rop / year

2021 rop / year 2022 rop / year 2023 rop / year

— 3aboAeBaeMOCTb AMKUMU LITAMMaMKU NOAVOBUPYCA B IHAEMUYHBIX PerMoHax /
Incidence of wild poliowirus in endemic regions

Fig. 1. The dynamics of the incidence of polio caused by type 1 wild poliovirus in endemic regions

Puc. 1. AvHamuka 3aboreBaemMocCTu NMOAUOMUEAUTOM, BbISBBAHHbIM AUKWUM MOAUOBUPYCOM 1-ro TMNa, B 3HAEMUYHbIX

pervoHax Mupa

x

2 600

I

Q

S 468

g 2. 500 504

3. 55

G302 E

3z 5 400

Fa=zs

— 9 g

mOS

2339 300

< S >

885E 224 190
5358 200

zg83

EOEQ

2228 100 66 65
o [e]

@ Q9

s F

S 0

% 2018 rop / year 2019r0p/year 2020roa/year 2021rop/year 2022rop/year 2023 rop/ year
<

— AVHaMKKa KoAMYecTBa BblpeAeHHbIX AlNB 13 okpyxatoLien cpeabl /
Incidence of polio caused by type 1 WPV in endemic regions

Fig. 2. Dynamics of the number of isolated wild poliovirus (WPV) type 1 strains from the environment in endemic regions

Puc. 2. AMHaMKWKa KOAMYECTBA BbIAEAEHHbIX LUTAMMOB AMKMX NMOAMOBUPYCOB (AMNB) 1-ro TMNa 13 okpyXatoLlen cpeabl

B SHAEMWYHbIX PETMOHaxX MUpa

In Pakistan, progress has been hampered by a
combination of factors: decreased vigilance against
a declining incidence from 2015 to mid-2018; no new
cases were reported for several months; a change in
national leadership; increasing public distrust of vac-
cines; discrepancy between emerging issues and tra-
ditional vaccine approaches. The growing amount of
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information on social networks from supporters of the
anti-vaccination movement contributes to an increase
in the frequency of unjustified refusals of parents to
vaccinate. Immunization coverage has been impacted
by a lack of effective engagement with special popu-
lations at high risk of polio, particularly the Pashtuns,
who make up 15% of the country’s population. Despite
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the small size of this social group, it accounts for 81%
of polio cases caused by WPV type 1 in Pakistan over
the past 10 years [9].

In these countries, the previously mentioned
problems have been exacerbated by the COVID-19
pandemic. In early 2020, the first wave of COVID-19
led to restrictions on movement and the temporary
suspension of polio activities between March and July.
During this pause, surveillance quality deteriorated and
immunization campaigns were postponed. In 2021 and
beyond, the introduction of COVID-19 vaccines has pre-
sented an opportunity to conduct public health educa-
tion work among the population on immunoprophylaxis,
including against polio [9].

EPIDEMIOLOGICAL SITUATION IN REGIONS
OF THE WORLD WITH CIRCULATING
VACCINE-DERIVED POLIOVIRUS

According to WHO, in addition to WPV type 1,
cVDPV type 2 mainly continues to circulate in Afri-
ca and endemic countries. Elimination of WPV type 2
was declared in 2015. Following this, in April 2016, a
global switch from trivalent to bivalent OPV containing
poliovirus types 1 and 3 was implemented to complete-
ly eliminate the use of live attenuated vaccine type 2
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and its associated risks. Outbreaks associated with
cVDPV type 2 have emerged, despite the fact that this
was preceded by the introduction of one dose of inac-
tivated polio vaccine (IPV) in national immunization
schedules and enhanced measures to increase herd
immunity to vaccine-derived poliovirus type 2. Delay
in measures taken in a number of African countries
led to the emergence of a non-immune layer of the
population group to poliovirus type 2 [20]. From 2016
to 2020, 64 cVDPV type 2 outbreaks have been re-
ported, affecting 33 countries and causing a total of
1,572 cases of paralytic polio. In 2020, 1,082 cases of
cVDPV type 2 infection were detected in 29 countries,
14 of which affected for the first time. The increase
in cases is due to large outbreaks in countries such
as Afghanistan, Pakistan, Chad, and Cote d'lvoire,
which together accounted for 59% of the total ca-
ses reported in 2020. The COVID-19-related pause
in polio control activities from March to July 2020,
in combination with disruptions basic immunization
and IPV vaccination, also led to increased transmis-
sion of viruses. In early 2021, the risks associated
with the spread of ongoing cVDPV type 2 outbreaks
increased as these outhreaks threatened large popu-
lation groups that lack immunity to cVDPV type 2 [9].
The dynamics of the number of polio cases worldwide
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Fig. 3. Dynamics of the number of polio cases caused by type 2 circulating vaccine-derived polioviruses (cVDPV) in world
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caused by cVDPV type 2 from 2019 to 5 December
2023 is shown in Figure 3 [20].

The spread and continuation of cVDPV type 2 out-
breaks are due to several factors: decreased mucosal
immunity to cVDPV type 2 among young children born
after the switch from trivalent to bivalent OPV; low
coverage of basic IPV immunization; population mi-
gration, which allows the virus to be transmitted from
one population to another; late detection of cVDPV
type 2 outbreaks; delayed response to outhreaks; in-
sufficient coverage of supplementary immunization
measures [9].

IMMUNIZATION ACTIVITIES IN ENDEMIC
REGIONS OF THE WORLD

WHO and UNICEF (an international organization
operating under the auspices of the United Nations)
estimate that national childhood coverage in Paki-
stan with three doses of OPV and one dose of IPV at
12 months of age was 83% for each vaccine in 2021.
A 2021 study by C. Mbaeyi et al., supported by Gavi,
the Vaccine Alliance, indicated that the proportion of
children aged 12-23 months who had received 3 rou-
tine immunization OPV doses ranged by province from
45.1% in Balochistan to 94.9% in Punjab. None of the
districts in the provinces of Balochistan, Khyber Pa-
khtunkhwa, and Sindh had coverage greater than 80%,
compared with 31 (86%) of 36 districts in Punjab pro-
vince [21].

Pakistan has also implemented supplementary im-
munization activities in response to cVDPV2 outbreaks
using trivalent and nOPV2. In 2022, two national im-
munization days were conducted, targeting 44 million
children under 5 years of age and five subnational
immunization days for smaller populations. In 2023,
one national immunization event and four subnational
immunization events (February, March, May, and June)
were held from January 2022 to June 2023, according
to C. Mbaeyi et al. There are approximately 1.1 million
children under 5 years of age eligible for vaccination
in seven southern districts of Khyber Pakhtunkhwa.
About 50,000 children in the region regularly miss out
on OPV immunization, including 19,500 children in
South Waziristan. In that district, militants have inti-
midated local health workers and prevented them from
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vaccinating children since August 2022, resulting in
19,500 children not receiving the vaccine. In January
2023, 505,750 children eligible for immunization were
not vaccinated in the country, including 22,466 (4%) re-
fusals [21, 22].

According to the WHO and UNICEF estimates, na-
tional coverage with three doses of OPV among chil-
dren aged 12-23 months in Afghanistan was 71%
in 2021 and 76% in 2022. Coverage with one dose of
IPV in Afghanistan was 67% in 2021 and 71% in 2022.
During 2023, routine immunization coverage with three
doses or less of OPV increased to 73%, and the propor-
tion of children who did not receive OPV decreased to
13%. The proportion of infants and children who never
received OPV decreased from 1.4% in 2022 to 0.8% in
2023. In addition to routine immunization, Afghanistan
offers vaccination to children under 10 years of age
on major travel routes throughout the country and to
persons of all ages at two border crossing points with
Pakistan. During January 2022-June 2023, a total of
14,106,879 doses of bivalent OPV were administered
at transit points and 1,690,497 at border crossings. Af-
ghanistan also conducts regular surveillance for cases
of acute flaccid paralysis, as one of the causes may be
poliovirus [23].

CLINICAL AND EPIDEMIOLOGICAL
SITUATION OF POLIO
IN THE RUSSIAN FEDERATION

The Russian Federation has maintained its status
as a polio-free country since 2002. The polio situa-
tion is assessed as favorable, but there remains a
high risk of cases occurring in neighboring countries
(Tajikistan, Ukraine). This raises serious concerns
due to the growing possibility of importation of wild
strains and circulating vaccine-derived polioviruses
(cVDPVs). It is impossible to exclude the risk of the
emergence of local cVDPVs in the RF and occurrence
of new cases of vaccine-associated paralytic polio-
myelitis if sanitary vaccination standards are not ob-
served [5, 6, 24].

VAPP remains relevant in the RF. The dynamics of
cases of vaccine-associated paralytic poliomyelitis in
the Russian Federation from 2017 to 2022, according
to the State Reports of Rospotrebnadzor, is shown in
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Figure 4. The largest number of detected cases was ob-
served in 2017 and 2019 [26-30].

In the study by A.K. Shakaryan et al. (2019), an ana-
lysis of VAPP cases from 2006 to 2016 was conducted
on individuals who received OPV as part of the vaccina-
tion — recipients of OPV and individuals in contact with
the recipients of OPV who developed vaccine-associ-
ated paralytic poliomyelitis. Muscle hypotrophy, para-

and monoparesis of the lower limbs predominated in
persons in contact with recipients. In recipients of OPV
muscle hypotrophy, para- and monoparesis of the lower
limbs predominated, and tetraparesis with bulbar palsy
was also encountered, which was not found in persons
in contacts with recipients of OPV (Fig. 5, 6) [31].

In 2023, 1 case of VAPP was registered. Vaccine-de-
rived polioviruses type 2 were isolated in two regions
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of the country. According to genome sequencing, the
viruses are not related to each other and could have
been isolated by individuals with immunodeficiency dis-
orders. Rospotrebnadzor conducted an epidemiologi-
cal investigation into this incident, organized a set of
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anti-epidemic and preventive measures, including im-
munization of the child population, in accordance with
sanitary legislation and taking into account the WHO
recommendations. As a result of the measures taken,
the situation was localized, no new cases of isolation

2024 81

of the North-West

N 4 Vol. 12



of vaccine-derived poliovirus were recorded. The glo-
bal situation and isolated findings of epidemiologically
significant polioviruses, including as a result of impor-
tation, emphasize the relevance of the risks for the Rus-
sian Federation [5].

The dynamics of polio vaccination coverage rates in
the RF in 2012-2023 are shown in Figure 7. Since 2022,
according to the National Immunization Calendar of the
Russian Federation, revaccination of children at 14 years
of age has been replaced by revaccination at 6 years of
age. Its rates were 88.1% in 2022 and 94.35% in 2023 [5].

Despite the high levels of vaccination coverage in the
country as a whole, problems in the organization of im-
munoprophylaxis remain in a number of regions. In 2023,
the coverage rate of children with timely immunization
against polio at the age of 12 months was not achieved
in 2 regions of the country (in 2022 — in 4), at the age of
24 months —in 4 (in 2022 — in 5), the coverage rate of the
third revaccination at 6 years — in 20 (in 2022 —in 37) [5].

In 2023, in four federal subjects of the North Cau-
casus Federal District, catch-up supplementary immu-
nization was held among all children aged 3 months to
9 years inclusive using inactivated and oral polio vac-
cines to increase the level of herd immunity to polio-
viruses. It was due to the isolation of vaccine-derived
poliovirus type 1 in 2022 During the supplementary
immunization program, high rates of poliomyelitis vac-
cination coverage were achieved, and measures to pre-
vent VAPP were implemented [5].

In connection with the population migration from
border states, immunization against polio was orga-
nized for unvaccinated or children under 14 years who
have no data on preventive vaccinations that arrived
during the year from Ukraine, the Donetsk and Lugansk
People's Republics, and the Zaporizhye and Kherson
regions. A total of 14,260 people were vaccinated [25].

Over the past 10 years (2014-2023), studies of ma-
terial from 3,218 cases of acute flaccid paralysis and
more than 70,000 healthy children from risk groups were
conducted as part of polio surveillance. This made it
possible to identify VAPP cases, as well as mutated vac-
cine-derived polioviruses of three types, including the im-
port of cVDPV type 2 from the Republic of Tajikistan in
2021. A study of more than 140,000 wastewater samples
showed the absence of circulation of WPV and cVDPV
among the population of the Russian Federation [5].
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CONCLUSION

Despite the activities carried out by the WHO, re-
gions of Afghanistan and Pakistan currently remain
endemic for wild poliovirus type 1. There are risks
of the spread of WPV type 1 beyond the endemic
regions due to military conflicts, unjustified refu-
sals to vaccinate, non-compliance with vaccination
schedules, the preservation of a non-immune layer
of the population group in these countries and the
incomplete scope of measures taken to fight against
polio.

The prevalence of polio caused by cVDPV type 2
is much wider: it covers Africa and endemic coun-
tries. This is due to both the properties of the vac-
cine strains of polioviruses and the emergence of a
non-immune layer of the population group in these
regions along with the use of a live bivalent oral po-
lio vaccine containing only poliovirus types 1 and 3.
The new monovalent oral polio vaccine has reduced
the incidence of poliomyelitis caused by cVDPV
type 2.

In the Russian Federation, there remains a risk
of importation of both wild and circulating vaccine
strains of polio from other countries due to popula-
tion migration from countries with low polio vaccine
coverage. In the RF, there are isolated VAPP-cases
caused by non-compliance with sanitary standards
for general immunization.

Thus, the problem of polio remains relevant not
only in endemic wild poliovirus regions, regions with
circulation of cVDPV type 2, but also in the Russian
Federation.
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AONOAHUTEAbHAA UHO®OPMALUA

Bknap aBTOpOB. BCe aBTOPbLI BHECM CYLLECTBEH-
Hbli BKNaj B pa3paboTKy KOHLeNnuuu, NpoBeaeHne
nccnesoBaHWA M NOATOTOBKY CTaTby, MPOYN U OA0-
Opunu GuHanbHy0 Bepcuto nepeg nybnukaynen.

OB30PbI

KoHdnuKT MHTepecoB. ABTOPbI LEKNapupyrT 0T-
CYTCTBME SIBHbIX M MOTEHLMANbHbIX KOHOIMKTOB UHTe-
PEeCOB, CBA3aHHbIX C Ny6AMKaLMel HaCTOSAL el CTaTbi.

WUcTounuk puHaHcMpoBaHua. ABTOPbI 3asBNSOT 06
OTCYTCTBWM BHELHero GuHaHCMpoBaHuA Npu npoBe-
AEeHUU uccnepoBaHus.
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ABSTRACT. Introduction. Recent work and accumulated knowledge over several decades have shown that general
anesthetics are potentially toxic to a child’s developing brain. In many animal studies, it has been found that after
exposure to anesthesia, neuroinflammation, apoptosis of neurons occurs at certain stages of brain development,
and persistent cognitive impairment subsequently forms. A number of cohort studies are alarming in assessing
the intellectual development of children who underwent general anesthesia at the age of 3 years. Several studies
have found a link between the use of anesthesia in early childhood and the subsequent development of cognitive
impairment, the appearance of learning problems. The purpose of the work is to present the results of a systematic
review of publications on the problem of the effect of general anesthesia on the cognitive functions of a child.
The search for publications was carried out by analyzing PubMed electronic bibliographic databases. Result. In
our study the analysis of preclinical studies, as well as the largest retrospective and prospective clinical studies,
is carried out; problems in identifying biomarkers associated with the neurotoxicity of general anesthetics are
identified; the role of surgical intervention and changes in homeostasis in the formation of postoperative cognitive
dysfunction is considered. Conclusion. At the moment, there is no convincing evidence that a single and short
exposure (less than 1 hour) to general anesthesia in early childhood has a causal relationship with a negative effect
on the neurocognitive functions of the child. Repeated exposure to anesthetics can lead to deterioration of some
of the child’s skills. There is a need to conduct new studies related to the prolonged effect of general anesthesia
(more than 1 hour) on the nervous system of children, to identify the dependence of the severity of neurotoxicity
on the duration of anesthesia and the choice of anesthetic. There is a need to identify suitable biomarkers
associated with the neurotoxicity of general anesthetics. It is necessary to study the role of surgical intervention,
the type of operation, and temporary changes in systemic homeostasis in the formation of postoperative cognitive
dysfunction in children.

KEYWORDS: general anesthesia, neurotoxicity, anesthetics, biomarkers, postoperative cognitive dysfunction,
childhood
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PE3IOME. Beegenne. MocnepnHne paboTbl N HAaKOMIEHHbIE 3@ HECKONbKO AECATUNETUI 3HAHUS NOKa3anu, YTo
o6LMe aHeCTEeTUKM NOTEHLMANIbHO TOKCUYHBI LIS pa3BUBALOLLErocs Mo3ra pebeHka. Bo MHOrux uccnefoBaHusx,
NPOBEAEHHbIX Ha XXMBOTHbIX, 6blNI0 YCTAHOBNEHO, YTO NOC/IE BO3AENCTBUS aHECTE3NUM Ha ONpefeNieHHbIX aTanax
pa3BuTUSA FONOBHOIO MO3ra BO3HMKAET HelipoOBOCManeHue, anonTo3 HeAPpOHOB M BNOCEACTBUU QOPMUPYHOTCS
CTOMKWE KOTHUTUBHbIE HapyLleHUs. Bbi3blBaeT HACTOPOXXEHHOCTb PSIA KOTOPTHbIX MCCNEA0BaHMIA MPY OLEHKE UH-
TenneKTyanbHOro pasBuTus AeTeil, NepeHeciunx 06LLy0 aHECTe3NI0 B BO3pacTe [0 Tpex neT. B Heckonbkux pa6o-
Tax 06HapyXXeHa CBA3b MeXJy NPUMEHEHEM HapKo3a B paHHEM LeTCKOM BO3pacTe U Nociefyow M pa3Butuem
HapyLWeHNA KOTHUTUBHBIX QYHKLUIA, @ TaKXKe NosBNeHneM npobniem B 06yyeHun. Ljesb paboTbl — NpefcTaBUThb
pesynbTaTbl CUCTEMATMYECKOro 0630pa ny6nnkauuin o npobneme BANSAHUSA 00LLE aHECTE3UN Ha KOTHUTUBHbIE
GyHKLMM pebenka. Mouck nybnmkaumii 6bin OCYLWECTBAEH NYTEM aHaNu3a 3MeKTPOHHbIX 6ubnnorpaduyeckmx
6a3 faHHbix PubMed. Pe3ynbTaTtel. lpon3BefeH pa3bop AOKNMHUYECKUX UCCNef0BaHUA, a Takxe Hanbonee
KPYMHbIX PETPOCMNEKTUBHBIX M MPOCNEKTUBHbIX KIIMHUYECKUX paboT. 0603HayYeHbl NPo6eMbl B BbISIBEHUM 61O-
MapKepoB, CBA3aHHbIX C HENPOTOKCUMYHOCTbIO O6LLNX aHECTETUKOB. PacCMOTPEH BONPOC PO/N XMPYPruYecKoro
BMeLlaTeNbCTBA U U3MEHEHUs roMeocTa3a B GOPMUPOBaHNM MOCNEONEpaLOHHON KOTHUTUBHOI AUCHYHKLMN.
3aknoyenne. Ha faHHbI MOMEHT HET y6eANTENbHbIX AaHHbIX O TOM, YTO OAHOKPATHOE U KOPOTKOE BO3Aeil-
cTBus (MeHee 1 yaca) 06LLeii aHECTE3UM B paHHEM JETCKOM BO3pacTe UMEET NMPUYMHHO-CNIECTBEHHYIO CBSA3b C
HEeraTUBHbIM BAWSIHUEM HA HEMPOKOTHUTUBHbIE BDYHKLUK pebeHka. MHOroKpaTHOe BO3AENCTBUE aHECTETMKOB
MOXEeT NPUBECTYU K YXyALIEHUO HEKOTOPbIX HaBbIKOB pebeHka. MeeTcs HEO6XOANMOCTb B NPOBEAEHUN HOBbIX
nccnefoBaHMii, CBA3aHHbIX C NPOAOXUTENbHBIM BO3JEHCTBMEM 06LLEli aHecTe3uun (6onee OAHOMO Yaca) Ha
HEPBHYI CUCTEMY [leTell U 3aBUCUMOCTU BbIPAXEHHOCTU HENPOTOKCUYHOCTU OT ASIMTENbHOCTU aHECTe3nn U
Bblbopa aHecTeTuka. CywecTByeT HEO6XOANMOCTb B ONpeLeneHun NoAXOAALNX 6UOMapKepOB, CBA3AHHbIX C
HEiPOTOKCUYHOCTbI 06LMX aHecTeTUKOB. TpebyeTcs NpoBefeHNe HOBbIX paboT, U3yyatoLWwnx ponb XUPYpru-
YecKoro BMeLlaTenbCTBa, BUAa onepaLinm, BpeMEHHOT0 MU3MEHEHUsi CUCTEMHOr0 roMeocTasa B hopMupoBaHuu
nocneonepaLnoHHON KOTHUTUBHOW JUCHYHKLMN Y AeTell.

KNIOYEBDIE CJI0OBA: o6ujas aHecTe3us, HeAiPOTOKCUYHOCTb, aHECTETUKYM, BUOMAapPKePbI, ocaeonepayuoHHas
KOrHUTUBHAsA AUCOYHKLMSA, BETCKMIA BO3pacT
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INTRODUCTION

REVIEWS

ANIMAL RESEARCH

The anesthesiologist informs children and parents
about the possible risks associated with the use of
anesthesia. Some complications, such as damage
to the lips and teeth, anaphylaxis, regurgitation of
gastric contents into the airways, sore throat, nau-
sea and vomiting, may occur immediately. But there
is a risk that is much more difficult to assess — the
effect of the anesthetic on the developing brain of
the child. Parents are increasingly interested in the
neurocognitive functions of their children after gene-
ral anesthesia, although many anesthesiologists still
rarely assess the possible risks of developing cog-
nitive dysfunction during the preoperative check-up.
The relevance of the topic is due to the prevalence of
surgical interventions and diagnostic studies requi-
ring anesthesia during periods of development of the
child's nervous system. Initially, the results obtained
during pre-clinical animal research showed that the
basis for changes in cognitive functions after anes-
thesia is neuronal apoptosis (programmed death)
during the formation of synaptic connections [1]. The
observed neurodegeneration caused alarm, and many
animal research, as well as clinical trials, began to
focus on this issue.

The article provides a systematic review of publi-
cations on the problem of the effect of general anes-
thesia on cognitive functions in children. The initial
data of preclinical research, early retrospective cli-
nical analyses on this topic, and the results of recent
cohort studies are discussed. Based on this, the
problems and prospects for new studies are iden-
tified. The review includes articles published from
1981 to 2023. The search for publications was car-
ried out by analyzing PubMed electronic bibliogra-
phic databases in the spring of 2024. The research
request included the following words and phrases:
post-operative cognitive dysfunction, anesthesia.
Based on the search results, 960 records were iden-
tified in the databases, of which 783 articles were
recognized as potentially relevant. When assessing
the relevance of the content of these articles, a set
of 45 publications was formed, presented below.
The analysis was carried out on articles published in
English and Russian.

The study of the effect of anesthetics on the central
nervous system is an important aspect of the safety of
using these agents in clinical practice. Studies of the
toxic effect of general anesthetics on the developing
brain have been conducted for several decades and
continue to be actively carried out until now. As early
as 1981, an article entitled “Exposure to halothane and
enflurane affects learning function of murine progeny”
was published in the journal Anesthesia & Analgesia
[2]. This experiment showed that mice exposed to ha-
lothane or enflurane in utero were worse in maze per-
formance than control group, which was not exposed
to anesthetics. Moreover, in some cases, learning
disorders were also detected in the next generation of
mice exposed to halothane.

Important study was published in 1999 in the
journal Science, “Blockade of NMDA receptors and
apoptotic neurodegeneration in the developing
brain” [1]. This work established a link between ear-
ly exposure to NMDA receptor antagonists and the
development of neuroapoptosis in rat pups. In the
following years, the number of studies and publi-
cations only grew, and it became increasingly clear
that the effects of anesthetics on the central ner-
vous system of animals are indeed toxic. Exposure
to anesthetics can cause both neuroapoptosis and
significant behavioral disturbances in animal mo-
dels, such as mice, rats, guinea pigs, and non-human
primates [3-5].

The fact that in non-human primates adverse ef-
fects were detected a comprehensive manner at the
biochemical, morphological, histopathological and
behavioral levels was of particular concern [6]. The
results in the presented studies raised a new ques-
tion: can the data obtained in animal research be ex-
trapolated to humans? Given the growing amount of
information obtained from preclinical research, the
United States Food and Drug Administration (FDA)
has made recommendations in 2007 that elective pro-
cedures involving general anesthesia in children under
3 years of age should be delayed whenever possible.
The committee also concluded that additional studies
are needed to understand the significance of data on
the effects of anesthetics on animals for children who
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will be exposed to general anesthesia. Since then,
many animal studies and clinical trials have focused
on this issue [7].

At the same time, the FDA statement provided was
the impetus for new studies that needed to assess
neurological disorders in children exposed to general
anesthesia in the long term. With the support of the
FDA and IARS (International Association for Recon-
ciliation Studies, International Anesthesia Research
Society), the SmartTots program (https://smarttots.
org/) is being created. Its aim is to assess the effect
of anesthetics on children’s development, as well as
to assist and support scientists working in this field.
It was after the FDA statement of 2007 that several
large and important studies were conducted on this
topic.

RISING ALARM

Several studies were published at once in 2009,
addressing the topic of postoperative cognitive dys-
function in children. One of them is an observational
study by C. DiMaggio et al. [8]. A cohort of 383 child-
ren who had undergone inguinal hernia repair within
the first three years of life was selected. They were
compared with 5,050 subjects of similar age who
had not had surgery performed for up to three years.
It was found that behavioral disorders and deve-
lopmental delays were detected more than twice as
often in children who had undergone surgery. Then
the same authors conducted another large study to
determine the influence of environmental factors [9].
A cohort of 10,450 siblings was formed, from which
a group of 304 children exposed to general anes-
thesia before the age of three years was isolated. A
comparison was also made with 10,146 siblings who
did not undergo surgery and were not exposed to ge-
neral anesthetics before the age of three years. The
study found that behavioral deviations and neuro-
developmental disorders were 60% more common in
children who had surgery. Moreover, the estimated
odds ratio for developmental or behavioral disorders
increased with multiple surgeries. It was 1.1 (95%
Cl 0.8-1.4) for one surgery, 2.9 (94% Cl 2.5-3.1) for
two surgeries, and 4.0 (95% Cl 3.5-4.5) for three or
more surgeries.
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In 2009, the results of a population-based retro-
spective study by R.T. Wilder et al. were also pub-
lished, which examined the effects of anesthetics on
children under four years of age. Scientists selected
a group of 5,357 children, of which 593 children were
exposed to general anesthesia. The study found that
subjects who had undergone general anesthesia once
before the age of four showed results comparable to
the control group. However, the results in reading,
writing, and mathematics in children had been given
general anesthesia several times were noticeably
worse, and learning difficulties were detected more
often [10].

One of the stages of research was the comparison
of twins. M. Bartels et al. published an article in which
1143 pairs of identical twins from the Netherlands
Twin Register were analyzed [11]. Separately, pairs of
twins were identified in which one or both of the sib-
lings had undergone general anesthesia before the
age of three. It is worth noting that the authors did not
take into account the duration of general anesthesia
and the nature of the surgical intervention. The results
showed that at age 12, the twins exposed to anesthe-
sia before age 3 had significantly lower academic per-
formance and more cognitive problems than the twins
who were not exposed to anesthesia. It is interesting
that study presented has an important nuance: the
same poor academic performance was demonstra-
ted by the twins who did not undergo anesthesia from
the observed pairs, not differing directly from their
exposed siblings. This information excludes a causal
relationship between the effects of anesthetic on the
child's nervous system.

It should also be mentioned that in addition to the
general study, the above-mentioned work by C. Di-
Maggio et al. [9] also assessed 138 pairs of twins, in
which one child had undergone surgery and the other
had not. In this part of the analysis, it was found that,
just as in the article by M. Bartels et al., when asses-
sing pairs of discordant twins, the risk of developing
neurological disorders was not significantly associa-
ted with the effects of general anesthesia. Such dis-
crepancies in the results raised even more questions,
and it became clear that a more in-depth analysis of
the existing problem was needed. There was a need
to conduct larger-scale studies, including randomized
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clinical trials [12]. Such studies included GAS, MASK,
and PANDA, which will be discussed in more detail
below.

GENERAL ANAESTHESIA
OR AWAKE-REGIONAL ANAESTHESIA
IN INFANCY (GAS)

The aim of the first multicenter randomized clinical
trial was to identify the negative effects of a general
anesthetic (sevoflurane) on the development of the
nervous system of a child who underwent anesthesia in
infancy. The study included 722 children from 7 coun-
tries at a postconceptional age of up to 60 weeks, born
no earlier than 26 weeks' gestational age. All observed
patients underwent inguinal hernia repair. The children
were divided into two equal groups. In the first group,
regional anesthesia was performed subjects in a wa-
king state using bupivacaine or levobupivacaine. In the
second group, sevoflurane was used for induction and
maintenance of anesthesia. No additional opioid or ni-
trous oxide administration was permitted, but regional
blockades with bupivacaine were allowed to provide
postoperative analgesia. It is noteworthy that the
mean duration of anesthesia in the general anesthesia
group was 54 minutes. Follow-up neurodevelopmental
assessments were performed at age 2 years (adjus-
ted for prematurity) and for 4 months after age 5. In
total, the study was completed for 205 subjects using
awake-regional anesthesia and 242 using general
anesthesia.

Based on the results of tests on the mental and
neurocognitive development of children at the age of
two and five years, no convincing differences in the in-
tellectual development of the two groups were found.
The results of the presented work allowed the authors
to conclude that the effect of general anesthetic on a
child in early infancy will not cause significant neuro-
cognitive or behavioral disorders at the age of two and
five years [13, 14].

MAYO ANESTHESIA SAFETY IN KIDS
(MASK)

In the observational study under review, the authors
aimed to evaluate the effect of general anesthetics on

REVIEWS

the nervous system of children who had undergone
anesthesia several times before the age of three. The
researchers selected a group of children born from
January 1, 1994 to December 31, 2007. During the
medical record review, the subjects were divided into
three groups: 411 children who had not undergone ane-
sthesia, 380 children who had undergone anesthesia
once, and 206 children who had undergone anesthesia
multiple times. Each group was subdivided into two
age categories: from 8 to 12 years (preadolescence)
and from 15 to 19 years (adolescence). It is notewor-
thy that such distribution was aimed not only at sepa-
rating by age characteristics, but also due to the wider
introduction of sevoflurane into anesthetic practice
for the preadolescent group. Mean duration of general
anesthesia was 45 and 187 minutes for patients who
underwent general anesthesia once and multiple times,
respectively. At the same time, 2/3 of the subjects who
underwent multiple exposures were under anesthesia
for more than two hours. According to the study, the
most frequently used anesthetics were sevoflurane
and nitrous oxide, and the most common types of sur-
gical interventions were ENT and cardiovascular sur-
geries. Each child was assessed for intellectual deve-
lopment using the WASI (Wechsler Abbreviated Scale
of Intelligence), then attention, reaction, visual-motor
memory, etc. were analyzed using various tests. In ad-
dition, the parents of the children participating in the
study compiled reports on the behavior, learning, and
development of their child.

The results showed that subjects who had been re-
peatedly exposed to general anesthesia performed only
slightly worse on the intelligence test than the group
who had been exposed once and the children who had
not been anesthetized at all. The available data allowed
the authors to conclude that exposure to general anes-
thetics before the age of three is not associated with re-
duced intelligence in preadolescence and adolescence.
Regarding the results of the child's skills, it is worth no-
ting that only children exposed to repeated general an-
esthetics showed a decline in information processing
speed and fine motor skills. Along with this, other skills
among the groups, such as reaction, attention, verbal
expression of thoughts, etc., were at a comparable le-
vel. It is also noted that parents of those children who
had been repeatedly anesthetized more often reported
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problems related to their children's behavior and rea-
ding [15].

PEDIATRIC ANESTHESIA
NEURODEVELOPMENT ASSESSMENT (PANDA)

The PANDA project is a large multicenter study that
aims to evaluate the development of the nervous sys-
tem in children who underwent a single exposure to
general anaesthesia for inguinal hernia repair before
the age of three years. Two groups were examined:
the children who had undergone anesthesia, and sub-
jects' brothers and sisters who had not been exposed
to anesthesia. Siblings had to be close in age with a
difference of no more than three years. Children aged
8 to 15 years were assessed for cognitive function, as
well as intelligence and behavior. A total of 105 pairs of
siblings were analyzed in the study. All the patients who
underwent anesthesia received inhalational anesthe-
tics (43 sevoflurane, 5 isoflurane, 57 sevoflurane and
isoflurane). Both inhalational and intravenous anes-
thetics (propofol, thiopental, ketamine and midazolam)
were given to 28 patients. Additional opioid analgesia
was administered to 75 subjects and 39 children re-
ceived additional spinal anesthesia. Mean duration of
general anesthesia was 84 minutes. The study found no
significant differences in intelligence, memory, atten-
tion, behavior, or information processing speed among
children who underwent general anesthesia before age
three compared with their siblings who were not under-
going general anesthesia [16].

The results of the above-mentioned MASK, GAS
and PANDA studies in many review articles are often
considered together and cause heated discussions
[17-20]. Subsequently, these works became the foun-
dation for new studies on the effect of anesthesia on
the nervous system of the child.

UNRESOLVED ISSUES
AND NEW RESEARCH

The above studies were unable to fully resolve the
issues raised by the FDA in 2007, which focused on
the risks of general anesthesia in children. However,
analyzing the results obtained in these studies, we can
form a number of preliminary conclusions:
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* probably, short-term single exposure to general
anesthesia does not affect the neurocognitive
functions of children in subsequent development;

it is worth assuming that repeated exposure
to general anesthetics has harmful effects on
a number of children's skills, which causes
reasonable alertness;

* there remains uncertainty associated with the
long-term effect of general anesthesia (more than
1 hour) on the nervous system of children and
dependence of the severity of neurotoxicity on the
duration of anesthesia.

Despite many unanswered questions, in 2016 the
FDA issued a new, tougher statement: “Repeated or
lengthy use of general anesthetics and sedation drugs
during surgeries or procedures in children younger than
3 years or in pregnant women during their third trimes-
ter may affect the development of children’s brains.
Healthcare professionals should balance the benefits
of anesthesia in young children and pregnant women
against the potential risks, especially for procedures
that may last longer than 3 hours or if multiple proce-
dures are required in children under 3 years” [21]. This
notice caused a lot of discussion and debate among
anesthesiologists [22-24]. The European Society of
Anaesthesiology and Intensive Care even issued a re-
sponse that they do not share the opinion of the FDA
specialists. This was argued by the fact that at the mo-
ment there is no convincing data, confirmed by human
studies, that would indicate any effect of prolonged or
continuous anesthesia on neurocognitive abilities and
development of children [25].

Debate continues to this day, but one thing remains
clear: there are still insufficient studies to draw clear
final conclusions [26-28]. Due to the difficulty of con-
ducting randomized clinical trials of the neurotoxic
effect of anesthetics and their impact on children’s
cognitive skills, only one large project, GAS, has been
implemented. According to the analysis of published
articles, since 2018, due to the shifting focus towards
problems associated with the COVID-19 pandemic,
interest in research on the neurotoxic effect of ane-
sthetics has somewhat decreased [29]. However,
scientific interest in the problem is gradually reviving,
and a number of large clinical trials are currently un-
derway. The study of Professor P. Szmuk et al. on the
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T-REX trial stands out. A multicenter randomized cli-
nical trial is being conducted, which compares infants
who have been administered standard dose of sevoflu-
rane with children who underwent combined anesthesia
with low doses of sevoflurane, dexmedetomidine and
remifentanil [30]. Duration of anesthesia considered
in the study is 2 hours and more. A total of 440 new-
borns requiring surgery are randomly assigned to re-
ceive different types of anesthesia: standard doses of
sevoflurane or combined anesthesia. The results of this
research should clarify the impact of prolonged general
anesthesia on the developing child’s brain.

BIOMARKERS AND NEUROIMAGING

The study of neurotoxicity of general anesthetics is
complicated by the difficulty of assessing cognitive sta-
tus in young children. Most studies evaluate children's
cognitive functions primary school or school age. Given
the assumption that young patients under three years
are most susceptible to the effects of anesthetics [21],
there is a long delay between exposure to general anes-
thesia and assessment of its effects [31]. There is a
need for long-term observation of children who have un-
dergone anesthesia at an early age, and the likelihood
of distortion of results due to environmental and other
factors increases. Identification of suitable biomar-
kers associated with general anesthetic neurotoxicity
may be extremely valuable for clinical trials. Biomar-
ker detection could help assess interim outcomes and
understand the mechanism of central nervous system
injury. And if biomarker values can be linked to long-
term outcomes, it may be possible to detect injury at an
earlier stage, thereby reducing the time between anes-
thetic exposure and assessment of the effect. This, in
turn, would reduce the need for long-term follow-up in
clinical trials.

One of the biomarkers proposed for consideration
by a number of authors is the level of S1008 protein
in serum or cerebrospinal fluid. Animal research has
shown that ST1008 is effective in detecting acute neuro-
logical injury to the developing brain caused by general
anesthesia [32-34]. An analysis of several studies has
revealed a correlation between postoperative cognitive
dysfunction and elevated S1008 levels in adult patients
[35]. However, studies conducted in children have had
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mixed results [36-38], and the assessment of the re-
lationship between changes in S1008 levels and post-
operative cognitive dysfunction in children requires
further study. In addition, obtaining cerebrospinal fluid
from conscious children also causes certain difficul-
ties, which complicates the use of cerebrospinal fluid
biomarkers in clinical trials.

In connection with these facts, neuroimaging has
become another alternative assessment of the neuro-
toxicity of anesthetics [39]. In 2015, a study was pub-
lished in which magnetic resonance imaging (MRI) data
showed a decrease in gray matter volume of in the brain
of children who underwent anesthesia before the age of
four [40]. Also, a recent study assessed the results of
the MRI and neuropsychological indicators in 102 child-
ren aged 9 to 10 years, 24 of whom were exposed to
general anesthesia in infancy. It turned out that sub-
jects who were exposed to anesthesia had a decrease
in gray matter volume of the right inferior frontal gyrus,
as well as reduction in the ability to control their emo-
tions [41]. In addition to measuring the volume of gray
matter and other structures, MRl in children can be used
to assess the interaction between different areas of the
central nervous system (CNS) both during brain acti-
vation during certain cognitive tasks and tests and at
rest without performing any tasks [42, 43]. It should be
emphasized that there are currently no data that have
clearly established the relationship between changes in
the CNS according to MRI results and the presence of
postoperative cognitive dysfunction in children, and
future studies should be aimed at assessing structu-
ral disorders in combination with neuropsychological
analysis. It should be noted that, although this method
is promising, it has an obvious disadvantage — the dif-
ficulty of use in young children who require sedation
for MRI.

IMPACT OF SURGICAL INTERVENTION
AND OTHER FACTORS

Many studies have focused on the effects of ge-
neral anesthetic on children's cognitive function. Ho-
wever, there is still little specific information on the
role of surgery and type of surgical procedure on post-
operative cognitive dysfunction in children. There is a
lack of understanding of how a particular type of sur-
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gery, combined with different types of general anesthe-
sia, may affect a child's developing brain. For example,
a study on seven-day-old rats found that prolonged
anesthesia after exposure to nociceptive stimuli re-
sulted in significantly greater apoptosis in the central
nervous system compared to the situation when only
general anesthesia was used [44]. An isolated study
of the effect of surgical intervention on cognitive func-
tions in humans has a number of difficulties, primarily
ethical ones, because the creation of a group to per-
form an operation in children without any anesthesia
is impossible. It is necessary to analyze non-surgical
diagnostic and therapeutic procedures that require an-
esthesia in comparison with surgical interventions in
future studies.

Another important issue is the impact of temporary
changes in systemic homeostasis during general anes-
thesia on the developing brain of the child. There is ev-
idence that changes in homeostasis, such as hypoxia/
hyperoxia, hypoglycemia/hyperglycemia, changes in
electrolyte composition, and low blood pressure, lead
to worsening of postoperative neurological outcomes
in children [27, 45]. But, there is still little information
on how neurological disorders due to changes in ho-
meostasis are related to the patient's age, duration,
type of anesthesia and surgery. There are currently no
studies identifying causal relationship. It is clear that
new studies to investigate the impact of changes in
systemic homeostasis during and after surgery on the
development of the nervous system are needed.

CONCLUSION

A large amount of evidence on the neurotoxicity of
anesthetics was collected animal research and clinical
trials in children. However, there is currently limited in-
formation received on neurocognitive risk after of expo-
sure to general anesthesia. The GAS, MASK, and PANDA
studies have provided some preliminary conclusions
that can be used in anesthesiology practice to assess
the risk of postoperative cognitive dysfunction. The re-
sults of the studies showed that single and short expo-
sure (less than 1 hour) to general anesthesia does not
affect children’s neurocognitive function. But, repeated
exposures to anesthetics may impair some of a child’s
skills. Future additional studies are needed to better un-
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derstand the conditions that may lead to risk. The ef-
fects of different drugs and drug combinations, impact
of anesthetic dose and frequency of repeated anesthe-
sia should be studied.

In addition, many other issues remain unsolved.
There is still uncertainty regarding the effects of gene-
ral anesthesia for more than one hour on the nervous
system of children. The study of Professor P. Szmuk
et al. on the T-REX trial should clarify this question.
There is a need to identify more precise biomarkers as-
sociated with general anesthetic neurotoxicity for the
assessment of intermediate outcomes. This, in turn,
may resolve one of the major problems in conducting
prospective studies in this field. Biomarker detection
should be a promising topic for new studies in the fu-
ture. It is also important to develop methods to identify
anatomical damage after general anesthesia and es-
tablish a putative association with adverse neurocogni-
tive outcomes in children. MRI seems to be one of the
possible methods for detecting damage. In addition to
the effect of anesthesia, new studies should also de-
termine the role of surgery, type of surgical procedure
and temporary changes in systemic homeostasis in the
development of postoperative cognitive dysfunction in
children.

ADDITIONAL INFORMATION

The author read and approved the final version be-
fore publication.

Competing interests. The author declares the ab-
sence of obvious and potential conflicts of interest re-
lated to the publication of this article.

Funding source. This study was not supported by
any external sources of funding.

AOMOAHUTEABHAA UHOOPMALUA

ABTOp npounTan u ofo6pun GUHaNbHYK BEpCUto
nepep ny6nukaumen.

KoHnukT MHTEpecoB. ABTOp feknapupyeT oTcyT-
CTBME ABHbIX M MOTEHLMANbHbIX KOHPIMKTOB UHTEpE-
COB, CBAI3aHHbIX C Ny6AMKaLmMein HacTosLwei cTaTby.

WUcToyHnk puHaHcupoBaHuA. ABTOp 3asBNiAeT 06
OTCYTCTBWM BHELIHEro GMHaHCMPOBaHUSA NpK NpoBe-
LEHUMN UCCNeA0BaHMS.

of the North-West

2024
N 4 Vol. 12 93



REFERENCES

10.

Ikonomidou C., Bosch F., Miksa M., Bittigau P., Vock-
ler J., Dikranian K., Tenkova T. I., Stefovska V., Turski L.,
Olney J. W.. Blockade of NMDA Receptors and Apopto-
tic Neurodegeneration in the Developing Brain. Science.
1999;283,70-74.

Chalon Jack, Tang Chau-Kvei, Ramanathan Sivam, Eisner
Mark BA Katz, Robert BA, Turndorf Herman. Exposure to
Halothane and Enflurane Affects Learning Function of Mu-
rine Progeny. Anesthesia & Analgesia. 1981;60(11):794~
797.

Jevtovic-Todorovic V., Hartman R.E., lzumi Y., Ben-
shoff N.D., Dikranian K., Zorumski C.F., Olney J.W.,
Wozniak D.F. Early exposure to common anesthetic
agents causes widespread neurodegeneration in the
developing rat brain and persistent learning deficits. J
Neurosci. 2003;1,23(3):876-882. DOI: 10.1523/JNEURO-
SCl.23-03-00876.2003.

George K. Istaphanous, Jennifer Howard, Xinyu Nan,
Elizabeth A. Hughes, John C. McCann, John J. McAu-
liffe, Steve C. Danzer, Andreas W. Loepke; Comparison of
the Neuroapoptotic Properties of Equipotent Anesthetic
Concentrations of Desflurane, Isoflurane, or Sevoflurane in
Neonatal Mice. Anesthesiology. 2011;114:578-587. DOI:
10.1097/ALN.0b013e3182084a70.

Brambrink A.M., Evers A.S., Avidan M.S., Farber N.B.,
Smith D.J., Zhang X., Dissen G.A., Creeley C.E., Olney J.W.
Isoflurane-induced neuroapoptosis in the neonatal rhesus
macaque brain. Anesthesiology. 2010;112(4):834-841.
DOI: 10.1097/ALN.0b013e3181d049cd.

Robinson E.J., Lyne T.C., Blaise B.J. Safety of gene-
ral anaesthetics on the developing brain: are we there
yet? BJA Open. 2022;17(2):100012. DOI: 10.1016/].
bjao.2022.100012.

Rappaport B., Mellon R.D., Simone A., Woodcock J. De-
fining safe use of anesthesia in children. N Engl J Med.
2011;14,364(15):1387-90. DOI: 10.1056/NEJMp1102155.
DiMaggio C., Sun L.S., Kakavouli A., Byrne M.W., Li G. A
retrospective cohort study of the association of anes-
thesia and hernia repair surgery with behavioral and
developmental disorders in young children. J Neuro-
surg Anesthesiol. 2009;21(4):286-91. D0I:10.1097/
ANA.0b013e3181a71f11.

DiMaggio C., Charles PhD; Sun, Lena S. MD; Li, Guohua MD,
DrPH. Early Childhood Exposure to Anesthesia and Risk of
Developmental and Behavioral Disorders in a Sibling Birth
Cohort. Anesthesia & Analgesia. 2011;113(5):1143-1151.
DOI: 10.1213/ANE.0b013e3182147f4.

Wilder R.T., Flick R.P., Sprung J., Katusic S.K., Barbare-
si W.J., Mickelson C., Gleich S.J., Schroeder D.R., Wea-

REVIEWS

11.

12.

13.

14.

15.

16.

ver A.L., Warner D.0. Early exposure to anesthesia and
learning disabilities in a population-based birth cohort.
Anesthesiology. 2009;110(4):796-804. D0I:10.1097/01.
anes.0000344728.34332.5d.

Bartels M., Althoff R.R., Boomsma D.l. Anesthesia and
cognitive performance in children: no evidence for a cau-
sal relationship. Twin Res Hum Genet. 2009;12(3):246-
53. DOI: 10.1375/twin.12.3.246.

Thomas Joss MD MPH, Crosby Gregory MD, Drum-
mond John C. MD FRCPC, Todd Michael MD. Anesthe-
tic Neurotoxicity: A Difficult Dragon to Slay. Anesthe-
sia & Analgesia. 2011;113(5):969-971. DOI: 10.1213/
ANE.0b013e318227740b.

Davidson A.J., Disma N., de Graaff J.C., Withington D.E.,
Dorris L., Bell G., Stargatt R., Bellinger D.C., Schuster T,
Arnup S.J., Hardy P., Hunt R.W., Takagi M.J., Giribal-
di G., Hartmann P.L., Salvo I., Morton N.S., von Un-
gern Sternberg B.S., Locatelli B.G., Wilton N., Lynn A,
Thomas J.J., Polaner D., Bagshaw 0., Szmuk P., Absa-
lom A.R., Frawley G., Berde C., Ormond G.D., Marmor J.,
McCann M.E. GAS consortium. Neurodevelopmental
outcome at 2 years of age after general anaesthesia
and awake-regional anaesthesia in infancy (GAS): an
international multicentre, randomised controlled trial.
Lancet. 2016;16,387(10015):239-50. DOI: 10.1016/
S0140-6736(15)00608-X.

McCann M.E., de Graaff J.C., Dorris L., Disma N., Wi-
thington D., Bell G., Grobler A., Stargatt R., Hunt R.W.,
Sheppard S.J., Marmor J., Giribaldi G., Bellinger D.C., Hart-
mann P.L., Hardy P., Frawley G., Izzo F., von Ungern Stern-
berg B.S., Lynn A., Wilton N., Mueller M., Polaner D.M.,
Absalom A.R., Szmuk P., Morton N., Berde C., Soriano S.,
Davidson A.J. GAS Consortium. Neurodevelopmental
outcome at 5 years of age after general anaesthesia or
awake-regional anaesthesia in infancy (GAS): an interna-
tional, multicentre, randomised, controlled equivalence tri-
al. Lancet. 2019;16,393(10172):664-677. DOI: 10.1016/
S0140-6736(18)32485-1.

Warner D.0., Zaccariello M.J., Katusic S.K., Schroe-
der D.R., Hanson A.C., Schulte P.J., Buenvenida S.L.,
Gleich S.J., Wilder R.T., Sprung J., Hu D., Voigt R.G.,,
Paule M.G., Chelonis J.J., Flick R.P. Neuropsycholo-
gical and Behavioral Outcomes after Exposure of Young
Children to Procedures Requiring General Anesthesia:
The Mayo Anesthesia Safety in Kids (MASK) Study.
Anesthesiology. 2018;129(1):89-105. DOI: 10.1097/
ALN.0000000000002232.

SunL.S.,LiG., Miller TLK. et al. Association Between a Sin-
gle General Anesthesia Exposure Before Age 36 Months
and Neurocognitive Outcomes in Later Childhood. JAMA.
2016;315(21):2312-2320. DOI:10.1001/jama.2016.6967.

CHILDREN’S MEDICINE

94 2024

Ne 4 Tom 12

of the North-West



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Robert Williams, Kennith Sartorelli. GAS, PANDA, and
MASK: Comment. Anesthesiology 2020;132:1588-1589.
DOI: 10.1097/ALN.0000000000003280.

Laszlo Vutskits, Deborah J. Culley. GAS, PANDA, and
MASK: No Evidence of Clinical Anesthetic Neurotoxi-
city! Anesthesiology. 2019;131:762-764. DOI: 10.1097/
ALN.0000000000002863.

Caleb Ing, Michael J. Zaccariello, Alexandra C. Kirsch,
Guohua Li, David 0. Warner; GAS, PANDA, and MASK:
Comment. Anesthesiology. 2020;132:1587-1588. DOI:
10.1097/ALN.0000000000003284.

Useinovic N., Jevtovic-Todorovic V. Controversies in ane-
sthesia-induced developmental neurotoxicity. Best Pract
Res Clin Anaesthesiol. 2023;37(1):28-39. DOI: 10.1016/].
bpa.2023.03.004.

FDA Drug Safety Communication: FDA review results in
new warnings about using general anesthetics and seda-
tion drugs in young children and pregnant women. FDA;
2019. Available at: http://www.fda.gov/drugs/drug-safe-
ty-and-availability/fda-drug-safety-communication-fda-re-
view-results-new-warnings-about-using-general-anesthet-
ics-and (accessed: 27.12.2024).

Pinyavat T., Saraiya N.R., Chen J., Ferrari L.R., Goffman D.,
Imahiyerobo T.A., Middlesworth W., Hyman J.E., Hyun G.,
Houck C.S. Anesthesia Exposure in Children: Practitio-
ners Respond to the 2016 FDA Drug Safety Communica-
tion. J Neurosurg Anesthesiol. 2019;31(1):129-133. DOI:
10.1097/ANA.0000000000000545.

Barnes Richard K. FANZCA. Pediatric Anesthetic Neuroto-
xicity: Time to Stop!. Anesthesia & Analgesia; 2020;131(3):
734-737.DO0I: 10.1213/ANE.0000000000004529.

Olutoye 0.A., Baker B.W., Belfort M.A., Olutoye 0.0. Food
and Drug Administration warning on anesthesia and
brain development: implications for obstetric and fetal
surgery. Am J Obstet Gynecol. 2018;218(1):98-102. DOI:
10.1016/j.ajog.2017.08.107.

Hansen Tom G. Use of anaesthetics in young chil-
dren: Consensus statement of the European Society of
Anaesthesiology, the European Society for Paediatric
Anaesthesiology, the European Association of Cardio-
thoracic Anaesthesiology and the European Safe Tots
Anaesthesia Research Initiative. European Journal of
Anaesthesiology. 2017;34(6):327-328. DOI: 10.1097/
EJA.0000000000000629.

Aleksandrovich Yu.S., Akimenko T.I., Pshenisnov K.V.
Postoperative cognitive dysfunction — is it a problem for
an anesthesiologist-resuscitator? Vestnik anesteziologii
i reanimatologii. 2019;16(4):5-11. (In Russian).
Petrikova Z.A., Drobna San'ova B., Yob I. Neurotoxicity
of anesthetics and sedatives and their impact on post-
operative maladaptive behavioral disorders in pediatric

CHILDREN’S MEDICINE

OB30PbI

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

anesthesiology (Letter to the editor). Obshchaya reanima-
tologiya. 2022;18(5):89-93. DOI: 10.15360/1813-9779-
2022-5-89-93. (In Russian).

Panteleyeva M.V., Ovezov A.M., Kotov A.S. i dr. Postope-
rative cognitive dysfunction in children (literature review).
RMZH. 2018;9:52-56. (in Russian).

OcmenE., Erdost H.A., Hanci V. The bibliometric analysis
of most cited 100 papers in anesthesia-induced neuro-
toxicity. Medicine (Baltimore). 2023;102(48):e36508. DOI:
10.1097/MD.0000000000036508.

Szmuk P., Andropoulos D., McGowan F., Brambrink A.,
Lee C., Lee K.J., McCann M.E., Liu Y., Saynhalath R.,
Bong C.L., Anderson B.J., Berde C., De Graaff J.C.,
Disma N., Kurth D., Loepke A., Orser B., Sessler D.I.,
Skowno J.J., von Ungern-Sternberg B.S., Vutskits L., Da-
vidson A. An open label pilot study of a dexmedetomi-
dine-remifentanil-caudal anesthetic for infant lower ab-
dominal/lower extremity surgery: The T REX pilot study.
Paediatr Anaesth. 2019;29(1):59-67. DOI: 10.1111/
pan.13544.

Caleb Ing, Laszlo Vutskits. Unanswered questions of
anesthesia neurotoxicity in the developing brain. Current
Opinion in Anaesthesiology. 2023;36(5):510-515. DOI:
10.1097/AC0.0000000000001295.

Wang S., Peretich K., Zhao Y., Liang G., Meng Q., Wei H.
Anesthesia-induced neurodegeneration in fetal rat
brains. Pediatr Res. 2009;66(4):435-40. DOI: 10.1203/
PDR.0b013e3181b3381b.

Yang B., Liang G., Khojasteh S., Wu Z., Yang W., Joseph D.,
Wei H. Comparison of neurodegeneration and cognitive
impairment in neonatal mice exposed to propofol or iso-
flurane. PLoS One. 2014;16,9(6):99171. DOI: 10.1371/
journal.pone.0099171.

Liang G., Ward C., Peng J., Zhao Y., Huang B., Wei H. Iso-
flurane causes greater neurodegeneration than an equi-
valent exposure of sevoflurane in the developing brain of
neonatal mice. Anesthesiology. 2010;112(6):1325-34.
DOI: 10.1097/ALN.0b013e3181d94da5.

Peng L., XuL., Ouyang W. Role of peripheral inflammatory
markers in postoperative cognitive dysfunction (POCD):
a meta-analysis. PLoS One. 2013;13,8(11):79624. DOI:
10.1371/journal.pone.0079624.

Xu Z., Liu Z., Zhang Y., Jin C., Shen F., Yu Y., Cheek T.,
Onuoha 0., Liang G., Month R., Atkins J., Tran K.M., Wei H.
$100B in newborns after C-section with general vs. epi-
dural anesthesia: a prospective observational study. Acta
Anaesthesiol Scand. 2018;62(3):293-303. DOI: 10.1111/
aas.13038.

Ramos Ramos V., Mesa Suarez P., Santotoribio J.D.,
Gonzalez Garcia M.A., Mufioz Hoyos A. Neuroprotective
effect of sevoflurane in general anaesthesia. Med Clin

of the North-West

2024
N 4 Vol. 12 95



38.

39.

40.

41.

42.

43.

44.

45.

(Barc). 2017;23,148(4):158-160. English, Spanish. DOI:
10.1016/j.medcli.2016.10.039.

Fan C.H., Peng B., Zhang F.C. Influence of laryngeal mask
airway (LMA) insertion anesthesia on cognitive function
after microsurgery in pediatric neurosurgery. Eur Rev Med
Pharmacol Sci. 2017;21(4 Suppl):37-42.

Chen J., Gadi G.U., Panigrahy A., Tam EWY. Using
Neuroimaging to Study the Effects of Pain, Analge-
sia, and Anesthesia on Brain Development. J Neuro-
surg Anesthesiol. 2019;31(1):119-121. DOI: 10.1097/
ANA.0000000000000549.

Barynia Backeljauw, Scott K. Holland, Mekibib Altaye,
Andreas W. Loepke; Cognition and Brain Structure Follo-
wing Early Childhood Surgery With Anesthesia. Pediatrics.
2015;136(1):e1-e12. DOI: 10.1542/peds.2014-3526.
Salaiin Jean-Philippe, Chagnot Audrey, Cachia Arnaud,
Poirel Nicolas, Datin-Dorriere Valérie, Dujarrier Cléo,
Lemarchand Eloise, Rolland Marine, Delalande Lisa,
Gressens Pierre, Guillois Bernard, Houdé Olivier, Levard
Damien, Gakuba Clément, Moyon Marine, Naveau Mikael,
Orliac Frangois, Orliaguet Gilles, Hanouz Jean-Luc, Agin
Véronique, Borst Grégoire, Vivien Denis. Consequences
of General Anesthesia in Infancy on Behavior and Brain
Structure. Anesthesia & Analgesia. 2023;136(2):240-250.
DOI: 10.1213/ANE.0000000000006233.

Altabella L., Zoratto F., Adriani W. et al. MR imaging-de-
tectable metabolic alterations in attention deficit/hyper-
activity disorder: from preclinical to clinical studies. AUNR
Am J Neuroradiol. 2014;35(6 Suppl):S55-S63. DOI: 10.3
174/ajnr.A3843.

Zolotareva L.S., Zapunidi A.A., Adler A.V., Stepanen-
ko S.M., Paponov O.N. Diagnostics of postoperative
cognitive dysfunction in children. Voprosy sovremen-
noy pediatrii. 2021;20(1):23-30. DOI: 10.15690/vsp.
v20i1.2233. (In Russian).

ShuY.,ZhouZ.,WanY. et al. Nociceptive stimuli enhance
anesthetic-induced neuroapoptosis in the rat developing
brain. Neurobiol Dis. 2012;45:743-750. DOI: 10.1016/j.
nbd.2011.10.021.

Ing Caleb, DeStephano David, Hu Tianheng, Reighard
Charles, Lackraj Deven, Geneslaw Andrew S., Miles
Caleb H., Kim Minjae. Intraoperative Blood Pressure
and Long-Term Neurodevelopmental Function in Chil-
dren Undergoing Ambulatory Surgery. Anesthesia &
Analgesia. 2022;135(4):787-797. DOl: 10.1213/
ANE.0000000000005853.

NTEPATYPA

1.

Ikonomidou C., Bosch F., Miksa M., Bittigau P., Vockler J.,
Dikranian K., Tenkova T. I., Stefovska V., Turski L.,

REVIEWS

10.

Olney J.W., Blockade of NMDA Receptors and Apoptotic
Neurodegeneration in the Developing Brain. Science.
1999;283,70-74.

Chalon Jack, Tang Chau-Kvei, Ramanathan Sivam,
Eisner Mark BA Katz, Robert BA, Turndorf Herman.
Exposure to Halothane and Enflurane Affects Learning
Function of Murine Progeny. Anesthesia & Analgesia.
1981;60(11):794-797.

Jevtovic-Todorovic V., Hartman R.E., lzumi Y.,
Benshoff N.D., Dikranian K., Zorumski C.F., Olney J.W.,
Wozniak D.F. Early exposure to common anesthetic
agents causes widespread neurodegeneration in the
developing rat brain and persistent learning deficits.
J Neurosci. 2003;1,23(3):876-882. DOI: 10.1523/
JNEUROSCI.23-03-00876.2003.

George K. Istaphanous, Jennifer Howard, Xinyu Nan,
Elizabeth A. Hughes, John C. McCann, John J. McAuliffe,
Steve C. Danzer, Andreas W. Loepke; Comparison of
the Neuroapoptotic Properties of Equipotent Anesthetic
Concentrations of Desflurane, Isoflurane, or Sevoflurane
in Neonatal Mice. Anesthesiology. 2011;114:578-587.
DOI: 10.1097/ALN.0b013e3182084a70.

Brambrink A.M., Evers A.S., Avidan M.S., Farber N.B.,
Smith D.J., Zhang X., Dissen G.A., Creeley C.E., Olney J.W.
Isoflurane-induced neuroapoptosis in the neonatal rhesus
macaque brain. Anesthesiology. 2010;112(4):834-841.
DOI: 10.1097/ALN.0b013e3181d049cd.

Robinson E.J., Lyne T.C., Blaise B.J. Safety of general
anaesthetics on the developing brain: are we there
yet? BJA Open. 2022;17(2):100012. DOI: 10.1016/j.
bjao0.2022.100012.

Rappaport B., Mellon R.D., Simone A., Woodcock J.
Defining safe use of anesthesia in children. N Engl J Med.
2011;14,364(15):1387-90. DOI: 10.1056/NEJMp1102155.
DiMaggio C., Sun L.S., Kakavouli A., Byrne M.W., Li G.
A retrospective cohort study of the association of
anesthesia and hernia repair surgery with behavioral and
developmental disorders in young children. J Neurosurg
Anesthesiol. 2009;21(4):286-91. DOI: 10.1097/ANA.
0b013e3181a71f11.

DiMaggio C., Charles PhD; Sun, Lena S. MD; Li, Guohua MD,
DrPH. Early Childhood Exposure to Anesthesia and Risk of
Developmental and Behavioral Disorders in a Sibling Birth
Cohort. Anesthesia & Analgesia. 2011;113(5):1143-1151.
DOI:10.1213/ANE.0b013e3182147f4.

Wilder R.T., Flick R.P., Sprung J., Katusic S.K.,
Barbaresi W.J., Mickelson C., Gleich S.J., Schroeder D.R.,
Weaver A.L., Warner D.0. Early exposure to anesthesia and
learning disabilities in a population-based birth cohort.
Anesthesiology. 2009;110(4):796-804. DOI:10.1097/01.
anes.0000344728.34332.5d.

CHILDREN’S MEDICINE

96 2024

Ne 4 Tom 12

of the North-West



11.

12.

13.

14.

15.

16.

17.

Bartels M., Althoff R.R., Boomsma D.l. Anesthesia and
cognitive performance in children: no evidence for a causal
relationship. Twin Res Hum Genet. 2009;12(3):246-53.
DOI: 10.1375/twin.12.3.246.

Thomas Joss MD MPH, Crosby Gregory MD, Drummond
John C. MD FRCPC, Todd Michael MD. Anesthetic
Neurotoxicity: A Difficult Dragon to Slay. Anesthesia &
Analgesia. 2011;113(5):969-971. DOI: 10.1213/
ANE.0b013e318227740b.

Davidson A.J., Disma N., de Graaff J.C., Withington D.E.,
Dorris L., Bell G., Stargatt R., Bellinger D.C., Schuster T.,
Arnup S.J., Hardy P., Hunt R.W., Takagi M.J., Giribaldi G.,
Hartmann P.L., Salvo I., Morton N.S., von Ungern
Sternberg B.S., Locatelli B.G., Wilton N., Lynn A,
Thomas J.J., Polaner D., Bagshaw 0., Szmuk P.,
Absalom A.R.,Frawley G., Berde C.,Ormond G.D., Marmor J.,
McCann M.E. GAS consortium. Neurodevelopmental
outcome at 2 years of age after general anaesthesia
and awake-regional anaesthesia in infancy (GAS): an
international multicentre, randomised controlled trial.
Lancet. 2016;16,387(10015):239-50. DOI: 10.1016/S0140-
6736(15)00608-X.

McCann M.E., de Graaff J.C., Dorris L., Disma N.,
Withington D., Bell G., Grobler A., Stargatt R., Hunt R.W.,
Sheppard S.J., Marmor J., Giribaldi G., Bellinger D.C.,
Hartmann P.L., Hardy P., Frawley G., Izzo F., von Ungern
SternbergB.S.,Lynn A., Wilton N., Mueller M., Polaner D.M.,
Absalom A.R., Szmuk P., Morton N., Berde C., Soriano S.,
Davidson A.J. GAS Consortium. Neurodevelopmental
outcome at 5 years of age after general anaesthesia
or awake-regional anaesthesia in infancy (GAS): an
international, multicentre, randomised, controlled
equivalence trial. Lancet. 2019;16,393(10172):664-677.
DOI: 10.1016/S0140-6736(18)32485-1.

Warner D.0., Zaccariello M.J., Katusic S.K., Schroeder D.R.,
Hanson A.C., Schulte P.J., Buenvenida S.L., Gleich S.J.,
Wilder R.T., Sprung J., Hu D., Voigt R.G., Paule M.G.,
Chelonis J.J., Flick R.P. Neuropsychological and
Behavioral Outcomes after Exposure of Young
Children to Procedures Requiring General Anesthesia:
The Mayo Anesthesia Safety in Kids (MASK) Study.
Anesthesiology. 2018;129(1):89-105. DOI: 10.1097/
ALN.0000000000002232.

Sun L.S., Li G., Miller TLK. et al. Association Between
a Single General Anesthesia Exposure Before Age
36 Months and Neurocognitive Outcomes in Later
Childhood. JAMA. 2016;315(21):2312-2320. DOI:
10.1001/jama.2016.6967.

Robert Williams, Kennith Sartorelli. GAS, PANDA, and
MASK: Comment. Anesthesiology 2020;132:1588-1589.
DOI: 10.1097/ALN.0000000000003280.

CHILDREN’S MEDICINE

OB30PbI

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Laszlo Vutskits, Deborah J. Culley. GAS, PANDA, and
MASK: No Evidence of Clinical Anesthetic Neurotoxicity!
Anesthesiology. 2019;131:762-764. DOI: 10.1097/
ALN.0000000000002863.

Caleb Ing, Michael J. Zaccariello, Alexandra C. Kirsch,
Guohua Li, David 0. Warner; GAS, PANDA, and MASK:
Comment. Anesthesiology. 2020;132:1587-1588. DOI:
10.1097/ALN.0000000000003284.

Useinovic N., Jevtovic-Todorovic V. Controversies in
anesthesia-induced developmental neurotoxicity. Best
Pract Res Clin Anaesthesiol. 2023;37(1):28-39. DOI:
10.1016/j.bpa.2023.03.004.

FDA Drug Safety Communication: FDA review results
in new warnings about using general anesthetics and
sedation drugs in young children and pregnant women.
FDA;2019. foctyneH no: http://www.fda.gov/drugs/drug-
safety-and-availability/fda-drug-safety-communication-
fda-review-results-new-warnings-about-using-general-
anesthetics-and (nata o6paueHus: 27.12.2024).
Pinyavat T., Saraiya N.R., Chen J., Ferrari L.R., Goffman D.,
Imahiyerobo T.A., Middlesworth W., Hyman J.E., Hyun G.,
Houck C.S. Anesthesia Exposure in Children: Practitioners
Respond to the 2016 FDA Drug Safety Communication.
J Neurosurg Anesthesiol. 2019;31(1):129-133. DOI:
10.1097/ANA.0000000000000545.

Barnes Richard K. FANZCA. Pediatric Anesthetic Neuro-
toxicity: Time to Stop!. Anesthesia & Analgesia; 2020;
131(3): 734-737. DOI: 10.1213/ANE.0000000000004529.
Olutoye O.A., Baker B.W., Belfort M.A., Olutoye 0.0. Food
and Drug Administration warning on anesthesia and
brain development: implications for obstetric and fetal
surgery. Am J Obstet Gynecol. 2018;218(1):98-102. DOI:
10.1016/j.ajog.2017.08.107.

Hansen Tom G. Use of anaesthetics in young children:
Consensus statement of the European Society of
Anaesthesiology, the European Society for Paediatric
Anaesthesiology, the European Association of
Cardiothoracic Anaesthesiology and the European Safe
Tots Anaesthesia Research Initiative. European Journal
of Anaesthesiology. 2017;34(6):327-328. DOI: 10.1097/
EJA.0000000000000629.

Anekcangposuy 10.C., Akumenko T.U., MwenncHos K.B.
MocneonepaLoHHast KOrHUTUBHAA AUCHYHKLMS — ABNS-
eTCs JIM OHa Npo6nemMoii AN aHecTe3nonora-peaHuMa-
Tosora? BeCcTHUK aHecTe3nonoruu u peaHuMaTonoruu.
2019;16(4):5-11.

MeTpukosa 3.A., [ipo6Ha CanboBa b., o6 W. Heiipo-
TOKCMYHOCTb aHECTETMKOB U CeAaTUBHbIX CPEACTB U UX
BJIMSIHUE HA NOCNeonepaLnoHHble Ae3aanTUBHble pac-
CTPOMCTBA NOBELEHNS B NeAUaTpUYeckon aHecTesmo-
noruu (Mnucbmo B peaakuuio). 06Lias peaHUMaToNorus.

of the North-West

2024
N 4 Vol. 12 97



28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

2022;18(5):89-93. DOI: 10.15360/1813-9779-2022-5-
89-93.

ManTeneesa M.B., OBesoB A.M., Kotos A.C. u gp. Mo-
cneonepauuoHHas KOTHUTUBHAs AUCHYHKLMUS Y LeTeil
(0o630p nuTepatypbl). PMX. 2018;9:52-56.

OcmenE., ErdostH.A., Hanci V. The bibliometric analysis of
most cited 100 papers in anesthesia-induced neurotoxicity.
Medicine (Baltimore). 2023;102(48):e36508. DOI:
10.1097/MD.0000000000036508.

Szmuk P., Andropoulos D., McGowan F., Brambrink A.,
Lee C., Lee K.J., McCann M.E., Liu Y., Saynhalath R,,
Bong C.L.,AndersonB.J.,Berde C., De Graaff J.C.,Disma N.,
Kurth D., Loepke A., Orser B., Sessler D.I., Skowno J.J.,
von Ungern-Sternberg B.S., Vutskits L., Davidson A. An
open label pilot study of a dexmedetomidine-remifentanil-
caudal anesthetic for infant lower abdominal/lower
extremity surgery: The T REX pilot study. Paediatr Anaesth.
2019;29(1):59-67. DOI: 10.1111/pan.13544.

Caleb Ing, Laszlo Vutskits. Unanswered questions of
anesthesia neurotoxicity in the developing brain. Current
Opinion in Anaesthesiology. 2023;36(5):510-515. DOI:
10.1097/AC0.0000000000001295.

Wang S., Peretich K., Zhao Y., Liang G., Meng Q., Wei H.
Anesthesia-induced neurodegeneration in fetal rat
brains. Pediatr Res. 2009;66(4):435-40. DOI: 10.1203/
PDR.0b013e3181b3381b.

Yang B., Liang G., Khojasteh S., Wu Z., Yang W., Joseph D.,
Wei H. Comparison of neurodegeneration and cognitive
impairment in neonatal mice exposed to propofol or
isoflurane. PLoS One. 2014;16,9(6):e99171. DOI: 10.1371/
journal.pone.0099171.

Liang G., Ward C., Peng J., Zhao Y., Huang B., Wei H.
Isoflurane causes greater neurodegeneration than an
equivalent exposure of sevoflurane in the developing brain
of neonatal mice. Anesthesiology. 2010;112(6):1325-34.
DOI: 10.1097/ALN.0b013e3181d94da5.

Peng L., XuL., Ouyang W. Role of peripheral inflammatory
markers in postoperative cognitive dysfunction (POCD):
a meta-analysis. PLoS One. 2013;13,8(11):e79624. DOI:
10.1371/journal.pone.0079624.

Xu Z., Liu Z, Zhang Y., Jin C., Shen F., Yu Y., Cheek T.,
Onuoha 0., Liang G., Month R., Atkins J., Tran K.M.,,
Wei H. S100B in newborns after C-section with general
vs. epidural anesthesia: a prospective observational
study. Acta Anaesthesiol Scand. 2018;62(3):293-303.
DOI: 10.1111/aas.13038.

Ramos Ramos V., Mesa Sudrez P., Santotoribio J.D.,
Gonzalez Garcia M.A., Mufioz Hoyos A. Neuroprotective

98 2024

REVIEWS

38.

39.

40.

41.

42.

43.

44,

45.

effect of sevoflurane in general anaesthesia. Med Clin
(Barc). 2017;23,148(4):158-160. English, Spanish. DOI:
10.1016/j.medcli.2016.10.039.

Fan C.H., Peng B., Zhang F.C. Influence of laryngeal mask
airway (LMA) insertion anesthesia on cognitive function
after microsurgery in pediatric neurosurgery. Eur Rev Med
Pharmacol Sci. 2017;21(4 Suppl):37-42.

Chen J., Gadi G.U., Panigrahy A., Tam EWY. Using
Neuroimaging to Study the Effects of Pain, Analgesia,
and Anesthesia on Brain Development. J Neurosurg
Anesthesiol. 2019;31(1):119-121. DOIl: 10.1097/
ANA.0000000000000549.

Barynia Backeljauw, Scott K. Holland, Mekibib Altaye,
Andreas W. Loepke; Cognition and Brain Structure
Following Early Childhood Surgery With Anesthesia.
Pediatrics. 2015;136(1):e1-e12. DOI: 10.1542/peds.2014-
3526.

Salaiin Jean-Philippe, Chagnot Audrey, Cachia Arnaud,
Poirel Nicolas, Datin-Dorriére Valérie, Dujarrier Cléo,
Lemarchand Eloise, Rolland Marine, Delalande Lisa,
Gressens Pierre, Guillois Bernard, Houdé Olivier, Levard
Damien, Gakuba Clément, Moyon Marine, Naveau Mikael,
Orliac Francois, Orliaguet Gilles, Hanouz Jean-Luc, Agin
Véronique, Borst Grégoire, Vivien Denis. Consequences
of General Anesthesia in Infancy on Behavior and Brain
Structure. Anesthesia & Analgesia. 2023;136(2):240-250.
DOI: 10.1213/ANE.0000000000006233.

Altabella L., Zoratto F., Adriani W. et al. MR imaging-
detectable metabolic alterations in attention deficit/
hyperactivity disorder: from preclinical to clinical studies.
AJNR Am J Neuroradiol. 2014;35(6 Suppl):S55-S63. DOI:
10.3 174/ajnr.A3843.

3onotapesaJl1.C., 3anynugu A.A., Aanep A.B., CTenaHeH-
ko C.M., ManoHoB 0.H. lnarHoctuka nocneonepawnox-
HOW KOTHUTUBHOWN AuChyHKLMM Y fieTeld. Bonpochl coBpe-
MeHHoit neguatpuu. 2021;20(1):23-30. DOI: 10.15690/
vsp.v20i1.2233.

ShuY., ZhouZ.,WanY. et al. Nociceptive stimuli enhance
anesthetic-induced neuroapoptosis in the rat developing
brain. Neurobiol Dis. 2012;45:743-750. DOI: 10.1016/j.
nbd.2011.10.021.

Ing Caleb, DeStephano David, Hu Tianheng, Reighard
Charles, Lackraj Deven, Geneslaw Andrew S., Miles
Caleb H., Kim Minjae. Intraoperative Blood Pressure
and Long-Term Neurodevelopmental Function in
Children Undergoing Ambulatory Surgery. Anesthesia &
Analgesia. 2022;135(4):787-797. DOI: 10.1213/
ANE.0000000000005853.

CHILDREN’S MEDICINE

Ne 4 Tom 12

of the North-West



OB30PbI

UDC 615.874.2+616.72-002.77-053.2
DOI: 10.56871/CmN-W.2024.65.19.007

THE ROLE OF DIET IN THE DEVELOPMENT AND TREATMENT
OF RHEUMATIC DISEASES IN CHILDREN

© Andrey V. Santimov

Saint Petersburg State Pediatric Medical University. 2 Lithuania, Saint Petersburg 194100 Russian Federation

Contact information:
Andrey V. Santimov — Candidate of Medical Sciences, Assistant of the Department of Pediatric Diseases named after Professor
I.M. Vorontsov. E-mail: a.santimoff@gmail.com ORCID: https://orcid.org/0000-0003-4750-5623 SPIN: 1362-9140

For citation: Santimov AV. The role of diet in the development and treatment of rheumatic diseases in children.
Children’s Medicine of the North-West. 2024;12(4):99-117. DOI: https://doi.org/10.56871/CmN-W.2024.65.19.007

Received: 29.08.2024 Revised: 24.10.2024 Accepted: 16.12.2024

ABSTRACT. There is a fairly large number of publications in the modern Russian scientific literature on the role of
diet in the development and course of both rheumatic diseases in adults and various chronic diseases in children.
At the same time, the issues of diet therapy of rheumatic diseases in children are practically not discussed in
modern Russian-language scientific publications. The only Russian-language scientific article devoted to the diet
therapy of juvenile arthritis was published more than 20 years ago. The review of foreign publications on the role
of diet in the development and treatment of various rheumatic diseases in children, namely juvenile idiopathic
arthritis, juvenile systemic lupus erythematosus, juvenile dermatomyositis, IgA vasculitis, Kawasaki disease and
familial Mediterranean fever, is presented. Most of the studies were conducted with patients suffering from
juvenile idiopathic arthritis and concerned the role of gluten-free, low-calorie ketogenic, specific carbohydrate
diets, intestinal microbiota and enteral nutrition in its treatment, assessment of nutritional status in juvenile
idiopathic arthritis, the influence of parental eating behavior, maternal nutrition during pregnancy and nutrition of
the child in the first year of life on risks of developing juvenile idiopathic arthritis.
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PE3IOME. B coBpeMeHHOIi 0TeYeCTBEHHOIi HayyHOli NUTepaType UMeeTCsA [OCTAaTOYHO 6OMbLIOE KONUYECTBO
ny6nMKaLuii, MOCBALLEHHbIX PONK AUETHI B Pa3BUTUM U TEYEHNM KaK peBMaTUYECKUX 3ab0NeBaHUi y B3POCIbIX,
TaK M pasMYHbIX XPOHMYECKNX 3aboneBaHuil y AeTei. [pn aTOM BONpoChbl AUeTOTepanuyu peBMaTUYyecKnx 3a-
6oneBaHuii y feTeil B COBPEMEHHbIX PYCCKOA3bIYHbIX HAYYHbIX Ny6ANKALMAX MPAKTUYECKM HE 06CYXAATCS.
EnMHCTBEHHAs pycCKOA3blYHAA HayyHas cTaTbsl, NOCBSILLEHHAA ANETOTepanuu IOBEHUIbHbIX apTpPUTOB, bbina
ony6nukoBaHa 6onee 20 neT Ha3aj. B HacTosel cTaTbe NpefCcTaBfieH 0630p 3apybexHbIX ny6aukauui, no-
CBAILLEHHbIX PONW AUETbI B Pa3BUTUM U NIEYEHUM Pa3NIMYHbIX PpeBMATUYECKUX 3aboneBaHui y feTeld, a UMEHHO
IOBEHUNbHOMO MAMONATUYECKOro apTpuTa, FOBEHUIbHON CUCTEMHOM KpacHOii BOMYaHKK, OBEHUIbHOTO lepMaTo-
MunosuTa, IgA-Backynuta, 60ne3Hn KaBacaku n ceMeiiHoii cpeiu3eMHOMOPCKO NnXopaaKn. BonbWMHCTBO Uc-
CiefloBaHui 6b110 MPOBEAEHO C yYacTMEM NaLMeHTOB, CTPaLatoLLMX OBEHUIbHBIM MAMONATUYECKMM apTPUTOM, U
Kacanucb posu 6e3rnoTeHOBOIA, HU3KOKaNOPUIHON KETOreHHOM, cnelnduyeckoit yrneBoAHON AUETbI, KNLWEYHON
MWUKPOGWOTbI M SHTEPaNbHOTO MUTAHUSA B €70 NEYEHUM, OLEHKN HYTPUTUBHOMO CTaTyca Npu IOBEHWUIIbBHOM UAMO-
naTMYecKOM apTpUTe, BNIUSHWA NULLEBOr0 NOBEAEHNUN POJUTENEN, MUTaHNA MaTepy BO BPeMsi 6EPEMEHHOCTH U
MUTaHMa pebeHKa Ha NepBOM rofly XWU3HU Ha PUCKM Pa3BMTUSA FOBEHUIBHOTO UAMONATMYECKOrO apTpuTa.

KNIOYEBBIE CNNOBA: gueroTepanus, peBMaTunyeckue 3a60eBaHus, JeTH
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INTRODUCTION

The etiology of the vast majority of rheumatic disea-
ses remains unknown, and drug therapy does not always
provide stable remission. New possible theories of the
origin of autoimmune rheumatic diseases and various
methods of alternative and complementary medicine
in their treatment continue to be studied. The Russian
scientific literature contains a large number of publica-
tions on the role of diet in adult patients with gout and
rheumatoid arthritis [1-4]. A large number of Russian-
language scientific articles are also devoted to diet
therapy of various chronic diseases in children, most
of which concern gastrointestinal diseases [5, 6]. Ho-
wever, there are also a sufficient number of modern pub-
lications devoted to the effectiveness of a gluten-free
diet of autism spectrum disorders [7], efficiency of a
ketogenic diet of epilepsy [8], and nutritional features
of cerebral palsy and other neurological disorders [9].
Issues of diet for rheumatic diseases in children have
been practically not discussed in Russian publications
in recent years. The only Russian-language scientific
article devoted to diet therapy of juvenile arthritis was
published more than 20 years ago [10]. More modern
publications on this topic, as well as studies devoted
to the role of diet in the development and treatment of
other rheumatic diseases in children, were not found in
the available Russian-language literature.

AIM

The aim of the study is to review foreign publica-
tions on the role of diet in the development and treat-
ment of rheumatic diseases in children.

MATERIALS AND METHODS

A search was performed in the PubMed database
for articles published for all time up to April 28, 2024.

On request of “diet, juvenile idiopathic arthritis”
were found 94 articles in total. Of these, 34 articles did
not address the effects of diet on the development and
course of juvenile idiopathic arthritis (JIA), and 23 arti-
cles were devoted to other diseases. Also, the full text
of 10 articles from 1964-1989 was unavailable, the re-
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sults of 8 studies from 1990-2000 were presented in
a Russian-language review published in 2003 [10] and
were not analyzed separately within the framework of
this review, and 19 articles from 2003-2024 were in-
cluded in the review [11-29].

On request of “diet, juvenile systemic lupus erythema-
tosus” 13 articles were found, 5 of them did not concern
the influence of diet on the development and course of
juvenile systemic lupus erythematosus (JSLE), 3 articles
were devoted to other diseases, 5 articles from 2009-
2021 were included in the review [20, 27, 30-32]. Among
them, 2 articles concerned not only JSLE, but also JIA,
and were found using the previous request [20, 27].

On request “diet, juvenile dermatomyositis” 19 arti-
cles were found, 5 of them did not address the effects
of diet on the development and course of juvenile der-
matomyositis (JDM), 8 articles were devoted to other
diseases. Full text of 4 articles from 1967-1984 was
unavailable, 2 articles from 2016 and 2020 were inclu-
ded in the review [27, 33]. Among them, one article was
devoted to JDM, JIA and JSLE and, accordingly, was
also found using two previous requests [27].

On request “diet, child, vasculitis” 48 articles were
found, of which 11 articles were on systemic vasculi-
tis in children, but did not address the effects of diet
on their development and course, 23 articles were de-
voted to other diseases or systemic vasculitis in adult
patients. Among them, one publication was devoted to
the clinical observation of a positive response to glu-
ten-free diet in uveitis in a nine-year-old girl with celiac
disease and type 1 diabetes mellitus. Full text of 8 arti-
cles from 1969-1984 was unavailable, 4 articles devo-
ted to IgA vasculitis, 2019-2021 [34-37], 2 articles de-
voted to Kawasaki disease, 2013-2016 were included
in the review [38, 39].

On request “diet, child, familial Mediterranean fever”
13 articles were found, 8 articles did not concern the
influence of diet on the development and course of fa-
milial Mediterranean fever (FMF). Full text of 3 articles
from 1964-1995 was unavailable, 2 articles from 2020
and 2021 were included in the review [40-41].

The summary results of the search, inclusion, and
exclusion of articles are shown in Figure 1.

2024 101

of the North-West

N 4 Vol. 12



Bcero obHapyxeHo 184 ctatbu /
A total of 184 articles were found
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\

The full text of 25 articles was not available

MoAHbIV TEKCT 25 cTaTelt HeAOCTYNEH /

159 craten /
159 articles

Y

57 ctatel He KacaACb peBMaTUUYeCcKux 3aboreBaHuin y peTelt /
57 articles did not concern rheumatic diseases in children

102 cTatbu /
102 articles

\ 4

63 cTaTbM HE KacaAUCb BOMPOCOB BAUSIHUA AWETbI /
63 of the articles did not address the effects of diet

39 crarei /
39 articles

\ 4

8 crarteit 6biAn BKAOUEHBI B 0630p 2003 roaa [10] /
8 articles were included in the 2003 review [10]

Bkatouera 31 cratba [11-41] /
31 articles were included [11-41]

Fig. 1. Summary results of the conducted search, inclusion and exclusion of articles

Puc. 1. CymmapHble pe3yAbTaTbl MPOBEAEHHOMO MOUCKA, BKAFOUEHWUS U UCKAOUEHUS cTaten

JUVENILE IDIOPATHIC ARTHRITIS

Juvenile idiopathic arthritis is a heterogene-
ous group of chronic arthritis with onset before age
16 years, sometimes associated with extra-articular
symptoms such as failure to thrive and gastrointestinal
manifestations.

E.M. Little et al. in a 2019 study assessed the pre-
valence of the use of specific diets for JIA and the opi-
nion of patients' parents about their effectiveness. An
online survey was conducted for a year, in which about
20,000 people took part. Responses were received
from 261 parents of patients with JIA. One third of pa-
tients (n=79) had experience with one or more specific
diets, including gluten-free (66%), anti-inflammatory
(41%), lactose-free (25%), vegetarian/vegan (20%). Of
79 parents of patients using the three most common
diets, 50% reported reduced joint pain or swelling with

the anti-inflammatory diet, 52% with gluten-free diet, and
65% with the lactose-free diet. However, the authors
emphasize that prospective controlled studies are
needed to test the effectiveness of a dietary approach
to the treatment of JIA [11].

However, according to the 2021 American College
of Rheumatology Guideline for the Treatment of Juve-
nile Idiopathic Arthritis, there is little evidence to sup-
port the use of any specific restrictive diet in the treat-
ment of JIA. Unnecessary use of restrictive diets such
as gluten-free and lactose-free diets may worsen nutri-
tional status and increase the risk of other negative ef-
fects such as treatment delays, unnecessary costs and
inconvenience. A healthy, balanced, age-appropriate
diet is essential for maintaining health and quality of
life in patients with JIA[12]. However, the use of an ap-
propriate diet is certainly indicated in the presence of
comorbid JIA with celiac disease or lactase deficiency.
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Comorbidity of juvenile idiopathic
arthritis with celiac disease

and possible role of gluten-free diet
in its treatment

S.M. Al-Mayouf et al. in a 2003 study investigated
the prevalence of celiac disease in JIA and the corre-
lation between serological markers and histological
diagnosis of celiac disease. Serological markers of
celiac disease (anti-gliadin IgA and IgG antibodies, an-
ti-reticulin antibodies, and anti-endomysial antibodies)
were tested in 42 patients (18 boys, 24 girls, aged 5 to
15 years). Endoscopic intestinal biopsy was performed
in patients with positive serological markers of celiac
disease. The diagnosis of celiac disease was based on
classical detection of villous atrophy and crypt hyper-
trophy. In 18 patients (42.8%) suffering from various
types of JIA (10 of them were diagnosed with syste-
mic JIA, 5 with polyarticular and 3 with oligoarticular),
various serological markers of celiac disease were
identified, and in most patients, an increase in the le-
vel of several antibodies was detected. Anti-gliadin IgG
antibodies were high in 14 patients (77.8%), 4 patients
(22.2%) had high levels of anti-gliadin IgA antibodies,
7 patients (38.9%) had anti-endomysial antibodies,
and 1 patient (5.5%) had anti-reticulin antibodies. Six-
teen patients underwent intestinal biopsy, and only
one patient with anti-endomysial antibodies (2.4%)
had typical features of celiac disease on biopsy. After
switching to a gluten-free diet, the patient with celiac
disease showed improvement in both growth parame-
ters and joint symptoms [13].

P. Sadeghi et al. in a 2021 study assessed the pre-
valence of celiac disease in 78 patients with JIA (mean
age 7.943.9 years) who did not respond sufficiently to
its standard treatment. In 3 patients (3.8%) with the
oligoarticular JIA, the level of IgA antibodies to tissue
transglutaminase was higher than normal. None of
them had clinical symptoms of celiac disease. There
were no significant statistical differences between the
groups of seropositive and seronegative for antibodies
to tissue transglutaminase patients with JIA in terms
of growth disorders, gender distribution and different
types of JIA. In one patient, a 10-year-old boy with a
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diagnosis of oligoarticular JIA with knee joint involve-
ment established more than 2 years before inclusion in
the study, celiac disease was confirmed by histological
examination. He was recommended a gluten-free diet,
after 2 months of which all clinical manifestations of
musculoskeletal system completely disappeared. The
dose of antirheumatic drugs was gradually reduced and
then completely discontinued, and during 12 months of
observation, the patient did not have relapses of arthri-
tis against the background of adherence to a gluten-
free diet [14].

Low-calorie ketogenic diet in juvenile
idiopathic arthritis

The low-calorie ketogenic diet has been used
for over a century to treat refractory epilepsy. It is
currently gaining popularity as a potential therapy
for obesity, as well as various chronic inflammatory
diseases, including rheumatic diseases, since ketone
bodies may have an anti-inflammatory effect. Howe-
ver, there have been no studies on the ketogenic diet
in children with JIA to date. M. Rondanelli et al. in
2023 published a clinical follow-up of a 22-year-old
woman with class | obesity and JIA, diagnosed at the
age of 4 years. The patient followed a low-calorie ke-
togenic diet combined with a specially recommended
physical activity program for 4 months, which resul-
ted in a decrease in body weight from 78.3 to 72.8 kg,
a decrease in body mass index (BMI) from 30.8 to
28.6 kg/m2. Her waist circumference reduces from
80 to 73 cm, body fat mass from 28.1 to 23.2 kg, free
body fat mass from 45.7 to 41.9 kg, and visceral adi-
pose tissue from 3.5 to 2.9 kg. In addition, the patient
experienced a decrease in joint pain and an improve-
ment in laboratory parameters of inflammation (re-
duction of C-reactive protein (CRP) level from 17 to
5 mg/L and in erythrocyte sedimentation rate (ESR)
from 95 to 31 mm/h was observed) [15].

Specific carbohydrate diet in juvenile
idiopathic arthritis

The specific carbohydrate diet is a nutritio-
nally balanced diet that eliminates many complex
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carbohydrates, such as grains, dairy products except
for fermented milk products, starchy vegetables,
and sugars except for monosaccharides found in
honey. In addition, most processed foods are exclu-
ded, as they may contain emulsifiers and additives
that have a negative effect on the intestinal muco-
sa. Thus, the diet includes meat, poultry, fish, eggs,
nuts, fruits, beans, peas, honey, fermented milk pro-
ducts, and hard cheeses. Grains, rice, corn, potatoes,
dairy products with a high lactose content, refined
sugar and sweets are excluded on this diet. In 2021,
L. Berntson published the results of a pilot study
of possible anti-inflammatory effects of the speci-
fic carbohydrate diet in children with JIA, which had
previously shown a good anti-inflammatory effect
in children with inflammatory bowel diseases. The
study included 22 patients with various types of JIA
(age 6.3-17.3 years), with low to moderate disease
activity, who had 2 or fewer inflamed joints and an
ESR less than 30 mm/h. These patients had changes
in concomitant therapy for at least 12 weeks before
and during study inclusion. A study was conducted
on 15 children who followed the diet for 4 weeks
(of the remaining 7 patients, 6 withdrew from the
study prematurely due to low motivation, in 4 cases
on the part of the patients themselves, in 2 cases on
the part of their parents, one family withdrew from
the study due to an acute psychosocial situation).
In the 15 patients who completed the study, the diet
significantly reduced morning stiffness (p=0.003)
and pain (p=0.048). Physical function, assessed by
the Children's Health Questionnaire, also improved
(p=0.022). Of the 15 patients who completed the
study, 7 had active arthritis at enroliment, which was
not detected in 5 of the 7 patients after 4 weeks of
diet. However, in all 7 children with active arthritis
at enrollment, multiplex analysis showed significant
reductions in 9 inflammatory proteins, including tu-
mor necrosis factor alpha (p=0.028), after 4 weeks of
diet. Based on these results, the authors concluded
that the specific carbohydrate diet may have a signi-
ficant positive effect on the course of JIA, but further
research is needed [16].
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In 2023, Hagstrém et al. [17] conducted semi-
structured interviews with 12 children and 15 parents
(12 mothers and 3 fathers) from 13 families who had
participated in the 2021 pilot study of the specific
carbohydrate diet by Berntson [16]. Majority of those
surveyed found participation in the study useful, with
12 of the 13 families reporting positive effects such
as reduced joint pain and morning stiffness. Many
participants reported that they would be willing to
participate in a similar study again. It was not easy
for children to deal with the social-emotional conse-
quences of following the diet. Their parents faced
practical problems because dieting required hard
work, time, and money. Fields identified as requiring
additional support included finding simple, quick and
child-friendly solutions, strengthening organizational
skills in nutrition such as meal planning and prepa-
ring for an intervention, relating to social and emo-
tional aspects [17].

The role of gut microbiota
and enteral nutrition
in juvenile idiopathic arthritis

In recent years, the field of studying the role of mi-
crobiota in the pathogenesis of various chronic rheu-
matic diseases has been actively developing. M. Arvo-
nen et al. published a literature review on the role of
microbiota in JIA in 2020. In the section on diet the-
rapy for JIA, the authors noted that patients often ask
whether there is a place for a dietary approach in the
treatment of JIA. The most honest answer that doctors
can give is that there is probably a place for diet the-
rapy in JIA, we just don't know what exactly it should
consist of. The authors emphasize that at the time of
writing the review, the only dietary approach for JIA
for which there are published data is enteral nutrition
based on mixtures containing everything necessary for
adequate nutrition, with the complete exclusion of con-
ventional foods from the diet. The authors cite data
published by L. Berntson in 2014 and 2016, as well as
those reported by him in personal communication. Ac-
cording to these data, a positive experience with en-
teral nutrition was initially recorded in one patient with
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a polyarticular variant of JIA, refractory to treatment
with methotrexate and several tumor necrosis factor
alpha inhibitors. Then the patient was treated with two
courses of enteral nutrition, both of which led to an
improvement in functional indicators, the number of in-
flamed joints and morning stiffness. This was followed
by a pilot study of enteral nutrition in 13 children with
active JIA. Six of them refused therapeutic nutrition
within 1-2 weeks, which indicates poor tolerance of
this approach. Among the remaining 7, all who com-
pleted a 3-8-week course of enteral nutrition experi-
enced a reduction in the number of inflamed joints and
morning stiffness [18].

L. Berntson et al. in a 2022 study investigated
whether the anti-inflammatory effect of two dietary ap-
proaches for JIA (enteral nutrition and a specific car-
bohydrate diet), demonstrated by them earlier, is asso-
ciated with changes in the gut microbiome. The study
included 16 patients with JIA (age 7-17 years), 6 of
whom were treated with enteral nutrition and 10 with a
specific carbohydrate diet for 4-5 weeks. Their clinical
and laboratory status was assessed before and after
treatment. Reduction of disease activity was statisti-
cally significant in both dietary approaches (p=0.03 for
each). Gut microbiome test showed an effect of both
interventions on its overall composition, with the most
striking result being a decrease in relative abundance
of Faecalibacterium in enteral nutrition and bifidobac-
teria with the specific carbohydrate diet. Gut micro-
biome alpha diversity was statistically significantly
reduced in the specific carbohydrate diet (p=0.04) but
not with enteral nutrition (p=0.22). Although the study
groups were small, it was clearly shown that both en-
teral nutrition and specific carbohydrate diet influence
the gut microbiome in JIA [19].

Nutritional status assessment in juvenile
idiopathic arthritis

M.C. Caetano et al. in a 2009 study assessed the
diet of 48 children and adolescents with JIA (19 boys,
29 girls aged 3 to 19 years, mean age 12 years) and
compared it with the clinical and anthropometric cha-
racteristics of the patients, as well as with the drugs
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used in their treatment. Malnutrition was found in 8.3%
of patients with JIA, and obesity was present in 16.7%.
In patients with JIA, excess energy intake was noted in
12.5%, excessive protein intake — in 75% and exces-
sive lipid intake — in 31.3% of cases. Low iron intake
was found in 29.2%, low zinc intake — in 87.5%, low vi-
tamin A intake — in 87.5% and low vitamin B, intake —
in 64.6% of patients with JIA. However, no significant
association was found between intake of energy, mac-
ro- and micronutrients, disease activity and nutritional
status. Qualitative analysis of the diet showed low con-
sumption of milk and its derivatives, fruits and vege-
tables and excessive consumption of oils and fats, as
well as sugar and sweets [20].

M.M. Gronlund et al. in a 2014 study assessed the
effect of JIA, its subtypes and disease activity on an-
thropometric measurements, body composition, and
nutritional parameters in 40 patients with JIA (19 boys,
21 girls aged 3-10 years) compared with 40 healthy
children matched for age and gender. Significantly
higher values for central and peripheral adiposity were
found in JIA patients compared with in healthy controls
(mean waist circumference 55.9+4.9 vs. 53.443.7 c¢m,
p <0.0001, and biceps skinfold thickness 6.2+2.3 vs.
5.3%1.7 cm, p=0.035, respectively) and obesity/over-
weight was more common (30% vs. 12.5%, respective-
ly, p=0.056). Energy intake (kcal/day) was significantly
higher in patients with JIA (p=0.036). Nutritional bio-
markers such as hemoglobin, albumin, cholesterol and
its fractions, triglycerides, 25-OH-vitamin D and serum
folate levels were comparable in both groups. JIA sub-
type and disease activity did not influence body com-
position, energy intake or nutritional biomarkers. Thus,
even patients with JIA with low disease activity have
been shown to have more pronounced central and pe-
ripheral adiposity and consume more energy than their
healthy peers [21].

A. Hari et al. in a 2015 study evaluated the relation-
ship between macronutrient intake, body composition
(lean body mass and fat mass) and bone mineral con-
tent in 33 patients with JIA (18 boys, 15 girls, mean
age 10.4+4.3 years, median disease duration 2 (1-4.5)
years). The median of lean body mass was 19 (13.8-
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33.1) kg, fat mass — 5 (3.4-9.1) kg, and bone mineral
content — 1044.9 (630.4-1808.9) g. The authors found
a positive correlation between lean body mass and die-
tary intake of carbohydrate (r=0.4; p=0.03). No signi-
ficant association was found between lean body mass
and lipid or protein intake. No association was found
between fat mass, bone mineral content and intake of
carbohydrates, lipids and proteins [22].

D. Gorczyca et al. in a 2017 study assessed the as-
sociation between dietary intake of w-3 and w-6 polyun-
saturated fatty acids (PUFAs), their serum levels, and
immune and inflammatory markers. The study involved
66 patients (16 boys, 50 girls aged 1.5 to 18 years, ave-
rage age 8.6 years) with various types of JIA who were
compared with a control group of 42 healthy children
matched for age, gender, race, height, weight, and BMI.
Dietary PUFA intake did not differ between the JIA and
control groups. No relationship was found between in-
take of w-3 and w-6 PUFA and their serum levels. Total
w-6 PUFA and linoleic acid levels were higher in patients
with inactive JIA than with active JIA. In patients with
active and short-term disease (less than 3 months from
diagnosis), arachidonic acid and docosahexaenoic acid
levels were significantly lower than in the control group.
Serum a-linolenic acid levels were significantly higher in
patients with polyarticular JIA compared with patients
with oligoarticular JIA and healthy peers. Negative re-
lationship was established between serum w-6 and w-3
PUFA levels and the number of active joints, ESR, and
CRP levels, and a positive relationship with the platelet
count. The results of the study can identify a group of
patients with JIA who may be recommended to take
PUFAs in addition to their usual daily diet [23].

In late 2022 — early 2023, almost simultaneously,
independently of each other, authors from Brazil [24],
Greece [25] and the UK [26] published three reviews,
including one systematic review and meta-analysis of
studies on the relationship between nutritional status,
dietary intake, symptoms and health-related quality of
life in children and young people with JIA. It was shown
that most of the studies indicate a suboptimal diet in
children with JIA and the presence of a deficiency of
a number of micronutrients that can be corrected with
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appropriate nutrition education conducted by experts.
At the same time, some nutritional interventions, such
as enteral nutrition and intake of w-3 PUFAs may show
some potential in terms of improving JIA symptoms.
Thus, other dietary supplements, including vitamin D,
as shown in a systematic review and meta-analysis by
N. Zare et al. [26] are not associated with either im-
provement in JIA symptoms or improvement in the qua-
lity of life of patients.

The influence of parents' eating
behavior

Parents' eating behavior, lifestyle, and food choi-
ces can directly affect their children's eating habits.
L. Pereira et al. in a 2020 study assessed BMI, diet,
physical activity, and lipid metabolite biomarkers in
children and adolescents with various chronic rheu-
matic diseases, including the polyarticular JIA, and
their parents, as well as the relationship between these
parental indicators with those of their children. A total
of 91 people were included in the study — parents and
their children, 30 of whom (33%) were diagnosed with
JIA. In total, 67% of parents and 27.5% of children were
overweight (with JIA — 56.7 and 13.3%, respectively),
in 80% of children with overweight, their parents also
had it. The authors found a moderate association be-
tween total fat intake (Cramer's V test=0.254; p=0.037)
and a weak association between intake of saturated
fatty acids (Cramer's V test=0.219; p=0.050) and cho-
lesterol intake (Cramer's V test=0.234; p=0.025) be-
tween parents and their children. High prevalence of
dyslipidemia was observed in both parents (82.4%)
and children (83.5%). A weak association was found
between triglyceride levels in parents and their chil-
dren (Cramer's V test=0.238; p=0.024), but no associ-
ation was found between physical activity levels of pa-
rents and their children. High prevalence of overweight
and dyslipidemia observed in parents, as well as the
increased fat intake by parents and their children with
chronic rheumatic diseases, indicate the importance
of correcting the nutrition of these patients with the
active involvement of their families in nutrition educa-
tion programs [27].
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The influence of maternal nutrition
during pregnancy and child nutrition
in the first year of life on the risks
of developing juvenile idiopathic
arthritis

E. Kindgren et al. in a 2019 study investigated the
possible influence of maternal diet during pregnancy
on the subsequent development of JIA. In a cohort of
15,740 newborns, the authors collected data on ma-
ternal diet, including fish consumption fish consump-
tion, and obtained blood samples from mothers during
pregnancy, as well as from their children at birth and
at different ages. Sixteen years after the study began,
JIA was diagnosed in 42 children, of whom 11 had anti-
nuclear antibodies. Heavy metal analyses in cord blood
were performed in all 42 patients who subsequent-
ly developed JIA and in 40 age- and gender-matched
controls. It was found that maternal fish consumption
more than once a week during pregnancy, as well as
by the child himself during the first year of life, was
associated with an increased risk of developing JIA
(p <0.001) and the presence of antinuclear antibodies
(p <0.001). Levels of aluminum (Al), cadmium (Cd),
mercury (Hg), and lithium (Li) in cord blood were signi-
ficantly higher in the group of children with JIA than in
the control group. All children who were found to have
antinuclear antibodies ate fish more than once a week
during the first year of life. In patients with antinucle-
ar antibodies, the levels of Al (p <0.001), Cd (p=0.003),
and Li (p <0.001) in cord blood were significantly higher
than in the control group. The frequency of maternal
fish consumption during pregnancy correlated with the
concentrations of Cd (p=0.003), Li (p=0.015), and Hg
(p=0.011) in cord blood. Based on the results obtained,
the authors conclude that moderate exposure to heavy
metals associated with fish consumption during preg-
nancy and early childhood may affect the immune sys-
tem, leading to the production of antinuclear antibodies
and the development of JIA [28].

T. Hyotyldinen et al. in a 2024 study examined breast
milk lipid composition in those mothers whose children
later progressed to one or more immune-mediated di-
seases later in life, including 9 children with JIA, com-
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pared with breast milk lipid composition in mothers of
healthy children. It was shown that maternal age, BMI,
diet, and exposure to perfluorinated alkyl substances
(PFASs) had a marked impact on breast milk lipid com-
position, with greater changes observed in the milk of
those mothers whose children later developed auto-
immune diseases. The authors observed features of
breast milk lipid composition in mothers whose child-
ren later developed autoimmune diseases. However,
due to the small number of study participants with each
individual disease, they were all combined into one
group, and differences in breast milk lipid composition
in mothers of children with JIA compared to mothers
of healthy children or children with other autoimmune
diseases were not studied in this research [29].

JUVENILE SYSTEMIC LUPUS
ERYTHEMATOSUS

Juvenile systemic lupus erythematosus (JSLE) is
a chronic immune/inflammatory disease with various
clinical manifestations depending on the affected or-
gans or systems, which in children and adolescents,
compared with adult patients, usually proceeds more
severely. M.C. Caetano et al. in the 2009 study men-
tioned above in the section on JIA, also assessed
the diet of 22 children and adolescents with JSLE
(3 males, 19 females, aged 9 to 20 years, mean age
16.5 years) and compared it with the clinical and an-
thropometric characteristics of the patients, as well as
with the drugs used in their treatment. Among patients
with JSLE, 68.2% had a Systemic Lupus Erythemato-
sus Disease Activity Index (SLEDAI) >4. Malnutrition
was found in 4.3% of patients with JIA, and obesity
was present in 18.2%. In patients with JSLE, excess
energy intake was noted in 13.6%, excessive protein in-
take — in 86.4%, and excessive lipid intake — in 36.4%
of cases. Low iron intake was found in 50%, low zinc
intake — in 86.4%, and low vitamin A intake — 95.2%
of patients with JSLE. As in patients with JIA, no sig-
nificant association was found between food intake,
disease activity, and nutritional status in patients with
JSLE included in this study [20].
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S.G.L. da Silva et al. in 2018 published the results
of a randomized controlled trial of the effect of nu-
tritional intervention on lipid metabolite biomarkers
associated with cardiovascular disease risk and their
changes over time in patients with JSLE. The study in-
cluded 31 adolescent girls aged 10 to 19 years who had
been diagnosed with JSLE at least six months earlier.
Patients were randomly assigned to the intervention
group (15 patients, mean age 15.742.9 years) and the
control group (16 patients, mean age 15.3+2.3 years).
The mean disease duration, disease activity indices
SLEDAI-2K and SLICC/ACR-DI did not differ significant-
ly between the groups. Participants in the experimental
group received oral and written nutrition guides once
a month for 9 months. The intervention included the
following steps: general orientation towards dietary
behavior; ideas ahout healthy eating based on meal ro-
tation; emphasis on adequate intake of carbohydrates
and fats, including different types of fats, and attention
to food labels; orientation towards adequate intake of
salt, sugar, diet and light foods; qualitative changes
in nutrition with an emphasis on fruits and vegetables
(antioxidants), sea fish (w-3) and intake of soluble and
insoluble fiber; orientation towards diet and lifestyle,
active leisure on weekends, and participation in parties
and other events. After 9 months, the authors found
a significant reduction in intake of calories (p=0.017),
carbohydrates (p=0.030), total fat (p=0.020), satura-
ted fat (p=0.013) and trans fat (p=0.012) in the study
group compared with the control group. The activity of
the high-density lipoprotein (HDL)-associated enzyme
paraoxonase-1 by the end of the study was also sig-
nificantly higher in the experimental group (p=0.021),
indicating an improvement in HDL function and, as
a result, a reduction in cardiovascular disease risks.
In the control group, on the contrary, a significant in-
crease in the level of low-density lipoproteins (HDL)
was observed over time compared with the experimen-
tal group (p=0.018). The obtained data indicate that a
rational diet in JSLE can help protect young patients
from the premature atherosclerosis, the risks of which
in JSLE are significantly higher than in the general po-
pulation [30].
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T.0. Abad et al., also in 2018, in the same group of
31 patients with JSLE, studied changes in body compo-
sition and assessed the association of total fat mass
with clinical parameters. During the study period, the
control group showed an increase in total fat mass by
an average of 3.7 kg (p=0.013) and appendicular fat
mass by 0.36 kg/m2 (p=0.007), while in the main group,
no significant changes were observed in either total fat
mass (p=0.446) or appendicular fat mass (p=0.494)
over 9 months. Thus, 9-month diet therapy in patients
with JSLE improved their eating habits and protected
them from excessive body mass and fat deposits. Ho-
wever, the study did not reveal any association between
total fat mass and physical activity, disease activity, or
glucocorticoid use in either group [31].

In the 2020 study by L. Pereira et al., mentioned above
in the section on JIA, the authors assessed the associa-
tion between BMI, diet, physical activity, and lipid meta-
bolite biomarkers in children and adolescents with various
chronic rheumatic diseases, including JIAS, and their pa-
rents. Of the 91 patients included in the study, 41 (45%)
were diagnosed with JIAS, 41.5% of whom were over-
weight, which was also observed in 65.9% of their parents.
The data on the identified association between intake
of total fat, saturated fat and cholesterol by parents and
intake of these nutrients by their children are presented
above in the section on JIA. However, it is worth noting
separately that patients with JISC received a significantly
higher dose of glucocorticoids than patients with JIA, and
their use was associated with the presence of dyslipide-
mia (p=0.003), changes in the levels of LDL (p=0.017),
HDL (p=0.043) and triglycerides (p=0.002) [27].

M.L.P Moreira et al. in 2021 evaluated fiber intake
and its relationship with cardiovascular risk factors in
52 adolescents with JSLE (4 boys, 48 girls, mean age
16.711.5 years). The most common comorbidities identi-
fied were arterial hypertension (48%; n=25), dyslipidemia
(44.2%; n=23), obesity (13.5%; n=7), and hyperglycemia
(9.6%; n=5). Inadequate fiber consumption was observed
in 61.5% of patients (n=32). Mean waist circumference
(81.4 cm vs. 75.5 cm; p=0.02), waist-to-height ratio
(0.51 vs. 0.47; p=0.02), and systolic blood pressure
(122.1 mmHg vs. 114.8 mmHg; p=0.03) were higher in
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those with low fibre intake. Among the assessed cardio-
vascular risk factors, waist-to-height ratio showed a sig-
nificant negative correlation with fiber intake (r=-0.3;
p=0.04). That is, the higher the fiber intake, the lower
the waist-to-height ratio. Thus, low fiber intake in adoles-
cents with JSLE is associated with higher levels of ab-
dominal obesity and, consequently, with an increased risk
of cardiovascular disease. Therefore, it is of utmost im-
portance to assess and monitor the nutritional status of
patients with JSLE and to develop strategies to promote
adequate fiber and other nutrient intake [32].

JUVENILE DERMATOMYOSITIS

Juvenile dermatomyositis (JDM) is a rare autoim-
mune disease characterized by systemic inflammation,
skin rashes and muscle inflammation, as well as loss of
muscle mass, symmetrical weakness of proximal muscle
groups, decreased physical performance and increased
fatigue. M.Y. Solis et al. in 2016 published the results of
arandomized placebo-controlled trial of the efficacy and
safety of dietary supplements with creatine (methylgua-
nidine-acetic acid is an amine compound found in food,
especially in meat, and endogenously synthesized from
amino acids, capable of improving functional indicators
in healthy individuals, children with muscular dystro-
phy and adult patients with idiopathic inflammatory
myopathies). Creatine was administered at a dose of
0.1 g/kg/day for 12 weeks to 15 patients with JDM
(10 females, 5 males, aged 7-21 years) who had been
on stable therapy for at least 8 weeks and were recei-
ving no more than 40 mg prednisolone per day. Twelve
weeks of creatine supplementation in patients with JDM
were well tolerated and did not cause any adverse ef-
fects, but the treatment did not affect muscle function,
muscle phosphocreatine content, or contribute to any
other therapeutic effect. These data suggest that the
beneficial effects of this supplement previously demon-
strated in adults with idiopathic inflammatory myopa-
thies are not replicated in patients with JDM, but may
be related to the small number of participants in this
study. Larger studies are needed to clarify the feasibility
of creatine supplementation in children with JDM [33].
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L. Pereira et al. in the 2020 study mentioned above
in the sections on JIA and JSLE assessed BMI, diet, phy-
sical activity, and lipid metabolite biomarkers in parents
of children and adolescents with JIA, JSLE, and JDM,
and the relationship between these parental indicators
and their children's indicators. A total of 91 people were
included in the study — parents and their children, 20 of
whom (22%) were diagnosed with JDM, 20% of whom
were overweight, that was noted in 70% of their parents.
The associations found between total fat intake, satu-
rated fat intake, and cholesterol intake between parents
and their children are presented above in the section on
JIA, and the associations between glucocorticosteroid
use (which were prescribed at the same frequency in
JDM as in JSLE and, as in JSLE, were associated with
the presence of dyslipidemia) and changes in LDL and
HDL levels, as well as triglycerides levels are presented
in the section on JSLE [27].

IGA VASCULITIS

IgA vasculitis is a systemic vasculitis that is most
common in childhood and is characterized by non-
thrombocytopenic purpura accompanied by joint pain
and swelling, abdominal pain, hematuria and protein-
uria. L.J. Xiong et al. in a 2019 randomized controlled
trial studied the clinical effect of alanyl-glutamine-enri-
ched nutritional support in the treatment of children
with abdominal form of IgA vasculitis who required
nutritional support. Patients were randomly divided
into a control group receiving nutritional support wi-
thout alanyl-glutamine (n=118) and a nutritional sup-
port group enriched with alanyl-glutamine (n=107).
According to disease severity, intravenous glucocorti-
coids were used in both groups. Other treatments were
the same in both groups. Two groups were compared
in terms of the length of hospital stay, frequency and
duration of intravenous glucocorticoid therapy, fre-
quency of symptom recurrence during hospital stay,
frequency of total parenteral nutrition, rate of weight
loss, and frequency of fasting for more than 5 days.
All patients were followed up for 3 months after dis-
charge to monitor symptom recurrence. There were no
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significant differences in the length of hospital stay,
total parenteral nutrition, and frequency of fasting for
more than 5 days between the two groups (p >0.05).
Compared with the fortified nutritional support group,
the control group showed a significant increase in the
frequency and duration of intravenous glucocorticoid
administration, symptom recurrence rate, and weight
loss rate (p <0.05). After 3-month follow-up, all children
returned to normal feeding, and the recurrence rate
of abdominal symptoms in each group was less than
20%. The most common symptom was abdominal pain,
followed by vomiting and bloating. No gastrointestinal
bleeding was observed. All symptoms resolved after
symptomatic treatment. No significant difference was
found in the recurrence rate of abdominal symptoms
between the two groups (p=0.693) [34].

L.H. Shang et al. in a 2021 study evaluated different
enteral feeding regimens in children with abdominal
form of IgA vasculitis who were hospitalized between
August 2013 and August 2018. According to the star-
ting time of enteral nutrition after abdominal pain relief,
the children were divided into three groups: <24 hours
(n=68), 24-48 hours (n=64), and 48-72 hours (n=60).
According to the type of enteral nutrition, they were di-
vided into another three groups: amino acid-based for-
mula (n=53), extensively hydrolyzed lactoprotein formu-
la (n=67), and normal diet (n=72). The recurrence rate
of clinical symptoms and degree of satisfaction among
family members were compared between groups.
Based on the retrospective analysis, 166 children with
abdominal form of IgA vasculitis were enrolled in a pro-
spective study. All patients were given extensively hy-
drolyzed lactoprotein formula after abdominal pain re-
lief. According to the feeding time after abdominal pain
relief, they were divided into three groups: <24 hours
(n=52), 24-48 hours (n=59), and 48-72 hours (n=55).
The three groups were compared in terms of the recur-
rence rates of abdominal pain, rash, and hematochezia,
the rate of use of parenteral nutrition and intravenous
glucocorticoids, and the incidence rate of weight loss at
discharge. The retrospective analysis showed that the
children who were given extensively hydrolyzed lacto-
protein formula for enteral nutrition at 24-48 hours af-
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ter abdominal pain relief had a lower recurrence rate of
clinical symptoms and the highest degree of satisfac-
tion among their family members (p <0.0167). The pro-
spective study showed that the children who were given
extensively hydrolyzed lactoprotein formula for enteral
nutrition at 24-48 hours after abdominal pain relief had
lower recurrence rates of rash and abdominal pain, a
lower rate of use of parenteral nutrition, and a lower
incidence rate of weight loss at discharge (p <0.05).
Thus, according to both retrospective and prospective
studies, in children with abdominal IgA vasculitis, it is
advisable and effective to start feeding with hydrolyzed
milk formula based on lactoprotein 24-48 hours after
the relief of abdominal pain [35].

D.H. Yin et al. in a 2021 study assessed the effect
of animal protein in the diet on the risk of IgA vasculitis
recurrence in 121 children who were hospitalized be-
tween October and December 2020. All children were
assigned the same diet (animal proteins could be ad-
ded to the diet 1 week after the onset of skin rash). Fol-
low-up was performed at the outpatient service for half
ayear. According to the presence or absence of animal
protein intake, the children were divided into an obser-
vation group (65 children) and a control group (56 child-
ren). The incidence of IgA vasculitis recurrence, times
of skin rash recurrence and the incidence of kidney
injury were compared between the two groups. Accor-
ding to the presence or absence of recurrence, the
children were divided into a recurrence group (32 chil-
dren) and a non-recurrence group (89 children). There
was no significant difference between the observation
and control groups in the incidence rate of IgA vasculi-
tis recurrence, times of skin rash recurrence, and inci-
dence rate of kidney injury (p >0.05). There was no sig-
nificant difference in the daily intake of animal protein
between the recurrence and non-recurrence groups
(p >0.05). The multivariate logistic regression analy-
sis showed that presence of kidney injury at initial on-
set, respiratory infection after treatment, and lack of
exercise control were independent risk factors for the
recurrence of IgA vasculitis in children (p <0.05). No
significant association between animal protein intake
and the recurrence of IgA vasculitis was found [36].
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L. Wang et al. in a 2021 randomized controlled trial
examined the effects of dietary guidance on the treat-
ment of IgA vasculitis. Thirty children with IgA vasculitis
(16 boys, 14 girls, mean age 6.910.5 years) followed a
traditional restrictive diet for IgA vasculitis. They were
prohibited from eating fish, shrimp, meat, eggs, milk,
vegetables, fruits and spices, as well as raw, cold, hard
and other stimulating foods. Three meals a day included
rice, noodles, steamed bread, porridge and some salt.
Patients were advised to drink warm boiled water. When
the abdominal pain had disappeared and no new rash
elements had appeared within 7 days, vegetables were
added to the diet, usually in the following order: pota-
toes, cabbage, sweet potatoes, green vegetables, cauli-
flower, white cabbage, cucumber, etc. Also in this case,
a small amount of fruit was added to the food in the fol-
lowing order: banana, apple, watermelon, pear, etc. The
interval between adding two kinds of vegetables or fruits
should be at least 5 days, and vegetables and fruits can
be added in turn. After no new rash occurs in 1 month, a
small amount of eggs and milk can be added. If the dis-
ease does not recur for 2 months after adding eggs and
milk, a small amount of meat can be added to the diet.
If skin rash, abdominal pain, and other recurring symp-
toms appear while expanding the diet, it is necessary to
stop taking the added product and resume taking it after
the situation stabilizes. Another 30 randomly selected
children with IgA vasculitis (12 boys, 18 girls, mean age
6.95+0.47 years) formed a group of a dietary program.
It was based on a conventional diet, which was adjust-
ed through the results of the nutritional analysis, the
recommended nutrient intake of children and the die-
tary norm, and the results of allergen monitoring. Chil-
dren with cow’s milk protein allergy were supplemented
with amino acid-based formula, while children without
allergy were supplemented with extensively hydrolyzed
lactoprotein formula. Nutritional testing was conducted
throughout the dietary adjustment process, including the
addition of vegetables, fruits, eggs, milk, and meat. An
additional 30 children with bronchitis, matched by gen-
der and age (13 boys, 17 girls, mean age 6.9+0.6 years)
and not suffering from food allergy or intolerance, were
included in the comparison group. Children in the control
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group ate as usual without restrictions. No significant
differences were found in the height, weight, and BMI of
children in the three groups upon admission (p >0.05).
In addition, no significant differences were found in the
indices of red blood cells, hemoglobin, serum albumin,
serum prealbumin, calcium, and iron content in the
three groups (p >0.05). The study showed that the time
of complete disappearance of skin rash in children in
the experimental group was significantly shorter than in
children in the group receiving a traditional restrictive
diet (11.3%1.1 days versus 18.5+1.8 days, p <0.05). Re-
current rash was observed in 6 children in the experi-
mental group (20%), which was significantly less than in
the group receiving a traditional restrictive diet (14 chil-
dren (46.7%), p <0.05). In the group of children receiving
a traditional restrictive diet, kidney injury was observed
in 19 children, including 13 children with isolated hema-
turia, and in 6 children hematuria was combined with
proteinuria. In the group with the recommended diet,
kidney injury was significantly less common —in 11 chil-
dren from the group (8 children had isolated hematuria
and 3 children had hematuria combined with protein-
uria), 36.7% versus 63.3% (p <0.05). In the traditional
restrictive diet group, levels of nutrient intake and the
actual/recommended percentage were lower, while the
overall nutrient intake level of recommended diet group
was higher and basically corresponded to the normal
intake level. In addition, the actual intake and actual/
recommended percentage of nutrients in the recom-
mended diet group were significantly higher than those
in the traditional restrictive diet group (p <0.05). Thus,
individual dietary recommendations may both improve
nutrient and protein intake of children with IgA vasculitis
and reduce the incidence the relapse of rash and renal
complications [37].

KAWASAKI DISEASE

Kawasaki disease is an acute systemic vasculitis
that most commonly affects children under 5 years
of age. The disease is characterized by fever, bilate-
ral conjunctival hyperemia, cervical lymphadenopathy,
oropharyngeal mucosal changes, erythematous rash,
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and erythema and edema of the distal extremities. It is
the leading cause of acquired heart disease in children
in most developed countries. Because Asian ethnicity
is one of the main risk factors for Kawasaki disease,
there are several theories of reasons for the differences
in its ethnic prevalence. Theories suggesting genetic
differences between populations are prevalent and are
areas of active study by numerous research groups. At
the same time, differences in diet between Eastern and
Western populations are often presented as the cause
of certain ethnic differences in the susceptibility to car-
diovascular disease and cancer in adults. Surprisingly,
dietary differences as a possible cause of the heteroge-
neous prevalence of Kawasaki disease among different
ethnic groups had never been considered until 2013. At
that time, M.A Portman first conjectured that the deve-
lopment of Kawasaki disease could be associated with
increased soy consumption. This was based on studies
that revealed the role of specific immune Fcy receptors
in the pathogenesis of Kawasaki disease and in its re-
sponse to intravenous immunoglobulin therapy. The
functions of Fcy receptors are regulated by isoflavones
contained in soy, in particular genistein, which are in-
volved in the pathogenesis of Kawasaki disease by
modulating the function of Fcy receptors and disrupting
the balance between activation and inhibition of inflam-
matory responses. Asian children consume significantly
more isoflavones than Caucasian children of compara-
ble age. Asian families usually add tofu to breastfeeding
or formula feeding, starting at 4-6 months. This is ex-
actly the age when Kawasaki disease begins to occur
significantly more often than in children in the first six
months of life. Moreover, infants fed tofu have higher
concentrations of isoflavones in plasma and urine than
adults consuming soy (who are almost never affected
by Kawasaki disease) [38].

The hypothesis of M.A Portman et al. was con-
firmed in his subsequent 2016 study, which examined
the dietary intake of soy and isoflavones immediately
before the onset of the disease in a group of 181 child-
ren with Kawasaki disease (17% Asian, 61% boys,
mean age 4.0 3.7 years), compared with a control
group of 193 healthy children (11% Asian, 51% boys,
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mean age 5.214.2 years). Surveys of mothers on soy
consumption during pregnancy and breastfeeding
revealed no significant differences between groups.
More than half of the children in both groups did not
receive soy, but mean isoflavone intake was more than
twice as high in children with Kawasaki disease com-
pared to the control group, especially among Asian
children. The authors found a significantly increased
risk of developing Kawasaki disease in children with
total isoflavone (odds ratio (OR) 2.33; 95% confi-
dence interval (Cl) 1.37-3.96) and genistein (OR 2.46;
95% Cl 1.46-4.16) intake compared with children
who did not consume soy. A significantly increased
risk of developing Kawasaki disease was observed in
Asian children with the highest isoflavone intake (total
isoflavones: OR 7.29; 95% ClI 1.73-30.75; genistein:
OR 8.33; 95% Cl 1.92-36.24) compared with Europe-
an children. Because Asian populations typically con-
sume soy products in combination with other foods
that are more common in their diets than in Europe-
an populations, the authors further analyzed the as-
sociation between noodle, white rice, and other grain
consumption and Kawasaki disease. No relationships
were found, supporting the hypothesis that Kawasaki
disease is associated with soy products rather than
with other foods commonly present in the Asian diet.
Furthermore, dietary isoflavone intake in childhood,
rather than maternal isoflavone intake during pregnan-
cy and breastfeeding, is associated with the risk of
developing Kawasaki disease in an ethnically diverse
US population [39].

FAMILIAL MEDITERRANEAN FEVER

Familial Mediterranean fever (FMF) is the most
common inherited autoinflammatory disease cha-
racterized by recurrent attacks of systemic inflam-
mation lasting 1-3 days, manifested by fever, ab-
dominal pain, joint pain, chest pain and skin rash.
R.M.K. Ekinci et al. in a 2020 study assessed the
impact of diet preference to the disease course in
74 children (30 boys, 44 girls, mean age 14.6+2.82
years) with FMF. A statistically significant (p=0.022)
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higher rate of complete response to colchicine thera-
py was found in patients who preferred less salty and
less fatty foods. Thus, it was shown that a low-salt
and low-fat diet may be an additional option in the
treatment of children with FMF. Further studies are
needed to clarify the role of a low-salt and low-fat diet
in the pathogenesis of FMF [40].

Y. Kazem et al. in a 2021 study examined the
effects of anti-inflammatory diet on clinical ma-
nifestations and cognitive functions in 73 patients
(39 males, 34 females, aged 7-24 years) with FMF. In
addition to their usual doses of colchicine, patients
followed an anti-inflammatory diet (rich in fresh ve-
getables and fruits, low in saturated and unsaturated
fats and carbohydrates, low in food additives, sugar,
fast food and semi-finished products) with additio-
nal curcumin intake (10 mg per day), flaxseed rich in
omega-3 PUFA (2 teaspoons per day), and vitamin D
(4000 IU per day) for 6 months. The results showed
statistically significant improvements in clinical pre-
sentation in terms of duration, frequency and severity
of attacks (p=0.05), subjective well-being (p=0.05),
cognitive functions (p=0.05) and school performance
(p=0.01). A decrease in CRP the levels (p=0.01) and
an increase in the level of vitamin D (p=0.01), defi-
ciency of which was observed in all patients at the
time of inclusion in the study, were also noted. The
potential of anti-inflammatory diet in terms of impro-
ving the clinical picture, cognitive functions and over-
all health of patients with FMF was shown. However,
the authors recommend that the findings be con-
firmed by a randomized controlled trial [41].

CONCLUSION

The quality and quantity of studies investigating the
role of diet in the development and treatment of rheu-
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matic diseases in children remain insufficient. More re-
search is needed before any specific diet can be widely
recommended for children with JIA and other rheumatic
diseases. Because the relationship between nutrition
and rheumatic diseases is significant and bidirectio-
nal, dietitians should be knowledgeable about JIA and
other rheumatic diseases and work closely with pedi-
atric rheumatologists and other healthcare professio-
nals. This is necessary to comprehensively improve the
health of young patients and maintain their normal phy-
sical development despite the negative impact of chro-
nic inflammatory disease and its aggressive treatment.
In addition, pediatric rheumatologists would greatly
benefit from having a dietitian on their team to promptly
identify nutritional problems in patients and to suggest
the best individual diet for each patient.
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AONOAHUTEAbHAA UHO®OPMALUA

ABTOp npounTan u 0fo6pun GUHaNbHY BepCULO
nepep ny6nukaumen.

KoH$nuKT MHTepecoB. ABTOp feKknapupyeT oTcyT-
CTBWE AABHbIX U NOTEHLMUaNbHbIX KOHPAUKTOB UHTepe-
COB, CBAI3aHHbIX C Ny6iMKaLmMeil HacTosALW el cTaTbu.

WUcToyHnk puHaHcupoBaHuA. ABTOp 3asBNiAeT 06
OTCYTCTBWM BHELHEero GuHaHCMpOBaHUA Npu NpoBe-
AEeHUN UccnepoBaHms.

REFERENCES

1. Zhelyabina 0.V, Eliseev M.S., Kuzmina Y.I. Diet for gout
and hyperuricaemia: some important questions. Mo-

CHILDREN’S MEDICINE

dern Rheumatology Journal. 2024;18(1):117-121. DOI:
10.14412/1996-7012-2024-1-117-121. (In Russian).

2. Zhelyabina 0.V, Eliseev M.S. Diet in gout and hyperurice-
mia. Rheumatology Science and Practice. 2017;5(4):436-

of the North-West

2024 113

N 4 Vol. 12



10.

11.

12.

445. DOI: 10.14412/1995-4484-2017-436-445. (In Rus-
sian).

Khavkin A.l., Zavyalova A.N., Novikova V.P. Place of
fermented milk products in a flexitarian diet structure.
Ros. Vestn. Perinatol. i Pediatr. 2022;67:(1):39-46. DOI:
10.21508/1027-4065-2022-67-1-39-46. (In Russian).
Khalfina T.N., Zamanova E.S., Nurullina G.I. Role of diet
in the risk and progress of rheumatoid arthritis. Practi-
cal medicine. 2019;17(6-1):26-30. DOI: 10.32000/2072-
1757-2019-6-26-30. (In Russian).

Zavyalova A.N., Yakovleva M.N. Current trends in the diet
therapy of diseases of the gastrointestinal tract. Child-
ren’s Medicine of the North-West. 2022;10(4):24-41. (In
Russian).

Zavyalova A.N., Yakovleva M.N., Atlyakova A.B. Home diet
therapy for inflammatory bowel disease in children. De-
sired and actual. Children’s Medicine of the North-West.
2021;9(2):69-78. (In Russian).

Bavykina I.A., Zvyagin A.A., Bavykin D.V. Gluten-free diet
and gastroenterological symptoms in children with autism
spectrum disorders. Children’s Medicine of the North-
West. 2021;9(2):60-68. (In Russian).

Bogdanova N.M., Kravtsova K.A. Ketogenic diet is a non-
drug method of treating epilepsy. Children’s Medicine
of the North-West. 2023;11(4):15-24. DOI: 10.56871/
CmN-W.2023.29.19.002. (In Russian).

Zavyalova A.N. Nutrition in neurologically impaired child-
ren. Medicine: Theory and Practice. 2019;4(1):42-51. (In
Russian).

Volfson S.B., Denisov L.N. Dietotherapy of juvenile arthri-
tis in children. Pediatric Nutrition. 2003;1(3):33-39. (In
Russian).

Little E.M., Grevich S., Huber J.L., Suskind D.L., Brad-
ford M.C., Stevens A.M., Zhao Y. Parental Perception
of Dietary Intervention in Juvenile Idiopathic Arthritis.
J Altern Complement Med. 2019;25(6):643-647. DOI:
10.1089/acm.2018.0407.

Onel K.B., Horton D.B., Lovell D.J., Shenoi S., Cuello C.A.,
Angeles-Han S.T., Becker M.L., Cron R.Q., Feldman B.M.,
Ferguson P.J., Gewanter H., Guzman J.,Kimura Y., Lee T,
Murphy K., Nigrovic P.A., Ombrello M.J., Rabinovich C.E.,
Tesher M., Twilt M., Klein-Gitelman M., Barbar-Smiley F.,
Cooper A.M., Edelheit B., Gillispie-Taylor M., Hays K.,
Mannion M.L., Peterson R., Flanagan E., Saad N., Sulli-
van N., Szymanski A.M., Trachtman R., Turgunbaev M.,
Veiga K., Turner A.S., Reston J.T. 2021 American College
of Rheumatology Guideline for the Treatment of Juvenile
Idiopathic Arthritis: Recommendations for Nonpharmaco-
logic Therapies, Medication Monitoring, Immunizations,
and Imaging. Arthritis Rheumatol. 2022;74(4):570-585.
DOI: 10.1002/art.42036.

114 2024

REVIEWS

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Al-Mayouf S.M., Al-Mehaidib A.l., Alkaff M.A. The signifi-
cance of elevated serologic markers of celiac disease in
children with juvenile rheumatoid arthritis. Saudi J Gas-
troenterol. 2003;9(2):75-78.

Sadeghi P., Salari K., Ziaee V., Rezaei N., Eftekhari K. Sero-
logical Screening of Celiac Disease in Patients with Juve-
nile Idiopathic Arthritis. Arch Iran Med. 2021;24(10):783~
785.DOI: 10.34172/aim.2021.116.

Rondanelli M., Patelli Z., Gasparri C., Mansueto F., Fer-
raris C., Nichetti M., Alalwan T.A., Sajoux |., Maugeri R.,
Perna S. Very low calorie ketogenic diet and common
rheumatic disorders: A case report. World J Clin Cases.
2023;11(9):1985-1991. DOI: 10.12998/wjcc.v11.i9.1985.
Berntson L. A pilot study of possible anti-inflammatory
effects of the specific carbohydrate diet in children with
juvenile idiopathic arthritis. Pediatr Rheumatol Online J.
2021;19(1):88. DOI: 10.1186/s12969-021-00577-3.
Hagstrom N., Lovestam E., Koochek A., Berntson L. A qua-
litative evaluation of the specific carbohydrate diet for ju-
venile idiopathic arthritis based on children’s and parents’
experiences. Pediatr Rheumatol Online J. 2023;21(1):127.
DOI: 10.1186/s12969-023-00914-8.

Arvonen M., Vanni P., Sarangi A.N., V Tejesvi M., Vdhasa-
lo P., Aggarwal A., Stoll M.L. Microbial orchestra in juve-
nile idiopathic arthritis: Sounds of disarray? Immunol Rev.
2020;294(1):9-26. DOI: 10.1111/imr.12826.

Berntson L., Oman A., Engstrand L., Dicksved J. A Pilot
Study Investigating Faecal Microbiota After Two Dietary
Interventions in Children with Juvenile Idiopathic Arthri-
tis. Curr Microbiol. 2022;79(7):215. DOI: 10.1007/s00284-
022-02899-1.

Caetano M.C., Ortiz T.T., Terreri M.T., Sarni R.O., Sil-
va S.G., Souza F.I., Hilario M.0. Inadequate dietary intake
of children and adolescents with juvenile idiopathic ar-
thritis and systemic lupus erythematosus. J Pediatr (Rio
J). 2009;85(6):509-515. DOI: 10.2223/JPED.1941. (In
English, Portuguese).

Gronlund M.M., Kaartoaho M., Putto-Laurila A., Laiti-
nen K. Juvenile idiopathic arthritis patients with
low inflammatory activity have increased adiposi-
ty. Scand J Rheumatol. 2014;43(6):488-492. DOI:
10.3109/03009742.2014.918171.

Hari A., Rostom S., Hassani A., El Badri D., Bouaadi ., Bara-
kat A., Chkirat B., Elkari K., Amine B., Hajjaj-Hassouni N.
Body composition in children with juvenile idiopathic ar-
thritis: effect of dietary intake of macronutrient: results
from a cross sectional study. Pan Afr Med J. 2015;20:244.
DOI: 10.11604/pam;.2015.20.244.4488.

Gorczyca D., Postepski J., Czajkowska A., Pasciak M.,
Prescha A., Olesifiska E., Gruenpeter A., Lachér-Motyka .,
Szponar B. The profile of polyunsaturated fatty acids in

CHILDREN’S MEDICINE

Ne 4 Tom 12

of the North-West



24.

25.

26.

27.

28.

29.

30.

31.

32.

juvenile idiopathic arthritis and association with disease
activity. Clin Rheumatol. 2017;36(6):1269-1279. DOI:
10.1007/s10067-017-3586-9.

Zandonadi R.P. An Overview of Nutritional Aspects in Ju-
venile Idiopathic Arthritis. Nutrients. 2022;14(20):4412.
DOI: 10.3390/nu14204412.

Grammatikopoulou M.G., Gkiouras K., Syrmou V.,
Vassilakou T., Simopoulou T., Katsiari C.G., Goulis D.G.,
Bogdanos D.P. Nutritional Aspects of Juvenile Idiopa-
thic Arthritis: An A to Z for Dietitians. Children (Basel).
2023;10(2):203. DOI: 10.3390/children10020203.

Zare N., Mansoubi M., Coe S., Najafi A.A., Bailey K., Harri-
son K., Sheehan J., Dawes H., Barker K. An investigation
into the relationship between nutritional status, dietary
intake, symptoms and health-related quality of life in chil-
dren and young people with juvenile idiopathic arthritis:
a systematic review and meta-analysis. BMC Pediatr.
2023;23(1):3. DOI: 10.1186/s12887-022-03810-4.
Pereira L., Previdelli A.N., Rossi R.G.T., Rodrigues W.D.,
FonsecaF.L.A.,Len C.A., Terreri M.T., Saccardo Sarni R.O.
Anthropometric Evaluation and Assessment of Food In-
take of Parents of Pediatric Patients with Chronic Rheu-
matic Diseases. Ann Nutr Metab. 2020;76(6):387-395.
DOI: 10.1159/000512243.

Kindgren E., Guerrero-Bosagna C., Ludvigsson J. Heavy
metals in fish and its association with autoimmunity in
the development of juvenile idiopathic arthritis: a pro-
spective hirth cohort study. Pediatr Rheumatol Online J.
2019;17(1):33. DOI: 10.1186/s12969-019-0344-3.
Hyotyldinen T., Ghaffarzadegan T., Karthikeyan B.S.,
Triplett E., Oresi¢ M., Ludvigsson J. Impact of Environ-
mental Exposures on Human Breast Milk Lipidome in
Future Immune-Mediated Diseases. Environ Sci Technol.
2024;58(5):2214-2223. DOI: 10.1021/acs.est.3c06269.
daSilvaS.G.L., TerreriM.T., Abad T.T.0., Machado D., Fon-
seca F.L.A., Hix S., Suano-Souza F.I., SarniR.0.S., Len C.A.
The effect of nutritional intervention on the lipid profile and
dietary intake of adolescents with juvenile systemic lupus
erythematosus: a randomized, controlled trial. Lupus.
2018;27(5):820-827. DOI: 10.1177/0961203317751851.
Abad T.0., Sarni R.0., da Silva S.G., Machado D., Sua-
no-Souza F.I., Len C.A., Terreri M.T. Nutritional interven-
tion in patients with juvenile systemic lupus erythemato-
sus: protective effect against the increase in fat mass.
Rheumatol Int. 2018;38(6):985-992. DOI: 10.1007/
s00296-018-4031-3.

Moreira M.L.P., Sztajnbok F., Giannini D.T. Relationship
between fiber intake and cardiovascular risk factors in
adolescents with systemic lupus erythematosus. Rev
Paul Pediatr. 2021;39:e2019316. DOI: 10.1590/1984-
0462/2021/39/2019316.

CHILDREN’S MEDICINE

OB30PbI

33.

34.

35.

36.

37.

38.

39.

40.

41.

Solis M.Y., Hayashi A.P., Artioli G.G., Roschel H., Sapi-
enza M.T., Otaduy M.C., De Sa Pinto A.L., Silva C.A., Sal-
lum A.M., Pereira R.M., Gualano B. Efficacy and safety
of creatine supplementation in juvenile dermatomyositis:
A randomized, double-blind, placebo-controlled crosso-
ver trial. Muscle Nerve. 2016;53(1):58-66. DOI: 10.1002/
mus.24681.

Xiong L.J., Shang L.H., Ou X.Q., Li Y., Xie X.L. Clinical ef-
fect of alanyl-glutamine-enriched nutritional support in the
treatment of children with abdominal Henoch-Schonlein
purpura. Zhongguo Dang Dai Er Ke Za Zhi. 2019;21(2):168~
171.DO0I: 10.7499/j.issn.1008-8830.2019.02.012. (In Chi-
nese).

Shang L.H., Zhou M.Y., Xiong L.J., Xie X.L., Xu H.M. Se-
lection of enteral nutrition regimens for children with
abdominal Henoch-Schonlein purpura. Zhongguo Dang
Dai Er Ke Za Zhi. 2021;23(2):111-115. DOI: 10.7499/j.
issn.1008-8830.2010021. (In Chinese).

Yin D.H., Guo Y.L., Cao T.T., Pan C.L., Zhao G.J., Hu V.
Effect of animal protein diet on the prognosis of children
with Henoch-Schonlein purpura. Zhongguo Dang Dai Er Ke
Za Zhi. 2021;23(9):927-932. DOI: 10.7499/j.issn.1008-
8830.2106126. (In English, Chinese).

Wang L., Yin C., Zhang M., Mao H., Hao H., Hu X., Xue W.
A randomized controlled trial on the effect of dietary
guidance on the treatment of Henoch-Schonlein purpura
in children. J Investig Med. 2021;69(8):1464-1472. DOI:
10.1136/jim-2021-001984.

Portman M.A. Kawasaki disease and soy: potential role
for isoflavone interaction with Fcy receptors. Pediatr Res.
2013;73(2):130-4. DOI: 10.1038/pr.2012.168.

Portman M.A., Navarro S.L., Bruce M.E., Lampe J.W. Soy
isoflavone intake is associated with risk of Kawasaki
disease. Nutr Res. 2016;36(8):827-834. DOI: 10.1016/j.
nutres.2016.04.002.

Ekinci R.M.K., Balci S., Bisgin A., Cetin F.T., Tumgor G.
The contribution of diet preference to the disease course
in children with familial Mediterranean fever: a cross-sec-
tional study. Reumatologia. 2020;58(2):81-86. DOI:
10.5114/reum.2020.95361.

Kazem Y., Zarouk W.A., Hamed K., Tosson A.M.S.,
Essa H.A., EI-Bassyouni H.T. The Effect of Anti-inflam-
matory Diet and Vitamin D Supplementation on the Ame-
lioration of the Clinical Status and Cognitive functions of
Familial Mediterranean Fever Patients. Kobe J Med Sci.
2021;66(5):E159-E165.

NTEPATYPA

1.

Xens6una 0.B., EnuceeB M.C., KysbmuHa S.U. [ue-
Ta NpW Nofarpe v runepypukeMun: HECKONbKO BaXHbIX

of the North-West

2024 115

N 4 Vol. 12



10.

11.

12.

BonpocoB. CoBpeMeHHasi peBMaTtonorus. 2024;18(1):
117-121.DO0I: 10.14412/1996-7012-2024-1-117-121.
Xensouna 0.B., Enucees M.C. [Jueta npu nogarpe u
runepypukeMum. HayuHo-npakTuyeckas peBMartonorus.
2017;55(4):436-445. DOI: 10.14412/1995-4484-2017-
436-445.

XaBkuH A.W., 3aBbsinoBa A.H., HoBukosa B.I1. MecTo kuc-
JIOMOJIOYHbIX MPOLYKTOB B CTPYKType haekcuTapuaHcKoii
AveTbl. Poc. BECTH. nepuHaTon. u neauatp. 2022;67:(1):39-
46.DO0I: 10.21508/1027-4065-2022-67-1-39-46.

XanduHa T.H., 3amaHoBa 3.C., HypynnuHa 1. Ponb
AVeTbl B pa3BUTUM U TEYEHUW PEBMATOUAHOrO apTpu-
Ta. MpakTuyeckas meguumHa. 2019;17(6-1):26-30. DOI:
10.32000/2072-1757-2019-6-26-30.

3aBbanoBa A.H, fAkonesa M.H. CoBpeMeHHble TeH-
JeHUUM B AuetoTepannu 3aboneBaHUN XenyfouHo-
kuweyHoro Tpakta. Children's Medicine of the North-
West. 2022;10(4):24-41.

3aBbanoBa A.H, Akosnesa M.H., Atnakosa A.b. [lo-
MallHAsA [UeToTepanus BOCNanuTeNbHbIX 3a601eBaHui
KuWweyHuka y geteii. Xenaemoe u feiicTBUTENbHOE.
Children’s Medicine of the North-West. 2021;9(2):69-78.
baBbikuHa U.A., 3BsirnH A.A., baBbikuH [1.B. besrntoTe-
HOBas AMeTa M racTpo3HTEpOnornyeckas cuMnToMaTy-
Kay [leTell ¢ pacCTpOMCTBaMM ayTUCTUYECKOrO CNEKTPa.
Children’s Medicine of the North-West. 2021;9(2):60-68.
borpaHoBa H.M., KpasuoBa K.A. KetorenHas fuera —
HEMeLMKAaMEHTO3HbIA CNOCO6 NeyeHUss 3NUNencum.
Children’s Medicine of the North-West. 2023;11(4):15-24.
DOI: 10.56871/CmN-W.2023.29.19.002.

3aBbanosa A.H. [utaHue feTeii c HEBPONOrMYECKON NaTo-
norueii. MeguuuHa: Teopus v npakTuka. 2019;4(1):42-51.
BonbdcoH C.b., lenncos J1.H. [lnetoTepanus 10BeHMb-
HbIX apTPUTOB y JieTeii. Bonpockl AeTCKOi AMeToNnoruu.
2003;1(3): 33-39.

Little E.M., Grevich S., Huber J.L., Suskind D.L.,
Bradford M.C., Stevens A.M., Zhao Y. Parental Perception
of Dietary Intervention in Juvenile Idiopathic Arthritis.
J Altern Complement Med. 2019;25(6):643-647. DOI:
10.1089/acm.2018.0407.

Onel K.B., Horton D.B., Lovell D.J., Shenoi S., Cuello C.A.,
Angeles-Han S.T., Becker M.L., Cron R.Q., Feldman B.M.,
Ferguson P.J., Gewanter H., Guzman J., Kimura Y., Lee T,
Murphy K., Nigrovic P.A., Ombrello M.J., Rabinovich C.E.,
Tesher M., Twilt M., Klein-Gitelman M., Barbar-Smiley F.,
Cooper A.M., Edelheit B., Gillispie-Taylor M., Hays K.,
Mannion M.L., Peterson R., Flanagan E., Saad N,
Sullivan N., Szymanski A.M., Trachtman R., Turgunbaev M.,
Veiga K., Turner A.S., Reston J.T. 2021 American
College of Rheumatology Guideline for the Treatment
of Juvenile Idiopathic Arthritis: Recommendations for

REVIEWS

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Nonpharmacologic Therapies, Medication Monitoring,
Immunizations, and Imaging. Arthritis Rheumatol.
2022;74(4):570-585. DOI: 10.1002/art.42036.
Al-Mayouf S.M., Al-Mehaidib A.l., Alkaff M.A. The signi-
ficance of elevated serologic markers of celiac disease
in children with juvenile rheumatoid arthritis. Saudi J
Gastroenterol. 2003;9(2):75-78.

Sadeghi P., Salari K., Ziaee V., Rezaei N., Eftekhari K.
Serological Screening of Celiac Disease in Patients
with Juvenile Idiopathic Arthritis. Arch Iran Med.
2021;24(10):783-785. DOI: 10.34172/aim.2021.116.
Rondanelli M., Patelli Z., Gasparri C., Mansueto F.,,
Ferraris C., Nichetti M., Alalwan T.A., Sajoux I., Maugeri R.,
Perna S. Very low calorie ketogenic diet and common
rheumatic disorders: A case report. World J Clin Cases.
2023;11(9):1985-1991. DOI: 10.12998/wjcc.v11.i9.1985.
Berntson L. A pilot study of possible anti-inflammatory
effects of the specific carbohydrate diet in children with
juvenile idiopathic arthritis. Pediatr Rheumatol Online J.
2021;19(1):88. DOI: 10.1186/s12969-021-00577-3.
Hagstrom N., Lovestam E., Koochek A., Berntson L.
A qualitative evaluation of the specific carbohydrate
diet for juvenile idiopathic arthritis based on children’s
and parents’ experiences. Pediatr Rheumatol Online J.
2023;21(1):127. DOI: 10.1186/512969-023-00914-8.
Arvonen M., Vanni P., Sarangi A.N., V Tejesvi M.,
Vahasalo P., Aggarwal A., Stoll M.L. Microbial orchestra in
juvenile idiopathic arthritis: Sounds of disarray? Immunol
Rev. 2020;294(1):9-26. DOI: 10.1111/imr.12826.
Berntson L., Oman A., Engstrand L., Dicksved J. A Pilot
Study Investigating Faecal Microbiota After Two Dietary
Interventions in Children with Juvenile Idiopathic Arthritis.
Curr Microbiol. 2022;79(7):215. DOI: 10.1007/s00284-
022-02899-1.

Caetano M.C., Ortiz T.T., Terreri M.T., Sarni R.0., Sil-
va S.G., Souza F.I., Hildrio M.0. Inadequate dietary intake
of children and adolescents with juvenile idiopathic
arthritis and systemic lupus erythematosus. J Pediatr
(Rio J). 2009;85(6):509-515. DOI: 10.2223/JPED.1941.
(In English, Portuguese).

Gronlund M.M., Kaartoaho M., Putto-Laurila A., Lai-
tinen K. Juvenile idiopathic arthritis patients with
low inflammatory activity have increased adiposity.
Scand J Rheumatol. 2014;43(6):488-492. DOI:
10.3109/03009742.2014.918171.

Hari A., Rostom S., Hassani A., El Badri D., Bouaadi I.,
BarakatA., Chkirat B., Elkari K., Amine B., Hajjaj-Hassouni N.
Body composition in children with juvenile idiopathic
arthritis: effect of dietary intake of macronutrient: results
from a cross sectional study. Pan Afr Med J. 2015;20:244.
DOI: 10.11604/pam].2015.20.244.4488.

CHILDREN’S MEDICINE

116 2024

Ne 4 Tom 12

of the North-West



23.

24.

25.

26.

27.

28.

29.

30.

31.

Gorczyca D., Postepski J., Czajkowska A., Pasciak M.,
Prescha A., Olesifiska E., Gruenpeter A., Lachér-Motykall.,
Szponar B. The profile of polyunsaturated fatty acids in
juvenile idiopathic arthritis and association with disease
activity. Clin Rheumatol. 2017;36(6):1269-1279. DOI:
10.1007/s10067-017-3586-9.

Zandonadi R.P. An Overview of Nutritional Aspects in
Juvenile Idiopathic Arthritis. Nutrients. 2022;14(20):4412.
DOI: 10.3390/nu14204412.

Grammatikopoulou M.G., Gkiouras K., Syrmou V., Vas-
silakou T., Simopoulou T., Katsiari C.G., Goulis D.G.,
Bogdanos D.P. Nutritional Aspects of Juvenile Idiopathic
Arthritis: An A to Z for Dietitians. Children (Basel).
2023;10(2):203. DOI: 10.3390/children10020203.

Zare N., Mansoubi M., Coe S., Najafi A.A., Bailey K.,
Harrison K., Sheehan J., Dawes H., Barker K. An inves-
tigation into the relationship between nutritional status,
dietary intake, symptoms and health-related quality of
life in children and young people with juvenile idiopathic
arthritis: a systematic review and meta-analysis. BMC
Pediatr. 2023;23(1):3. DOI: 10.1186/s12887-022-03810-4.
Pereira L., Previdelli A.N., Rossi R.G.T., Rodrigues W.D.,
FonsecaF.L.A., Len C.A., Terreri M.T., Saccardo SarniR.0.
Anthropometric Evaluation and Assessment of Food
Intake of Parents of Pediatric Patients with Chronic
Rheumatic Diseases. Ann Nutr Metab. 2020;76(6):387-
395. DOI: 10.1159/000512243.

Kindgren E., Guerrero-Bosagna C., Ludvigsson J. Heavy
metals in fish and its association with autoimmunity
in the development of juvenile idiopathic arthritis: a
prospective birth cohort study. Pediatr Rheumatol Online
J.2019;17(1):33. DOI: 10.1186/s12969-019-0344-3.
Hyo6tyldinen T., Ghaffarzadegan T., Karthikeyan B.S.,
Triplett E., OreSi¢ M., Ludvigsson J. Impact of En-
vironmental Exposures on Human Breast Milk Lipidome
in Future Immune-Mediated Diseases. Environ Sci
Technol. 2024;58(5):2214-2223. DOI: 10.1021/acs.
est.3c06269.

da Silva S.G.L., Terreri M.T., Abad T.T.0., Machado D.,
Fonseca F.L.A., Hix S., Suano-Souza F.l., Sarni R.0.S.,
Len C.A. The effect of nutritional intervention on the
lipid profile and dietary intake of adolescents with
juvenile systemic lupus erythematosus: a randomized,
controlled trial. Lupus. 2018;27(5):820-827. DOI:
10.1177/0961203317751851.

Abad T.0., Sarni R.0., da Silva S.G., Machado D., Suano-
Souza F.1., Len C.A., Terreri M.T. Nutritional intervention
in patients with juvenile systemic lupus erythematosus:
protective effect against the increase in fat mass.
Rheumatol Int. 2018;38(6):985-992. DOI: 10.1007/
s00296-018-4031-3.

CHILDREN’S MEDICINE

OB30PbI

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Moreira M.L.P., Sztajnbok F., Giannini D.T. Relationship
between fiber intake and cardiovascular risk factors in
adolescents with systemic lupus erythematosus. Rev
Paul Pediatr. 2021;39:2019316. DOI: 10.1590/1984-
0462/2021/39/2019316.

Solis M.Y., Hayashi A.P., Artioli G.G., Roschel H., Sapien-
za M.T., Otaduy M.C., De Sa Pinto A.L., Silva C.A,,
Sallum A.M., Pereira R.M., Gualano B. Efficacy and safety
of creatine supplementation in juvenile dermatomyositis:
A randomized, double-blind, placebo-controlled crossover
trial. Muscle Nerve. 2016;53(1):58-66. DOI: 10.1002/
mus.24681.

Xiong L.J., Shang L.H., Ou X.Q., Li Y., Xie X.L. Clinical
effect of alanyl-glutamine-enriched nutritional support
in the treatment of children with abdominal Henoch-
Schonlein purpura. Zhongguo Dang Dai Er Ke Za
Zhi. 2019;21(2):168-171. DOI: 10.7499/j.issn.1008-
8830.2019.02.012. (In Chinese).

Shang L.H., Zhou M.Y., Xiong L.J., Xie X.L., Xu H.M.
Selection of enteral nutrition regimens for children with
abdominal Henoch-Schonlein purpura. Zhongguo Dang
Dai Er Ke Za Zhi. 2021;23(2):111-115. DOI: 10.7499/j.
issn.1008-8830.2010021. (In Chinese).

Yin D.H., Guo Y.L., Cao T.T., Pan C.L., Zhao G.J., Hu Y.
Effect of animal protein diet on the prognosis of children
with Henoch-Schonlein purpura. Zhongguo Dang Dai Er Ke
Za Zhi. 2021;23(9):927-932. DOI: 10.7499/j.issn.1008-
8830.2106126. (In English, Chinese).

Wang L., Yin C., Zhang M., Mao H., Hao H., Hu X., Xue W.
A randomized controlled trial on the effect of dietary
guidance on the treatment of Henoch-Schonlein purpura
in children. J Investig Med. 2021;69(8):1464-1472. DOI:
10.1136/jim-2021-001984.

Portman M.A. Kawasaki disease and soy: potential role
for isoflavone interaction with Fcy receptors. Pediatr Res.
2013;73(2):130-4. DOI: 10.1038/pr.2012.168.

Portman M.A., Navarro S.L., Bruce M.E., Lampe J.W. Soy
isoflavone intake is associated with risk of Kawasaki
disease. Nutr Res. 2016;36(8):827-834. DOI: 10.1016/j.
nutres.2016.04.002.

Ekinci R.M.K., Balci S., Bisgin A., Cetin F.T., Tumgor G.
The contribution of diet preference to the disease course
in children with familial Mediterranean fever: a cross-
sectional study. Reumatologia. 2020;58(2):81-86. DOI:
10.5114/reum.2020.95361.

Kazem Y., Zarouk W.A., Hamed K., Tosson A.M.S.,
Essa H.A., EI-Bassyouni H.T. The Effect of Anti-inflam-
matory Diet and Vitamin D Supplementation on the
Amelioration of the Clinical Status and Cognitive functions
of Familial Mediterranean Fever Patients. Kobe J Med Sci.
2021;66(5):E159-E165.

of the North-West

2024 117

N 4 Vol. 12



REVIEWS

UDC 616.3-008.6+616.34-002+616.341-076-07+615.849
DOI: 10.56871/CmN-W.2024.77.19.008

PERMEABILITY OF THE INTESTINAL EPITHELIAL BARRIER:
EVALUATION CRITERIA, ROLE IN THE PATHOGENESIS
OF CELIAC DISEASE

© Elena Yu. Kalinina, Valeria P. Novikova

Saint Petersburg State Pediatric Medical University. 2 Lithuania, Saint Petersburg 194100 Russian Federation

Contact information:
Elena Yu. Kalinina — Candidate of Medical Sciences, Associate Professor, Head of the Department of Human Anatomy.
E-mail: drkalinina@yandex.ru ORCID: https://orcid.org/0000-0001-7077-3584 SPIN: 1176-5739

For citation: Kalinina EYu, Novikova VP. Permeability of the intestinal epithelial barrier: evaluation criteria, role in the
pathogenesis of celiac disease. Children’s Medicine of the North-West. 2024;12(4):118-124. DOI: https://doi.org/10.56871/
CmN-W.2024.77.19.008

Received: 03.09.2024 Revised: 07.11.2024 Accepted: 16.12.2024

ABSTRACT. The main structures responsible for maintaining the integrity of the intestinal barrier are tight
junctions. Evidence of their role was obtained using electron microscopy and electrophysiology. A new and
promising direct method for assessing the intestinal barrier function is confocal laser endomicroscopy. There is
a growing interest in indirect assessment of the integrity of the mucosa using potential biomarkers. The levels of
B-zonulin in stool and serum, and claudin levels in the blood are studied in various diseases. The article reflects
the literature data on studies examining the possibilities of non-invasive methods for assessing the state of
the epithelial barrier in the diagnosis of celiac disease and monitoring compliance with a gluten-free diet by the
patient. Despite a large number of studies demonstrating increased intestinal permeability in celiac disease, the
question of the place of dysfunction of the epithelial barrier of the small intestine in the pathogenesis of celiac
disease remains relevant. The question of whether the barrier dysfunction is primary or a consequence of celiac
disease itself has not yet been resolved.

KEYWORDS: claudin, zonulin, confocal laser endomicroscopy, epithelial barrier, intestinal permeability, celiac
disease
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PE3IOME. OCHOBHbIMM CTPYKTYpamu, OTBEYAKLLMMU 32 MOJAEPKaAHUE LLeNIOCTHOCTH KUIWEeYHOro 6apbepa, B-
NATCA NIOTHbIE KOHTAKTbI. [lJokasaTenbcTBa UX poau NoayyeHbl C MOMOLLBIO 3/1EKTPOHHON MUKPOCKOMUN 1
anekTpopuanonorun. HoBbIM 1 NePCNEKTUBHBLIM NPAMbIM METOAOM OLeHKU 6apbepHON QYHKLUM KULIEYHUKA
ABNseTca KoHQoKanbHas nasepHas 9HAOMUKPOCKONUA. PacTeT uHTepec K KOCBEHHOI OLeHKe LiefloCTHOCTH
CM3UCTON 060JI0YKM C MOMOLLBIO MOTEHLMANbHbIX 6MOMapKepoB. M3yyaloT ypOBHU 30HYNIMHA B CTYNE U B Cbl-
BOPOTKE KPOBH, yPOBHM KNayAMHOB B KPOBM NPU pa3nuyHbix 3a601eBaHNsX. B cTaTbe 0TpaXeHbl nuTepaTypHble
AaHHble 06 UccneAoBaHusAX, MOCBALLEHHbIX N3YYEHUKD BOZMOXHOCTU HEMHBA3NBHbIX METOLOB OLEHKU COCTOSIHUS
aNUTEeNNanbHOro 6apbepa Npu AMarHOCTUKE LieNnaknu u KOHTPONs 3a cobtofeHneM 6e3rnoTeHoBOI ANeTbl
naumeHToMm. HecMoTpsi Ha 60NbLIOE KONNYECTBO UCCNEA0BaHMIA, AEMOHCTPUPYHOLLMX MOBbILIEHHYH NPOHULIae-
MOCTb KMLIEYHMKA NPU LeNnakum, akTyanbHbIM OCTaeTCA BONPOC O MecTe B naToreHese Lenvakuu guchyHkumum
aMUTENManbHOro 6apbepa TOHKOM KuwkK. Bonpoc o Tom, aBndetca num AUC@yHKLNS 6apbepa NMepBUYHON UH
ClieiCTBMEM CaMOI Liesinakunm, BCe eLLe He peLleH.

KNIOYEBDBIE CJIOBA: k1ayauH, 30HyNH, KOHPOKanbHas fa3epHasl 3HAOMUKPOCKONUS, AaNUTENNanbHblif 6apbep,
KULLEeYHas MIPOHULAEMOCTb, Lieanakus
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The intestinal barrier is a complex system that
provides highly selective protection of the internal en-
vironment of the body from external influences using
both immune and non-immune mechanisms. The main
structures maintaining the integrity of this barrier are
tight junctions (TJs). Their importance has been con-
firmed by electron microscopy (EM) and electrophysio-
logical studies. In the apical region of the epithelium
there is an intercellular gap (around 90 A) named zonu-
la occludens or tight junctions, followed by the zonula
adherens (gap of 200 A), followed by the macula ad-
herens or desmosomes (gap of ~240 A) [1]. Recently,
two types of TJ-requlated pores have been identified:
high-capacity charge-selective pores that allow small
ions and small uncharged molecules to pass through
(the “pore” pathway), and large pores with low selecti-
vity (the "leak" pathway) that are permeable to large
ions and molecules regardless of charge. At the mo-
lecular level, the first pore is regulated by claudins and
the latter by the tight junction proteins such as occludin
and the zonula occludens (Z0) family [1].

Confocal laser endomicroscopy (CLE) is a modern
direct method for assessing intestinal barrier function.
Using a confocal probe equipped with a 488 nm laser,
increasing gaps between epithelial cells (1), leakage of
fluorescein into the intestinal lumen (2), and epithelial
cell shedding (3) can be directly visualized after intra-
venous administration of fluorescein [2, 3]. This me-
thod has been used to study intestinal permeability in
various conditions and has shown increased duodenal
permeability upon exposure to food antigens [1, 4, 5].

Due to the labor-intensive nature and limited avai-
lability of direct tests for intestinal permeability both
ex vivo and in vivo, there is growing interest in indirect
methods for assessing mucosal integrity, including po-
tential biomarkers, such as zonulin.

Zonulin, a 47 kDa human pre-haptoglobin, is similar
to cholera toxin (zonula occludens toxin — Z0T). Zonu-
lin is synthesized in the liver and enterocytes. It can
be isolated from a membrane complex (claudin-occlu-
din-guanylate kinase-like zonula occludens (Z0) pro-
teins 1, 2, and 3), which forms tight junctions in the
apical part of the intestinal epithelium [6-8]. Recently,
zonulin has been considered as a family of structural-
ly and functionally related proteins [1]. Secreted into
the lumen of the gastrointestinal tract, zonulin stimu-
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lates protease-activated receptors (PAR) and epider-
mal growth factor receptors (EGFr), which induce the
“opening” of epithelial junctions, increasing paracellu-
lar permeability, and allows molecules with a molecu-
lar weight of more than 3.5 kDa to cross the intestinal
barrier [9].

In most studies, zonulin is determined in two biolo-
gical environments: blood and stool [10]. Determination
of zonulin in stool may indicate the rate of its produc-
tion in enterocytes, and in the blood — the transport of
this protein from the intestinal lumen to the submuco-
sa, between intestinal epithelial cells [8, 9]. The half-
life of zonulin in the blood varies and ranges from 4 mi-
nutes to 4 hours, which leads to a significant spread in
concentration (from undetectable to very high) [10, 11].
Increased zonulin concentrations have been shown in
various conditions, including celiac disease, type 1 dia-
betes mellitus, inflammatory bowel disease, obesity,
schizophrenia, and others [9].

Two decades ago, increased zonulin protein con-
centration was shown in patients with active celiac dis-
ease by the group of Fasano. Gliadin induced release of
zonulin by binding to CXCR3 and elevated permeability
ex vivo in biopsies of healthy volunteers and patients
with quiescent celiac disease. However, both the base-
line permeability and permeability after the addition of
gliadin were higher and the luminal zonulin release was
more pronounced and prolonged in patients with celiac
disease [1].

A recent study examined serum zonulin levels in
children at risk for celiac disease starting 12 months
before diagnosis compared to controls without celiac
disease, and identified clinical factors that contribute
to disease manifestation. Children with celiac disease
showed a significant increase in zonulin levels for about
18 months (range 6-78) before diagnosis compared to
children without the disease. A correlation was found
between the number of antibiotic courses and the in-
crease in zonulin levels in patients with celiac disease.
The authors suggest that zonulin may be used as a bio-
marker for preclinical assessment of celiac disease in
children at risk, and multiple antibiotic courses may
increase their risk of developing the disease by increa-
sing zonulin levels [12].

Another study determined reference values of fecal
zonulin concentrations in children under 16 years of
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age. It was statistically significant that zonulin levels
in children with clinical manifestation of celiac disease
were significantly higher than in healthy children and
children who followed a gluten-free diet for 6 months.
The authors suggest using zonulin levels as an addi-
tional tool for monitoring adherence to a gluten-free
diet [13].

When comparing the amino acid composition of
zonulin and its Zot active fragment, similarities in
amino acids were found. An octapeptide (GGVLVQPG)
was synthesized, named FZI/0, AT1001, and recently
larazotide acetate corresponding to 8 amino acids of
this fragment was also synthesized [1]. Larazotide
acetate (LA) is a single-chain peptide that acts as a
tight junction regulator to restore intestinal barrier
function. The main function of LA is to act as an an-
ti-zonulin receptor inhibitor to reduce zonulin-induced
increases in increase in intestinal barrier permeability
[14]. The mechanism of action of LA is thought to be
associated with the redistribution and rearrangement
of tight junction proteins and actin filaments to restore
intestinal barrier function. Recent studies have shown
that LA inhibits myosin light chain kinase, which likely
reduces tension on actin filaments, thereby facilitating
tight junction closure [14]. Currently, phase Ill clinical
trials have been completed in which LA was adminis-
tered orally to adult patients with celiac disease as an
adjunct therapeutic to enhance the intestinal barrier
function. The results of these studies are encoura-
ging: the biological safety of LA has been confirmed.
A greater reduction in intestinal symptoms was also
shown in patients receiving LA in combination with a
gluten-free diet compared to those following the diet
alone. However, statistically significant differences in
the lactulose to mannitol ratio compared with placebo
group were not observed [15, 16]. Further studies are
needed to clarify whether there are other mechanisms
of action of LA on intestinal permeability and how it
can be applied in clinical practice.

Claudins are integral transmembrane proteins that
span the membrane bilayer four times. These proteins
form structural and functional regions that include four
transmembrane domains, two extracellular loops, one
cytoplasmic loop, and N- and C-cytoplasmic domains.
In the intestine, abnormalities of claudins 2, 3, 4, 7, 12,
and 14 lead to impaired intestinal barrier function [17].
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It is believed that changes in claudin levels play an im-
portant role in the pathogenesis of various diseases,
including celiac disease [18-21].

The question of the nature of the epithelial barrier
defect in celiac disease remains open. It may occur se-
condarily due to the inflammation localized in the la-
mina propria of the small intestine mucosa in the active
form of the disease. The epithelial barrier defect may
also be primary, since claudin levels are altered both in
patients with quiescent celiac disease on a gluten-free
diet and in relatives of patients who do not have this
disease [22, 23].

Recently, V. Kumar et al. identified genes associated
with celiac disease that define the barrier, providing ge-
netic evidence for the importance of barrier function in
the pathogenesis of the disease [8]. It is significant that
the barrier function is maintained by a complex interac-
tion of proteins, where the main structural elements are
tight junction proteins: occludin, claudins, and scaf-
folding proteins such as Z0-1 [24]. Although structural
changes in barrier function in celiac disease may be
related to the composition of enterocyte tight junctions
and epithelial transcytosis of gliadin peptides, the num-
ber of studies aimed at elucidating the mechanisms of
these changes is insignificant [20, 25-28]. One recent
study showed that monocytes obtained from patients
with celiac disease are able to induce a barrier defect
in intestinal epithelial cells [29].

In addition, despite the large number of studies
showing increased intestinal permeability in celiac di-
sease, the question of whether the barrier dysfunction
is primary or a consequence of celiac disease itself re-
mains relevant.
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AOMNOAHUTEABHAA UHO®OPMALMUA

Bknap aBTOpOB. BCce aBTOpLI BHEC/U CYLLECTBEH-
Hblll BKN1ag B pa3paboTKy KOHLeNLmMu, NPOBEAEHNE UC-
CnefoBaHWA U NOATOTOBKY CTaTbW, MPOYAM M 0J06pU-
nu GMHanNbHYIO BepcUto Nepep nybnmkaumeii.

REVIEWS

KoHdnuKT MHTepecoB. ABTOPbI JEKNapupyoT OT-

CYTCTBME ABHbIX U NOTEHLNANTbHbIX KOHd)J'IVIKTOB UHTE-
pecoB, CBA3aHHbIX C I'Iy6ﬂVIKaL|,VIel7I HacTosILLEeN CTaTby.

WUcTouHnK ¢puHaHCcHpoBaHusA. ABTOPbI 3asiBSAIOT 06

OTCYTCTBWM BHEWHero GuHaHCUPOBaHUS NpU NpoBe-
JEeHUN UCCeaoBaHus.
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ABSTRACT. Introduction. Type 1 diabetes mellitus (DM1) in children requires a special approach in orthodontic
treatment, as the disease affects the condition of the tissues of the oral cavity and makes it difficult to correct
malocclusion. The article discusses the criteria for choosing orthodontic equipment and methods of treatment
for children with DM1, taking into account their metabolic characteristics. Metabolic disorders that lead to dry
mouth (xerostomia), an increased risk of caries and periodontal diseases, as well as delayed tissue healing
complicate the choice of orthodontic devices and require special attention to oral hygiene. The aim of the study
was to determine the criteria for choosing orthodontic devices for patients aged 8-11 years with occlusion
anomalies and DM1. Materials and methods. The study involved children aged 8-11 years: 17 patients with DM1
and 38 children without this disease. Clinical examination methods were used, such as questioning, examination,
examination of the oral cavity and teeth, as well as the parotid soft tissues. Results. Patients with DM1, compared
with children who do not have this disease, were more likely to experience discomfort caused by the pressure of
orthodontic devices on the mucous membrane, which required an increase in the number of unscheduled visits and
adaptation of therapeutic measures to the existing condition. To reduce the load on the tissues, the elements of
the devices were alternately activated, which helped reduce the risk of complications. Special attention was paid
to careful monitoring of glucose levels before starting treatment, which reduced the likelihood of complications,
secondary infections and delayed tissue healing at the contact points of the device parts. Conclusion. Patients
with DM1 often had changes in the color of the mucous membrane, bleeding gums and long-term non-healing
wounds, therefore, it was recommended to use devices made of soft and elastic materials that minimally affected
the soft tissues during support and provided comfortable wearing. It is necessary to avoid structures made of
plastic with sharp edges that can injure the mucous membrane and regularly to check the condition of the gums
and mucous membrane to prevent the development of periodontal diseases and caries. Orthodontic treatment of
children with DM1 requires a carefully individualized approach, including interdisciplinary collaboration and the
use of minimally invasive techniques. It is necessary to take into account the psychoemotional state of children
with DM1, provide them with regular orthodontist supervision, and support from dental specialists. This approach
will help minimize the risks of complications and ensure the successful outcome of orthodontic correction of
malocclusion, improving the quality of life of patients and their families.

KEYWORDS: type 1 diabetes mellitus, mucous membrane of the oral cavity, orthodontic treatment, malocclusion
pathology, OT-orthodontic correctors, orthodontic devices
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PE3IOME. Beegenne. CaxapHblii anabet 1-ro tuna (C1) y aeteit Tpe6yet 0co60ro nogxoAa npu OpTOAOH-
TUYECKOM JIeYeHNU, Tak KaK 3ab6osieBaHNe BANSIET HA COCTOSIHME TKaHeN MONOCTW pTa U 3aTPYAHAET npouecc
KOppEeKLUM aHOManuin npukyca. B ctaTbe pacCMOTPeHbl KpUTEPUM Bbibopa OPTOAOHTMYECKON annapaTypbl U
MeToAbl ieyeHus peteit ¢ CL11, yuntbiBatowwme ux metabonuyeckue 0cob6eHHocTH. HapyweHue obmMeHa BeLLECTB,
KOTOpOE NMPUBOAMT K CyXOCTH BO pPTy (KCEPOCTOMMM), NOBbILIEHHOMY PUCKY Kapueca M NapofOHTaNbHbIX 3a-
60neBaHuit, a TakXe 3aMeAIEHHOMY 3aXXWBJIEHWIO TKAHEMN, YCIOXHSET BbI6Op OPTOAOHTUYECKUX annapaToB U
TpebyeT 0CO60ro BHUMAHMA K TUrUeHe nNonocTu pta. Lesp nccnegoBanus — onpefeneHue Kputepues Bolbopa
OPTOAOHTMYECKMX annapaToB Ans naumeHToB 8-111eT c aHomanusiMu okknto3un u CL1. Matepuanbi u MeTogbl.
B uccnepoBanum yyactsoBanu fetu B BospacTe 8-11 net: 17 nauneHtoB ¢ C[1 n 38 peteii 6e3 atoro 3abone-
BaHuA. Mcnonb3oBannuch KAMHUYECKME METOLbI 06CNeA0BaHNA, TaKNe Kak ONpoc, 0CMOTP, UCCIeA0BaHKE Mo-
NOCTM pTa U 3y60B, a TaKXKe OKOJIOYENIOCTHBIX MATKUX TKaHei. Pe3ynbTarthl. MaunenTbl ¢ C[l1 no cpaBHEeHuIO ¢
JETbMM, Y KOTOPbIX OTCYTCTBYET fJaHHOE 3a60/1eBaHue, Yalle UCMbITbIBaNN ANCKOMMOPT, BbI3BaHHbIN JaBAeHNEM
OPTOOHTUYECKNX annapaToB Ha CAU3UCTYO 060/104KY, YTO TPe6OBaO YBEIMYEHUS KOIMYECTBA BHEMNTAaHOBbIX
MocCeLleHnin 1 apanTaLnyu neyebHbIx MePONPUSATHIA K CYLLECTBYIOLLEMY COCTOSIHUIO. [N YMEHbLIEHMS Harpys-
KM Ha TKaHW NPOBOAMIACh NMooYyepesHas aKTUBALWS 31EMEHTOB anmnapaToB, YTO CMOCOGCTBOBANO CHUXEHNIO
pucka ocnoxHeHuit. 0coboe BHUMaHME YAENANOCh TIWaTeNbHOMY KOHTPOJIHO YPOBHS /1t0KO3bl NEPej HavyanoMm
NeYeHuns, YTO CHUXKANO0 BEPOSTHOCTb OC/I0XHEHUI, NPUCOeANHEHUSA BTOPUYHBIX MH(EKLMIA N 3aMeAJIEHHOrO 3a-
XUBNIEHUS TKaHell B MecTax KOHTaKTa AeTaneii annaparta. 3akaovenne. Y nauneHToB ¢ C[11 yacTo Habnoganuco
M3MEHEHUs LIBETa CN3UCTON 060104KHM, KPOBOTOUMBOCTb AECEH U LNUTENIbHO HE3aXMBALOLLME PaHbl, TO3TOMY
PeKOMeHA0BAN0Ch UCNOb30BaTh annapartbl, BbINOAHEHHbIE U3 MATKMX W 31aCTUYHbIX MaTEpManoB, KOTopble
MUHUMaNbHO BO3/eiiCTBOBAN Ha MATKIME TKaHU NPy onope 1 o6ecnedynBanm KOMMOPTHOE HoleHKe. HyXXHO n3-
6eraTb KOHCTPYKLMIA, BbINMONHEHHbIX U3 NacTMacChl, C OCTPbIMU KpasiMu, CNOCOGHbIX TPABMUPOBATb CIM3UCTYHO
060/104KYy. BaxxHO perynapHo NnpoBepsATb COCTOSAHME AECEH U CIU3UCTON 060/104KM, YTOObI NPEAOTBPATUTb pas-
BUTUE NAPOAOHTANbHbIX 3a60neBaHmii U kapueca. OpTOAOHTUYECKOE NleyeHune aeTeii ¢ CLT TpebyeT TwaTenbHO
WHAUBUAYANN3MPOBAHHOMO NOAXO0AA, BKJIHOYAOLWEro MeXANCLMNNHAPHOE B3aMMOENCTBIUE U UCNOMb30BaHNE
MWHUMaNbHO MHBA3UBHbIX TeXHUK. He06X0[MMO yYnTbIBaTb NCUXOIMOLMOHANbHOE COCTOsHWE AeTelt ¢ CA1,
npefoCcTaBNsATb UM PerynsipHoe HabnoAeHne OpTOAO0HTA, MOAAEPXKKY CO CTOPOHbI CMEeLuanucToB CTOMaToso-
rnyeckoro npoduns. Takoit NOAX0A NOMOXET MUHUMU3MPOBATb PUCKN OCMOXHEHMIA U 0BECMEYUT YCheLHbli
pesynbTaT OPTOAOHTUYECKON KOPPEKLIMM aHOMANWI MPUKYCa, yayyllas KayeCcTBO XXM3HM MALMEHTOB U UX CEMEN.

KNIOYEBDIE CNNOBA: caxapHbiii gnabert 1-ro tuna, camsnctas 060104Ka N00CTH pTa, OPTOAOHTUYECKOE JIEYEHME,
naronorus npukyca, OT-0pTO4OHTMYECKME KOPPEKTOPBI, OPTOHOHTMYECKME annapaThbl
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INTRODUCTION

Type 1 diabetes mellitus (DM1) is a chronic auto-
immune disease characterized by absolute insulin
deficiency due to destruction of the B-cells in Langer-
hans pancreatic islets. The disease is most often diag-
nosed in childhood and adolescence, which makes it
important to consider its impact on various aspects of
health, including dental status and orthodontic correc-
tion of bite abnormalities.

Orthodontic treatment of children with type 1 dia-
betes mellitus requires a special approach due to com-
plications related to metabolic changes. Diabetes mel-
litus leads to metabolic disorders, which affects the
condition of the tissues of the oral cavity. Children with
DM1 are susceptible to a number of changes in the oral
cavity, such as xerostomia, an increased risk of deve-
loping caries, periodontal diseases and delayed wound
healing of tissues in the oral cavity [1, 2]. This may la-
ter limit the specialist in the choice of appliances, com-
plicate the process of orthodontic treatment, require
a special approach and interdisciplinary interaction of
clinicians. Diabetic microangiopathy, decreased blood
flow in the oral tissues and impaired bone remodeling
worsen the condition of the entire maxillofacial region,
which makes treatment more complex and requires
careful monitoring and adaptation of treatment me-
thods. Modern research emphasizes the need to take
into account the systemic characteristics of patients
with DM1 to ensure successful orthodontic treatment
and minimize the risk of complications.

It has been established that type 1 diabetes melli-
tus is one of the most common forms of diabetes in
children and adolescents. In the United States, about
5% of all cases of diabetes are type 1, and, as a rule,
this type of diabetes develops in childhood or adoles-
cence [3].

According to the US Centers for Disease Control
and Prevention, if incidence rate continues to increase,
the number of children and adolescents with type 1
diabetes could increase by 65% by 2060. Even if the
current trend continues, the incidence will remain
significant, requiring special attention to preventive
measures and raising awareness of the disease among
parents and healthcare professionals [4]. In addition,
there is an increase in the number of diabetic compli-
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cations in children, including impaired immune system
function and an increased risk of ketoacidosis. These
factors significantly affect the quality of life of children
and require

According to various Russian sources, the preva-
lence of type 1 diabetes among children in Russia has
alsoincreased significantly in recent years. On average,
the incidence is 15-20 new cases per 100,000 children
per year [5]. These rates may vary by region of the
country, with higher incidence rates in certain areas,
such as the Tula, Kemerovo, and Ulyanovsk regions.

According to the National diabetes register, there
are more than 30,000 children and adolescents with
type 1 diabetes in the Russian Federation, and the
number of new cases continues to grow every year,
with an average annual increase of 2.8. The disease
is characterized by an acute onset with pronounced
symptoms such as thirst, weight loss, and frequent
urination. These data emphasize the importance of
early diagnosis and high-quality monitoring of children
at risk of developing diabetes, as well as the need to
develop prevention and timely treatment programs.

In the North-West region of the Russian Federa-
tion, including St. Petersburg, the prevalence of DM1
among children is even higher than in other regions of
the country. Studies show that the incidence of DM1 in
the Northwestern Federal District (NWFD) is 15.66 per
100,000 children. This figure is the highest among all
federal districts of the Russian Federation, which in-
dicates the importance of monitoring and prevention
in this region and requires attention to issues of dia-
gnosis and provision of high-quality medical care to
children suffering from this disease.

The increase in the incidence of DM1 in recent
decades and the improvement in the prognosis of the
disease lead to an increase in the number of children
who require orthodontic treatment. However, despite
the increasing attention to this issue, there is a lack of
systematic data on the specific features of orthodontic
care for children with DM1 [6].

Thus, type 1 diabetes mellitus in children is a se-
rious problem that requires special attention to dia-
gnosis, treatment and management of the disease.
Global trends show an increase in the prevalence of
this disease among children, which makes it an impor-
tant topic for medical research and the development of
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new approaches to treatment and prevention. DM1 in
children and adolescents not only affects metabolism,
but can also significantly impact the development of
dentofacial anomalies (DFA). Numerous studies show
that predisposition to DFA in children with DM1 may
be associated with genetic and epigenetic factors [7].

In DM1, growth retardation is also common, which
leads to disturbances in the formation of the jaws and
teeth [8].

Increased susceptibility to periodontal diseases in
DM1 also affects the development of DFA. Periodon-
titis can cause gum recession and loss of dental tis-
sue at an early age, which in turn leads to disruption of
the anatomy of the stomatognathic system. Scientific
studies conducted in 2015-2024 discussed the high
prevalence of periodontal diseases in children with
diabetes and their association with DFA [9-11].

Chronic hyperglycemia, characteristic of DM1, can
lead to impaired tooth mineralization and decreased
tooth strength. This increases the risk of caries and
other dental diseases that may contribute to the de-
velopment of anomalies. Many studies emphasize the
relationship between glucose levels and the condition
of tooth enamel [12]. It has also been established that
changes in the composition and properties of oral fluid
affect tooth mineralization [13].

AIM AND TASKS

The aim of this study is to analyze the characte-
ristics of orthodontic treatment of children with DM1,
identify specific problems and develop recommenda-
tions for optimizing orthodontic treatment approaches
in this group of patients.

Tasks

1. Assess the condition of the oral cavity and the
stomatognathic system in children with DM1.

2. Identify common malocclusion among this cate-
gory of patients.

3. Study the impact of DM1 on the course and re-
sults of orthodontic treatment.

4. Compare the characteristics of orthodontic treat-
ment of children with DM1 to control group without this
disease.

5. Develop recommendations for orthodontists on
the management of patients with DM1.
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MATERIALS AND METHODS

The study involved patients of a dental clinic who
had visited an orthodontist for an initial consultation.
Based on the results of the survey (filling out a health
questionnaire), a control group was determined, which
did not include patients with an established diagno-
sis of DM1. The first group included 38 patients aged
8-11 years. The second group consisted of 17 patients
of the same age with an established diagnosis of DM1.
All patients sought orthodontic treatment.

RESULTS

When identifying complaints from patients (their
legal representatives) of the second group, compared
to the control group, not only the main complaint about
the presence of malocclusion was identified, but also
complaints about dry mouth (xerostomia). The pre-
sence of xerostomia in children and adolescents with
diabetes is associated with disorder of salivation,
which can be a consequence of both the disease itself
and the use of hypoglycemic drugs. This situation is
confirmed by the data of a study conducted in 2019
[14]. It indicates that most patients with DM1 have
symptoms of dry mouth, which increases the risk of
caries and infections.

Change in mucous membrane color. In children and
adolescents with DM1, a change in the color of the mu-
cous membrane is often observed. It can acquire a pale
or yellowish tint, which is associated with disruptions in
the microcirculation and metabolic processes. This is
confirmed in one of the studies published in 2017 [15],
which noted changes in the vascularization of the mu-
cous membrane in diabetic patients.

Bleeding gums by tooth brushing.

Presence of long-term non-healing wounds, espe-
cially during professional dental cleaning, which may
be associated with metabolic and vascular innerva-
tion disorders. Such processes indicate slowing hea-
ling of the oral mucosa as a result of chronic hyper-
glycemia.

During clinical check-up of patients in the second
group, compared to the control group, it was found that
the oral mucosa in patients had a number of characte-
ristic changes.
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Changes in the structure and color of the mucous
membrane, presence of gingivitis. This is explained by
the high risk of periodontal diseases in this group of pa-
tients. According to an analysis of scientific literature,
including the results of one study conducted in 2016,
the prevalence of gingivitis in children with DM1 is 75%,
which is significantly higher than in healthy children. In
turn, chronic gingivitis and susceptibility to infection
can lead to loss of dental tissue and caries [16].

Some patients came to the clinic with symptoms of
stomatitis. As is known, patients with DM1 are also at in-
creased risk of infectious diseases of the oral mucosa,
such as stomatitis and candidiasis. This is due to im-
mune system disruption and increased salivary glucose
level, which creates favorable conditions for the growth
of pathogenic flora. Many studies have noted that up to
40% of patients with diabetes suffer from fungal infec-
tions [17].

There were no significant differences between the
groups in terms of the severity of the anomaly. Patients
in all groups had malocclusion to varying degrees that
required orthodontic treatment. Basically, starting from
the age of 8, the anomalies corresponded to codes K07.0,
namely K07.2 Anomalies of dental arch relationships,
then, after 10 years, they corresponded to the codes
K07.2 Anomalies of dental arch relationships and K07.3
Anomalies of tooth position (according to ICD-10).

When assessing the impact of DM1 on the course
and results of orthodontic treatment, it should be noted
that in such patients, compared to the control group, a
choice was more often made based on indications for

Fig. 1. The design of the OT-orthodontic corrector

Puc. 1. KoHcTpyKums optoaoHTMYeckoro OT-koppekTopa
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the use of orthodontic devices made of medical soft
and elastic materials (Fig. 1).

During the control check-ups, when patients came
for activation of the device, the condition of the mu-
cous membrane and adjacent soft tissues, which the
device exerts pressure on, was constantly assessed. In
cases of using orthodontic appliances in two groups,
identical in design with a screw and pushers, protrac-
tors, patients from the DM1 group more often came
for additional visits, because some parts of the devi-
ces exerted pressure on the mucous membrane. Due
to this, there were violations of the modes of use and
activation of the orthodontic appliances in the DM1
group of patients compared to the control group and,
as a consequence, an increase in the treatment time.
The measures to activate the screw, pushers and other
elements were not carried out simultaneously, but alter-
nately or through visits for the same reasons — to en-
sure minimal impact on the tissues and enamel of the
teeth. And therefore, when treating patients with DMT,
the simplest in technical execution designs of ortho-
dontic appliances were chosen, for example, such as
OT-orthodontic correctors. Patients were more often
recommended to undergo professional dental clea-
ning and received additional oral hygiene training. With
such patients, when they came for control visits, con-
versations were held and recommendations were given
in extremely friendly and solicitous tone, taking into
account the above difficulties on their part during the
treatment and their special psycho-emotional status.

During the treatment of such patients, periodon-
tal specialists were more often contacted to eliminate
problems with soft tissues.

In addition to the recommendations for orthodontic
treatment of such patients, it is necessary to conduct
a general health assessment, namely: before starting
orthodontic treatment, it is necessary to conduct a com-
plete medical check-up, including blood glucose mo-
nitoring. This is important, since poor compensation of
diabetes can lead to complications such as infections
and delayed healing.

When choosing devices, it is necessary to take into
account the condition of the gums and teeth. It is recom-
mended to use appliances with minimal load to prevent
tissue damage, since diabetes can lead to a decrease in
the strength of teeth and tissues.
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a/a

b/6

Fig. 2. The stages of application of orthodontic devices in the treatment of severe malocclusion: a — on removable
devices; b — on fixed appliance

Puc. 2. 3tanHocTb NPUMEHEHUA OPTOAOHTUYECKMX annapaTos Npu A€YEHUU CAOXKHbIX aHOMaAWI OKKAKO3UMW: @ — Ha CbeMHbIX
annapatax; 6 — Ha HECbEMHbIX annapatax
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Type 1 diabetes mellitus has a significant impact
on the oral tissues and skeletal system, making ortho-
dontic treatment challenging. Research has shown that
patients with diabetes have impaired alveolar bone re-
modeling and increased tooth mobility, which is asso-
ciated with chronic hyperglycemia and metabolic disor-
ders in the body. This is especially true for patients with
poor glycemic control, as such patients are at increased
risk of inflammatory diseases and unpredictable tooth
movement during treatment. Therefore, complex ortho-
dontic plans should be avoided, broken down into sta-
ges, and some limitations in tooth movement should be
taken into account (Fig. 2, a, b).

Thus, orthodontic treatment in children with type 1
diabetes requires careful planning, including stabiliza-
tion of blood sugar levels, monitoring of the condition of
the gums and teeth with the use of the minimum possi-
ble physiological loads on the teeth to avoid complica-
tions and ensure successful treatment.

CONCLUSION

Clinical guidelines and protocols for orthodontic treat-
ment of patients with malocclusion and type 1 diabetes
mellitus, approved by the Russian Ministry of Health of
the Russian Federation, describe various aspects of diag-
nosis, treatment and prevention [19-22]. The main focus
is on how diabetes affects the stomatognathic system
and the importance of taking this influence into account
when planning orthodontic treatment.

Our study showed that it is necessary to determine
the general health of patients with DM1. Before starting
orthodontic treatment, it is necessary to conduct a tho-
rough medical check-up of the patient for the presence
of concomitant diseases associated with diabetes. It is
necessary to develop an individualized treatment plan
and adapt the choice of treatment method to the oral con-
dition of patients with DM1. At the same time, minimally
invasive techniques can reduce the risk of complications.

OPUTUHANDHDBIE CTATbH

When choosing appliances, preference should be given
to devices that do not interfere with oral hygiene and do
not have sharp edges in their design that can injure the
mucous membrane. The increase in the duration of ortho-
dontic treatment should be taken into account.

It is important to regularly check the condition of the
gums and mucous membrane in this group of patients,
especially during treatment, to prevent the development
of periodontal disease and caries. Given the impact of
chronic disease on the psychoemotional state of children,
it is recommended to provide support and advice to help
cope with stress and improve the quality of life.
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AONOAHUTEAbHAA UHO®OPMALUA

ABTOp npounTan u 0fo6pun GUHaNbHY BEpPCULD
nepep, nyénukaumen.

KoH$nuKT MHTepecoB. ABTOp feKnapupyeT oTcyT-
CTBUWE AIBHbIX U NOTEHLMUANbHbIX KOHPINKTOB UHTEpe-
COB, CBAI3aHHbIX C Ny6iMKaL el HacToALW el cTaTby.

WcTounnk ¢uHaHcupoBaHua. ABTOp 3asBnseT 06
OTCYTCTBWM BHELHEro GuHaHCMpOBaHUA Npu NpoBe-
AEeHUU uccnepoBaHus.

WHdopmupoBaHHOe cornacue Ha ny6nmkaumio. ABTop
MoNy4nn NUCbMEHHOE Corfiacue 3aKOHHbIX NpeAcTaBuTe-
nei NauneHTOoB Ha Ny6nuKaLmMi MeaULMHCKUX JaHHbIX.
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ABSTRACT. Introduction. In the child population around the world, there is an increase in the prevalence of
malnutrition, which has a negative impact on the physical development, functionality and physical performance
of the growing organism. The purpose of the study is to identify the relationship between nutritional status and
physical fitness of preschool children when performing the GTO complex. Materials and methods. The study
involved 3,249 pupils of children’s educational organizations in St. Petersburg aged 6.5 to 7.5 years. The study
included somatometry (standing height and body weight) and performance of stage | exercises of the “VFSK GT0"
(running at a distance of 30 m; shuttle running 3x10 m; standing long jump with a push with two legs and throwing
a tennis ball at a target). The assessment of nutritional status was carried out in accordance with the standards
of the WHO Growth Reference 2007. Results. 1t was revealed that 10.9% of study participants were underweight,
and 24.0% were overweight and obese. Preschoolers, having fulfilled the standards of the “golden” badge, showed
good development of speed qualities of physical fitness (distance running — 79.1% boys and 80.3% girls) and
satisfactory formation of speed-strength indicators (jumping — 57.4% boys and 64 .5% girls; p=0.0004). Children
are less prepared for motor coordination tests: 41.9% of boys and 62.5% of girls received a “golden” badge for
throwing a ball at a target (p=0.0000); for shuttle running — 31.2% of boys and 64.5% of girls (p=0.0000). In all
tests, children with a harmonious ratio of height and body weight are more successful, more often showing a
valid result. Peers with obesity and malnutrition were less likely to perform well on tasks. Conclusion. Thus, the
physical qualities of preschool children have great variability depending on gender and nutritional status, which
must be taken into account when conducting physical education classes.

KEYWORDS: children, preschoolers, physical development, malnutrition, obesity, physical education, GTO complex
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PE3IOME. Beegenne. B petckoit nonynsunm Bo BCEM MUpe OTMeyaeTcs pocT pacnpoCcTpaHeHHOCTW Henon-
HOLLEHHOr0 NUTaHUS, KOTOPOe OKa3blBaeT HeraTUBHOE BANUSHUE Ha Gu3nyeckoe pa3BuTue, GYHKLMOHANbHbIE
BO3MOXHOCTW W (pU3MUYeCKyto paboTOCMOCO6HOCTb pacTyLero opraHuama. Ljesp uccnegoBaHns — BbiBUTD
B3aWMOCBSI3b HYTPUTUBHOIO cTaTyca U hu3n4eckon NoAroTOBAEHHOCTH AeTell JOLKOIbHOIO BO3pacTa npy Bbl-
nonHenun komnnekca 'TO. Marepuanbi u MeTogbl. B uccnefoBaHum yyactsoBanum 3249 BoCnNMTaHHUKOB AETCKUX
obpasoBaTenbHbIXx opraHusaumii CankT-lMeTtep6ypra B Bo3pacte oT 6,5 go 7,5 net. MccnepoBaHue BKAKOYaNo
coMaToOMeTpuio (POCT CTOA U BEC TeNa) U BbIMOMHEHME ynpaxHeHuit | ctynenun «BOCK I'TO» (6er Ha guctaHumio
30 M; yenHOYHbIN 6er 3x10 M; NPLIKOK B AJIMHY C MeCTa TOJTYKOM [iBYMSl HOrami U MeTaHue TEHHUCHOTo Msiva
B Lenb). OLeHKa HYTPUTMBHOTO cTaTyca NpoBefeHa B COOTBETCTBMU co cTaHAapTamm WHO Growth Reference
2007. Pe3ynbTatel. BoisiBneHo, yto 10,9% yyacTHUKOB uccnefoBaHust umetoT geduumnt Beca, a 24,0% — usbbl-
TOYHYH Maccy Tena u oxxupeHue. LowKonbHUKM, BbINOAHMB HOPMATUBbI «30/10TOF0» 3Ha4Ka, MOKa3anm xopollee
pa3BUTME CKOPOCTHbIX KayecTB (pu3nyeckoii nogrotoBneHHocTH (6er Ha aucTaHuuo — 79,1% Manbyukos u
80,3% neBOYEK) M YL,0BNETBOPUTENbHOE (HOPMUPOBaHNE CKOPOCTHO-CUNOBbIX NokasaTteneii (NMpbkkn — 57,4%
Manbuuku u 64,5% pesouku; p=0,0004). Xyxe AeTH NOATOTOBNEHbI K UCMbITAHUAM Ha KOOPAUHALUIO LBUXKeE-
HWiA: «30N0TOM» 3HAYOK MONYYMIN 3a METaHWe MaYa B Lenb 41,9% ManbyukoB 1 62,5% aesoyek (p=0,0000); 3a
yenHouHbli 6er — 31,2% ManbunkoB 1 64,5% fesoyek (p=0,0000). Bo Bcex UCMbITaHUSAX AETH C TAPMOHUYHBIM
COOTHOLUEHMEM pOCTa M Macchl Tena 6osiee yCnewHbl, Yale NoKasbiBas 3a4eTHbI pe3ynbTaT. CBEPCTHUKY C
OXMPEHUEM M HEAOCTAaTOYHOCTbIO MUTAHUSA PEXEe CMpaBASAUCH C 3afaHusMU. 3akmoyeHne. Takum o6pasom,
pun3nyeckne KayecTBa y LOWKONbHUKOB MMEIOT 60/bLUYI0 BapUaTUBHOCTb B 3aBUCMMOCTU OT NOJIOBOI NPUHAA-
NEXHOCTM 1 HYTPUTMBHOIO CTaTyCca, YTO HE06XOAMMO YUYMTbIBATb NPU NMPOBEAEHNN QU3KYNIbTYPHbIX 3aHATWIA.

KNIOYEBDBIE CNIOBA: geTy, OWKONbHUKN, PU3NYECKOe pa3BUTUE, HEJOCTATOYHOCTb MUTAHMUS, OXNPEHNE, Pu3n-
yeckoe BocnutaHue, kommnaeke 'O
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INTRODUCTION

The increasing prevalence of malnutrition and re-
sulting health disorders in children and adolescents is
a pressing problem for public health all over the world
[1]. In 2016 the UN General Assembly formulated prin-
ciples for an unprecedented fight against all forms of
malnutrition for the next decade, which are reflected in
the “Global Nutrition Monitoring Framework” [2]. Pub-
lished domestic studies also highlight the significant
prevalence of deviations in the physical development of
the younger generation. They demonstrate how various
medical and social factors influence nutritional status
deviations in children [3-7].

Physical performance is one of the objective indi-
cators of physical development, functional capabilities
and health status of a growing human. It is possible
to achieve the necessary and age-appropriate level of
various physical qualities through physical exercises,
taking into account sensitive periods of their forma-
tion [8-11]. A significant proportion of older preschool
children are not ready to perform precise movements
and solve motor tasks in extremely short time, and
have reduced endurance to prolonged physical exer-
tion [12-15]. It has been shown that children's motor
coordination abilities can correlate with indicators of
cognitive functions and, therefore, are an additional cri-
terion of children's functional readiness for the begin-
ning of systematic learning [16-18]. The authors have
recently reported that there is a significant association
between weight status categories and physical fitness
in the pediatric population. Children and adolescents
classified as underweight or overweight and obese had
lower physical fitness scores than their normal-weight
peers [19-22].

The physical fitness of children is predominantly
assessed by a standard set of motor tests. In recent
years, the All-Russian physical culture and sports com-
plex “Ready for Labor and Defense” [Gotov k trudu i
oborone] — “GTO"" has been actively introduced into
the physical training of the younger generation. Howe-

" Prikaz Minsporta Rossii ot 22.02.2023 g. No. 117 “Ob
utverzhdenii gosudarstvennykh trebovaniy Vserossiyskogo
fizkul'turno-sportivnogo kompleksa “Gotov k trudu i oboro-
ne” (GTO)" (zaregistrirovano v Minyuste Rossii 28.03.2023 g.
No.72751).
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ver, most publications on preparing children to perform
the GTO complex are devoted to schoolchildren, since
the authors consider tests are too difficult for prescho-
olers. This is justified by special orientation of test
tasks only, they focus on the age-sex aspect without
taking into account individual-typological characteris-
tics of children [8, 12, 23]. From our point of view, it is
possible to optimize physical training of preschool chil-
dren by creating an information base and developing
criteria that allow dosing physical loads with regard to
the peculiarities of physical development.

AIM

To reveal the relationship between nutritional sta-
tus and physical fitness of preschool children while per-
forming the GTO complex.

MATERIALS AND METHODS

A cross-sectional, observational study was con-
ducted on the basis of children's educational or-
ganizations (‘CEOs’) located in different districts of
St. Petersburg. After obtaining informed consent from
the children's legal representatives, 3249 children
(1727 boys and 1522 girls) aged 6.5 to 7.5 years par-
ticipated in the study. The study included weighing
children on medical scales, measuring their standing
height and performing GTO exercises.

Each participant's body mass index (BMI) was
calculated by dividing the child's body weight (kg) by
the square of standing height (m?). Nutritional status
was assessed according to WHO standards — WHO
Growth Reference 2007 using Anthro Plus anthropo-
metric calculator [24]. Nutritional status was classi-
fied according to age-sex BMI standards as malnu-
trition (MN; below the 5th percentile), undernutrition
(UN; 5th-15th percentile), harmonious physical deve-
lopment (HPD; 15th-85th percentile), overweight
(OW; 85th-95th percentile), and obesity (Ob; above
the 95th percentile).

Physical fitness was assessed according to the re-
sults of the GTO first level tests. Taking into account
the age-related physiology, we chose the following
tasks: 30 m running (s), 3x10 m shuttle run (s), long
jump from a place with a push of two legs (cm) and
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throwing a tennis ball at a target (number of hits from
a distance of 5 m). Grading of results included catego-
ries: “gold”, “silver”, “bronze” and “fail” (when pupils
failed to complete a task).

The obtained material was summarized in spread-
sheets on Microsoft Excel platform and processed by
generally accepted methods of statistical analysis us-
ing IBM SPSS Statistics package. Obtained results are
presented in the form of percentages (P) and limits
of 95% confidence interval (95% Cl). Statistical signi-

ficance of the difference between the indicators was

OPUTMHAANDHBIE CTATbH

determined using Pearson's ¥? criterion (with Yates
correction). The significance of differences between
groups was established at p <0.05.

RESULTS

65.1% of children had a body weight corresponding
to their height, which was classified as HPD and was
recorded more frequently in girls (67.5[66.4-68.6]%)
than in boys (63.1[62.0-64.2]%; p=0.007; x?=7.2).
Disharmonious variants of physical development due

Table 1. Results of running at a distance of 30 meters (%[95%Cl])

Tabauua 1. Pesynbtathl 6era Ha auctaHumto 30 meTpoB (%[95%AMN])

Mon / Sex HytputusHbiv ctatyc / | NMokasatean MO / GTO indicators
Nutritional status «30NOTO» / «cepebpo» / «6poH3a» / «Hesauem /
“gold” “silver” “bronze” “failure”
Manbuukun / | 1. HIT / M 79,6 3,7 7,4 9,3
Boys n=62 [74,2-85,0] [1,2-6,1] [3,9-10,8] [6,4-13,2]
n=1727 2.MM/ RN 81,0 2,5 5,8 10,7
n=132 [77,4-84,6] [1,1-3,9] [3,7-7,9] [7,9-13,5]
3.T®P / HPD 80,2 2,9 7,6 9,3
n=1089 [79,1-81,4] [2,5-3,3] [6,8-8,4] [8,4-10,2]
4. U3MT / Ov 79,5 3,5 5,8 11,2
n=191 [76,4-82,3] [2,1-4,9] [4,1-7,6] [8,8-13,6]
5.0x / Ob 73,0 4,3 10,9 11,8
n=253 [70,1-75,9] [3,1-5,6] [8,9-12,8] [9,7-13,9]
AeBoukn / [ 6.HMN/ M 64,6 18,7 8,3 8,4
Girls n=51 [57,7-71,5] [13,1-24,3] [4,4-12,2] [4,4-12,3]
n=1522 7.MM0/ RN 78,4 8,8 4,9 7,9
n=111 [74,5-82,3] [6,0-11,5] [2,8-7,0] [5,2-10,6]
8.T®P / HPD 82,1 6,3 5,6 6,0
n=1028 [80,9-83,4] [5,5-7,1] [4,9-6,3] [5,2-6,8]
9. U3MT / Ov 80,3 3,4 3,4 12,9
n=156 [77,1-83,5] [1,9-4,8] [1,9-4,8] [10,2-15,7]
10. 0x / Ob 76,2 7,1 10,7 6,0
n=176 [73,0-79,4] [5,1-8,9] [8,3-13,1] [4,2-7,8]
MpumevaHue / Note Psg=0,002 Pss=0,001 Pg.10=0,001 Pg4=0,002
(x*=9,2) (x*=10,9) (x*=10,1) (x*=9,7)
Pso=0,03 Ps=0,0003 P, ¢=0,004
(x*=4.,9) (x*=12,8) (x°=8,2)
Pgs.10=0,02 Ps,,=0,05
(x*=5,7) (x*=3.,8)
P,s=0,01
(x°=6,0)
P,,=0,04
(x°=4.,4)
P;¢=0,0002
(x*=13,5)

Mpumeyanue / Note: TOP / HPD — rapmoHuyHoe dunsmyeckoe passutre / harmonious physical development; UI3MT / Ov — 136bi-
TOYHas Macca Tena / overweight; HIM / M — HepoCTaTOUuHOCTL NMTaHMA / malnutrition; Ox / Ob — oxupenue / obesity; MM / RN — no-

HUXeHHoe nutaHue / reduced nutrition.
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to underweight were less frequent (10.9%) than those
associated with overweight (24.0%). Malnutrition was
found in 3.6[3.2-4.0]% of boys and 3.3[2.9-3.7]% of
girls; another 7.6[7.0-8.1]% of boys and 7.3[6.6-8.0]%
of girls were underweight. Overweight was equally fre-
quent in boys (11.1[10.4-11.8]%) and girls (10.2[9.4-
11.0]%). BMI, which corresponds to diagnostic crite-
ria for obesity, was recorded more frequently in boys
(14.6[13.4-15.4]%) than in girls (11.7[10.9-12.5]%;
p=0.009; x2=6.7), which corresponds to the results of
other studies [25, 26).

We selected those tasks which preschoolers can
prepare for and successfully perform in accordance
with physiologists' estimation. Previous studies
have shown that children in kindergartens can only
fully complete the 30-metre running standard. Long
jump from a place, shuttle run and throwing a tennis
ball (sandbag) into a target are not fully available for
preschoolers; unfortunately, children face significant
difficulties in performing other tests of the complex
[8,12].

Most preschoolers showed good development of
speed qualities. They coped with overcoming the dis-
tance of 30 m in time corresponding to the standards
of the “gold” badge; the data are presented in Table 1.
Obese boys received the “gold” badge less often than
their peers with other nutritional status, but the diffe-
rence is not statistically significant. Among girls, pre-
school girls with MN and Ob have worse results. Ho-
wever, only girls with MN have a statistical difference
with their peers with HPD (0.002) and OW (0.03). Boys
received the “silver” badge more often than girls, and
children with MN, UN and HPD showed a statistically
significant difference (p=0.04-0.0002). Among boys,
there was no correlation between the frequency of re-
ceiving the “silver” badge and the level of nutritional
status. Girls with MN more often fulfilled the stan-
dards of “silver” badge than those with HPD, OW and
Ob (p=0.02-0.0003). The “bronze” badge was more
often obtained by girls with Ob than by boys (p=0.001),
other indicators were not statistically different. No dif-
ference was found for preschoolers who failed the test
in boys; girls with Ob had a higher rate of failure than
their peers with HPD (p=0.002). Gender differences
were found in children with HPD and Ob (more boys;
p=0.05-0.004).
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Participants showed satisfactory speed and strength
qualities when performing a jump from a place with a
push using two legs; the data are presented in Table 2.
Girls more often fulfilled the “gold” badge. Moreover,
the difference between children with UN and HPD
was statistically significant (p=0.02-0.0004). Boys
with HPD and OW were more successful, the diffe-
rence with the peers with Ob is statistically significant
(p=0.0009-0.0000). Girls with Ob demonstrated the
minimum number of “gold” results, the difference is
statistically significant in all cases (p=0.04-0.0000)
except for the subgroup of children with MN. In terms
of “silver” badge depending on gender, statistically
significant difference of indicators was found only in
children with UW (boys prevailed, p=0.03). Ob group
of boys received “silver” more often than children with
other nutritional status. They statistically differed from
their peers with HPD (p=0.0007) and OW (p=0.03). Girls
with OW and Ob received the “silver” badge more often
than peers with HPD (p=0.04-0.009), and preschoolers
with MN obtained the “silver” badge more often than
those with UN (p=0.02) and with other levels of nutri-
tional status. “Bronze” badge was more often received
by both boys and girls with Ob, but the difference of
indicators is not statistically significant. Boys did not
pass this test more frequently. HPD groups had a sta-
tistically significant difference (p=0.0000). In both
gender groups there are no children with MN; and there
are fewer children with HPD than with other nutritio-
nal status, but the statistical difference in indicators is
noted only in girls.

The results of hitting the target with a tennis ball,
which characterize the development of movement co-
ordination in children, are shown in Table 3. Girls with
all types of nutritional status coped better and received
the “gold” badge, the difference is statistically signifi-
cant (p=0.0008-0.0000), no significant differences
were found within gender groups. The “silver” badge
were more often registered in boys than in girls, the
difference of indicators in children with UN, HPD and
Ob is statistically significant.

“Bronze” badge among boys was more often re-
ceived by OW children, but the difference of indicators
is statistically significant only in comparison with peers
with HPD (p=0.02). In girls, “bronze” badge was more of-
ten received by children with MN, statistically significant
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Table 2. Children’s jump results (%[95%Cl])

Tabauua 2. Pe3yabTathbl Npbikka y aeten (%[95%AN])

Mon / Sex HyTpUTUBHbIN MNokasartean ITO / GTO indicators
cratyc /
o «30AOTO» / «cepebpo» / «6poHsa» / «Hesauem /
Nutritional status “gold” “silver” “bronze” “failure”
ManAbumnku / 1.HO/ M 56,4 37,1 6,5 0
Boys n=62 [50,2-62,6] [31,0-43,2] [3,4-9,6]
n=1r27 2.1M/ RN 53,8 33,3 53 7,6
n=132 [49,5-58,1] [29,2-37,4] [3,4-7,2] [5,3-9,9]
3.T®OP / HPD 60,5 30,0 4,9 4,6
n=1089 [59,0-61,9] [28,6-31,4] [4,3-5,5] [4,0-5,2]
4. U3MT / Ov 60,2 30,9 5,2 3,7
n=191 [57,8-62,6] [27,6-34,2] [6,9-11,3] [2,3-5,1]
5.0% / Ob 44,3 41,1 71 7,5
n=253 [41,2-47,4] [38,0-18,5] [5,5-8,7] [5,9-9,1]
AeBoukM / 6.HMN/ M 58,8 37,2 4,0 0
Girls n=51 [51,9-65,7] [30,5-43,9] [3,4-4,6]
n=1522 7.00/ RN 68,5 20,7 5,4 5,4
n=111 [64,1-72,9] [16,9-24,5] [3,3-7,5] [3,3-7,5]
8.T®OP / HPD 67,9 26,7 4,0 1,4
n=1028 [66,5-69,3] [25,8-27,6] [3,4-4,6] [1,0-1,8]
9. U3MT / Ov 59,6 34,6 3,8 2,0
n=156 [55,7-63,5] [30,8-38,4] [2,3-5,3] [0,9-3,1]
10. 0x / Ob 48,3 36,4 9,1 6,2
n=176 [44,6-52,4] [32,8-40,0] [7,0-11,2] [4,4-8,0]
MpumeuaHue / Note P,5=0,0000 P,5=0,0007 - P,¢=0,002
(x*=22,3) (x*=11,7) (x*=9,5)
P,5 =0,0009 P,5=0,03 Ps.10=0,0000
(x*=11,1) (x*=4,9) (x*=17,6)
P,.10=0,0008 Ps,=0,02 P,¢=0,0000
(x*=11,2) (x*=5,0) (x*=18,0)
Ps.10=0,0000 Pg.10=0,009
(x*=25,4) (x*=6,9)
Pg.10=0,04 (x?=4,3) | Pg4=0,04
P8,9=O;04 (X2=4v2) (X2=4v2)
P,,=0,02 (x*=5,4) |P,,=0,03
P,5=0,0004 (x?=4,8)
(x*=12,5)

Mpumeyanue / Note: TOP / HPD — rapmoHUUYHOe dusmyeckoe passutre / harmonious physical development; UI3MT / Ov — 136bi-
TOYHasi Macca Tena / overweight; HIM / M — HepocTaTouHOCTb NUTaHKA / malnutrition; Ox / Ob — oxupeHnue / obesity; MM / RN — no-

HWXeHHOoe nuTaHue / reduced nutrition.

level of indicators with peers with HPD was confirmed.
Gender differences of indicators were revealed in child-
ren with HPD and Ob (boys more often fulfilled the
“bronze” standard). Boys failed the test more often than
girls. Statistical significance of differences was found in
children with MN, HPD and Ob (p=0.02-0.0000). No sta-
tistically significant difference of indicators was found
within gender groups.

CHILDREN’S MEDICINE

The most difficult test for preschoolers in our
study was shuttle run, which allows us to assess si-
multaneously the degree of development of speed
qualities and coordination of movements, the results
are shown in Table 4. Girls coped better and won the
“golden” badge more often than boys. Excluding chil-
dren with MN, the difference is statistically significant
(p=0.03-0.0000). As for the gender groups, boys with
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Table 3. Children’s ball throwing results (%[95%Cl])
Tabauua 3. Pe3yabTaThl 6pocka Msiva y petert (%[95%AN])

ORIGINAL PAPERS

Mon / Sex HyTpUTUBHbBIN Moka3sateaun I'TO / GTO indicators
craryc / «30A0TO» / «cepebpo» / «6poH3a» / «Hezauet» /
Nutritional status “gold” “silver” “bronze” “failure”
MaAb4ynkK / 1.HN/ M 38,5 23,1 18,5 19,9
Boys n=62 [32,3-44,7] [17,9-28,3] [13,7-23,3] [15,0-24,8]
n=1727 2.1M/ RN 36,9 28,5 16,1 18,5
n=132 [32,7-41,1] [24,6-32,4] [12,9-19,3] [15,1-21,9]
3.TOP / HPD 43,7 26,6 15,8 13,9
n=1089 [42,2-45,1] [25,4-27,8] [14,7-16,9] [12,8-14,7]
4. NU3MT / Ov 38,4 27,4 22,6 11,6
n=191 [34,9-41,8] [24,3-30,2] [19,5-25,4] [9,3-13,9]
5.0x / Ob 39,9 28,6 18,1 13,4
n=253 [36,8-43,0] [25,7-31,5] [15,7-20,5] [11,2-15,6]
AeBOYKM / 6.HM/ M 70,0 12,0 12,0 6,0
Girls n=51 [63,5-76,4] [7,4-16,6] [7,4-16,6] [2,7-9,3]
n=1522 7.0M /RN 58,1 17,1 20,0 4,8
n=111 [563,3-62,9] [13,5-20,7] [19,1-20,9] [2,7-6,9]
8.T®P / HPD 63,2 17,3 12,6 6,9
n=1028 [61,9-64,5] [16,1-18,5] [11,7-13,6] [6,1-7,7]
9.1U3MT / Ov 59,7 19,5 14,3 6,5
n=156 [55,8-63,6] [16,3-22,7] [11,5-17,1] [4,4-8,3]
10.0x / Ob 61,2 19,1 13,3 6,4
n=176 [57,5-64,9] [16,2-22,0] [10,7-15,9] [4,6-8,2]
Mpumeuatme / Note P,=0,0008 P,.=0,04 P,,=0,02 P2-7=0,001
(x*=11,3) (x*=4,1) (x?=5,3) (x2=10,1)
P,,=0,001 P;5=0,0000 P,5=0,03 P3-8=0,0000
(x*=10,5) (x*=25,8) (x?=4.5) (x2=27,4)
P, =0,0000 Ps 1=0,02 P,:=0,03 P5-10=0,02
(x*=79,3) (x?=5,0) (x*=4.,4) (x2=5,2)
P,.o =0,0000 P,o=0,05
(x*=15,5) (x>=3,9)
Ps,5=0,0000
(x*=18,6)

Mpumeuanue / Note: TOP / HPD — rapmoHu4YHoe dusnyeckoe passutre / harmonious physical development; USMT / Ov — n36bi-
TOoYHas Macca Tena / overweight; HIM / M — HepocTaTtouHOCTb NUTaHma / malnutrition; Ox / Ob — oxupeHue / obesity; MM / RN — no-

HUXEHHOoe nNuTaHue / reduced nutrition.

Ob performed worse. They had statistically signifi-
cantly lower results than their peers with HPD and MN.
Girls with Ob and MN performed worse. Boys more
often than girls received “silver” badges, the perfor-
mance was statistically significantly different among
children with HPD, OW and Ob (p=0.007-0.0000), no
statistically significant difference was found within
gender groups. Boys showed results corresponding
to “bronze” more often than girls, but the difference
of indicators is not statistically significant. More
“bronze” badges were obtained by boys with MN,

their indicators were statistically higher than those
of their peers with HPD, OW and Ob (p=0.02-0.005).
In girls, children with MN also more often fulfilled
the “bronze” standard; the difference is statistically
significant when compared to their peers with HPD
and OW. More than 1/3 of participants failed the test.
Boys with MN and HPD were less likely to fail. Girls
were less likely to fail if they had UN or HPD. The dif-
ference of statistical significance between boys and
girls was found only in the group of children with MN
(p=0.05).

CHILDREN’S MEDICINE

140 2024

Ne 4 Tom 12

of the North-West



Table 4. Shuttle run results (%[95%CI])

Tabauua 4. Pe3yabTatbl YeAHOUYHOro 6era (%[95%AMN])

OPUTMHAANDHBIE CTATbH

Mon / Sex HyTpUTUBHbIN MNokasarean I'TO / GTO indicators
cratyc / “ ”
- «30n0TO» / “gold «cepebpo» / «6poH3a» / «He3auem /
Nutritional status “silver” “bronze” “failure”
Manbuuku / 1.HO/ M 28,3 20,7 7,5 43,5
Boys n=62 [22,2-34,4] [15,2-26,1] [3,9-11,1] [36,7-50,3]
n=1r27 2.MM /RN 32,8 22,7 18,5 26,0
n=132 [28,5-37,1] [18,9-26,5] [15,0-21,9] [22,1-29,9]
3.TOP / HPD 32,6 23,4 10,0 34,0
n=1089 [31,1-34,0] [22,1-24,7] [9,1-10,9] [32,5-35,4]
4. USMT / Ov 26,1 23,0 9,1 41,8
n=191 [22,6-29,5] [19,7-26,3] [6,9-11,3] [38,0-45,6]
5.0x/ Ob 20,5 28,8 8,2 42,5
n=253 [17,8-23,2] [25,9-31,8] [6,4-9,9] [39,2-45,8]
AeBoukK / girls | 6. HIM/ M 49,0 13,7 5,9 31,4
n=1522 n=51 [42,1-55,9] [8,9-18,5] [2,6-9,2] [24,9-37,8]
7.0M/ RN 40,5 13,5 8,1 37,9
n=111 [35,9-45,1] [10,3-16,7] [5,5-10,7] [33,3-42,5]
8.T®P / HPD 51,7 12,7 4,0 31,6
n=1028 [60,2-53,2] [11,7-13,6] [3,4-4,6] [30,2-33,0]
9. UsMT / Ov 48,1 11,5 2,6 37,8
n=156 [44,1-52,0] [9,0-14,1] [1,3-3,9] [33,9-41,7]
10. 0x / Ob 441 13,5 3,9 38,5
n=176 [40,4-47,8] [10,9-16,1] [2,4-5,4] [34,9-42,1]
Mpumeyarue / Note P,5=0,01 P;5=0,0000 P,5=0,005 P,,=0,02
(x°=6,2) (x*=39,2) (x*=7,8) (x*=5,1)
P,5=0,0004 P,4=0,007 P,3=0,005 P,,=0,006
(x*=12,3) (x*=7,3) x*=7,9) (x*=7,5)
Pg.10=0,05 Ps.10=0,0003 P,,=0,02 P,5=0,003
(x*=3,8) (x*=13,2) (x*=5,4) (x*=8,9)
P,6=0,03 P,¢=0,04 P,,=0,05
(X2=7,7) (x*=4,1) (x?=3,7)
P,£=0,0000 P,¢=0,04
(x*=74,9) (x*=4,3)
P,¢=0,0000
(x*=16,7)
Ps.41,=0,0000
(x*=25,3)

Mpumeuanme / Note: TOP / HPD — rapMoHU4YHOe dusmyeckoe passutre / harmonious physical development; UI3MT / Ov — 136bi-
TOYHas Macca Tena / overweight; HIM / M — HepocTaTouHOCTb NUTaHKUA / malnutrition; Ox / Ob - oxupeHue / obesity; MM / RN — no-

HWXEeHHoe nutaHue / reduced nutrition.

CONCLUSION

Physical performance of children and adoles-
cents can be determined in most cases by assessing
speed, strength, agility, flexibility, endurance and
velocity-force qualities by means of control exerci-
ses — tests. In our country, the All-Russian physical

CHILDREN’S MEDICINE

culture and sports complex “Ready for Labor and
Defense” has been developed, which allows to unify
the assessment of physical training and ensure the
continuity of physical education in schools [27]. The
most widely used analogues of the “GTO" abroad are
the European Physical Fitness Test (EUROFIT) and
the California Physical Fitness Assessment Test
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[28]. The GTO complex, as well as the EUROFIT test,
is proposed to assess motor skills of children from
6 y.o. However, according to physiologists, pre-
school children are not mature enough to perform a
number of tests of the first stage of the “GT0” (for
the age group from 6 to 8 years), which reduces the
test results [8, 12, 29]. It might be explained by the
period of intensive physical (“half-growth” spurt)
and active mental development.

Taking into account this circumstance, we used only
4 tests that allowed us to assess the level of develop-
ment of speed, speed-force and coordination qualities
of physical development. The level of children's phy-
sical development appeared to be ambiguous. Girls
coped with all tests better than boys. Except for thro-
wing a tennis ball into the target, there was no diffe-
rence in the results of the test depending on nutritional
status. In all other tests, children with a harmonious
ratio of height to body weight were more successful,
more often showing the standard of the “gold” badge.
Peers with disharmonious variants of physical develop-
ment (especially with obesity and malnutrition) coped
with the task less often and their results were lower
than the scores. Our results correlate with the data of
other authors [27, 29-32].

Summarizing the above, it is possible to conclude
that physical qualities of the participants are irregular-
ly developed and have a great variability depending on
gender and nutritional status, which stipulates the need
for a differentiated approach when conducting physical
training sessions and admission to participation in the
“GTO" tests.
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AOMNOAHUTEAbHAA UHOOPMALIUA

Bknap aBTOpOB. BCce aBTOPLI BHEC/IN CYLLECTBEH-
Hblil BKN1ag B pa3paboTky KOHLeNLuu, NPOBEAEHNE UC-
CnefoBaHMA M NOATOTOBKY CTaTbW, MPOYAM M 0806pU-
nu GMHaNbHYO Bepcuto nepep nybnukawmei.

KoHGnMKT MHTepecoB. ABTOpbI AeKNapupyoT oT-
CYTCTBME SIBHbIX M NOTEHLMANbHbIX KOHDIMKTOB UHTE-
pecoB, CBA3aHHbIX C Ny6ANKaLMeil HacTosILLEl CTaTby.

WUcTouHuK puHaHcMpoBaHuA. ABTOPbI 3aABNAIOT 06
OTCYTCTBMU BHELIHEro GMHaHCMPOBaHUS MpW NpoBe-
LEHUM UCCNef0BaHuA.

WNHdopmupoBaHHoe cornacue Ha ny6nukauuio. ABTOpbI
NOMy4MIM NUCbMEHHOE COTNacke 3aKOHHbIX NpeACTaBUTE-
neil NaLMeHTOB Ha NybMKaLMI0 MEAULMNHCKIUX AaHHDIX.
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ABSTRACT. Introduction. Nowadays there is an increased attention to facial aesthetics. More and more often
dento-mandibular anomalies, in which temporomandibular joint (TMJ) is affected, are treated by hardware-surgical
method. At the same time, when eliminating dento-mandibular anomalies, the condition of the temporomandibular
joint is often not evaluated in the long term. The purpose of the study was to assess the condition of the
temporomandibular joint after orthodontic treatment and orthognathic operations in young people. Materials and
methods. In this work we have carried out a clinical evaluation of the temporomandibular joint in 13 young people
suffering from lower macrognathia after orthodontic treatment and orthognathic surgeries. Result. It was found
that all the patients suffering from inferior macrognathia who took part in the study had pathological symptoms
of the temporomandibular joint characteristic of its painful dysfunction before the complex hardware-surgical
treatment. The orthodontic treatment performed in the patients practically did not change the clinical symptoms of
the temporomandibular joint. Both before the orthodontic stage and after its completion, pathologic symptoms of
the temporomandibular joint persisted. In the distant period after the completion of the surgical stage of treatment,
the reliable effectiveness of complex therapy with regard to the TMJ condition was noted, which amounted to
10.64%. However, it should be taken into account that pathologic symptoms of the temporomandibular joint after
the completion of hardware-surgical treatment remained in all the examined patients, despite the fact that in some
of them their severity slightly decreased. In one patient, despite the good aesthetic effect of complex hardware-
surgical therapy, the condition of the temporomandibular joint worsened from mild to moderate severity of pain
dysfunction. Conclusion. Timely informing patients about the expected effectiveness of treatment and possible
complications within the framework of the patient’s signing an informed consent for treatment or intervention is
an important factor of conflict prevention in dentistry and maxillofacial surgery.

KEYWORDS: young people, dento-mandibular anomalies, temporomandibular joint, temporomandibular joint pain
dysfunction, inferior macrognathia, hardware-surgical treatment, orthodontic treatment, orthognathic surgeries
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PE3IOME. BBegenne. B HacToflLee Bpems CyLeCTBYET NOBbILEHHOE BHUMaHKUE K 3cTeTuKe nuua. Bee vaue
3y604eNtoCTHbIE aHOMAaNUK, NPU KOTOPbIX CTPafaeT BUCOYHO-HUXKHEYENIOCTHOI CyCTaB, neyaT annapaTtypHo-
XMPYPruyeckumM cnoco6om. B To e BpeMsi Npu ycTpaHeHUU 3y604eNOCTHbIX aHOManuii 4acTo He OLEHUBAETCSA
B OTAaNlEHHOM NepMoJie COCTOSIHNE BUCOYHO-HUXHeyentocTHoro cyctaBa (BHYC). Ljenb nccnegoBanmnsa — oueh-
Ka COCTOSIHMS BUCOYHO-HUXHEYENIOCTHOro cycTaBa Nocne OpTOLOHTUYECKOrO NIeYeHMs U OPTOrHaTUYeCKUX
onepauuit y Mmonogbix nogeil. Marepnanbl u MeTogbl. B paboTe npoBefieHa KAMHMYECKAs OLEHKA COCTOAHMUSA
Brycy 13 monoabix nogei, ctpagarolnx HUKHER MakporHaTueil, nocne OpTOLOHTUYECKOrO fleYeHus U opTo-
rHaTUYecKux onepauuii. Pesynbrarbl. YCTaHOBJ/IEHO, YTO BCE NPUHSABLUME YYyacTUe B UCCef0BaHNMN NaLMeHTbl,
CTpajaBLUne HWKHER MaKporHaTuen, UMenu 4o Havana KOMMJIEKCHOro annapaTypHO-XMpypruvyeckoro fnevyeHus
naTosiornyecke CUMNTOMbI co cTopoHbl BHYC, xapakTepHble Anisi ero 60neBoit AuchyHkuuu. MpoBeaeHHoe
OpTOLOHTUYECKOE JIeYeHUe Y NaLMeHTOB NPaKTUYECKN HE USMEHWU0 KNUMHUYECKOI KapTUHbI CO CTOPOHbI BHYC.
Kak 1,0 OpTOAOHTMYECKOro 3Tana, Tak 1 o ero 3aBepLUeHNto NaTonormyeckne CUMNToOMbl co cTopoHbl BHYC co-
XpaHanucb. B otganeHHOM nepuoge nocne 3aBepLUieHns XMpYPrivyeckoro atana NevyeHns oTMeyeHa JoCToBepHas
3O(EKTMBHOCTb KOMMNNEKCHOI Tepanumn B OTHoWweHuM coctossHua BHYC, koTopas coctaBuna 10,64%. OgHako
CrefyeT yunTbiBaTh, YTO NaTONOrMYeckue CUMNTOMbI CO CTOpOHbI BHYC nocne 3aBepLueHns annapaTypHO-Xxupyp-
rMYECKOro NeYeHNs COXpPaHUAMUCh y BCeX 06CNef0BaHHbIX NaLMEHTOB, HECMOTPSA Ha TO YTO Y HEKOTOPbIX BOMbHbIX
X BbIpaXXEHHOCTb HECKO/bKO YyMeHbLUMNach. Y 04HOro nalmeHTa, HECMOTPS Ha XOPOLUKiA acTeTUyeckuin ahpekT
KOMMJIEeKCHOI annapaTypHO-XUPYpruyeckomn Tepanuu, COCTosiHue co cTopoHbl BHYC yxyalumnoch ¢ nerkon cre-
MeHn TXKeCT 60NeBON ANCOYHKLMM [O CpefHeli TaxecTu. 3akmoyeHne. CBOeBpeMeHHOe NHHOPMUPOBaHue
nauneHToB 0 npeanonaraeMon aGheKTMBHOCTU NeYeHUs U BO3MOXHbIX OCNIOXHEHUAX B paMKax nognucaHus
nauneHToM MHOOPMUPOBAHHOIO COrNacusl Ha JIeYeHNe N BMELaTeNlbCTBO SIBASAETCS BaXHbIM GakTOpPOM Npo-
GunakTUKn KOHGANKTOB B CTOMATONOIMMU U YENIHOCTHO-NIULIEBOI XMPYPruu.

KNIOYEBDBIE CNTOBA: 11041 M0J1040r0 BO3pacTa, 3y604eIKCTHbIE aHOMaNM, BUCOYHO-HMKHEYEIOCTHOM CyCTaB,
60n1eBas AUCPYHKLUS BUCOYHO-HUKHEYETHOCTHOIO CYCTaBa, HUKHAS MaKpOrHaTus, annapaTypHo-Xxupypruyeckoe
JleyeHmne, OPTOZOHTHYECKOE IeYeHNE, OPTOrHaTUYECKUE onepayun
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INTRODUCTION

There is an increased attention to facial aesthetics
nowadays. Dento-mandibular anomalies (DMA) and
facial asymmetries are treated not only by orthodon-
tic methods, but also by orthognathic surgeries [1, 2].
In this case, the position of the mandibular heads in
relation to the temporal bone articular fossae is of-
ten changed. In other words, certain changes in the
spatial position of the temporomandibular joint (TMJ)
elements occur [3]. At the same time, temporomandi-
bular arthralgia often occurs during orthodontic treat-
ment or soon after it. Temporomandibular arthralgia
is distressing for patients, is poorly treatable and is
often causes complaints, claims and lawsuits against
medical organizations by patients who believe that
they have been treated incorrectly [4, 5]. It is believed
that the elimination of DMA and facial asymmetries
will have a positive effect on the functional status of
the TMJ [6, 7]. However, no research has been con-
ducted.

AIM

The aim of the study was to evaluate the condi-
tion of the temporomandibular joint after orthodon-
tic treatment and orthognathic surgeries in young
adults.

MATERIALS AND METHODS

The research included 13 males aged 22 to
28 years who suffered from lower macrognathia
and underwent consecutive orthodontic treatment
with bracket systems and surgical treatment with
orthognathic interventions. The patients underwent
bilateral oblique sliding osteotomy of the mandible
as orthognathic surgery. All patients were clinical-
ly evaluated for TMJ condition before the complex
treatment had been started, after the active stage of
orthodontic treatment, and 12-18 months after sur-
gical treatment according to the previously proposed
methodology. It involves assessment of the state of
mouth opening, the presence of mandibular deviation
when opening and closing the mouth, the presence of
sound phenomena in the TMJ area during mandibular
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movement, as well as the presence of joint pain in the
state of physiological rest of the mandible and during
its movement [8]. Based on these parameters, the se-
verity of TMJ pathology was determined, as well as
the effectiveness of treatment during the specified
periods of patient follow-up.

The study complies with ethical standards of the
Committee on Human Experiments of the Helsinki Dec-
laration issued in 1975 and revised in 2000.

The digital material obtained was processed on a
personal computer using a specialized statistical ana-
lysis package Statistica for Windows v. 6.0. Differences
between the compared groups were considered reliable
at p <0.05. Instances with p-value in the range from 0.05
to 0.10 were regarded as a tendency.

RESULTS AND DISCUSSION

Clinical study revealed that 11 (84.62%) out of
13 young patients suffering from inferior macrog-
nathia had TMJ pathology in the form of mild TMJ
pain dysfunction (ICD-10 code — K07.60), and 2
(15.38%) patients were diagnosed with similar pa-
thology of moderate severity. The examined patients
were most often diagnosed with symptoms associa-
ted with sounds (crepitation, crunching, clicking), as
well as deviation of the lower jaw when opening and
closing the mouth from 2 to 5 mm, less often it was
determined by limitation of mouth opening. Orthodon-
tic treatment with vestibular bracket systems lasted
from 11 to 15 months. After its completion, the TMJ
condition was also evaluated. Although the clinical
condition in this group of patients improved, the ef-
fectiveness of treatment at this stage was extremely
low and amounted to 2.13% (p >0.05). However, there
were no changes in terms of the severity among the
examined patients. Mild degree of TMJ pathology
was revealed in 11 patients, and 2 patients had mo-
derate pathology (p >0,05). A positive dynamics was
associated with a decrease in pathological symptoms
of TMJ (Fig. 1, 2).

Orthognathic surgeries successfully performed on
all patients changed patients' appearance, improved
their mental state and internal picture of the disease.
At the same time, speaking about the TMJ condition,
it is necessary to emphasize that 1 (7.69%) patient,
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who suffered from a mild degree of severity of TMJ
pathology before the complex treatment, had a wor-
sening to a medium degree of severity of the disease,
namely painful TMJ dysfunction. 2 (15.38%) patients
with moderate TMJ pathology showed improvement
of their condition and changed it over to a mild de-
gree. However, pathological symptoms of TMJ did not
disappear at all, similarly to all the examined patients
(Fig. 1). Although effectiveness of the treatment was
reliable (p <0.05) in terms of the intensity of the cli-
nical picture in the remote period after the surgical
stage of treatment (p <0.05) and amounted to 10.64%
(Fig. 2).

Thus, it should be noted that, despite the compre-
hensive hardware and surgical treatment of inferior
macrognathia, the pathological symptoms persisted,
although in some cases their intensity was slightly

[ocae xupypruyeckoro atana
AeyveHus /

After surgical treatment

[ocae OPTOAOHTUYECKOTO
aTana AeveHun /
After orthodontic treatment

Ao neuenus / Before treatment

OPUTUHANDHDBIE CTATbH

reduced, as evidenced by the obtained treatment ef-
ficacy indicators. One patient showed a worsened
TMJ condition one year after the complex treatment
was completed, as he was diagnosed with a mild de-
gree of severity of TMJ pathology before the treat-
ment and after the orthodontic stage. Unfortunately,
the remote period demonstrated that the TMJ patho-
logy switched to medium severity. This data should
be taken into account when planning hardware and
surgical treatment, especially when drawing up the
patient's informed consent for orthodontic treatment
and subsequent orthognathic care. Competent and
timely awareness of a patient about possible results
of treatment and its effectiveness, as well as com-
plications, can reduce the number of complaints,
claims and lawsuits in relation to complex treatment
of DMA. It can also prevent forensic conclusions

2
2
| | |

Yen. / Peop.

M /\erkas cteneHb natonorum BHYC / Mild TMJ pathology

Matonorus BHUC cpeaHen taxectn / Moderate TMJ pathology

Fig. 1. Characteristics of the severity of temporomandibular joint (TMJ) pathology in the examined patients at the stages

of complex treatment, people

Puc. 1. XapaktepucTuka CTeneHu TAXECTU TeUYeHMsA MaToAOrMU BUCOUYHO-HUXKXHEUYEAOCTHOTO cycTaBa (BHYC) y ob6caepyembix

NauneHTOB Ha 3Tanax KOMMAEKCHOIo Ae4eHuna, YeAOBEK

[locae XMpypruyeckoro AeveHus /
After surgical treatment

[locae OPTOAOHTMYECKOIO AeYEHUs /

H
After orthodontic treatment e

0 2

10,64—

%

4 6 8 10 12

Fig. 2. The effectiveness of treatment of the examined patients after the stages of hardware-surgical treatment, %

Puc. 2. 3dHEKTMBHOCTb AeueHUsi 06CAeAO0BaHHbIX NALMEHTOB NOCAE 3TAnoB annapaTypHO-XMPYPruueckoro AeueHus, %
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about causal relationship between treatment and
complications.

CONCLUSION

The conducted clinical research has shown that all
the patients who took part in the study, suffering from
TMJ, had pathological symptoms of TMJ before the
complex appliance-surgical treatment. The orthodontic
treatment performed in the patients practically did not
change the clinical picture of TMJ. Pathological TMJ
symptoms persisted both before the orthodontic stage
and after its completion. Reliable effectiveness of TMJ
complex therapy was noted in the remote period after
the completion of the surgical stage of treatment, which
amounted to 10.64%. However, it should be taken into
account that TMJ pathological symptoms remained
in all examined patients even after the hardware-sur-
gical treatment had been completed, despite the fact
that some patients noted that the severity slightly de-
creased. In addition, one patient showed a worsening
of TMJ condition from mild to moderate TMJ pain dys-
function despite the good esthetic effect of complex
orthodontic and surgical therapy. This indicates pos-
sible adverse effects of complex orthodontic and sur-
gical treatment of TMJ, which take place in everyday
practice and may become a reason for patients' claims
to medical organizations. Timely informing patients
about the expected effectiveness of treatment and
possible complications as part of the patient's signing

ORIGINAL PAPERS

an informed consent for treatment or intervention is an
important factor in conflict prevention in dentistry and
maxillary and facial surgery.
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AOMNOAHUTEAbHAA UHOOPMALIUA

ABTOp npounTan u ofo6pun GUHaNbHY BEPCUIO
nepea nyé6nukauueil.

KoHdnukT MHTepecoB. ABTOp AeknapupyeT oTcyT-
CTBME IBHbIX W NOTEHLMUANbHbIX KOHPNMKTOB UHTEpE-
COB, CBAI3aHHbIX C Ny6iMKaLuei HacTosLWeli cTaTbMy.

WUcTouHuk ¢puHaHcupoBaHus. ABTOp 3asBNAET 06
OTCYTCTBWM BHEWHEero GMHaHCUPOBaHUS Npu NpoBe-
AEHWUN nCCnefoBaHumA.

WHdopmupoBaHHOe cornacue Ha nybaukaumio.
ABTOp Nonyyun NMCbMEHHOE cornacue nalueHToB Ha
ny6nMKaLnio MeSULNHCKNX JaHHbIX.
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ABSTRACT. Introduction. In cerebral palsy, spasticity of the chewing muscles is noted, which, against the
background of motor disorders, adversely affects the features of the dental health of patients. The purpose of
the study was to assess the incidence of dental caries and the intensity of its course in adolescents living in St.
Petershurg and suffering from cerebral palsy. Materials and methods. To achieve the purpose of the study, 31
adolescents (22 boys and 9 girls) aged 14 to 17 years old living in St. Petersburg and suffering from cerebral
palsy were examined. These patients made up 1 main group. For control, 75 adolescents (36 boys and 39 girls)
aged 14 to 17 years old who did not suffer from any psychosomatic diseases were examined (control group 2).
Result. It was found that, compared with their peers, adolescents living in In St. Petersbhurg and those suffering
from cerebral palsy, against the background of unsatisfactory individual dental and oral care, there is a high
incidence of dental caries (100%), which occurs in a decompensated form. All adolescents suffering from cerebral
palsy needed dental rehabilitation measures. The low values of the index of the level of dental care (23.0%) also
indicated an insufficient level of dental care among adolescents suffering from cerebral palsy. At the same time,
dental caries in 13.33% of their peers did not occur at all. All adolescents in the control group performed well in
individual oral care, and the level of dental care provided to them was good, which is also confirmed by indicators
of the intensity of the carious process. Conclusion. Given the motor disorders that adolescents with cerebral palsy
have, as well as the difficulties of oral care and dental treatment, they need special attention from dentists, who
must teach parents, and then children themselves, the rules of dental and oral care, and also recommend them
the most effective dental and oral care products, taking into account the low content of fluoride ion in drinking
water in St. Petershurg.

KEYWORDS: adolescents, cerebral palsy, dental caries, incidence of dental caries, intensity of dental caries, oral
hygiene, level of dental care
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PE3IOME. Beegenne. lMpu fetckom LepebpanbHoM napanuye (LLM) oTMevyaeTcs cnacTMYHOCTb XKeBaTeslb-
HOW MyCKynaTypbl, YTo Ha GOHe ABMraTenbHbIX HapyLWeHWi He6NaronpuATHO OTpaXaeTcs Ha 0COBEHHOCTAX
CTOMATO/IOrMYecKoro 3L,0p0OBbs NaLUeHTOB. Ljenb uccnefoBaHns — OLEHUTb BCTPEYAaEMOCTb Kapueca 3y60B
W UIHTEHCUBHOCTb €ro TeYeHMs y NoLpOCTKOB, NpoxuBatowwux B r. CaHkT-MeTepbypre n cTpagarolux LETCKUM
LepebpanbHbiM Napanuyom. MaTtepuanbi u MeTogbl. [na peanusaunu Lenm uccnefoBaHus 6biim 0CMOTPEHDI
31 nogpocTok (22 manbymka u 9 feBoyek) B Bo3pacTe oT 14 go 17 net, npoxuatowwux B r. CaHkT-MeTepbypre
n ctpagatowmx ALUM. 3Tn nayuenTbl coctaBunm 1-10 (0CHOBHYt0) rpynny. [ns KOHTpons 6binn 06¢nefoBaHbl
75 nogpocTtkoB (36 toHoweit 1 39 aeBywek) B BospacTe oT 14 go 17 neT, KOTOpble He CTpajanu KakKuMu-nu-
60 ncuxocomMaTMyeckuMn 3aboneBaHusMM (2-9 rpynna, KOHTPONbHas). Pe3ynbTatbl. Bbifo yCTaHOBNEHO, YTO
MO CPaBHEHMIO CO CBEPCTHMKAMMU, Y NOAPOCTKOB, NpoXuBatowmx B r. CaHkT-MNeTepbypre u ctpagatowmx ALM,
Ha QOHe HeyJOBNETBOPUTENbHOIO MHAMBUAYANBHOIO yXx04a 3a 3y6aMu M NONOCTbI0 pTa OTMEYAETCA BbICOKas
BCTpeyaeMocTb kapueca 3y60B (100%), KoTopblii NpoTekaeT B eKOMNEHCUMpOBaHHOI dhopme. Bce nogpoct-
Ku, cTpagatowmne LM, HyxAanuMcb B NPOBELEHUM CTOMATONOMMYECKUX CaHALMOHHbIX MeponpuaTuii. Huskue
3HaYeHUs nokasaTens WHAEKca YypoOBHS CTOMATOoNOrnyeckoi nomouwm (23,0%) Takxe CBUAETENbCTBOBANN O
Hef0CTaTOYHOM YPOBHE CTOMATO/I0rMYECKO NOMOLLM Cpeau NoApOCTKOB, cTpagatowmx [LIMN. B To xe Bpemsa y
NX CBEPCTHMKOB Kapuec 3y60B B 13,33% cnyyaeB BoobLLe He BcTpevascs. Bce noapocTku, BXOAUBLLME B KOHT-
PONIbHYIO FPYNNY, XOPOLIO BbINOMHAAN MEPONPUATUSA NO UHAWBUAYANbHOMY YXOAY 3a NONOCTbIO PTa, @ YPOBEHD
CTOMATONIOrMYECKOiA MOMOLL M, KOTOPas OKa3bliBanach UM, Obil XOPOLLMIA, YTO TaKXKe MOATBEPXKAALOT MOKasaTenu
WHTEHCUBHOCTU TEYEHUSI KAPUO3HOr0 NpoLiecca. 3akayeHne. YUnTbiBas UMetoLLuecs y NoapoCTKOB, CTpajato-
wux OUN, puratenbHble pacCTPOACTBA, @ TAKXKe CNOXHOCTW yX04a 3a NONOCTbIO pTa U CTOMAaToN0rMyeckoro
NIEYEHUS, OHU HYXAAKOTCA B 0CO60M BHUMAHKUM CO CTOPOHBI BPayen-CTOMaToI0roB, KOTOPbIE JOMKHbI C ETCKOr0
BO3pacTa obyyaTb poANTeNeli, a MOTOM U caMux eTeil MpaBUiaM yxofa 3a sybamu 1 NONOCTbIO PTa, @ Takxe
peKOMeHA0BaTb UM Hanbonee aGheKTMBHbIE CPEACTBA YXOAA 3a 3y6amMu 1 NONOCTbIO PTa, C YYETOM HU3KOro
coaepxanua ¢Topua-uoHa B nuTbeBoit Boge r. CaHkT-lMeTepbypra.

KNIOYEBDBIE CJIOBA: nogpocTku, seTckuii yepebpasibHbli napanauy, Kapuec 3y60B, BCTPDEYAEMOCTH Kapueca
3y60B, MHTEHCUBHOCTb TEYEHUS Kapueca 3y60B, rUrneHa noaocTy pra, ypoBeHb CTOMAaTOOMMYECKOI MOMOLLYM
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INTRODUCTION

Child cerebral palsy (ICD-10 — G80) is characte-
rized by spasticity of the masticatory muscles, which
adversely affects the dental health of patients against
the background of motor disorders [1]. It is especially
important to provide patients suffering from cerebral
palsy (CP) with good oral hygiene from childhood,
which will help to preserve their dental health in later
life. At the same time, a high prevalence of dental ca-
ries in children, adolescents and adults in St. Peters-
burg is known [2], which is promoted by insufficient
fluoride ion content in drinking water [3-5]. However,
the organization of dental sanitation measures for
primary and secondary prevention of dental caries
has significantly improved dental health in residents
of St. Petershurg [6]. At present, there is no unified
protocol for the management of children with cerebral
palsy at dental appointments, so any measures that
can increase the resistance of teeth to dental caries in
children, adolescents, and adults are an urgent task of
domestic practical medicine [7]. For this reason, the
problem of providing dental care to patients with ce-
rebral palsy is relevant.

AIM

To evaluate the occurrence of dental caries and the
intensity of its course in adolescents suffering from
cerebral palsy, living in St. Petershurg.

MATERIALS AND METHODS

31 adolescents (22 boys and 9 girls) aged 14 to
17 years were examined. All the participants lived
in St. Petersburg and suffered from cerebral palsy.
These patients constituted the 1st (main) group.
75 adolescents (36 boys and 39 girls) aged 14 to
17 years who did not suffer from any psychosomatic
diseases were examined as controls (group 2, control
group). Dental caries prevalence was assessed, which
was expressed as a percentage. In addition, the inten-
sity of dental caries was determined by the CFE index,
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which represents the sum of carious, filled, and ex-
tracted permanent teeth. The oral hygiene index was
determined in all examined adolescents according to
the method of Y.A. Fedorov and V.V. Volodkina [8].
The index of dental care level (DCL) was calculated
according to the method of P.A. Leus [9].

The obtained digital material was processed by
means of mathematical statistics methods. The
achieved level of significance (p) was considered in
all statistical analysis procedures; the critical level of
significance was equal to 0.05. Cases where the pro-
bability values of the p-value ranged from 0.05t0 0.10
were considered as a tendency.

The research conformed to the ethical standards
of the Committee on Human Experiments of the Hel-
sinki Declaration on Human Experiments issued in
1975 and revised in 2000.

RESULTS

Dental examination of adolescents suffering from
cerebral palsy revealed that all participants (100%)
suffered from dental caries (Fig. 1). Moreover, the ca-
rious process was decompensated (Fig. 2), as the CFE
index was 6.13 units (C=2.18; F=2.18; E=1.17). Obvi-
ously, the high prevalence of caries and the intensity
of its course were attributed to poor dental care, as the
oral hygiene index score of adolescents suffering from
cerebral palsy was 2.34+0.19 units, which characte-
rized their individual hygiene as poor (Fig. 3). The DCL
index in adolescents with cerebral palsy was 23.0%.
According to interpretations of this index, it shows an
insufficient level of dental care for adolescents with
cerebral palsy (Fig. 1).

As for the controls, the incidence of dental caries
was 86.67%, as dental caries was not diagnosed in
10 adolescents (Fig. 1). The caries process in controls
was compensated (Fig. 2) with a CFE index amoun-
ting to 3.44 units (K=0.15; P=3.17; U=0.12) against
the background of good oral hygiene, as their hygiene
index amounted to 1.37+0.21 units (Fig. 3). The con-
trol group of adolescents also showed a good level of
dental care with a DCL index=92.15% (Fig. 1).
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Fig. 1. Indicators of the occurrence of dental caries and

the index of the level of dental care (LDC) in adolescents
of the studied groups, %
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Fig. 3. Indicators of individual oral hygiene according to the
Yu.A. Fedorov, V.V. Volodkina index in adolescents of the
studied groups, conl. units

Puc. 3. MNokasatenm MHAMBUAYAAbHOM TMTMEHbI MOAOCTU pTa
no nHaekcy H0.A. ®epopoBa, B.B. BOAOAKMHOM y NOAPOCTKOB
MCCAEAYEMBbIX TPYMM, YCA. €A.
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M Y — ypaneHHble 3ybbl / E — extracted teeth
B M — naombupoBaHHble 3ybbl / F — filled teeth
B K — kapuosHble 3ybbl / C — carious teeth

Fig. 2. Characteristics of the intensity of the course of the
carious process according to the CFE index in adolescents
of the studied groups, conl. units

Puc. 2. Xapakrepuctmka MWHTEHCMBHOCTU TeEYEHUSA
Kapuo3HOro npouecca no uHaekcy KIY y noapocTkoB
WUCCAEAYEMBbIX FPYMM, YCA. €A.

DISCUSSION

The research has revealed that adolescents living
in St. Petersburg and suffering from cerebral palsy
have a high incidence of dental caries (100%), which is
decompensated, in comparison with their peers against
the background of unsatisfactory individual care of
teeth and oral cavity. At the same time, all adolescents
suffering from cerebral palsy needed treatment or ex-
traction of teeth, i.e. dental sanitation measures. Low
values of the CFE index also indicate an insufficient
level of dental care among adolescents suffering from
cerebral palsy. At the same time, 13.33% (10 indivi-
duals) had no dental caries at all. All the adolescents
in the control group performed well in their individual
oral care activities and the level of dental care they re-
ceived was good, which is also confirmed by the caries
intensity indicators.

CONCLUSION

Summarizing the above, we can conclude that
adolescents suffering from cerebral palsy, owing to
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their movement disorders, difficulties in oral care and
dental treatment due to spasticity of the masticatory
muscles, need special attention from dentists. Den-
tists should teach parents from childhood and then
children themselves the rules of dental and oral care,
as well as recommend them the most effective means
of dental and oral care, taking into account the low
content of fluoride ion in drinking water in St. Peters-
burg. It is obvious that children and adolescents, as
well as adult patients suffering from cerebral palsy,
should be under the dynamic supervision of a dentist.
Only such an approach will improve the dental health
indicators of people suffering from cerebral palsy.
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AONOAHUTEAbHAA UHO®OPMALUA

Bknap, aBTopoB. Bce aBTOpbl BHECNU CYLECTBEH-
Hbli BKJ1aZ B pa3paboTKy KOHLeNLuu, NPOBEAEHNE UC-
Cefi0BaHMsA U NOATOTOBKY CTaTby, MPOYN U 0806pK-
N1 GUHanNbHYLO Bepcuto nepes ny6nukavuen.

KoHnuKT uMHTepecoB. ABTOpbl AeKnapupyrT
OTCYTCTBME SIBHbIX W MOTEHLUANbHbIX KOHDIMKTOB
WHTEPeCcoB, CBSI3aHHbIX C Ny6nnKauued HacToALLEeN
cTaTbMm.

WUcTouHuK gpuHaHCUpOBaHMSA. ABTOPbI 3asBNISOT 06
OTCYTCTBMM BHELIHEro GMHaHCMPOBaHUs MpW NpoBe-
JeHun uccnepoBaHus.

WHdopmupoBaHHOe cornacue Ha ny6aukaumio.
ABTOpbI NOMYYMNN NMUCbMEHHOE COrfiacue 3aKOHHbIX
npeacTaBuTeNen NaLuWEHTOB Ha My6AMKaALWIO Meaun-
LUMHCKUX JaHHbIX.
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ABSTRACT. Introduction. In the practice of a pediatric endocrinologist, there is a well-developed algorithm of
actions to assess the causes and decide on treatment options for a patient with true premature sexual development
(iPPR). After eliminating the volumetric formation of the central nervous system, cyclic suppressive therapy with
triptorelin is prescribed. The purpose of this study was to study the formation of puberty in girls after the end of
iPPR therapy with triptorelin. To achieve this goal, tasks were set, including the analysis of medical records of
girls with iPPR who had previously received triptorelin therapy; conducting an online questionnaire of patients on
the formation of their puberty period with an assessment of growth, determining the time of menstruation after
drug withdrawal; studying family history concerning the start of puberty in relatives. A literary search on the topic
of the study revealed that in recent years information has appeared about the genetic basis of iPPR. The results
of the study showed that the duration of cyclic suppressive therapy with triptorelin iPPR affects the timing of the
appearance of the first menstruation in patients. With therapy for more than 5 years, menstruation occurs later
than in patients using the drug for a shorter period of time. In most patients, an important goal of therapy was
achieved — the prevention of accelerated bone differentiation with premature closure of growth zones and stunting.
With delayed initiation of therapy, stunting could not be prevented. Conclusions. Clinical manifestations of sexual
development in patients after completion of treatment with triptorelin prove the reversibility of its antigonadotropic
effect. The formation of the menstrual cycle after discontinuation of treatment occurs later in those who have
used the drug for more than 5 years. Timely initiation of iPPR treatment helps to avoid stunting in most patients.
To verify the genesis of iPPR, it is advisable to conduct a molecular genetic study, given the high frequency of
familial forms of this disease. It is important to know the long-term results of the use of suppressive therapy of
iPPR, its possible impact on the reproductive period of patients’ lives.

KEYWORDS: true premature sexual development, outcomes of suppressive cyclic therapy with triptorelin, puberty
formation, molecular genetic studies
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PE3IOME. BBegeHne. B npakTuke AETCKOro 3HAOKPMHOJIOrA A5 OLEHKWN NPUYMH W NPUHATUS PELLEHUS O Ba-
pUaHTax IeYeHus nauneHTa ¢ UCTUHHbIM NpeXAeBpeMeHHbIM NonoBbiM passutueM (MIMP) cywecTtyeT oT-
paboTaHHbIi anroputM AeicTBuii. [locne NCKoYeHNUst 06bEMHOI0 06pa3oBaHNA LLeHTPanbHOW HEPBHOW CUCTe-
Mbl Ha3HavatT LUKANYECKYH CYNPECCUBHYIO TEPANUIO TPUNTOPENUHOM. Ljeabio faHHOTO uccnefoBaHus 6blo
M3y4yeHune CTaHOBNEHMA NybepTaTHOro Nepmoja y AeBoYEK nocsie OKoHYaHus Tepanuu UIMMP TpunTopeNmHoM.
[na AOCTUXXEHNs Lenmn Gbin NOCTaBNEHbI 3a,a4M, BKNIOYALOLWMe aHann3 MegULMHCKUX KapT geBoyek ¢ uMMP,
paHee MoJsiyyaBLWMX Tepanuio TPUNTOPEINHOM; NPOBEAEHNE OHNANH-aHKETUPOBaHNSA MaLMEeHTOK No Bonpocam
CTaHOBJIEHUSA Y HUX NY6EPTaTHOro NepKUofa C OLIEHKOI pocTa, onpeAeieHMeM BPEMEHMN NOsSIBNEHUS MEHCTPYaLIMH
nocne oTMeHbl Npenapara, M3yyeHne CeMetHOro aHaMHesa, Kacatollerocs ctapta nybepraray poCTBEHHUKOB.
JInTepaTypHbIi NOMCK NO TEME UCCNeL0BaHMA BbISIBUI, YTO B NOC/EAHME FOAbl NOSIBUIaCb MHPOPMALIMA O FeHeTH-
yeckux ocHoBax UIIP. PesynbTaTbhl NPOBELEHHOIO UCCNEAOBAHUS, MOKA3aNK, YTO AIMTENbHOCTb LIUKNUYECKOA
cynpeccuBHOi Tepanuu TpuntopenmHom ulllP BauseT Ha CPOKM NOSIBIEHUSA NMEPBO MEHCTPYaL MK Y NaLUEHTOK.
lMpw Tepanuu 6onee 5 NeT MEHCTPyaLUM HACTyNaloT NO3Xe, YeM Y NaLMEHTOK, NPUMEHAKOLWMX NpenapaT 6onee
KOPOTKMIA nepuog. Y 60MblWMHCTBA NALMUEHTOK Oblna AOCTUIHYTA BaXKHas Liefib Tepanuu — npeaynpexpeHue
YCKOPeHHoii aAnddepeHLMpoBKN KOCTel C NpeXAeBpeMeHHbIM 3aKpbITUEM 30H POCTa M HU3KOPOCNOCTbI0. Mpu
OTCPOYEHHOM Havasne Tepanuu NpesoTBpaTUTb HU3KOPOCAOCTb He yaanoch. BoiBogbl. KnuHnyeckue npossne-
HUMS MOJIOBOr0 Pa3BUTUS Y NALMEHTOK NOC/e 3aBEPLIEHNS NeYeHNs TPUNTOPEMHOM A0Ka3biBalOT 06paTUMOCTb
ero aHTUroHafoTPONHOro AeicTeusA. CTaHOBMIEHUE MEHCTPYasibHOrO LMK/a NoCNe OTMEHbI NeYeHMa HacTynaet
Mo3)e Yy Tex, KTo NpuMeHsn npenapat 6onee 5 net. CBoeBpeMeHHOe Hayano nedenus ulllP nomoraet usbexartb
HM3KOPOCNOCTH Y 6ONbLWIMHCTBA NaLneHToK. [na Bepudukauum reHesa ulMP yenecoobpasHo NpoBefeHNe MO-
NeKynsapHO-TeHeTUYECKOro MCCNeA0BaHUS, YYNTbIBash BbICOKYIO YacTOTY CEMEeNHbIX (OpM 3TOro 3abosieBaHus.
BaKHO 3HaTb JOATOCPOYHbIE pesynbTaTbl UCNOb30BaHMA CynpeccuBHoi Tepanum uIMP, BO3MOXHOE ee BNuS-
HWE Ha PenPOAYKTMBHbIN NEPUOS, XKM3HU NaLUEHTOK.

KJIIOYEBDBIE CJIOBA: ucTuHHOE npexzgeBpeMeHHoe oJioBOe pasBUTUE, UCXOAbl CYNPECCUBHON UMKITNYECKON
Tepanuu TpUNTOPENNHOM, CTaHOBJIEHUE My6epTaTHOro Nepuosa, MONEeKyNsPHO-reHeTUYeCKUe MCCaeoBaHus
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INTRODUCTION

The incidence of gonadotropin-dependent, or true pre-
cocious puberty (TPP) ranges from 1:5000 to 8:10,000 in
the pediatric population. TPP is characterized with the
appearance of secondary sexual characteristics in girls
before the age of 8 years and in boys before the age of 9.
Girls are significantly more often affected [1]. If organic
pathology of the central nervous system (tumors, hamar-
tomas, residual-organic lesions of the central nervous
system (CNS)), as well as TPP stimulated by excessive
sex steroids in congenital hyperplasia of the adrenal cor-
tex is excluded, the cause of premature activation of the
hypothalamic-pituitary-gonadal axis (HPGA) in 50 to 90%
of cases remains unclear and is designated as idiopathic
precocious sexual development [2].

A number of population studies have noted a corre-
lation between the age of onset of puberty in children
and their parents. Moreover, the timing of sexual de-
velopment features (including menarche) is more con-
sistent in monozygotic twins. The genetic regulation
of HPGA involved in puberty has been actively studied
[3-5].

In recent decades, there has been significant pro-
gress in the study of hereditary variants of TPP, which
is primarily due to the expanding capabilities of mo-
lecular genetics. Emerging publications show that
25-27.5% of cases of gonadotropin-dependent TPP are
familial forms of the disease, which have a monogenic
nature [6].

Identification of genetic markers of TPP has shown
that mutations in the KISS7, KISSTR, MKRN3, and DLK1
genes are most often associated with premature acti-
vation of HPGA in childhood [2, 7].

The neuropeptide kisspeptin (KISS1 gene, cytoge-
netic localization of the gene — 1g32.1, OMIM no.
603286) is an endogenous ligand of the KISS1R recep-
tor (GPR54 gene, cytogenetic localization — 19p13.3,
OMIM no. 604161) [8].Kisspeptin binds to its receptor
on hypothalamic and adeno-hypophysial neurons and
stimulates the activity of these receptors. Kisspeptin
is currently recognized as the most important regulator
of puberty onset, sex hormone-mediated gonadotropin
secretion, and fertility [9, 10].

The MKRN3 gene is localized on the long arm of
chromosome 15 (15q11.2, OMIM no. 603857) [8].
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Mutations in the MKRN3 gene are believed to be
the leading mutation among familial forms of TPP.
Geneticists believe that when this gene is mutated,
abnormalities develop in cases when the defect is
inherited in both paternal and maternal lines [11]. It
is possible that MKRN3 has a suppressive effect on
gonadotropin-releasing hormone (GnRH)-secreting
neurons during childhood, whereas its loss of func-
tion contributes to the activation of GnRH secretion
and the premature onset of puberty [6]. Asymptoma-
tic carriage of pathogenic variants of the gene has
also been reported, confirming the possibility of in-
complete penetrance [12].

TPP can be inherited by three mechanisms: autoso-
mal dominant, autosomal recessive, and additive ones.
These mechanisms depend on mutation that results in
the manifestation of a certain disorder. The MKRN3 and
DLKT genes are characterized by an imprinting pattern
of inheritance. Epigenetic modifications that alter the
expression of these genes are also considered among
the causes of precocious puberty [7]. DLK1 (cytogenetic
location: 14q32.2, OMIM no.176290) [8] is expressed
from the father [13, 14].

Obviously, there is a special demand for genetic
screening of children from families with an aggravated
hereditary history of TPP.

Information about genes associated with TPP is be-
ing supplemented by other candidate genes: MAPK8IP3
(OMIM no. 605431), POUTF1 (OMIM no. 173110) and
NPFF1R (cytogenetic location: 10922.1, OMIM no.
607448) [6, 8]. MAPK8IP3 gene is localized on the short
arm of chromosome 16 (16p13) and is characterized by
autosomal dominant type of inheritance. Heterozygous
mutations of this gene are often associated with vari-
ous variants of neurodevelopmental disorders, in 50%
of cases combining with brain anomalies [15].

Both autosomal recessive and autosomal dominant
types of inheritance can occur in TPP caused by a mu-
tation of the POUTFT gene mapped on the short arm
of chromosome 3 (3p11.2). Moreover, interaction of
POUTF1 with a number of transcription factors is ne-
cessary for targeted and selective differentiation of
thyroid and gonadotropic cell lines of adenohypophy-
sis. Therefore, pathogenic variants of POUTFT genes
can also lead to deficiency of other adenohypophysis
hormones [16].
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The product of NPFFRT gene expression is a neu-
ropeptide receptor that is localized on GnRH-secreting
hypothalamic neurons. Aberrations in NPFFRT may also
contribute to premature activation of HPGA.

Unfortunately, the method of genetic analysis of
TPPis still in early use in our domestic clinical practice.

In case hypothalamic-sellar volumetric masses are
detected, a neurosurgeon together with an endocrino-
logist decide whether neurosurgical intervention is ne-
cessary and appropriate.

In case of CNS neoplasms that do not require sur-
gical treatment, as well as in all other cases of TPP,
conservative therapy is indicated. The main goal of
therapy for TPP is to suppress the development of se-
condary sexual characteristics that cause psychologi-
cal discomfort and social difficulties for the child and
his or her parents, as well as to normalize the rate of
linear growth, slow the rate of ossification, and prevent
stunting [1].

Prolonged GnRH analogs are used for the pharma-
cologic treatment of TPP [2]. Regular cyclic administra-
tion of luliberin agonists promotes desensitization of
pituitary gonadotrophs and suppression of luteinizing
hormone (LH), follicle stimulating hormone (FSH) se-
cretion. As a result, there is a decrease in the formation
of sex steroids in gonads. Such therapy is widely used
in the world and has a long history (more than 30 years)
[17,18].

In the Russian Federation, the GnRH analog triptore-
lin has been registered and has been clinically tested.
The drug is administered intramuscularly, the frequen-
cy of administration is once every 28 days. For chil-
dren weighing less than 20 kg — 1.875 mg, more than
20 kg — 3.75 mg. There are prolonged analogs of GnRH
in Russia. Triptorelin has a longer action, it is adminis-
tered in 11.25 mg once every 12 weeks [2].

Both foreign and domestic publications have pre-
viously reported the high efficacy of this therapy by
blocking the secretion of gonadotropic hormones and
the progression of puberty [19-21].

In some countries, an implant with a GnRH ago-
nist, histrelin (Supprelin) is inserted, its effect lasts
for 1 year [22, 23]. However, this requires surgical in-
tervention and regular monitoring of efficacy. After
12 months, the current implant should be removed and
replaced with another to continue treatment. Permis-
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sion to use this method in domestic medicine has not
yet been obtained.

The question of whether the long-term use of sup-
pressive therapy with gonadoliberins in TPP can affect
puberty remains relevant for practical health care. The
effects of these drugs with respect to final growth, ti-
ming of therapy completion and recovery of the hypotha-
lamic-pituitary axis, and safety of therapy are debated.

AlM

To study pubertal maturation in girls after comple-
tion of cyclic suppressive therapy for TTP with tripto-
relin.

MATERIALS AND METHODS

There have been analyzed medical records of
17 girls with TPP. All girls were examined in the endo-
crinology department of St. Petershurg State Pediatric
Medical University and received cyclic suppressive
therapy with triptorelin until the age of 12 years.

All patients aged 3-8 years were diagnosed with
TPP based on the characteristic clinical picture and the
results of the test with a synthetic short-acting GnRH
analog. After the exclusion of a volumetric mass based
on the results of magnetic resonance imaging of the
brain with pituitary contrasting, TPP of central genesis
was considered idiopathic, and suppressive therapy
with triptorelin was prescribed. The drug administration
regimen was cyclic, according to the clinical recom-
mendations that were valid at the time of treatment
[2]. After the start of therapy blocking LH and FSH se-
cretion, all patients underwent regular monitoring by
an endocrinologist, including in-depth examination in
an endocrinologic hospital once a year. Therapy with
GnRH analogs had an effective and persistent effect on
suppressing puberty: it led to a decrease in the volume
of breast glands, regression of sexual characteristics,
and disappearance of menstruation. In addition, the ef-
fectiveness of the therapy was evidenced by the results
of ultrasound examination of the pelvic organs (uterus
and ovaries volume reduction, decrease in the size and
number of follicles), inhibition of bone age. LH, FSH, es-
tradiol levels reached pre-pubertal values. It should be
noted that the parents of four girls also entered puberty
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early. The duration of GnRH treatment depended on the
age when secondary sexual characteristics appeared
and the time therapy was started. All children comple-
ted therapy at the age of 12 years.

An online questionnaire was administered to girls.
It contained questions about puberty, estimated growth
estimation, menstrual timing after drug withdrawal, and
family history of pubertal onset in relatives. The age of
the girls at the time of interview ranged from 12 years
9 months to 17 years 4 months.

Patients were divided into two groups according to
the duration of triptorelin therapy: Group 1 (58.8%) re-
ceived the drug for less than 5 years (from 1 year to
4 years 3 months), Group 2 (41.2%) — from 5 years and
up to 7 years 10 months. The growth of the patients
was analyzed according to standard deviations. Height
within £1 SDS was considered average; 1 to +2 SDS
was considered above and below average, respectively;

ORIGINAL PAPERS

more than -2 SDS was considered stunted and more
than +2 SDS was considered tall. The time of onset of
menstruation was determined.

RESULTS

Follow-up monitoring of the patients after discon-
tinuation of treatment indicated a gradual recovery of
gonadal function, manifested by enlargement of breast
glands, progression of pubic and axillary hair loss. Af-
ter discontinuation of triptorelin therapy, menstruation
started in 6 months in 23.5% of the patients, including
17.6% in Group 1 and 5.9% in Group 2. The onset of
menstruation in the period from 6 months to 1 year af-
ter the end of treatment was noted in 52.9% of patients,
including 35.3% in Group 1 and 17.6% in Group 2. La-
ter onset of periods (1.5-2 years later) was observed in
17.6% of patients, including 5.9% in Group 1 and 11.8%

52,9%

23,5%
17,69

17,69

|

11,7%

i

6,0%

Yepes 6 mec /
After 6 months

Bcero / In total

Or6 mecpolropa/ Yepes 1,5-2ropa/ He Havaaucs /
From 6 months to 1 year After 1.5-2 years Have not started

M 1rpynna/ Group 1l M 2rpynna/ Group 2

Fig. 1. The appearance of menarche depending on the duration of suppressive therapy

Puc. 1. lNosiBAEHWE MeHapxe B 3aBUCUMOCTU OT MPOAOAKUTEABHOCTU Cyl'lpeCCMBHOVI Tepannn

BbicokopocaoCTb /

0,
Height 59%

HuskopocaocTb /
Stunting

Hwxe cpeaHero /
Below average

B npeaenax cpepHmx
3HauYeHUn /

Within the average ‘ ‘
values

Fig. 2. Growth at the time of the survey
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in Group 2 (Fig. 1). One girl aged 16 years had no men-
struation, which was explained by polycystic ovary syn-
drome (PCOS) diagnosed during the examination.

The relatively later development of menstrual func-
tion in girls who received GnRH suppressive therapy
for more than 5 years (in group 2) can be associated
with the fact that after longer treatment the body needs
more time to restore the natural cycle of hormonal re-
gulation.

The height of the patients at the time of the ques-
tionnaire was within average values in 47.1% of girls,
below average in 29.4%, low height in 17.6%, and high
height in 5.9% of patients (Fig. 2).

Girls who started triptorelin suppressive therapy
within the first year of the TPP onset (64.7%) showed
average growth in 54.5% of cases, below average
growth in 36.4%, and stunting in 9.1% of cases. At a
later start of therapy, 2-3 years after the first signs of
TPP (35.3%), average height was observed in 33.3% of
patients, below average —in 16.7%, stunting — in 33.3%
of patients, and in one case high stature was observed
(Fig. 3).

When treatment duration was less than 5 years, 30%
of the patients had average height, 30% had height be-
low average, 30% had stunting, and 10% had high sta-
ture. In case of prolonged therapy (more than 5 years),

OPUTUHAANDHBIE CTATbHU

average height was registered in 71.4% of the patients
in this group, below average — in 28%, stunting was not
registered (Fig. 4).

Clinical peculiarities of sexual development after
completion of triptorelin treatment prove reversibility
of an antigonadotropic effect of triptorelin. The func-
tion of sex glands is successfully restored after the end
of treatment. However, one of the observed patients
aged 16 years had no menstruation, and during the
examination she was diagnosed with polycystic ovary
syndrome, primary amenorrhea, normogonadotropic
ovarian dysfunction, normoprolactinemic variant. Fur-
ther, this patient was initiated treatment with a con-
traceptive combined drug (estrogen+gestagen) with
antiandrogenic effect by a gynecologist.

Longer-term results (ovulation, fertility) in individ-
uals who received suppressive therapy with triptorelin
in childhood have not yet been sufficiently studied due
to the lack of a long follow-up period [22-24]. Never-
theless, it is important to understand the long-term
outcomes of suppressive therapy and TPP. Medical Ii-
terature has reported pregnancy in women treated with
GNnRH [25, 26].

Thus, the problem of TPP in girls is extremely impor-
tant since this condition and the choice of its treatment
may affect the future reproductive function of female

64,7%

54,5%

35,3% 36,4%

33,3%

33,3%

1

16,7%

I N

Bcero / In total
Average height

B teuenune 1 ropa / Within 1 year

CpepHuit poct/  Huxe cpepHero/  HuskopocaocTb/  BblCOKOPOCAOCTb /
Below average

Stunting Height

W Cnycta 2-3 ropa / After 2-3 years

Fig. 3. The dependence of growth on the time on the initiation of therapy after the appearance of the first signs of

precocious puberty
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Puc. 4. 3aBMCMMOCTb pOCTa OT AAMTEABHOCTU AEUYEHUSA

patients. The lack of data regarding associated patho-
genic genes in the examined patients with TPP neces-
sitates further inclusion of a molecular genetic study to
verify possible causes of TPP.

CONCLUSION

Clinical manifestations of sexual development in
female patients after completion of triptorelin treat-
ment prove the reversibility of an antigonadotropic ef-
fect of triptorelin. The menstrual cycle establishment
occurs later after treatment withdrawal in those who
used the drug for more than 5 years. Timely initiation
of TPP treatment helps to avoid stunting in the majo-
rity of patients. Molecular genetic study is advisable to
verify the genesis of TPP, given the high frequency of
familial forms of this disease. It is important to know
the long-term results of using suppressive therapy for
TPP and its possible impact on the reproductive period
of patients' life.
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AOMNOAHUTEAbHAA UHOOPMALIUA

Bknap aBTOpOB. BCe aBTOPLI BHEC/IM CYLLECTBEH-
Hblii BKNaj B pa3paboTky KOHLENLMK, NPOBEAEHNE UC-
CnefoBaHMsa U NOArOTOBKY CTaTby, MPOYAN U 0806pK-
nu GMHaNbHYO Bepcuto nepep nybnukawmei.

KoHnMKT MHTepecoB. ABTOpbI AeKNapupyoT oT-
CYTCTBME SIBHbIX M NOTEHLMANbHbIX KOHDIMKTOB UHTE-
PECOB, CBSI3aHHbIX C Ny6AMKaLMeN HaCTosLWeli CTaTby.

UcTouHKK puHaHCcMpoBaHuA. ABTOPbI 3aABNAIOT 06
OTCYTCTBMU BHELIHEro GMHAHCMPOBAHUA MpW NpoBe-
LEHUM UCCNef0BaHuS.

WHdopmupoBaHHoe cornacue Ha ny6nukauymio.
ABTOpbI NOMYYUIN NUCbMEHHOE COrNacue 3aKOHHbIX
npeacTaBuTENel NaLWEHTOB Ha My6IMKaALNI Meau-
LMHCKNX AQHHbIX.

CHILDREN’S MEDICINE

164 2024

Ne 4 Tom 12

of the North-West



REFERENCES

10.

11.

12.

Ivanov D.0., Tyrtova L.V., Parshina N.V., Olenev A.S., Plot-
nikova E.V., Skorodok J.L., Nagornaya I.1., Ditkovskaya L.V.
A guide to pediatrics. Vol. 7. Endocrinology of childhood.
Saint Petersburg; 2023:234-243. (In Russian).

Peterkova V.A., Alimova I.L., Bashnina E.B., Bezlepki-
na 0.B., Bolotova N.V., Zubkova N.A., Kalinchenko N.Yu.,
Kareva M.A., Kiyaev A.V., Kolodkina A.A., Kostrova I.B.,
Makazan N.V., Malievsky 0.A., Orlova E.M., Petryaiki-
na E.E., Samsonova L.N., Taranushenko T.E. Clinical
recommendations “Premature sexual development”.
Problems of endocrinology. 2021;67(5):84-103. DOI:
10.14341/probl12821. (In Russian).

Shim Y.S., Lee H.S., Hwang J.S. Genetic factors in preco-
cious puberty. Clin Exp Pediatr. 2022;65(4):172-181. DOI:
10.3345/cep.2021.00521.

Mancini A., Magnotto J.C., Abreu A.P. Genetics of pu-
bertal timing. Best Pract Res Clin Endocrinol. Metab.
2022;36(1):101618. DOI: 10.1016 /j.beem.2022.101618.
Hopwood N.J., Kelch R.P., Helder L.J. Familial precocious
puberty in a brother and sister. Am J Dis Child. 1981;135(1):
78-79. DOI: 10.1001/archpedi.1981.02130250064020.
Khabibullina D.A., Kolodkina A.A., Vizerov T.V., Zubko-
va N.A., Bezlepkina 0.B. Gonadotropin-dependent prema-
ture sexual development: molecular genetic and clinical
characteristics. Problems of endocrinology. 2023;69(2):58-
66. DOI: 10.14341/probl13215. (In Russian).

Sazhenova E.A., Vasiliev S.A., Rychkova L.V., Khramo-
va E.E., Lebedev I.N. Genetics and epigenetics of pre-
mature puberty Genetics. 2023;59(12):1360-1371. DOI:
10.31857/S001667582312010X. (In Russian).

An Online Catalog of Human Genes and Genetic Disorders
OMIM. Available at: https://www.omim. org/ (accessed:
08.01.2025).

Silveira L.G., Noel S.D., Silveira-Neto A.P. et al. Muta-
tions of the KISS1 Gene in Disorders of Puberty. J Clin
Endocrinol Metab. 2010;95(5):2276-2280. DOI: 10.1210/
jc.2009-2421.

Krstevska-Konstantinova M., Jovanovska J., Tasic V.B.
et al. Mutational analysis of KISST and KISS1R in idiopa-
thic central precocious J Pediatr Endocr Met. 2014;27(1-
2):199-201. DOI: 10.1515/jpem-2013-0080.

Abreu A.P., Dauber A., Macedo D.B. et al. Central preco-
cious puberty caused by mutations in the imprinted gene
MKRN3. N Engl J Med. 2013;368(26):2467-2475. DOI:
10.1056/NEJMoa1302160.

Dimitrova-Mladenova M.S., Stefanova E.M., Glushkova M.
et al. Males with paternally inherited MKRN3 mutations
may be asymptomatic. J Pediatr. 2016;179:263-265. DOI:
10.1016/j.peds.2016.08.065.

CHILDREN’S MEDICINE

OPUTUHANDHDBIE CTATbH

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Dauber A., Cunha-Silva M., Macedo D.B. et al. Pater-
nally inherited DLK1 deletion Associated With Familial
Central Precocious Puberty. J Clin Endocrinol Metab.
2017;102(5):1557-1567. DOI: 10.1210/jc.2016-3677.
Montenegro L., Labarta J.1., Piovesan M. et al. Pater-
nally inherited DLK1 deletion associated with familial
central precocious puberty. J Clin Endocrinol Metab.
2017;102(5):1557-1567. DOI: 10.1210/jc.2016-3677.
Iwasawa S., Yanagi K., Kikuchi A. et al. Recurrent de
novo MAPKB8IP3 variants cause neurological pheno-
types. Ann Neurol. 2019;85(6):927-933. DOI: 10.1002/
ana.25481.

Bas F., Abali Z.Y., Toksoy G. et al. Precocious or early
puberty in patients with combined pituitary hormone
deficiency due to POU1F1 gene mutation: case re-
port and review of possible mechanisms. Hormones.
2018;17(4):581-588. DOI: 10.1007/s42000-018-0079-4.
Manasco P.K., Pescovitz 0.H., Feuillan P.P. et al. Resump-
tion of puberty after long term luteinizing hormone-relea-
sing hormone agonist treatment of central precocious
puberty J Clin Endocrinol Metab. 1988;67(2):368-372.
DOI: 10.1210/jcem-67-2-368.

Feuillan P.P., Jones J.V., Barnes K. et al. Reproductive
axis after discontinuation of gonadotropin-releasing hor-
mone analog treatment of girls with precocious puberty:
long term follow-up comparing girls with hypothalamic
hamartoma to those with idiopathic precocious puberty.
J Clin Endocrinol Metab. 1999;84(1):44-49. DOI: 10.1210/
jcem.84.1.5409.

Pasquino A.M., Pucarelli I., Accardo F. et al. Long-term
observation of 87 girls with idiopathic central preco-
cious puberty treated with gonadotropin-releasing
hormone analogs: impact on adult height, body mass
index, bone mineral content, and reproductive function.
J Clin Endocrinol Metab. 2008;93(1):190-195. DOI:
10.1210/ jc.2007-1216.

Preamrudee Poomthavorn, Ratchadaporn Suphasit, Pat
Mahachoklertwattana. Adult height, body mass index and
time of menarche of girls with idiopathic central preco-
cious puberty after gonadotropin-releasing hormone ana-
logue treatment. Gynecol Endocrinol. 2011;27(8):524~
528. DOI: 10.3109/09513590.2010.507289.

Lagno 0.V., Turkunova M.E., Bashnina E.B. Experience
in the treatment of premature puberty with long-acting
gonadotropin-releasing hormone agonists. Pediatrician.
2019;10(34);45-50. DOI: 10.17816/PED10445-50. (In
Russian).

Melmed Sh., Polonsky K.S., Parson P.R., Kronen-
berg G.M. Disorders of puberty. In the book: Endocri-
nology according to Williams. Pediatric endocrinology.
Selected chapters 23,24,25. Russian edition edited by

of the North-West

2024 165

N 4 Vol. 12



23.

24.

25.

26.

Academician of the Russian Academy of Sciences .I. De-
dov, Academician of the Russian Academy of Sciences
G.A. Melnichenko. Moscow: GEOTAR-Media; 2020:505-
692. (In Russian).

Kim E.Y. Long-term effects of gonadotropin-releasing
hormone analogs in girls with central precocious pu-
berty. Korean J Pediatr. 2015;58(1):1-7. DOI: 10.3345/
kjp.2015.58.1.1.

Guarald F., Beccuti G., Gori D. et al. Management of en-
docrine disease: Long-term outcomes of the treatment
of central precocious puberty Clin Endocrinol (0xf).
2014;80(4):79-87. DOI: 10.1530/EJE-15-0590.

Heger S., Miiller M., Ranke M. et al. Long-term GnRH
agonist treatment for female central precocious pu-
berty does not impair reproductive function. Mol Cell
Endocrinol. 2006:217-220;254-255. DOIl: 10.1016/
j.-mce.2006.04.012.

Lazar L., Meyerovitch J., Liat de Vries. Treated and untrea-
ted women with idiopathic precocious puberty: long-term
follow-up and reproductive outcome between the third and
fifth decades. Clin Endocrinol (0xf). 2014;80(4):570-576.
DOI: 10.1111/cen.12319.

NTEPATYPA

MeaHoB [.0., TeiptoBa J1.B., MapwwuHa H.B., OneneB A.C.,
MnotHukoBa E.B., Ckopogok 0.J1., HaropHas WU.W., OuT-
koBckas J1.B. PykoBogcTBO Mo neguatpun. Tom 7. 3u-
LOKpUHONOrus fetckoro Bo3pacTa. CaHkT-MeTepbypr;
2023:234-243.

MetepkoBa B.A., Anumosa W.J1., bawHuHa E.B., bes-
nenkuHa 0.b., bonoTtoBa H.B., 3y6koBa H.A., KanuH-
yeHko H.10., Kapesa M.A., Kuses A.B., KonogkuHa A.A.,
Koctposa W.b., MakasaH H.B., Manuesckuii 0.A., Opno-
Ba E.M., MNetpsiikuHa E.E., CamcoHoBa J1.H., TapaHyLwueH-
ko T.E. KnuHnuyeckne pekomeHpauum «lpexpespemen-
HOe NosioBoe pa3BuTHex. MpobneMbl SHAOKPUHONOTUN.
2021;67(5): 84-103. DOI: 10.14341/probl12821.

Shim Y.S., Lee H.S., Hwang J.S. Genetic factors in
precocious puberty. Clin Exp Pediatr. 2022;65(4):172-
181. DOI: 10.3345/cep.2021.00521.

Mancini A., Magnotto J.C., Abreu A.P. Genetics of
pubertal timing. Best Pract Res Clin Endocrinol. Metab.
2022;36(1):101618. DOI: 10.1016/j.beem.2022.101618.
Hopwood N.J., Kelch R.P., Helder L.J. Familial pre-
cocious puberty in a brother and sister. Am J
Dis Child. 1981;135(1):78-79. DOI: 10.1001/ar-
chpedi.1981.02130250064020.

Xa6uéynnuHa [.A., KonogkuHa A.A., Busepos T.B., 3y6-
koBa H.A., beanenkuHa 0.b. NoHagoTponuH3aBucumoe
npexaeBpeMeHHOe NOM0BOEe Pa3BUTUE: MOMEKYNSPHO-

ORIGINAL PAPERS

10.

11.

12.

13.

14.

15.

16.

17.

18.

reHeTUYECKME U KIIMHUYECKNe XapaKTepucTuku. Mpobne-
Mbl 3HAOKpUHOMoruu. 2023;69(2):58-66. DOI: 10.14341/
probl13215.

CaxeHoBaE.A.,Bacunbes C.A., PbiukoBa J1.B., XpamoBaE.E.,
Jle6enes W.H. TeHeTuKa 1 anureHeTMKa NpexaeBpeMeHHo-
ro nosfoBoro cospeeanus. FeHeTuka, 2023;59(12):1360-
1371.DOI: 10.31857/S001667582312010X.

An Online Catalog of Human Genes and Genetic Disorders
OMIM. [octynHo no: https://www.omim. org/ (nata 06-
pawenus: 08.01.2025).

Silveira L.G., Noel S.D., Silveira-Neto A.P. et al. Mutations
of the KISS1 Gene in Disorders of Puberty. J Clin
Endocrinol Metab. 2010;95(5):2276-2280. DOI: 10.1210/
jc.2009-2421.

Krstevska-Konstantinova M., Jovanovska J., Tasic V.B.
et al. Mutational analysis of KISS1 and KISS1R in
idiopathic central precocious. J Pediatr Endocr Met.
2014;27(1-2):199-201. DOI 10.1515/jpem-2013-0080.
Abreu A.P., Dauber A., Macedo D.B. et al. Central
precocious puberty caused by mutations in the imprinted
gene MKRN3. N Engl J Med. 2013;368(26):2467-2475.
DOI: 10.1056/NEJM0a1302160.

Dimitrova-Mladenova M.S., Stefanova E.M., Glushkova M.
et al. Males with paternally inherited MKRN3 mutations
may be asymptomatic. J Pediatr. 2016;(179):263-265.
DOI: 10.1016/j.peds.2016.08.065.

Dauber A., Cunha-Silva M., Macedo D.B. et al. Paternally
inherited DLK1 deletion Associated With Familial
Central Precocious Puberty. J Clin Endocrinol Metab.
2017;102(5):1557-1567. DOI: 10.1210/jc.2016-3677.
Montenegro L., Labarta J.I., Piovesan M. et al. Paternally
inherited DLK1 deletion associated with familial
central precocious puberty. J Clin Endocrinol Metab.
2017;102(5):1557-1567. DOI: 10.1210/jc.2016-3677.
Iwasawa S., Yanagi K., Kikuchi A. et al. Recurrent de novo
MAPK8IP3 variants cause neurological phenotypes. Ann
Neurol. 2019;85(6):927-933. DOI: 10.1002/ana.25481.
Bas F., Abali Z.Y., Toksoy G. et al. Precocious or early
puberty in patients with combined pituitary hormone
deficiency due to POUTF1 gene mutation: case report
and review of possible mechanisms. Hormones.
2018;17(4):581-588. DOI: 10.1007/s42000-018-0079-4.
Manasco P.K., Pescovitz O.H., Feuillan P.P. et al.
Resumption of puberty after long term luteinizing
hormone-releasing hormone agonist treatment of
central precocious puberty. J Clin Endocrinol Metab.
1988;67(2):368-372. DOI: 10.1210/jcem-67-2-368.
Feuillan P.P., Jones J.V., Barnes K. et al. Reproductive axis
after discontinuation of gonadotropin-releasing hormone
analog treatment of girls with precocious puberty:
long term follow-up comparing girls with hypothalamic

CHILDREN’S MEDICINE

166 2024

Ne 4 Tom 12

of the North-West



19.

20.

21.

22.

hamartoma to those with idiopathic precocious puberty.
J Clin Endocrinol Metab. 1999;84(1):44-49. DOI: 10.1210/
jcem.84.1.5409.

Pasquino A.M., Pucarelli I., Accardo F. et al. Long-term
observation of 87 girls with idiopathic central precocious
puberty treated with gonadotropin-releasing hormone
analogs: impact on adult height, body mass index,
bone mineral content, and reproductive function. J Clin
Endocrinol Metab. 2008;93(1):190-195. DOI: 10.1210/
jc.2007-1216.

Preamrudee Poomthavorn, Ratchadaporn Suphasit, Pat
Mahachoklertwattana. Adult height, body mass index
and time of menarche of girls with idiopathic central
precocious puberty after gonadotropin-releasing hormone
analogue treatment. Gynecol Endocrinol. 2011;27(8):524~
528. D0I: 10.3109/09513590.2010.507289.

Narno 0.B., TypkyHosa M.E., bawHnHa E.b. OnbIT ne-
YeHUs Npex1eBPEMEHHOr0 NOIOBOr0 CO3PeBaHUs aro-
HUCTaMMW TOHAAO0TPOMMUH-PUNUSUHT TOPMOHA ANUTENb-
Horo peicteua. MeanaTp. 2019;10(34);45-50. DOI:
10.17816/PED10445-50.

Menwmeg L., MonoHcku K.C., Mapcon M.P., KpoHer-
6epr .M. HapylieHus nonoBoro cospeBaHus. B kH.:

CHILDREN’S MEDICINE

OPUTUHANDHDBIE CTATbH

23.

24.

25.

26.

HAOKpUHONOrUS No Bunbamcy. [leTckas 3HAOKPUHONO-
rus. M3bpaHHble rnaBbl 23, 24, 25. 3gaHne Ha pyccKom
A3blke NoA pepakumnen akagemuka PAH U.N. [epo.a,
akagemuka PAH . A. MenbHuyeHko. M.: T90TAP-Meana;
2020:505-692.

Kim E.Y. Long-term effects of gonadotropin-releasing
hormone analogs in girls with central precocious
puberty. Korean J Pediatr. 2015;58(1):1-7. DOI: 10.3345/
kjp.2015.58.1.1.

Guarald F., Beccuti G., Gori D. et al. Management of
endocrine disease: Long-term outcomes of the treatment
of central precocious puberty Clin Endocrinol (0xf).
2014;80(4):79-87. DOI: 10.1530/EJE-15-0590.

Heger S., Miiller M., Ranke M. et al. Long-term GnRH
agonist treatment for female central precocious
puberty does not impair reproductive function. Mol Cell
Endocrinol. 2006:217-220;254-255. DOI: 10.1016/
j.-mce.2006.04.012.

Lazar L., Meyerovitch J., Liat de Vries. Treated and
untreated women with idiopathic precocious puberty:
long-term follow-up and reproductive outcome between
the third and fifth decades. Clin Endocrinol (Oxf).
2014;80(4):570-576. DOI: 10.1111/cen.12319.

2024 167

of the North-West

N 4 Vol. 12



ORIGINAL PAPERS

UDC 616.24-002.5-053.2-08:615.28-0
DOI: 10.56871/CmN-W.2024.26.19.014

ALLERGIC REACTIONS TO ANTITUBERCULOSIS DRUGS
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ABSTRACT. Introduction. Chemotherapy for tuberculosis in children is often difficult due to poor tolerability.
The goal of the study is to determine the frequency and spectrum of allergic adverse reactions during chemotherapy
for tuberculosis in children and to substantiate the method of their laboratory diagnostics. Materials and methods.
We carried out a cohort retrospective study (from 2018 to 2021) which included 146 patients and a prospective study
(from 2022 to 2024) of 50 patients. All 196 children (0-14 years) received the intensive phase anti-tuberculosis
chemotherapy with a combination of 3-4 drugs. Results. A retrospective analysis showed that there were no
adverse reactions in 56 (38.3%) children, allergic reactions were observed in 32 (21.9%), toxic-allergic reactions in
22 (15.1%), and toxic reactions in 36 (24.7%). In a prospective study in 50 children underwent a basophil activation
test using flow cytometry for the drugs they were receiving (196 tests in total). Most basophil activation tests
were performed for first-line drugs (isoniazid, rifampicin, ethambutol, pyrazinamide — 178 (90.8%), for second-
line drugs 18 (9.2%). Of the 196 tests, 38 (19.4%) gave a positive result. The test results were compared with the
clinical manifestations of adverse reactions in three groups of patients: group | — 18 children with allergic and
toxic-allergic reactions to antituberculosis drugs, group Il — 14 patients with toxic reactions, group lll — 18 children
without adverse reactions. In group | the proportion of patients with a positive result of the basophil activation test
(for 1 or 2 drugs) was 94.4%, which is higher than in group Il = 71.1% and significantly higher than in group Ill —
16.7% (P <0.05; x?=54.9). Conclusion. The importance of the basophil activation test in predicting allergic and
toxic-allergic reactions and determining the drug responsible for side effects during combination chemotherapy
has been proven.

KEYWORDS: children, tuberculosis chemotherapy, allergic adverse reactions, basophil activation test
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PE3IOME. Beegenne. XumnoTtepanus Ty6epkynesa y aeTeit 4yacto 6biBaeT 3aTpyHeHa 13-3a SIBIEHUI NIOXOM
nepeHocumocTu. Ljenb ncenegosaHna — onpefennTb YacToTy U XapakTep annepruyecknx HexenartenbHblX no-
OOYHbIX peakL it pu XMMnoTepanun Tybepkynesay aeteil, 060CHOBaTb METOA WX TaGOPaTOPHOMN fUArHOCTUKM.
Marepuanbi n MeTogbl. NpoBeEHbI KOTOPTHOE PETPOCNEKTUBHOE UccneaoBaHme (¢ 2018 no 2021 rr.), B KOTOpoe
BKNIOYEeHbl 146 nauneHToB, U NpoCnekTUBHOE uccnegobanue (¢ 2022 no 2024 rr.) — 50 naumeHToB. Bee aetu
(0-14 net) nonyyanu UHTEHCUBHYO Ga3dy NPOTUBOTY6EPKYNE3HOI XMMUOTEpanuu KOM6MHaLMeit 3-4 npoTueo-
Ty6epKynesHbIx npenapaTtoB. Pe3ynbTaTel. PETPOCNEKTUBHBIN aHaNN3 NoKasar, YTo HexenatesbHble N060YHbIe
peakuuu otcytcTBoBanu y 56 (38,3%) feTeil, annepruyeckue peakuuu Haénwoganuch y 32 (21,9%), Tokcuko-
annepruyeckue y 22 (15,1%), Tokcudeckue y 36 (24,7%) neteii. B npocnekTuBHOM nccnegoBaHum 50 feTsM Bbl-
NOJIHEH TeCT akTuBaLnuu 6a3odnnoB MeTOAOM NPOTOYHOI LLUTOMETPUN Ha Te Npenapatbl, KOTOPble OHU NOAyYanu
(B uenom 196 TectoB). BONbWKUHCTBO TECTOB aKTMBaLMN 6a30(NNOB BbINONHEHbI HA NpenapaThl NepBOro psja
(u30HMa3ng, pupamnuuuH, aTaméyTon, nupasmHamug — 178 (90,8%), Ha npenapatbl BToporo psiga — 18 (9,2%)).
N3 196 TecToB NONOXUTENbHbIA pesynbTaT ganu 38 (19,4%). Pe3ynbTaTbl TECTOB COMOCTABJIEHbI C KNNHUYE-
CKMMMU MPOSIBNEHNUSIMU HEXENaTeNbHbIX MO6OYHbIX peakLuii B Tpex rpynnax nauuneHTos: | rpynna — 18 geteit ¢
annepruyeckuMmn n TOKCUKO-annepriuyeckumMm peakLmsaMm Ha npoTUBOTy6epKynesHble npenapatsl, Il rpynna —
14 nauneHTOB ¢ TOKCMYeckuMm peakuuamu, |l rpynna — 18 geteit 6e3 HexenaTenbHbix peakyuid. B 1 rpynne gons
NauueHTOB C NONOXMTENbHbIM Pe3ynbTaToM TecTa akTuBauun 6azodunos (Ha 1 unan 2 npenaparta) cocTaBuna
94,4%, uTo Bbllwe, yeM Bo |l rpynne — 71,1% u 3HaunTeNbHO Bbilwe, YeM B Il rpynne — 16,7% (P <0,05; x?=54,9).
3aknioyenme. [lokaszaHOo 3HaYeHNe TecTa akTUBaLMN 6a30hNUNOB B NPOrHO3MPOBAHMM annepruyeckux u TOKCUKO-
annepruyeckux peakumii u onpefeneHun npenapata — BUHOBHMKA HEXeNaTeNlbHbIX MOGOYHbIX peakuuin npu
KOMOGWHMPOBAHHOM XMMUOTEpanuu.

KNIOYEBDBIE CJIOBA: getu, xummuotepanusa TybepKysesa, alnepruyeckne HexenaresbHble N060YHbIE peakyuy,
TecT akTusayuu 6a3opuios
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INTRODUCTION

Monitoring of tuberculosis epidemic situation in the
Russian Federation has shown that after a decrease in
incidence in children 0-14 years of age in 2013-2020,
the indicator stagnates at 6.7 per 100,000 in the fol-
lowing years [1], which requires increased attention
to all aspects of pediatric tuberculosis, including its
treatment [2].Undesirable adverse reactions (UARs) re-
sulting from the use of antituberculosis drugs (ATDs)
in children can significantly complicate the course of
tuberculosis chemotherapy and reduce its effective-
ness [3, 4]. UARs for antituberculosis drugs in children,
as well as adults, are divided into toxic, allergic, and
toxic-allergic ones according to mechanisms of origin
[5, 6].

Toxic UARs are organ-specific and depend on the
dose, structure and metabolism which is specific for
each TB drug. For example, isoniazid, cycloserine, pro-
thionamide have toxic effects on the nervous system;
aminoglycosides are ototoxic and nephrotoxic, many
ATDs have hepatotoxic effects, etc.

Allergic UARs are hypersensitivity reactions. They
can occur with any TB drug, regardless of the dose.
From a practical point of view, it is difficult to identify
the drug that caused an allergic reaction in combination
chemotherapy, and it is often necessary to cancel all
drugs.

Toxic-allergic adverse reactions occur when an al-
lergic state develops, which is accompanied by a vas-
cular reaction, enzymatic and biochemical shifts that
aggravate the toxic effect of drugs on organs and tis-
sues.

According to literature data, allergic adverse re-
actions during TB treatment in children account for
20-30% [7], while toxic and toxic-allergic reactions
predominate. However, some studies emphasize the
high frequency of adverse reactions of allergic genesis
(50.5%) is a peculiarity of childhood [8]. Allergic reac-
tions are often manifested by isolated eosinophilia, as
well as skin reactions in the form of rashes and itching,
are often systemic, and may be accompanied by organ
damage, fever [9]. Therefore, they are often treated as
toxic-allergic and toxic, thus, it is not possible to identi-
fy the allergic factor in the development of UARs using
routine methods.

170 2024

ORIGINAL PAPERS

The main method of drug allergy detection is phar-
macological anamnesis, but it is usually difficult to ap-
ply it in newly diagnosed tuberculosis patients. Taking
into account multicomponent chemotherapy regimens
for tuberculosis, it can be quite difficult to identify the
drug responsible for drug allergy [10]. The methods of
recording allergic reactions to ATDs are underdeve-
loped and there are few studies based on the general
principles of drug allergy diagnosis [11]. In vivo tests —
patch-test [12], provocation test [13] — can cause ag-
gravation of allergic reactions up to life-threatening
conditions, which is why their use is limited. The ad-
vantages of in vitro tests over in vivo diagnostic tests
are their safety, as well as the possibility to test several
drugs simultaneously [14]. Allergic reactions to ATDs
have been determined by lymphocyte blast-transfor-
mation reaction (LTR), initially by staining smears with
azur-2-eosin [15, 16], and in later studies the prolifer-
ative activity of lymphocytes was determined by the
incorporation of H3-thymidine into cell DNA [17, 18].
The method did not find further application in phthisia-
tric practice. One publication mentions the use of leu-
kocyte agglomeration reaction to detect allergy to ri-
fampicin and kanamycin [19]. In order to diagnose drug
allergy to some antibacterial drugs, the determination
of allergen-specific IgE antibodies to the corresponding
allergens is used. However, kits for the determination
of specific IgE are only available for a limited number
of drugs, including amoxicillin, ampicillin, cefaclor, and
penicillin [20]. In addition, only IgE-mediated allergy is
detected using allergen-specific IgE antibodies, where-
as it can be caused by different mechanisms (IgE-me-
diated and non-IgE-mediated) [21].

The basophil activation test (BAT) is a promising
and sought-after method of allergy diagnosis, which
makes it possible to detect a reaction to any drug. The
great advantage, especially in comparison with dia-
gnostic tests of allergen-specific IgE determination, is
that BAT evaluates both IgE-dependent and IgE-inde-
pendent mechanisms of allergy [22-25]. The basophil
activation test is based on the contact of allergen with
various receptors on the basophil membrane (inclu-
ding the IgE-FceRI complex) with activation of a range
of enzymatic reactions [26]. Activation of basophils
leads not only to the release of soluble mediators, but
also to the expression of activation markers — CD63
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and CD203c — on the membrane, which are taken into
account using flow cytofluorimetry [27, 28]. When diag-
nosing drug allergy to some antibiotics in patients, the
sensitivity varies from 33 to 67%, and the specificity of
this method varies from 79 to 100%, which indicates
that it is promising, according to a number of authors
[14, 29, 30].

AIM

To determine the frequency and nature of allergic
UARs during chemotherapy of tuberculosis in children,
to substantiate the method of their laboratory diagnos-
tics.

MATERIALS AND METHODS

The study is cohort, retrospective and prospective.
It covered the period from 2018 to 2024. The study was
carried out on the basis of the tuberculosis department
of the St. Petershurg State Budgetary Institution “Child-
ren's Infectious Diseases Hospital No. 3" (DIB NO. 3).
Overall, 196 children with active forms of respiratory
tuberculosis were included.

Inclusion criteria were: presence of active respirato-
ry tuberculosis; full intensive phase (IP) of chemothe-
rapy (CT) in the pediatric tuberculosis department; ab-
sence of parasitic invasions. Exclusion criteria: inactive
tuberculosis or latent tuberculosis infection; leaving
the hospital before the end of IP chemotherapy; para-
sitic invasions detected before or during treatment. The
age of children varied from 0 to 14 years inclusive. Girls
constituted 106 (54.1%), boys — 90 (45.9%). Children of
early age (from 0 to 3 years) accounted for 31 (15.8%),
from 3 to 7 years — 84 (42.8%), from 8 to 14 years — 81
(41.4%).

The research was conducted in two stages. The first
stage (retrospective) included the analysis of archived
case histories of 146 children for 2018-2021 in order
to determine the number of all ARDs when taking ATD.
The frequency and spectrum of reactions caused by al-
lergic and toxic-allergic mechanisms were defined. The
second stage (prospective) involved the observation of
children (50 patients) during the course of the study,
recording UARs and performing the basophil activation
test.
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Patients were examined according to the Clini-
cal Recommendations that were relevant for the pe-
riod of the study [31]. Examination was conducted
before the administration of chemotherapy (CT) for
tuberculosis and in the course of dynamic follow-up.
It included: anamnesis collection (epidemiological,
social, allergological, pharmacological ones); phy-
sical examination methods, standard clinical and
biochemical blood and urine tests, chest computed
tomography, immunodiagnostics using Mantoux test
with 2 units and test with recombinant tuberculosis
allergen (RTA, Diaskin-test). Bacteriological studies
aimed at detection of Mycobacterium tuberculosis
(MBT) included sputum smear microscopy (or bron-
choscopy), molecular genetic methods of pathogen
detection, culture on dense and liquid growth-sup-
porting microenvironment. Fibrobronchoscopy and
test for interferon-gamma induction by MBT antigens
(TB-Feron test) were performed when indicated. Trip-
le stool tests for helminth eggs and parasites were
performed. All children underwent electrocardio-
graphy (ECG) and pulmonary function tests. In the
course of chemical treatment, a clinical blood test,
urine analysis, extended blood biochemical analy-
sis with determination of alanine and asparagine
transaminases (ALT and AST), bilirubin, uric acid
and other indices of liver and kidney function were
performed once a month (more often if indicated) to
monitor possible UARs to the drugs.

The basophil activation test via flow cytometry was
used as a special method for diagnosing sensitization
to drugs. BAT with drugs was performed within 2 hours
from the moment of blood collection in vacutainers
with lithium heparin. Allergenicity kit (Beckman-Coul-
ter) was used to perform the test by flow cytometry.
According to the instructions for the test system,
the basophil population was detected in a multicolor
protocol with multistage gating using monoclonal an-
tibodies to CD3, CD294, CD203c. Cell activation was
assessed in vitro based on the increase in CD203c ex-
pression after drug stimulation. The technique of ba-
sophil activation test (BAT) was as follows [32]. Since
tested TB drugs were in tablet form (except amikacin),
a contact aqueous solution based on the drug and dis-
tilled water was used. Supernatant from the prepared
drugs was used at a dilution of 1:25 in relation to the
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patient's blood sample. Presence/absence of sensiti-
zation to drugs in BAT was determined on the basis of
basophil activation index with a threshold value of 1.1.
The basophil activation index is the ratio of the num-
ber of activated basophils in the sample with allergen
to the number of these cells in the sample with buffer
solution.

All 50 children included in the prospective study
got through BAT for those drugs, which they received
according to the regimen of ChT, in order to diagnose
sensitization of the organism to antituberculosis drugs.
The study was performed 2 weeks after the therapy had
started. 46 out of 50 children were tested for sensitiza-
tionto 4 drugs and 4 children —to 3 drugs. The follow-up
period lasted for 2 months. ChT prescription, monito-
ring and evaluation of possible adverse reactions were
performed according to the Federal Clinical Guidelines
“Tuberculosis in Children” (2018, 2020, 2022).

Statistical processing. The database was composed
in Excel 2010 program (Microsoft Office). Differences
between relative values were determined using the
Pearson ¥? criterion in STATISTICA 6.1. The generally
accepted confidence level of 95% (p <0.05) was con-
sidered. The odds ratios (ORs) for the development of
UARs and their 95% confidence interval (95% CI) were
determined.

The study was approved by the local ethical com-
mittee of the St. Petersburg State Pediatric Medical
University, conclusion No. 06/04 dated 02.12.2021.

RESULTS

The retrospective study revealed that 146 children
who received inpatient TB treatment in 2018-2022 had
the following clinical forms of the disease: intratho-
racic lymph node tuberculosis (ITNT) — 103 (70.5%),
primary tuberculosis complex (PTC) — 35 (24.0%), infil-
trative TB- 5 (3.4%), focal TB — 2 (1.3%), disseminated
TB — 1 (0.7%). Only 2 children had their own bacterial
excretion (MBT sensitivity to ATDs was preserved), so
chemotherapy regimens (ChTR) were prescribed on
the basis of information about the MBTs of an adult
patient with whom the child was in contact. Standard
I/l chemotherapy regimens consisting of four main
ATDs (isoniazid, rifampicin, ethambutol, pyrazinamide)
were given to 124 children (84.9%). If multidrug-resis-
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tant (MDR) MBT was found, children were treated with
IV ChTR (22 (15.1%) children in total). A combination
of 4-5 ATDs was administered as part of IV ChTR
(22 children), taking into account the source MBT resis-
togram. 56 (38.3%) out of 146 examined children had
no adverse effects during therapy, while the remaining
90 children had adverse effects, the spectrum of which
is shown in Figure 1.

Thus, three types of adverse reactions to TB drugs
could be distinguished.

Allergic reactions were observed in 32 (21.9%) chil-
dren. Isolated eosinophilia prevailed — 26 (81.2%). It
constituted 7-10% of cells in the leukocytic formula
(up to 500 cells in pl of blood) — in 15 people, 10-19%
(500-1500 cells in pl) — in 8 people, 20% and more
(more than 1500 cells in pl) — in 3 people. In addition
to isolated eosinophilia, it was combined with other
manifestations of allergy (skin rashes, bronchospasm,
rhinitis, conjunctivitis) in 4 (12.5%) children. Cutaneous
allergic reactions (urticaria, pruritus) without eosino-
philia occurred in 6.3% (2 people).

Toxic-allergic reactions occurred in 22 (15.1%) pa-
tients. Allergic symptoms in the form of eosinophilia
were combined with dysfunction of various organs.
Increased serum levels of liver enzymes (alanine
aminotransferase (ALT), aspartate aminotransferase
(AST)) were additionally observed among 13 (59.1%)
children. 4 (18.3%) patients had elevation of uric acid.
Increased levels of enzymes combined with hyperu-
ricemia was observed in 5 (22.7%) patients. Elevation
of liver enzymes up to 1.5 norms was observed in

Annepruyeckre nobouHble
peakumu / Allergic adverse
reactions

21,9%

B TOKCUKO-aAAepruyeckme
nobouHble peakuun / Toxic-
allergic adverse reactions

38,3%

Tokcuueckue noboyHble
peakumn / Toxic adverse
reactions

24,7%
HeT no6ouHbIX peakuui /
No advers reactions

Fig. 1. Structure of adverse reactions during tuberculosis
chemotherapy in 146 children

Puc. 1. CTpykTypa HexeAaTeAbHbIX MOOOUYHbIX peakLmMi npu
Xxumuotepanuun Tybepkynesa y 146 petein
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6 (27.2%), from 1.5 to 3 norms — in 4 (13.6%), over
3 norms —in 3 (9%) children. In addition to these labo-
ratory shifts, some of these children had clinical symp-
toms in the form of skin manifestations (urticaria,
dermatitis, itching) — 4 children (18.2%), joint pain —
1 (4.5%), dyspeptic phenomena (vomiting, nausea,
abdominal pain) — 5 (22.7%), central nervous system
manifestations — 4 (18.2%) (sleep disturbance — 1,
photophobia — 1, hyperexcitability — 1, auditory hallu-
cinations — 1).

Toxic reactions without allergy manifestations
were registered in 36 children (24.7%). Elevation of liv-
er enzymes was the main manifestation of toxic UARs,
it was found in all children of this group 36 (100%).
Liver hyperfermentemia was combined with hyper-
uricemia in blood biochemical analysis in 17 (47.2%)
cases, dyspeptic phenomena —in 10 (27.7%) children,
neurotoxic reactions —in 4 (11.1%) patients, one case
each — nest alopecia, color perception disorders,
nosebleeds.

All UARs were reversible on the background of
symptomatic treatment, however, temporary withdra-
wal or replacement of drugs was required in allergic
UARs in 8 (25.0%) cases, in toxic-allergic reactions — in
10 (45.5%) cases (P <0.05).

Thus, the retrospective analysis allowed us to con-
clude that the allergic mechanism is significant in the
development of adverse reactions during chemothe-
rapy of tuberculosis in children, since purely toxic UARs
without allergic manifestations were less frequent
(24.7%) than reactions with clinical and laboratory
signs of increased sensitization to the drugs, which
were observed in 37% of children. Among them, aller-
gic reactions were registered in 21.9% of children and
toxic-allergic reactions in 15.1%. Development of labo-
ratory tests allowing to determine the level of sensiti-
zation of a child's organism to TB drugs is in demand
in clinical practice. The prospective part of the study is
focused at solving this problem.

50 children participating receiving intensive phase
of chemotherapy in 2022-2023 were diagnosed with
the following clinical forms of tuberculosis: uncompli-
cated intrathoracic lymph node tuberculosis (ITNT) —
17 (34.0%), complicated ITNT — 13 (26.0%), primary
tuberculosis complex (PTC) — 9 (18.0%), infiltrative
TB — 2 (4.0%), focal TB — 3 (6.0%), disseminated
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TB — 4 (8.0%), tuberculous pleurisy — 2 (4.0%). The
structure of complicated ITNT (26.0%) included: foci
of dropouts in the lung tissue — 10 (20.0%), bronchi-
al tuberculosis 2 (4.0%) and bronchopulmonary le-
sions — 1 (2.0%). The vast majority of children — 45
(90.0%) — received I/11l ChTR, which included the main
1st-line TB drugs (isoniazid, rifampicin, ethambutol,
pyrazinamide). In isolated cases, Il ChTR (in case MBT
was resistant to isoniazid, 2 children), and IV ChTR
(in case of multidrug-resistant MBT, 3 children) were
prescribed; these regimens included reserve TB drugs
prescription in accordance with the current clinical
recommendations.

Analysis of chemotherapy tolerance showed that
only 18 (36.0%) children had no UARs. 7 (14.0%) chil-
dren developed allergic UARs, 11 (22.0%) had toxic-al-
lergic UARs and 14 (28.0%) suffered from toxic UARs.
Other reasons for allergic reactions (except TB drugs)
were excluded according to the anamnesis, clinical
and laboratory data obtained by the moment of the re-
search. Thus, the ratio of UARs types in the prospective
study coincided with the retrospective one. 50 children
were divided into three groups according to the pre-
sence or absence of UARs.

* Group | (18 (36.0%)) — children with allergic
and toxic-allergic reactions to the drugs admi-
nistered;

* Group 11 (14 (28.0%)) - children with toxic reactions
without allergic manifestations;

* Group II1 (18 (36.0%)) - children without undesirable
adverse reactions to the drugs.

Clinical and laboratory manifestations of UARs in
children of groups | and Il are presented in Figures 2
and 3.

The number of BATs performed as well as their re-
sults are presented in Table 1. A total of 196 tests were
performed, mainly for 1st-line drugs — 178 (90.8%), in
isolated cases for 2nd-line drugs — 18 (9.2%) (for child-
ren receiving Il and IV RCTs). Positive results of BAT
(presence of sensitization to drugs) were obtained in
38 tests out of 196 (19.4%). The most frequent positive
BAT results were for rifampicin (23.9%) and ethambutol
(23.4%), while isoniazid (9.3%) was the least frequent
(Table 1).

20 patients (40.0%) out of 50 children tested
had negative BATs for all drugs taken. There were
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D03UHOPUAMSA U CbIMb /
Eosinophilia and rash

Cbinb 6e3 303MHOGUAUK /
Rash without eosinophilia

M3oAnpoBaHHasa 303MHOGUAUA /
Isolated eosinophilia

J03MHODUAUS U HapyLLEHWE LBETOOLLYLLEHNSA /
Eosinophilia and color vision impairment

J031MHOUAUS, apTPaATUA U TMNEPYypUKeMuUs /
Eosinophilia, arthralgia and hyperuricemia

J03UHOPUAKS U NeYeHoUKana runepbepmeHTeMus /
Eosinophilia and hepatic hyperenzymrmia

0
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2 4 6 8

Fig. 2. Manifestations of allergic and toxic-allergic advers reactions to antituberculosis drugs, | group of children (n=18)

Puc. 2. [poABAEHUA aAAePrUUECcKUX U TOKCUKO-aAAEPrMUECKUX MOBOYUHBIX PeakLMii Ha NPOTMBOTYBEpKyAE3HbIe Npenaparh,

| rpynna aeten (n=18)

Tpomb6ouuntoneHus / Thrombocetopenia H 1

TowHota / Nausea

ApTpaarus, runepypukemus / Arthralgia, hyperuricemia _ 4

0

1 2 3 4 5 6 7

Fig. 3. Manifestations of toxic advers reactions to antituberculosis drugs, Il group of children (n=14)

Puc. 3. MposiBAEHUS TOKCMUECKUX NMOBOUHbIX peakLmMit Ha NpoTMBOTYBepKyAe3Hble npenaparthl, Il rpynna aeten (n=14)

30 (60.0%) children with positive BAT results, including
BAT positive to one drug in 22 cases (44.0%) and posi-
tive to two drugs (8, or 16.0%).

When analyzing the results in three groups (Fig. 4),
it turned out that negative BATs were significantly more
frequent in Group IIl (without UARs). It amounted to
15 children (83.3%, P <0.05), Group | demonstrated a
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negative BAT test in 1 child (5.6%) and Group Il —in 4
(28.6%) children. Accordingly, group Ill was significant-
ly less likely to have positive BATs to both one and two
ATDs (P <0.05). Group | which consisted of children
with allergic and toxic-allergic reactions to antitubercu-
losis drugs, included 94.4% children with positive BATs
(to one or two drugs), which was higher than in group II
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Table 1. Results of testing sensitization to antituberculosis drugs using the basophil activation test

Tabauua 1. Pe3ynbTaTbl TECTUPOBAHUS CEHCMOUAM3ALMK K NPOTUBOTYBEPKYAE3HbIM NpenapataM MeTOAOM TECTa aKTu-

BaLMK 6a30dUAOB

Mpenapat / Drugs KonnuectBo YKUCAO MONOXKUTEABHbIX AOAsl NTOAOXKUTEABHbIX
TECTUPOBaHUM / pe3ynabTaToB / pesyabTaToB, % /
Number of tests Number of positive results | Percentage of positive

results, %

N30HKWa3na / 43 4 9,3

Isoniazid

Pudamnuumt / 46 11 23,9

Rifampicin

MupasuHamup / 48 10 20,8

Pyrazinamide

JrambyTon / 41 10 23,4

Ethambutol

AMuKaumH / 7 2 28,6

Amikacin

NeBOpAOKCaAUUH / 4 1 25,0

Levofloxacin

LlmknocepuH / 2 0 0

Cycloserine

MapaamuHocanMUMAOBas KUCAOTaA / 2 0 0

Para-aminosalicylic acid

A1MHE30Anp / 2 0 0

Linezolid

MpoTtuoHamup / 1 0 0

Prothionamide

Bcero / Total 196 38 19,4

(toxic UARs only) with 71.1% of positive BATs (P=0.07;
x?=3.3) and significantly higher than in group Il (with-
out UARs) where positive BAT was observed in 16.7% of
children (P <0.05; x2=54.9).

When comparing the number of positive tests for
individual drugs, it was found (Table 2) that group |
had the most frequent positive tests for ethambutol
42.9% (6 out of 14 tests were positive) and rifampicin
35.3% (6 out of 17 tests were positive). Positive BAT
for pyrazinamide was the most frequent (46.2%) in
group Il. It should be noted that positive BAT results
in group with no UARs were observed in 5.6% (4 posi-
tive tests out of 70), which is significantly rarer com-
pared to both group I (31.4%, P <0.05) and group Il
(21.4%, P <0.05).

0dds ratio (OR) of UAR development was calcu-
lated in group | (18 children) (reactions presented)
and group 11 (18 children) (no UAR) in order to study
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the prognostic value of BAT for allergic (allergic and
toxic-allergic) UAR development. Calculation of the
odds ratio (Table 3) showed that a positive BAT test
in a child resulted in an 85-fold higher chance of cli-
nical and laboratory manifestations of allergy (confi-
dence interval 7.9-906.8). Since the lower limit of the
95% confidence interval is greater than 1, this result
is reliable.

The sensitivity and specificity calculation of the
test in predicting allergic manifestations showed the
following results. Group | (18 children) which con-
sisted of children with clinical manifestations of al-
lergic and toxic-allergic reactions to TB drugs had
positive basophil activation test in 17/18 children, i.e.
94.4% sensitivity of the test. Group Ill (18 children) did
not have clinical manifestations of allergic reactions to
TB drugs. The basophil activation test in the 3rd Group
was negative in 15/18 children, or 83.3% specificity.
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Fig. 4. Proportion of children with positive and negative basophil activation test results in three patient groups

Puc. 4. NoAsi pETEN C MOAOXKUTEABHBIMU M OTPULIATEABHBIMI PE3YAbTATAMM TeCTa akTMBaLMK 6A30GUAOB B TpEX rpynnax
nauuMeHToB

Table 2. The proportion of positive results of the basophil activation test in groups of children

Tabauua 2. \OAA NMOAOXUTEAbHbIX PE3YALTATOB TECTa akTMBaLMKU 6a30PUAOB B rpynnax AeTen

Mpenapat / Drugs | rpynna / | group | Il rpynna / Il group | Il rpynna / 11l group

N3oHmnaszua / 3/14 1/13 0/16

Isoniazid (21,4%) (7,7%) (0%)

PudamnuumH / 6/17 4/13 1/16

Rifampicin (35,3%) (30,8%) (6,3%)

MupasnHamua / 4/17 6/13 0/18

Pyrazinamide (23,5%) (46,2%) (0%)

AtambyTon / 6/14 1/13 3/14

Ethambutol (42,9%) (7,7%) (21,4%)

AMUKauuH / 2/3 0/2 0/2

Amikacin

NeBodroKcaumH / 1/2 0/1 0/1

Levofloxacin

LmknocepuH / 0/1 - 0/1

Cycloserine

MapaamuHocanmumaoBas Knucaota / 0/1 - 0/1

Para-aminosalicylic acid

AuHe3onnp / 0/1 - 0/1

Linezolid

MpotnoHamup / - 0/1 -

Prothionamide

Bcero /Total 22/70 12/56 4/70
(31,4%) (21,4%) 5,6%

Pyn=0,17; P.,= 0,00008;
x?=1,89 x?=15,5
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Table 3. The odds ratio of developing allergic and toxic-allergic reactions depending on the results of the basophil

activation test

Tabauua 3. OTHOLIEHWE LIAHCOB Pa3BUTUA AAAEPTUUYECKUX U TOKCUKO-aAAEPrMYECKUX peakuui B 3aBUCUMOCTHM

OT Pe3yAbTaToB TecTa akTuBaLun 6a3odpuAoB

Fpynna nauuMeHToB / PesynbTathbl TECTa aKTUBaUUKU Bcero/ | OTHOLWEHME LIAHCOB

Patient group 6a3odunoB (uucno petent) / Total (95% poBepUTEAbHbIN
Basophil activation test results UHTEpBanA) /
(number of children) Odds ratio
MOAOXKMUTEAbHbIN / | OTPULLATEABHbIN (95% confidence
positive negative interval)

| rpynna 17 1 18 85,0

(annepruyeckue 1 TOKCUKO-aAAEPTUYecKme (7,9-906,8)

peakumn) /

| group

(allergic and toxic-allergic reactions)

Il rpynna 3 15 18

(HexenaTeAbHble NoBOYHbIE peakumn

OTCYTCTBYIOT) /

Il group

(advers reactions are absent)

However, specificity may increase with extended fol-
low-up time, as sensitization does not always manifest
itself with allergic reactions.

CASE HISTORY 1

Girl S., 13 years old. She was treated as an inpa-
tient at the St. Petershurg State Budgetary Health-
care Institution “Children's Infectious Diseases Hos-
pital No. 3" in 2023 with the diagnosis “Right-sided
exudative pleurisy of tuberculous etiology, MBT (-)".
Allergological anamnesis was calm. She was treated
according to Ill chemotherapy regimen with a stan-
dard set of first-line antituberculosis drugs (isonia-
zid, rifampicin, ethambutol, pyrazinamide). At the
start of tuberculosis chemotherapy, there were no
clinical and laboratory manifestations of allergy, as
well as liver function abnormalities. One month af-
ter the start of anti-tuberculosis chemotherapy, the
appearance of eosinophilia up to 10% (650 cells in
1 pl) in the clinical blood test (initial index 3% (195
cells in 1 pl)) was noted during routine control exam-
ination. Simultaneously blood biochemical analysis
showed an increase of ALT up to 227 units/I (more
than 4 times higher than normal) and AST up to 292
units/I (more than 5 times higher than normal), which
is an indication for cancellation of antituberculosis
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treatment.TB drugs were cancelled, detoxification
therapy, antihistamine therapy, sorbents were pre-
scribed to the child. A basophil activation test was
performed, which was positive for two anti-TB drugs.
The basophil activation index for isoniazid was 1.4
(N 0-1.1), basophil activation index for ethambutol
3.6 (N 0-1.1). Basophil activation index was negative
for the rest of the drugs. According to the results of
the research, the culprits that caused toxic-allergic
reactions were identified, and chemotherapy was re-
sumed by replacing ethambutol with amikacin. It was
decided to preserve isoniazid since it was highly im-
portant in the treatment regimen. The antibiotic the-
rapy was covered by courses of desensitizing thera-
py. The course of anti-tuberculosis therapy ended
effectively with the clinical recovery of the child.

CASE HISTORY 2

A qirl Ch., 4 years old. She was hospitalized at the
St. Petersburg State Budgetary Healthcare Institution
“Children's Infectious Diseases Hospital No. 3" in 2023
with the diagnosis “Tuberculosis of intrathoracic lymph
nodes of the bronchopulmonary group on the left side
in the phase of incomplete calcification, MBT (-)". The
patient had a allergic reactions to nuts, which mani-
fested as skin rash and itching. There were no allergic
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manifestations at the time of admission to the hospital.
She underwent a standard examination by specialists,
including an ophthalmologist; no visual disturbances
were detected. She was treated according to the llI
regime of chemotherapy (isoniazid, rifampicin, eth-
ambutol, pyrazinamide). One month after the start of
treatment, the clinical blood test showed 9% (450 cells
in 1 pl) eosinophils, other parameters were normal. Bio-
chemical blood test showed ALT up to 69 units/I (slight
increase) and AST up to 51 units/I (upper limit of norm).
The child was tested for all TB drugs taken. A positive
result was obtained for two drugs: basophil activation
index for rifampicin 1.4 (N 0-1.1), basophil activation in-
dex for ethambutol 2.0 (N 0-1.1). At the same time oph-
thalmologist revealed a typical toxic reaction to etham-
butol in the form of impaired color perception. Taking
into account high sensitization to ethambutol in combi-
nation with its characteristic toxic effect on vision, this
undesirable adverse reaction was considered as toxic-
allergic effect of ethambutol. The drug was cancelled
for the whole period of treatment. Taking into account
the positive BAT for rifampicin, hepatoprotective thera-
py and courses of antihistamines were intensified, and
its use was continued. Further treatment was completed
successfully without UARs.

Thus, the high-tech basophil activation test is a mi-
nimally invasive, safe, informative method in determi-
ning undesirable adverse reactions by detecting hidden
sensitization to antituberculosis drugs. It allows to
effectively predict undesirable adverse reactions and
identify the culprit drug. The use of minimally invasive
and safe diagnostic methods is especially relevant in
pediatric practice. Such laboratory diagnostics is avai-
lable for any specialists, it does not require a large num-
ber of additional laboratory and instrumental studies.

Comprehensive diagnosis of allergic conditions, in-
cluding the use of pathogenetically determined labora-
tory methods, will contribute to adequate treatment and,
consequently, to the improvement of public health.

CONCLUSION

1. A cohort retrospective study including 146 children
undergoing the intensive phase of tuberculosis chemo-
therapy in 2018-2021 found that undesirable adverse
reactions with an allergic component were observed

ORIGINAL PAPERS

in 37.0% of children, including allergic ones in 21.9% of
children and toxic-allergic ones in 15.1% of patients.

2. The basophil activation test makes it possible to
determine sensitization to the main TB drugs. Allergic
and toxic-allergic reactions were most often sensitized
to rifampicin (35.3%) and ethambutol (42.9%). In to-
xic reactions, sensitization to pyrazinamide was more
common (46.2%).

3. Calculation of the odds ratio of allergic and tox-
ic-allergic reactions showed that a positive basophil ac-
tivation test increases the chance of their occurrence
by 85 times.

4. The basophil activation test has high sensitivity
(94.4%) and specificity (at least 83.3%), it is a valuable
and promising method of determining the sensitization
to antituberculosis drugs, allowing to prevent the deve-
lopment of undesirable adverse reactions caused by aller-
gy. It is particularly useful in difficult cases when there is
poor tolerance to chemotherapy and it is hard to identify
the culprit drug causing undesirable adverse reactions.
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AOMOAHUTEAbHAA UHOOPMALIUA

Bknap, aBTopoB. Bce aBTOpbl BHECNU CYLeCTBEH-
Hblil BKJ1aZ B pa3paboTKy KOHLeNLuu, NPOBEAEHNE UC-
Cefi0BaHMsA U NOATOTOBKY CTaTby, MPOYN U 0806pK-
N1 GUHaNbHYO Bepcuto nepes ny6nukavuen.

KoHdpnukT MHTepecoB. ABTOpPbI LEeKNapupyT oT-
CYTCTBME SIBHbIX M NOTEHLMANbHbIX KOHIMKTOB UHTe-
PECOB, CBSI3aHHbIX C Ny6AMKALMEN HACTOALLe CTaTbu.
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NcTounuk puHaHcupoBaHus. ABTOpbI 3a9BNSAIOT 06

OTCYTCTBUW BHEWHEro GMHaHCUPOBAHUA NpK NpoBe-
JEeHUN UCCNeAoBaHus.

UudopmupoBaHHoe corsacue Ha nybauKaumio.

ABTOpr nonyynnn nNnnCbMeHHoe cornacue 3akKOHHbIX
Flpep,CTaBVITeﬂeVI nayneHToB Ha ny6m4|<aumo mMeann-
LUWHCKUX faHHbIX.
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ABSTRACT. Introduction. Research conducted in recent years indicates negative trends in physical development
indicators of the country’s younger generation, but there is not enough data on the growth and development of
children and adolescents in the Republic of Tyva. The purpose of the study is to assess physical development and
the objectivity of its perception by adolescents of the titular nationality of Tyva. Materials and methods. The study
involved 509 schoolchildren aged 15-17 years who permanently reside in the capital (Kyzyl) and settlements in the
regions (kozhuuns Baryyn-Khemchik, Bii-Khem, Mongun-Taiga, Tandy and Kyzyl) of the republic. The study included
an assessment of the level of physical development, characteristics of nutritional status according to the standards
of “WHO Growth Reference 2007", Self-assessment survey of body weight and body composition. Results. It
was revealed that in 71.1-73.6% of adolescents, standing height indicators corresponded to average values.
Height above average was less common (7.5-9.5%) than height below average (16.9-21.4%). Correspondence
of body weight to its length was registered in 64.4-72.9% of schoolchildren; girls more often than boys (p=0.04).
Underweight was detected more often (18.0-19.1%) than overweight (9.1-16.5%). Overweight and obesity were
more often identified in boys than girls (p=0.006). Conclusion. Self-assessment of physical development by
schoolchildren differs significantly from the objective status. Girls are more often dissatisfied with their weight and
physique than boys. Behavior aimed at weight correction is more typical for girls (especially those living in the city).

KEYWORDS: schoolchildren, adolescents, physical development, nutritional status, indigenous population, Republic
of Tyva
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PE3IOME. Beegenne. [poBefieHHbIe B MOCNefHUE rofbl UCCNeA0BaHUSA CBULETENbCTBYIOT O HEraTUBHbIX TeH-
AeHUMAX nokasaTtenen GU3nYecKoro pasBuTMa NoLpacTatoLLero NOKONEHMA CTPaHbl, 04HAKO AaHHbIX O PoCTe
W pa3BUTUM AeTeil 1 NoLPOCTKOB B Pecnybnuke TbiBa HEAOCTAaTOYHO. Ljesib uccnegoBanus — faTb OLEHKY (U-
3MYECKOro pasBUTUS U 06bEKTMBHOCTM €ro BOCMPUATUS NOAPOCTKAMU TUTYNbHOW HaLMOHANbHOCTYU ThIBbI.
Marepuanbi n MeTogbl. B nccnepnoBaHum npuHanu yyactue 509 wkonbHUMKOB B Bo3pacTe 15-17 net, KoTopble
NOCTOSIHHO NPOXMBAOT B cToNMLe (r. Kbi3blN) U HaCENEHHbIX NYHKTax B paiioHax (KOXyyHax bapblblH-XeMuuK,
Bun-Xem, MoHryn-Taitra, Tanapl u Kbi3bin) pecnybnuku. MccnefoBaHne BKNHOYANO0 OLEHKY YPOBHA GU3UYECKOro
pa3BUTHUSA, XapaKTePUCTMKY HYTPUTUBHOrO cTaTyca no HopmaTtueam WHO Growth Reference 2007, aHkeTupoBaHue
M0 CaMOOL|eHKe MaccChbl Tena u Tenocnoxexus. Pesynprarbl. BoisiBneHo, uto y 71,1-73,6% noApoCTKOB MokKa-
3aTenn pocTa CTOS COOTBETCTBOBAMN CPeLHUM 3HaYeHMsIM. POCT Bbllle CpefHMX 3HAYEHWIi BCTPeYancs pexe
(7,5-9,5%), uem pocT Huxe cpepHero (16,9-21,4%). CooTBeTCTBME MaAccChl TENa €ro A/IMHe 3aperucTpupoBaHo
y 64,4-72,9% WKONbHUKOB; Y AEBYLIEK Yalle, YeM Y toHowweii (p=0,04). [edbuunt Macchl Tena BbiBAANCA yalle
(18,0-19,1%), uem noBblweHHas Macca Tena (9,1-16,5%). N36biITouHas Macca Tena 1 0XUPeHUe Yalle onpege-
NANNCH Y toHoLWeR, YeM y aeBylek (p=0,006). 3akmoyenne. CamooLeHKa GU3NYECKOro pasBUTUSA WKObHUKAMK
CYyLLECTBEHHO OT/IMYAETCA OT 06bEKTUBHOIO cTaTyca. Yalle HeyJ0BNEeTBOPEHbI CBOMM BECOM U TEJIOCNOXEHUEM
[EBYILKYM, YeM toHowu. MNoBeaeHe, HanpaBAeHHOe Ha KOPPeKL M0 Beca, B 60/bLUEH CTENEHU XapaKTepHO Ans
AeBylLeK (0COBEHHO MPOXUBAOLMX B FTOPOSE).

KNIOYEBDBIE CJIOBA: wKo/MbHUKYM, MOZAPOCTKM, (U3MYECKOE pAa3BUTUE, HYTPUTUBHbIA CTaTyC, KOPEHHOE
Hacenenne, Pecny6anka TbiBa
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INTRODUCTION

Health state of the younger generation is one of the
benchmarks of socio-economic well-being of both a
particular region and the state as a whole [1, 2]. Sim-
plicity, accessibility and high informativeness of phy-
sical development indicators allow their use in socio-
hygienic and territorial-environmental monitoring of
the health of children and adolescents [3, 4]. The data
published in recent years indicate numerous deviations
in the physical and reproductive health of adolescents,
which creates a certain risk for the demographic and
economic well-being of the country [5, 6].

The Republic of Tyva (RT) is a region of the Russian
Federation characterized by a significant dominance of
representatives of the titular nationality — Tuvinians.
The demographic situation in the republic is also cha-
racterized by high birth rates, mortality, migration and
low urbanization [7, 8]. Earlier studies in Tyva have
revealed the peculiarities of growth, development and
nutrition of schoolchildren [9-12]. However, these data
need to be supplemented in accordance with modern
international methods and trends, which became the
prerequisite for our research.

AIM

To assess the physical development and objectivity
of its perception by adolescents of the Tyva titular na-
tionality.

MATERIALS AND METHODS

509 adolescents aged 15-17 years participated
in the research after signing informed consent. They
were students of public schools of Kyzyl, the capital
of Tyva, as well as settlements in the Bariyn-Khemchik,
Bii-Khem, Mongun-Taiga, Tanndy, and Kyzyl kyuons. All
adolescents surveyed were ethnic Tuvinians, descen-
ded from mono-ethnic marriages. The group of urban
schoolchildren comprised 151 girls and 105 boys, while
133 girls and 120 boys were examined in the districts
of the republic (kojuns). The research included soma-
tometry (height and body weight) and interviewing with
the help of a specially designed questionnaire. A stan-
dardized anthropometric method of V.V. Bunak (1941)
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was used. The requirements of the Research Institute
of Anthropology of Moscow State University (1982)
were taken into account, and medical equipment that
had passed metrological verification was used.

Physical development (PD) was assessed accor-
ding to the World Health Organization (WHO) Growth
Reference 2007 by means of WHO AnthroPlus pro-
gram (anthropometric calculator) [13, 14]. The PD le-
vel was characterized by comparing individual height
indices with age-sex norms. Depending on the num-
ber of standard deviations (SD) that distinguish the
student's height value from the median index, the fol-
lowing variants of PD were identified: “average” (APD;
+18D); “above average” (AAPD; from +1SD to +2SD);
“high” (HPD; more than +2SD); “below average” (BAPD;
from -1SD to -2SD); “low” (LPD; less than -2SD).

Nutritional status was assessed by Kettle's body
mass index (BMI), the value of which was deter-
mined by dividing body weight (kg) by the square of
height (m?). The following variants were identified in
accordance with the compliance of BMI and centile
scale norms: harmonious ratio of body weight and
length (HPD; 15th-85th percentile), malnutrition (MN;
5th-15th percentile), undernutrition (UN; below the
5th percentile), overweight (OW; 85th-95th percen-
tile); obesity (Ob) was registered when BMI value ex-
ceeded the 95th percentile.

During interviewing, schoolchildren were asked to
characterize their body, express the degree of satis-
faction with their weight and body shape; to note the
use of diet and/or other ways to regulate body weight.

Statistical processing of the study material was
carried out by methods of variation statistics using
STATISTICA v.10.0 (StatSoft, USA). The obtained in-
dices are presented as P [CI]%, where P is the percen-
tage, Cl is the 95% confidence interval for the percen-
tage. Significance of intergroup differences in traits
was performed using Pearson's x* test (with Yates
correction). Differences in results were considered
statistically significant at p <0.05.

RESULTS

One of leading indicators of PD is the compliance of
standing height with the norms of age-sex scale. 73.6%
[71.0-76.2] of girls and 71.1% [68.2-74.1] of boys
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showed HPD. Above-average height was less common
(8.4% [6.8-10.0] of girls and 7.1% [5.4-8.8] of boys)
than below-average height (15.1% [13.0-17.2] and
14.7% [12.4-17.0], respectively). Stunting requiring fur-
ther clinical examination was more frequently reported
in boys (6.7% [5.1-8.3]) than in girls (1.8% [1.0-2.6];
p=0.005). There were fewer schoolchildren with high
stature: 1.1% [0.5-1.7] of girls and 0.4% [0.1-0.7] of
boys. Distribution by PD level of senior schoolchildren
living in urban and rural areas is presented in Figure 1.
A statistically significant difference of indicators de-
pending on the place of residence was revealed in boys
with APD (p=0.002) and LPD (p=0.03). Whereas girls'
indicators did not differ significantly.

The majority of participants had body weight that
matched their standing height. Girls were more likely to
have this match (72.9% [70.3-75.5]) than boys (64.4%
[61.2-67.6]; p=0.04). Disharmonic variants of PD due
to body weight deficiency were detected more frequent-
ly (18.0-19.1%) than those associated with increased
weight (9.1-16.5%). The incidence of MN (2.7% [1.6-
3.8]) and obesity (4.5% [3.1-5.9]; p=0.006) was higher
in boys than in girls (1.9% [1.1-2.7] and 0.8% [0.2-1.2],
respectively). The distribution of high school students
by the degree of nutritional status, taking into account
the level of urbanization of their place of residence, is
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presented in Figure 2. HPD was more common in urban
schoolchildren, but statistically significant difference of
indicators was found only in urban residents (p=0.04).
Malnutrition was more frequently revealed in urban high
school children than in their rural peers, but the diffe-
rence of indicators is not statistically significant. Under-
nutrition was registered equally often among urban and
rural boys, but there were more girls with undernutrition
in kojuns than among urban peers (p=0.02). Excessive
body weight was more frequently registered in boys than
in girls, but the difference was statistically insignificant.
BMI indicators corresponding to obesity were found
more often in the group of urban adolescents (p=0.007).
The objectivity of adolescents' perception of their
body is very important for dietary control, prevention/cor-
rection of deviant forms of eating behavior [15-18]. Dis-
tribution of participants by perception of their body is pre-
sented in Table 1. The majority of schoolchildren thought
that their body was normal, boys more often assessed
their body as normal than girls (p=0.01-0.0008), rural ado-
lescents more often than their urban peers (p=0.0002).
Schoolchildren considered their body to be overweight
more often (24.7-12.5%) than thin (10.2-12.4%), which
was more typical for girls than for boys (p=0.04-0.002).
Only females considered themselves as obese, even
though obesity was reported more frequently in males.
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Fig. 1. Characteristics of the level of physical development of adolescents (% [95% CI])
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Table 1. Distribution of schoolchildren according to their body perception options (% [95% CI])

Tabamua 1. PacnpepeneHne WKOAbBHUKOB Mo BapuaHTam Bocnpuatns ceoero tena (% [95% AU])

pynna / Bocnpuatue ceoero tena / Perception of your body
Group oueHb xypoe / | xyaoe / HopManbHoe / | noAHoe / OuYeHb NMoAHOE /
very thin thin normal portly very portly
1. Topoa / City 1,3 7,9 63,6 26,5 0,7
n=151 [0,4-2,2] [5,7-10,1] [569,7-67,5] [22,9-30,1] [0,1-1,2]
? 2. PaioH / District 0 11,3 66,9 18,8 3,0
5 n=133 [8,6-14,0] [62,7-70,8] [15,4-22,2] [1,6-4,5]
§ £ | 3. Bcero/ Total 0,7 9,5 65,1 22,9 1,8
G | n=284 [0,2-1,1] [7,8-11,2] [62,3-67,9] [20,5-25,3] [1,0-2,6]
4. Topop / City 7,6 12,4 63,8 16,2 0
n=105 [5,0-10,2] [9,2-15,6] [59,2-68,4] [12,6-19,8]
- $ | B. PaitoH / District 0 5,8 85,0 9,2 0
5 gﬁ n=120 [3,7-7,9] [81,8-88,2] [6,6-11,8]
2 S |6.Bcero/ Total 3,5 8,9 75,1 12,5 0
Q% |n=225 [2,3-4,7] [7,0-10,8] [72,3-77,9] [10,3-14,7]
Mpumeuanue / Note P, ,=0,01; P,5=0,0008; P,,=0,05; P,5=0,05;
P,5=0,002; P,5=0,0002; P,5=0,03; P,6=0,04
P;6=0,02 P;6=0,01 P;.6=0,002

Table 2 presents the results of schoolchildren's
satisfaction with their body weight. Boys are more
often satisfied with their body weight than girls
(p=0.02), and this is more pronounced in adolescents
living in kojuns (p=0.004). 1/3 of respondents have a
neutral attitude to their weight, no difference in indi-
cators depending on gender and place of residence
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was revealed. Girls expressed dissatisfaction with
their body weight more often than their male peers
(p=0.01); schoolgirls from rural areas are dissatisfied
to a greater extent (p=0.001). Boys from urban areas
were more often very dissatisfied with body weight
among, whereas in rural areas girls were more often
dissatisfied with body weight than their male peers;
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Table 2. Distribution of schoolchildren by satisfaction with their body weight (% [95% ClI])

Tabauua 2. PacnpepeneHne LWKOAbHUKOB MO YAOBAETBOPEHHOCTU Maccol cBoero Tena (% [95% AW])

Ipynna / Group OTHoweHUe K Macce cBoero Tena / Attitude towards your body weight
AOBOAEH / HeWTpanbHOE OTHOLWEeHWEe / | HeAOBOAEH / OYeHb HEAOBOAEH /
happy neutral attitude dissatisfied very dissatisfied
1. Topoa / City 31,8 45,0 21,8 1,4
n=151 [28,0-35,6] [41,1-48,9] [18,5-25,1] [0,5-2,3]
; 2. PanoH / District 24,1 41,3 30,8 3,8
5 n=133 [20,4-27,8] [37,1-45,5] [25,9-34,7] [2,2-5,4]
%‘ £ | 3.Bcero/ Total 28,2 43,3 26,0 2,5
IGE | n=284 [25,5-30,9] [40,4-46,2] [23,4-28,6] [1,7-3,3]
4.Topop / City 35,2 40,9 20,8 31
n=105 [30,6-39,8] [36,1-45,7] [16,9-24,7] [1,4-4,8]
- $ | B. PaitoH / District 40,8 44,2 13,3 1,7
5 So n=120 [36,3-45,3] [39,7-48,8] [10,2-16,4] [0,5-2,9]
© 5 |6.Bcero/ Total 38,2 42,7 16,9 2,2
QL |n=225 [35,0-41,4] [39,4-46,0] [14,4-19,4] [1,3-3,1]
MpumeuaHue / Note P,5=0,004; P,5=0,001;
P;6=0,02 P;6=0,01

Table 3. Distribution of schoolchildren’s satisfaction with their body shape (% [95% CI])

Tabauua 3. PacnpepeneHre LWKOAbHUKOB YAOBAETBOPEHHOCTHU dopMoi cBoero Teaa (% [95% AN])

pynna / Group OTHoweHue K dopme Tena / attitude towards the shape of body
AOBOAEH / HEWTPaAbHOE OTHOLLUEHUE / | HEAOBOAEH / OYeHb HEAOBOAEH /
happy neutral attitude dissatisfied very dissatisfied
1. Topoa / City 36,4 41,0 21,2 1,4
n=151 [32,5-40,3] [37,1-44,9] [17,8-24,6] [0,5-2,3]
; 2. PavioH / District 25,6 48,9 21,8 3,7
5 n=133 [21,8-29,4] [44,6-53,2] [18,2-25,4] [2,1-5,3]
E,‘>§ £ | 3. Bcero/ Total 31,3 44,7 21,5 2,5
JIG | n=284 [28,6-34,0] [41,8-47,6] [19,1-23,9] [1,6-3,4]
4. Topoa / City 32,4 46,7 18,1 2,8
n=105 [27,9-36,9] [41,9-51,5] [14,4-21,8] [1,1-4,5]
- $ | 5. PaiioH / District 25,8 53,3 16,7 4,2
5 Sn n=120 [21,9-29,7] [48,9-57,8] [13,3-20,1] [2,4-6,0]
e S | 6. Bcero / Total 28,9 50,2 17,3 3,6
Q2 |n=225 [25,8-31,7] [46,9-53,5] [14,8-19,7] [2,4-4,8]
Mpumeuanue / Note P,,=0,05

however, the difference of indicators is not statisti-
cally significant.

The distribution of respondents depending on satis-
faction with their body shape is presented in Table 3.
1/3 of schoolchildren are satisfied with their body
shape. Urban teenagers are more often satisfied with
their body shape than those living in villages. Boys are
more often than girls have both neutral and extremely
negative attitude to body shape. Among those dissatis-

CHILDREN’S MEDICINE

fied with body shape there are more girls than boys, but
the difference is not statistically significant.

Interviews clarified their attitude to weight correc-
tion and the use of corrective methods in practice;
the data are presented in Table 4. Behavior aimed at
weight correction is more typical for girls than boys
(p=0.0000), and for urban schoolgirls compared to their
peers living in rural areas (p=0.006). They believe that
body weight does not need correction, so they do not
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Table 4. Distribution of schoolchildren by options for body weight correction (% [95% Cl])

Tabauua 4. PacnpepeneHne LKOAbHUKOB M0 BapuvaHTaM KOppPeKLUMU Macchl Tena (% [95% AU])

Fpynna / Group CobAatopeHUe AUETBI UAM APYTUX METOAOB NO KOPPEKLMU Macchl Tena /
following a diet or other methods to correct body weight
HeT, BeC HOPMaAbHbIW / | HET, HO Xxouy HeT, HO Xouy Aa, NnpumMmeHsto /
no, normal weight CHU3UTb BeC / noBbICUTL Bec / | yes, | do
no, but | want to no, but | want
lose weight to gain weight
1. Topoa / City 46,3 27,1 4,6 22,0
n=151 [42,4-50,2] [23,5-30,7] [2,9-6,3] [18,6-25,4]
; 2. PaioH / District 45,9 32,3 12,0 9,8
5 n=133 [41,6-50,2] [28,4-36,2] [9,2-14,8] [7,2-12,4]
§ 2 3. Bcero / Total 46,1 29,5 8,1 16,3
a6 n=284 [43,2-49,0] [26,8-32,2] [6,5-9,7] [14,1-18,5]
4.Topoa / City 57,1 20,0 18,1 4.8
n=105 [52,4-61,9] [16,1-23,9] [14,4-21,8] [2,7-6,9]
- S 5. PalioH / District 61,7 20,0 14,2 4.1
5 SD n=120 [57,3-66,1] [16,4-23,6] [11,0-17,4] [2,3-5,9]
25 6. Bcero / Total 59,5 20,0 16,0 4.5
SIS n=225 [56,3-62,7] [17,3-22,7] [13,6-18,4] [3,1-5,9]
MpumeuaHue / Note P,5=0,01; P,5=0,03; P,,=0,02; P,,=0,006;
P55=0,002 P,6=0,01 P,,=0,0004; P,,=0,0001;
P;6=0,006 P5=0,0000

follow a diet and/or do not increase physical activity. It
is more common among boys than girls (p=0.002). Girls
would like to reduce their body weight but do not make
efforts to do so more often than boys (p=0.01). Boys
(p=0.006) and girls from rural areas (p=0.02) wanted to
increase their body weight but did not use any correc-
tion methods more often than urban girls.

CONCLUSION

The structure of PD level in the examined schoolchil-
dren shows that the majority (62.5-80.9%) have height
indices that correspond to the average values of inter-
national norms. At the same time, it should be noted
that the proportion of adolescents with below-average
height (16.9-21.4%) exceeds the proportion of peers
with above-average height (7.5-9.5%), which may be
due to both ethnic constitutional features and the in-
fluence of environmental factors. This circumstance
creates prerequisites for further advanced research.

Regional peculiarities of nutritional status were
revealed as well: a share of pupils with body weight
deficiency is rather high (11.2-21.8%). The data co-
incide with the results of a study of schoolchildren in

Erzin kojun (11-27%) [19]. Other studies in school-
children of the Mongoloid race in the Republic of Tyva
(Toora-Khem village, Toju kojun) and the Republic of
Sakha (Yakutia) reported a much lower proportion of
underweight adolescents (1.9-3.9%) [20, 21]. In total,
the proportion of overweight and obese adolescents
in our study is lower (9.1-16.5%) than in Tozhu and
Erzin (13.5-17.6%) [19, 20]. It is necessary to analyze
actual nutrition of adolescents in detail to clarify the
causes of disharmonious physical development.

Schoolchildren's self-assessment of physical de-
velopment differs significantly from our objective cha-
racterization. Girls (28.5%) are more often dissatisfied
with their weight and body shape than their male peers
(19.1%). Girls are more frequently engaged in weight
correction (16.3%; especially those living in the city —
22%) than boys (4.5%). It should be noted that the over-
all proportion of schoolchildren controlling their weight
through diet and/or physical activity is lower than the
proportion of students at Tuva State University [22]. Our
results correspond with the data of other authors, which
also indicate that the proportion of adolescents taking
measures of weight correction is lower than the WHO
recommendation [23, 24].
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Bknapg aBTOpOB. BCce aBTOPLI BHEC/M CYLLECTBEH-
Hblll BKNaj B pa3paboTKy KOHLeNLmMu, NPOBEAEHNE UC-
CnefoBaHWA U NOATOTOBKY CTaTbW, MPOYAM U 0806pU-
nn GuHanNbHY BepPCUIo nepep, nybaunkaumen.

KoH(pnuKT MHTEpecoB. ABTOpPbI AeKNapupyoT OT-
CYTCTBME SIBHbIX M NOTEHLMANbHbIX KOHDIMKTOB UHTE-
pecoB, CBA3aHHbIX C Ny6nnKaLuen HacTosLLEN CTaTby.

WUcTouHuk puHaHcHpoBaHns. ABTOPbI 3aBNAIOT 00
OTCYTCTBWM BHELIHEro GMHaHCUPOBaHMUSA NpK NpoBe-
LEHUMN UCCNeA0BaHMS.

WHdopmupoBaHHoe cornacue Ha nybnukaumio. AB-
TOPbI NONYYMAN MUCbMEHHOE COTIacke aHKeTUPYeMbIX
Ha Ny6NMKaLMIO AaHHbIX.
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ABSTRACT. Introduction. Most modern publications report the formation of an obstructive pattern of external
respiration in children with a combination of bronchial asthma (BA) and obesity, including due to the formation
of dysanapsis in them. However, data on the effect of overweight and obesity on the reversibility of bronchial
obstruction in patients with BA and obesity are rare and contradictory. The aim of the study was to study the effect
of overweight and obesity on the reversibility of bronchial obstruction in children and adolescents with asthma.
Materials and methods. A single-center observational cross-sectional pilot study was conducted. 161 patients
with asthma aged from 8 to 17 years were examined. Anthropometric and spirometric parameters were measured,
z body mass index (BMI), WC (waist circumference)/height, bronchodilation coefficient (BDC) were calculated.
The study participants were divided into two groups: group 1 — with normal body weight (BW), group 2 — with
overweight, obesity. Results. BDC was statistically significantly lower in the group with overweight, obesity,
amounting to 5.57 [1.07; 9.16]% versus 10.20 [3.67; 17.94]%, p <0.001. BDC was statistically significantly lower
in the group with abdominal type of obesity, amounting to 5.83 [1.07; 9.16]% versus 7.67 [3.67; 13.76]%, p=0.034.
Negative correlations were found between BDC and z BMI, WC/height, R=-0.29, p=0.0002, R=-0.31, p=0.004,
respectively. Conclusions. In patients with BA and overweight, obesity, the reversibility of bronchial obstruction
in tests with bronchodilators is lower than in patients with normal BW. This may reflect the formation of a fixed
obstruction component in overweight and obese patients.

KEYWORDS: bronchial asthma, obesity, overweight, spirometry, children
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PE3IOME. BegeHne. B 60nblLIMHCTBE COBPEMEHHbIX Ny6nnKaLunii cooblaeTcs 0 GopMUpoBaHuM 06CTPYKTUB-
HOro MaTTepHa BHELLHEro AblXaHWs y AeTeii C coyeTaHMeM 6poHXMUanbHoit acTMbl (BA) M 0XUpPEHUs, B TOM Yucne
BCcreAcTBMe GopMnUpOBaHUA Y HUX fucaHancuca. OfHaKo faHHble 0 BAUSHUM N36bITOYHO MacChl TeNa, OXupe-
HUS Ha 06PaTUMOCTb GPOHXMANbHOI 06CTPYKL MM Y NALUEHTOB € BA 1 0XXMpeHMeM e ANHUYHbI U MPOTUBOPEYMBDI.
Ljenp uccnegoBanus — n3yunTb BNUSHUE N3ObITOYHON MaAcChl TeNa, OXMUPEHNS HAa 06PAaTUMOCTb GPOHXMANBbHON
06CTpYKLMM y AeTelt u noapocTKoB ¢ bA. Matepuanbi u MeTogbl. bbino npoBeeHO OLHOLEHTPOBOE HaboAa-
TeNbHOE NnonepeyHoe NMNOTHoe uccnepoBaHue. 06cneaoBaH 161 naumeHT ¢ bA B BospacTe oT 8 ao 17 net. Mpo-
BEJEHO U3MepPEeHMe aHTPONOMETPUYECKNX U CMIMPOMETPUYECKMX NOKa3aTeNei, paccymTaHbl Z MHAeKca Macchbl
Tena (MMT), OX (okpyxHOCTb XuBoTa)/pocT, koadduuneHT 6ponxogunatauum (bIK). YuacTHukmM uccnegoBanus
pasfeneHbl Ha ABe rpynnbl: 1-a rpynna — ¢ HopManbHoit Maccoii Tena (MT), 2- rpynna — ¢ U36bIToYHON MT
oXupeHueM. Pesynbtatel. BIK 6bin CTaTUCTUYECKM 3HAYMMO HUXKE B rpynne ¢ U36bITOYHON MT, oxxupeHuem,
cocTtasus 5,57 [1,07; 9,16]% npoTus 10,20 [3,67; 17,94]%, p <0,001. BAK 6bIn CTaTUCTUYECKM 3HAYUMO HUXKE B
rpynne ¢ abAoMUHaNbHbIM TUMIOM OXUpeHusi, cocTaBms 5,83 [1,07; 9,16]% npoTus 7,67 [3,67; 13,76]%, p=0,034.
BblsiBNieHbl OTpULaTENIbHbIE KOPPENALUOHHbIe B3aumocsasn Mexgay bAK nz UMT, 0X/pocT, R=-0,29, p=0,0002,
R=-0,31, p=0,004, cooTBeTCTBEHHO. BbIBOABI. Y NaLneHToB ¢ bA 1 n36bITOUHOI MT, OXXMpeHnem 06paTUMOCTb
OpOHXMaNbHO 06CTPYKLMM B TECTaX C GPOHXONMTUKAMM HUXE, YEM Y NALMEHTOB C HOpManbHoi MT. 3T0 Mo-
XeT oTpaxaTb GopMupoBaHue GUKCUPOBAHHOTO KOMMOHEHTA 06CTPYKLMK Y MALUEHTOB C U36bITOYHOW MT 1
OXWUPEHMNEM.

KNIOYEBDBIE CNIOBA: 6poHxunanbHas acTMa, 0XXUPEHNE, N36bITOYHAs Macca Tesia, CiupoMeTpus, JeTn
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INTRODUCTION

Overweight and obesity contribute to negative mo-
difications in bronchial asthma (BA) and exacerbate its
course. BA phenotype in combination with obesity is
complex. It is not fully understood in children and ado-
lescents [1-3]. Most modern publications report the for-
mation of obstructive pattern of external respiration in
children and adolescents with a combination of BA and
obesity, including the formation of dysanapsis [4-9].

At the same time, there are few and contradic-
tory data on reversibility of bronchial obstruction in
overweight and obese patients with BA. J.A. Cas-
tro-Rodriguez et al. demonstrated that girls who be-
came overweight or obese between the ages of 6 and
11 years were more likely to demonstrate reversibility
of bronchial obstruction than girls who were not over-
weight or obese [10]. At the same time, K.G. Tansitira
et al. reported that sensitivity to BD decreased with in-
creasing body mass index (BMI) in obese children [11].
A.E. Dixon et al. performed a research in adults and
found no association between obesity and reversibility
of airway obstruction [12].

Thus, at present, the influence of obesity on the re-
versibility of bronchial obstruction in children and ado-
lescents with the phenotype ‘BA and obesity’ cannot be
considered ascertained.

AIM

To study the effect of overweight and obesity on
the reversibility of bronchial obstruction in children and
adolescents with bronchial asthma.

MATERIALS AND METHODS

Design. A single-center observational cross-sec-
tional research was conducted.

Conditions. The study was conducted in the Child-
ren's City Clinical Hospital No. 1 in Nizhny Novgorod,
Russia in 2021-2024.

Participants. The study included patients with
atopic BA, they were 8 to 17 years old, and received
treatment. Atopy-related family history (asthma, aller-
gic rhinitis, conjunctivitis, atopic dermatitis, urticaria)
was assessed. Sensitization to major aeroallergens
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(house dust mite, cat, dog, pollen allergens) was tested
by in vivo (prick tests) or in vitro (with determination of
specific IgE) methods [13].

Inclusion criteria for the research were:

1) diagnosis of BA established according to cur-
rent international consensus documents (GINA,
2016-2024) [1];

2) age of patients between 8 and 17 years.

Non-inclusion criteria were:

1) patients with a BMI greater than +2.5Z;

2) presence of acute infectious diseases and fever;

3) presence of diabetes mellitus, autoimmune dis-
orders, primary immunodeficiencies, oncological
diseases, atopic dermatitis, parasitic diseases;

4) severe course of BA [1];

5) systemic use of glucocorticoids;

6) use of non-steroidal anti-inflammatory drugs, an-
giotensin-converting enzyme inhibitors used for

epilepsy.
Ethical review

The study was approved by the Ethical Committee
of the Volga Region Research Medical University (pro-
tocol No. 8 dated 27.05.2022). All participants and all
primary caregivers gave their written informed consent.

Data sources

Anthropometric indices. All patients were assessed
for basic anthropometric indices. All measurements
were performed without shoes, outer clothing and head-
wear. Anthropometric parameters (height, body weight
and BMI) were estimated using the tables developed
by WHO, taking into account sex and age of patients
(https://www.who.int/tools/child-growth-standards).

1. BMI calculation:

BMI = body weight (kg) / height (m)?2.

According to BMI estimation, children were divided
into two groups:

* Group 1 — normal body weight (BMI values from

-1Zto +12);

* Group 2 — overweight and obese (BMI values above

+1Z but not more than +2.52).

2. Measurement of abdominal circumference (AC)
was performed. Measurements were taken at the end
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of normal exhalation using a flexible tape, at equidis-
tant circumference between the upper border of the ili-
ac crest and the lower edge of the rib. Abdominal obesi-
ty was assumed if the AC exceeded the 90th percentile
[14,15].

3. The ratio of abdominal circumference to height
was calculated using the formula:

AC / height = Abdominal circumference / Height.

Spirometry. Spirometry studies were performed
with Mastercreen pneumospirometer (Jaeger, Germa-
ny). When analyzing spirometry data, the following pa-
rameters were evaluated:

* FVC (I) — forced vital capacity of the lungs, reflects

the lung volume;
* FEV, (I/s) — forced expiratory volume in 1 second;
* FEV,/FVC — index serving as the main parameter of
spirometry for diagnostics of obstructive disorders.

Spirometry data were measured in absolute values
and the ratio FEV,/FVC was calculated.

Bronchodilation coefficient (BDC) was calculated
according to the formula [16]:

Index after bronchodilator, | -
- Index before bronchodilator, |

100%.
Index before bronchodilator, |

BDC =

In addition, z FEV,/FVC was calculated using the
Global Lung Function Initiative calculator (http://gli-cal-
culator.ersnet.org/index.html), created with the sup-
port of the European Respiratory Society (ERS, https://
www.ersnet.org).

Statistical analysis. Statistical analysis was per-
formed using Statgraphics Centurion v.16. Quantitative
indicators were evaluated for conformity to normal

Table 1. Clinical characteristics of patients

Tabamua 1. KAMHUYECKAA XapaKTepUCTUKa NauMeHToB

OPUTUHANDHDBIE CTATbH

distribution, for this purpose the Shapiro-Wilk criteri-
on was used (when the number of subjects was less
than 50) or the Kolmogorov-Smirnov criterion (when
the number of subjects was more than 50), as well as
the asymmetry and excess indices. Data are presented
as Me [Q1; Q3], where Me — median, [Q1; Q3] — 1st and
3rd quartiles in case distribution differs from a normal
distribution. The Mann-Whitney test was used to com-
pare quantitative variables in two independent groups.
Differences between two dependent groups were de-
termined using Wilcoxon's W-criterion. Correlation
analyses were performed for normally distributed va-
riables using Pearson's correlation coefficient, and for
non-normally distributed variables using Spearman's
rank correlation coefficient. Categorical data were
described with absolute values and percentages. Dif-
ferences were assessed using Pearson's ¥? criterion.
If the number of expected observations in any of the
cells of the four-field table was less than 10, Fisher's
exact test was used to assess the significance level of
differences. Differences were considered statistically
significant at p <0.05.

The study was a pilot trial, so no sample size calcu-
lation was performed. Inclusion was restricted to those
patients who had no omissions in the examinations per-
formed.

RESULTS

Patients with ‘normal body weight’ and ‘overweight/
obesity’ were compared by gender and age (Table 1).
The parameters z Height, z BMI were statistically
significantly higher in patients who were overweight

MNapametpbl / Bce nauueHTbl / HopmanbHasa macca Tena / | U3bbiTouHas macca 3HaueHue p /
Parameters All patients Normal body weight Tena U OXXUpeHue / p-value

(N=161) (N=92) Overweight and obese

(N=69)

BospacrT, net / 11,0 [9,0; 14,0] 10,0 [8,0; 14,0] 12,0 [9,0; 14,0] 0,498
Age, years
Manbunku, n=66 / | 74,5% (120/161) 77,2% (71/92) 71,0% (49/69) 0,682
Boys, n=66
z Pocta / 0,73 [0,06; 1,60] 0,41 [-0,10; 1,16] 1,20 [0,56; 1,81] <0,001
z Height
z UMT / 0,75 [-0,07; 1,40] 0,15 [-0,39; 0,55] 1,54 [1,23; 2,10] <0,001
z BMI
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Ending of the Table 1 / OkoH4yaHue Taba. 1

Mapametpbl / Bce nauueHTtbl / HopmanbHasa macca Tena / | U3bbiTouHas macca 3HaueHue p /
Parameters All patients Normal body weight Tena U OXXupeHue / p-value

(N=161) (N=92) Overweight and obese

(N=69)

OX nepu / 78,0 [70,0; 95,0] 72,0 [67,0; 78,0] 85,0 [81,0; 97,0] <0,001
WC perc
0X/pocT / 0,48 [0,44; 0,53] 0,44 [0,42; 0,46] 0,53[0,48; 0,56] <0,001
WC/height
z O0B,/OXEA / -1,46 [-2,23; -0,62] |-1,32[-2,23; -0,43] -1,64[-2,19; -0,88] |0,028
z FEV,/FVC
BAK, % / 7,38 [2,51; 14,40] 10,20 [3,67; 17,94] 5,57 [1,07; 9,16] <0,001
BDC, %

Note: BDC — bronchodilation coefficient; BMI — body mass index; AG — abdominal circumference; FEV, — forced expiratory volume
in 1 second; FVC — forced vital capacity.

Mpumeyanne: BAK — ko3dduumeHT 6poHxoamnataumn; UMT — nHAeKe Macchl Tena; OXX — OKpyXXHOCTb XueoTta; OPB, — obbem dop-
CUPOBaHHOrO BblpOXa 3a 1 cekyHAy; ®XXEN — dopcrpoBaHHas XU3HEHHA EMKOCTb AEMKHX.

. — e - - :

T T T

-40 -10 20 50 80 110
BAK, % (BDC,%)

Fig. 1. Bronchodilation coefficient in children with asthma and different BMI (1 — normal body weight, 2 — overweight, obesity)

Puc. 1. KoadpdunumeHT BpoHxoanMAaTaummn y AeTer ¢ BPOHXMAAbHOM acTMOM M pa3AnyHbiM UMT (1 — HopmMaAnbHas Macca
Tena, 2 — u3bbITouyHasi Macca Teaa, OXMpPeEHUE)

T T T T

-40 -10 20 50 80 110
BAK, % (BDC,%)

Fig. 2. The coefficient of bronchodilation in the groups: A — with the absence of abdominal type of obesity; B — with the
presence of abdominal type of obesity

Puc. 2. KoapduumneHT HpoHXoAMAaTaLMK B rpynnax: A — ¢ OTCyTCTBUEM aBAOMUHAABHOTO THMa OXMPEHUs; B — ¢ HaAnumMem
abAOMMHAABHOTO TMA OXMPEHWS
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Fig. 3. Correlations between bronchodilation coefficient and z BMI, WC/height. The data is presented in the form of R,
p, where R — the correlation coefficient, p — the level of statistical significance

Puc. 3. KoppeasiuMoHHble B3aMMOCBSI3U MexAy KoadduumeHTom BpoHxoanaataumm u z UMT, OXK/pocT. AaHHble
npeaAcTaBAeHbl B BUAE R, p, rae R — KOadOULMEHT KOPPEAALIMU, P — YPOBEHb CTAaTUCTUYECKOW 3HAUMMOCTH

and/or obese (p <0.05). The values of ACpertz, AC/
growth were statistically significantly higher, and the
parameters z FEV1/FVC were statistically significantly
lower in the group of patients with overweight and obe-
sity, all p <0.05. Bronchodilation ratio (BDR) was statis-
tically significantly lower in the overweight and obese
groups (p <0.001) (Fig. 1).

The bronchodilation ratio was statistically signifi-
cantly lower in the group with abdominal type of obesi-
ty, being 5.83 [1.07; 9.16]% versus 7.67 [3.67; 13.76]%,
p=0.034 (Fig. 2).

Negative correlations were found between broncho-
dilation ratio and z BMI, AC/height, R=-0.29, p=0.0002,
R=-0.31, p=0.004, respectively (Fig. 3).

DISCUSSION

The current research focused on the effect of over-
weight and obesity, including abdominal obesity, on the
reversibility of bronchial obstruction in spirometry tests
with bronchodilators in children and adolescents with
BA and overweight and obesity. Available researches
devoted to abdominal type of obesity affecting the re-
versibility of obstruction have not been found.

CHILDREN’S MEDICINE

The reversibility of bronchial obstruction in tests
with bronchodilators in patients with the combination
of BA with overweight and obesity appeared to be lower
than in patients with normal body weight, being 5.57
[1.07; 9.16]% and 10.20 [3.67; 17.94]%, respectively,
p <0.001. This may reflect the formation of a fixed
component of obstruction in overweight and obese
patients.

In addition to BMI, measurement of abdominal cir-
cumference, which is an anthropometric marker of the
abdominal type of obesity, is a valuable anthropometric
method for assessing obesity in children and adoles-
cents. The bronchodilation ratio was statistically signi-
ficantly lower in the group with abdominal type of obesi-
ty, being 5.83 [1.07; 9.16]% versus 7.67 [3.67; 13.76]%,
p=0.034.

The results obtained correspond to the data of
K.G. Tansitira et al. and Gonzalez-Uribe V. et al. [16, 17].

The mechanisms underlying the relationship be-
tween BMI and reversibility of bronchial airway obstruc-
tion in asthma continue to be investigated and possibly
include a combination of factors, namely the effect of
low-intensity systemic inflammation on changes in lung
mechanics, airway structure, and susceptibility to BA.

of the North-West

2024 197

N 4 Vol. 12



The accumulation of adipose tissue in the airway walls
of patients with BA and obesity is now considered an
important potential mechanism for the changes in ex-
ternal respiration observed in obesity-related BA [18].

CONCLUSION

Therefore, patients with BA and overweight or obe-
sity have a lower reversibility of bronchial obstruction
in bronchodilator tests than patients with normal body
weight. This may reflect the formation of a fixed compo-
nent of obstruction in overweight and obese patients.
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AONOAHUTEAbHAA UHO®OPMALUA

Bknap aeTopa B paboty. XpamoBa P.H. — paspaboTka
KOHLienuum, NpoBeAeHNe UCCNefoBaHus, paboTa ¢ AaH-
HbIMM, NOArOTOBKA TEKCTA: OLIeHKa M pefjaKTMpoBaHue.

KoHpnuKT uHTepecoB. ABTOp 3asBNSeT 06 OTCyT-
CTBUU KOHQNNKTA UHTEPECOB.

WUcToyHnk ¢puHaHcupoBaHUsA. ABTOp 3asBNifeT 06
OTCYTCTBMU BHELIHEro GMHAHCMPOBaHUSA MpW NpoBe-
JEeHUN nccnepoBaHus.

WudopmupoBaHHoe cornacue Ha ny6nukaumio. As-
TOp NOMYYnUN NUCbMEHHOE cornacue 3akOHHbIX npej-
CTaBuTeneil NaLMeHToB Ha Ny6NMKaLMI0 MEANLMHCKUX
LaHHbIX.
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ABSTRACT. Food intolerance in childhood is manifested by various disorders on the part of the body when
eating food. In this condition, there are violations of the work of many organs and systems in the body and the
problem affects not only the work of the gastrointestinal tract, as well as other life-support systems of the body.
With such disorders, metabolism and metabolic processes change. It is important for dentists to understand this
problem, since the disease alters the local status localis in the oral cavity, which is the initial department of the
gastrointestinal tract. This is expressed in a change in the physico-chemical properties of the oral fluid, causes
dryness, a burning sensation on the part of the mucous membranes of the oral cavity. In the orthodontic treatment
of such patients, it is necessary to carefully approach the issues of manufacturing removable devices and using
non-removable ones, exclude the use of dyes from the composition of removable devices, OT-correctors and install
non-removable equipment (braces) without nickel content.
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PE3IOME. MnwieBas HenepeHOCUMOCTb B IeTCKOM BO3pacTe NposBASETCA Pa3/IMYHbIMU HapyLUEHUAMMU CO CTOPO-
Hbl OpraHKU3ma npu ynoTpebaeHnM NpoAYKTOB NUTaHUA. Mpu 3TOM COCTOSIHIUM B OpraHM3Me UMetoTCs HapyLEeHns
paboTbl MHOTMX OPraHoB U CUCTEM, U NPo6ieMa 3aTparnBaeT He TOJIbKO paboTy XenyAoYHO-KULWEYHOrO TPaKTa,
HO U OCTaNbHble CUCTEMbI XU3HEOOECNeYeHUs opraHusma. Mpu Takux HapyleHUsx MeHseTcs MeTabonusm,
06MeHHbIe npoLecchbl. [1ng CTOMaToNoroB BaXHO NOHUMaTb 3Ty Npo6nemy, NOCKONbKY 3aboneBaHne U3MeHSeT
MeCTHbIii status localis B NONOCTH pTa, KOTOPbIiA ABNAETCA HaYaNIbHbIM OTLENOM XENYAOYHO-KULLEYHOrO TPaKTa.
970 BbIpaxaeTcs B U3MeHEHUN GUBUKO-XMMUYECKMX CBOIICTB POTOBOI XUAKOCTH, BbI3bIBAET CYXOCTb, YYBCTBO
XOKEHUS CO CTOPOHbI CAUBUCTBIX 060/104Y€EK NOAOCTM pTa. PN OPTOJOHTUYECKOM NIEYEHUM TaKUX NaLUEHTOB
HaZ,0 BHUMATENbHO MOAXOAUTb K BONPOCAaM U3rOTOB/IEHUA CbEMHbIX annapaTtoB U UCMOJIb30BAaHMS HECHEMHbIX,
UCKJIH0YaTb M3 COCTaBa CbeMHbIX annapaToB UCNONb30BaHKe KpacuTenei, ucnonb3oaTtb OT-KOpPeKTOpbI, yCTa-
HaB/MBaTb HECHEMHYIO TEXHUKY (6peKeTbl) 63 CoAepXKaHNa HUKens.

KJTIOYEBBIE CJIOBA: nuiyeBasi HernepeHoCUMOCTb, aTo0rUs MPUKyca, aneprus, opTo4OHTUYECKOE JleyeHne
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INTRODUCTION

The problem of food intolerance (FI) is widely
represented in pediatrics. Its clinical manifesta-
tions develop with genetic predisposition. The main
target organs are the gastrointestinal tract (GIT),
skin, and respiratory system [1]. Adverse reactions
to food include immune-mediated food allergy and
non-immune-mediated food intolerance. Fl is often
confused by health care providers, patients, and the
public with food allergy, which is one of its manifes-
tations.

The spectrum of FI mechanisms includes:

* food allergies;

* non-allergic reactions to food (caused by che-

micals, irritants, toxins);

* enzymopathies and absorption disorders;

* psychogenic reactions to food;

e food intolerance caused by Gl diseases.

MEDLINE, EMBASE, and Cochrane databases were
used to search for terms related to food allergy and in-
tolerance [3].

Cumulatively, one fifth of the population believe
they have adverse reactions to food. Estimates of
true IgE-mediated food allergy vary, but in some
countries it can be as high as 4-7% among pre-
school children. The most common food allergens
are cow's milk, eggs, peanuts, nuts, soy, shellfish,
and fin fish. It has been observed that food allergies
are more common in children and can be life-threa-
tening in some cases. However, tolerance to many
foods develops with age. Estimates of IgE-mediated
food allergies in adults approach 1-2%. Non-IgE-me-
diated food allergies, such as enterocolitis syndrome
caused by food proteins, are less common and are
detected predominantly in childhood. Eosinophi-
lic gastrointestinal disorders, including eosinophi-
lic esophagitis, are conditions with mixed IgE- and
non-lgE-mediated food allergies that improve when
such foods are eliminated from the diet. Food into-
lerance is nonspecific, and the resulting symptoms
resemble other common, medically unexplained
complaints, often overlapping with symptoms found
in functional disorders such as irritable bowel syn-
drome. Food intolerance may pose some risk, but be-
cause functional disorders are common, more effort
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is needed to understand the adverse effects of food
in functional disorders.

Dentistry has traced the role of Fl in the etiology
of hypomineralization of molars [4]. Molar incisor hy-
pomineralization (MIH) is an enamel condition charac-
terized by white to brown lesions that indicate rapid
caries progression. The permanent first molars and
incisors are mostly affected. These enamel defects
usually arise from abnormalities in the mineralization
or amelogenesis stage. Environmental factors such as
respiratory problems, poor diet, infections of any kind
and medication intake affecting children aged 3 years
and above are also thought to cause the development
of MIH.

In the 2021 study, 1,065 saliva samples were ob-
tained from four different cohorts and DNA was ex-
tracted from each sample and genotyped for nine dif-
ferent single nucleotide polymorphisms. Association
tests and logistic regression implemented in PLINK
were used for analysis. Potential interactions were
identified between TGFA rs930655 with all markers
tested in the cohort. These interactions were not de-
tected in the other cohorts. Associations (p <0.05)
were also found between medication intake after age
three, suggesting that conditions acquired at an age
when children are beginning to socialize may contri-
bute to the development of MIH. The relationship be-
tween poor nutrition and infection is also confirmed.
The relevance of this concept to the practice of cli-
nical medicine, dentistry, and public health is suppor-
ted by an impressive body of evidence from both the
clinic, laboratory, and field. Improper nutrition can af-
fect any body mechanism that acts as a barrier to the
multiplication or progression of infectious agents.
This includes the formation of specific antibodies,
the number and activity of phagocytes, and the integ-
rity of skin, mucous membranes, and other tissues.
Some of the less defined, nonspecific defenses found
in body fluids are also affected by poor nutrition. In-
fectious disease adversely affects nutritional status
in several indirect ways. Loss of appetite and food
intolerance lead to metabolic changes. Cultural fac-
tors lead to substitution of less nutritious diets as a
presumed therapeutic measure and to the prescrip-
tion of laxatives, antibiotics, and other drugs that im-
pair digestion or absorption of certain nutrients. In
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well-nourished individuals, body reserves and normal
food intake ensure that malnutrition will not lead to Gl
damage unless the infection is prolonged.

FI has been found to affect 15-20% of the gen-
eral population and may be due to pharmacological
effects of food components, non-celiac gluten sen-
sitivity, or enzyme and transport defects [5]. Signifi-
cant advances have been made in understanding the
scientific basis of gastrointestinal food intolerance
due to fermentable short-chain fermentable oligo-,
di-, and monosaccharides and polyols (FODMAPSs).
The most useful diagnostic test for food intolerance
is food elimination to achieve improvement in symp-
toms, followed by gradual resumption of food intake.
A low-FODMAP diet is effective, but it affects the Gl
microbiota and restoring FODMAP tolerance is part of
the treatment strategy.

There is growing evidence for the use of a low-
FODMAP diet to treat functional gastrointestinal symp-
toms in suspected food intolerance. Exclusion diets
should be used for as short a time as possible to induce
improvement in symptoms and should be followed by
gradual reintroduction of foods to establish individual
tolerance. This will increase dietary diversity, ensure
adequate nutrition and minimize the impact on the Gl
microbiota.

With regard to the orthodontic treatment of chil-
dren with Fl, it should be noted that the orthodontist
most often encounters food allergies, followed by
non-food agents: dust, pollen, animal hair, certain
types of drugs.

- « ’ Y,
@ —
ke
a/a b/6
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AIM

To describe the specifics of orthodontic treatment
for children with food allergies.

MATERIALS AND METHODS

The clinic analyzed 132 health questionnaires filled
out by legal representatives (parents) of children from 8
to 14 years of age. A group of 8-11 years old patients
was identified, a total of 54 patients who were trea-
ted with removable appliances. It should be noted that
27 patients 8-11 years old, which amounted to 50%
of cases, had allergic reactions to food and non-food
agents and medications in the questionnaires. Of this
group, 18 had confirmation of allergy as an independent
disease, and the children were registered and treated by
an allergologist.

RESULTS

In the group of patients with confirmed allergic
manifestations who required treatment with removable
appliances, orthodontic appliances were fabricated wi-
thout the use of dyes (Fig. 1).

In addition to the fact that appliances should be
fabricated without the use of chemical staining rea-
gents, the technique of changing the position of the
arch adjacent to the incisors and the claspers that
are adjacent to the molars should be considered du-
ring treatment. These are the teeth that, according

c¢/B

Fig. 1. Orthodontic removable devices: a, b — without dye content (recomendetion for patients with food intolerance);

¢ — a device with the use of a dye

Puc. 1. OpTOAOHTMUECKME CbeMHbIe annapatbl: a, 6 — 6e3 copepXaHua KpacuTenen (PeKOMEHAOBAHbI AAA MALIMEHTOB
C NULLEBOI HENEPEHOCHMMOCTbBIO); B — annapar ¢ NPUMeEHEeHWeM KpacuTens
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to the literature, have a MIH state. In such a case,
when the appliance elements contact at the same
points, we may get even more enamel damage in
these teeth during orthodontic treatment (Fig. 2). It
should be noted that clinically the MIH condition is
not always pronounced, so such recommendations
should be considered in the treatment process for
all patients.

In the same group of patients, myofunctional cor-
rector appliances were used as indicated (Fig. 3).
These are hypoallergenic single-patient devices made

OPUTUHAANDHBIE CTATbHU

of FDA-approved medical-grade materials (FDA (Food
and Drug Administration) Code of Federal Regulations,
Title 21), free of bisphenol (BPB, BPF, or BPS), phtha-
lates, latex, and silicone, and free of hazardous chemi-
cals identified by the FDA [6]. The OT-corrector series
devices have passed many different biocompatibility
tests (cytotoxicity, pyrogenicity, Kligman test, injec-
tion, and chemical characterization extraction and
leaching test) and in the opinion of a GLP accredited
laboratory. All were found to be in compliance with
ISO 10993-1:2018 (as surface devices with prolonged

Fig. 2. Individual removable orthodontic device. Rigid metal elements adhere to the enamel of the teeth

Puc. 2. lHAMBHMAYaAbHbIM CbEMHbIN OPTOAOHTUYECKMI annapaT. MeTaAAMUYECKHUE KECTKME SAEMEHTbI NMPUAErALOT K 3ManK

3yboB

a/a b/6

c/B

Fig. 3. Various types of OT- correctors: corrector of bad habits (a), Nite-Guide corrector (b), Occlus-O-Guide corrector (c),
which are recomendetion for patients with food intolerance

Puc. 3. PasanuHble BuAbI OT-KOPPEKTOPOB: KOPPEKTOP BPEAHbLIX NpuBbIUEK (a), Nite-Guide koppekTop (6), Occlus-0O-Guide
KOPPEKTOP (B), KOTOPbIE PEKOMEHAOBAHbI AASl MALIMEHTOB C MULLEBON HENEPEHOCUMOCTbLIO

Fig. 4. Myofunctional OT-corrector. The device does not have a point fit to the teeth. It is preferred for patients with food
intolerance

Puc. 4. M1odyHKUMOHaAbHbIN OT-koppekTop. Annapat He MMEET TOYEUYHOIo NPUAEraHna K 3ybam. MpeAnouTUTEAEH AAS
NaLMEeHTOB C MULLLEBON HENEPEHOCUMOCTbLIO
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mucosal contact). Biological considerations for this
standard include studies for cytotoxicity, sensitization,
irritation, acute systemic toxicity, subacute/subchro-
nic toxicity, genotoxicity, implantation, and chronic
toxicity and are considered biocompatible.

ORIGINAL PAPERS

These devices are designed to interact gently with
the enamel of the teeth, without specific points of sup-
port (Fig. 4). In addition, the design of the appliance
itself allows for home remodeling procedures. There-
fore, in Fl patients, the use of such appliances made

Fig. 5. The result of orthodontic treatment using nickel-free braces in patients with food intolerance

Puc. 5. Pe3yAbTat OpTOAOHTUYECKOTO A€YEHUA C NPUMEHEHUEM ﬁpeKeTOB, HE CoAepXallMX HUKEAD, Y NalUnUEeHTOB C NULLEBOK

HENepeHOCUMOCTbHO
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of soft material is preferable if they are suitable for the
treatment of occlusal disorders and do not cause any
enamel deterioration during treatment if a MIH condi-
tion is diagnosed.

In a group of 78 patients aged 11-14 years, fixed
appliances were placed as indicated. In this group,
23 children had an established allergy-related dia-
gnosis. A nickel-free bracket system was used
(Fig. 5).

Braces are chosen in a design where their site,
which is attached to the tooth enamel, has a distinct
pattern for secure retention. This helps patients
with MIH to avoid debonding of the bracket through-
out the treatment phase (Fig. 6).

We would like to emphasize the special protocol
of arc replacement. As you know, the first arc that is
placed on patients at the initial stage is an arc con-
taining nickel. This element is the first to be allergic
to it. Instead of nickel-containing arches, braided
flexi steel arches should be used, which before the
era of nickel-containing arches were used in the in-
itial stages of orthodontic treatment. Thereafter,
treatment should continue on full-length steel arches.
This applies to all patients with severe Fl. In special
cases, an allergic reaction to the metals in the steel
arches may occur. In this case, treatment with cus-
tomized eliners (Fig. 7) is possible. During treatment,

OPUTUHAANDHBIE CTATbHU

they can be used as a device for home reMODELING
IN PATIENTS WITH MIH.

After braces are removed, fixed and removable
retainers are fitted according to clinical guidelines
(Fig. 8). The non-removable retainer is made of
braided steel wire. For patients with MIH, this type
of retention should be used with caution because the
fixed retainer is fixed to the incisors on the palatal
side, making it difficult to perform hygiene proce-
dures.

In addition, the prolonged presence of steel in the
oral cavity contributes to the release of metal ions into
the oral fluid [2], which is unacceptable for patients with
FI. In such cases, the fixed retainer should be replaced
with a retention mouth guard.

CONCLUSION

Patients diagnosed with food intolerance have a
variety of clinical manifestations that are not specific
to the disease. Orthodontists treating these patients
should pay careful attention to the information in the
patient's health questionnaire and, when removable
appliances are indicated, opt for OT-correctors or cus-
tomized removable appliances without the use of dyes.
At older ages, when fixed appliances or eliners are indi-
cated, in the absence of MIH, nickel-free braces can be

Fig. 6. Pronounced bracket pad recommended for patients with MIH

Puc. 6. BbipaxeHHas naowaska bpekeTa, pekoMeHAOBaHHasA AAA NauneHToB ¢ MIH
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Fig. 7. The stages of treatment of a patient with MIH on aligners

Puc. 7. 3tanbl AeuyeHus naumeHTta ¢ MIH Ha ananHepax
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Fig. 8. Non-removable retainer (a); removable retainer in the form of a mouth guard (b)

Puc. 8. HecbeMHbIi peTenHep (a); CbeMHbIV peTeriHep B BUAE Kanbl (6)

fixed and steel bars can be used; in other cases, eliners
can be used. In the retention period in these patients,
removable retainers in the form of mouthguards are
preferable.
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AOMOAHUTEAbBHAA UHOOPMALUA

Bknap aBTopoB. Bce aBTOpbI BHEC/U CYLLECTBEH-
HbIl BKNaj B pa3paboTky KOHLeNumn, NPOBEAEHNE UC-
Clel0BaHMSA U NOATOTOBKY CTaTby, MPOYNU U 0806pu-
nn GUHaNbHY BEPCUIO Nepeg Nybnnkauueil.

KoHbnuKT MHTEpecoB. ABTOpPbI AeKknapupytoT oT-
CYTCTBME SIBHbIX M NOTEHLMANbHbIX KOHDMKTOB UHTe-
PEecoB, CBA3aHHbIX C Ny6aMKaLMel HaCTOSALW el CTaTbi.

WUcTounuk puHaHcMpoBaHua. ABTOPbI 3asBNSOT 06
OTCYTCTBUM BHELHEero GuHaHCMpoBaHua Npu npoBe-
LEeHUN UCCefoBaHms.

WHdopmMupoBaHHOe cornacue Ha nmy6nukauuio.
ABTOpbI NONYYUNN MUCBMEHHOE COrNacue 3aKOHHbIX
npeAcTaBuTeNell NauMeHToB Ha NybnmKauu Meau-
LIMHCKNX AaHHbIX.
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ABSTRACT. Introduction. Despite the fact that the pandemic of the new coronavirus infection has ended, this
problem has not lost its relevance. In Russia, 24,645,303 people have been infected with the new coronavirus
infection during the entire course. As of November 2024, this virus has been identified in 35,689 people in the
Russian Federation. COVID-19 is currently subject to general infectious laws such as epidemiology and seasonality,
and the ability of this virus to transmit and quickly mutate also contributes to the prevalence of this infection.
Objective. To describe the clinical features of mild and moderate course of COVID-19 in children of different ages.
Materials and methods. Complaints and clinical picture of the disease were studied in 270 children of different age
groups with a new coronavirus infection confirmed by PCR. Results. Analysis of patient complaints at the onset of
the disease showed that children with Covid-19 most often complained of an increase in body temperature (75.2%).
Respiratory complaints were noted with high frequency: runny nose (62.2%), cough (48.1%), less common were
sore throat (17.4%) and loss of smell (anosmia) (11.5%), chest pain (5.2%), loss of taste (ageusia) (3.7%). The
incidence of shortness of breath was 1.9%. Conclusions. The leading complaints in children with confirmed new
coronavirus infection at the onset of the disease were respiratory complaints, which do not allow distinguishing
this disease from a banal acute respiratory viral infection of mild to moderate severity, with symptoms relieving by
the 14th day of the disease. The incidence of pneumonia among patients is 28.14%, the most significant number
of pneumonias was detected in adolescents (p=0.013); they also have the most frequent cough.

KEYWORDS: COVID-19, clinical course, mild and moderate course, pneumonia, age characteristics
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PE3IOME. Beegenne. HecmMoTps Ha TO YTO MaHLeMUs HOBOI KOPOHABUPYCHOM MHBEKLMKN OKOHYMNACh, 3Ta Npo-
671eMa He yTpaTuna cBOei akTyanbHocTu. B Poccun 3a Bce BpeMsi HOBOW KOpPOHABMPYCHOI MHdeKLuel 3apa-
3unuco 24 645 303 yenoseka. Mo cocTosHMIO Ha HOsI6pPb 2024 roaa B Poccuiickoii ®eaepauun AaHHblii BUpYC
uaeHTuduumposanu y 35 689 yenosek. COVID-19 B HacTosLee BpeMsi NofLBepraeTcs 06LWMUM UHOEKLUOHHBIM
3aKOHaM, TaKUM KaK 3anuAeMMoIIorus  Ce30HHOCTb. Bknag B pacnpocTpaHeHHOCTb 3TON MHBEKL MW BHOCUT CMoO-
co6HocTb Bupyca SARS-CoV-2 Kk TpaHcMuccun 1 6bicTpoit MyTauuu. Ljeab — onucaTtb KAMHUYECKUE 0COBEHHOCTU
Nerkoro u cpeaHeTshkenoro TedeHus COVID-19 y peTeit pasHoro Bo3pacta. Marepuanbl u MeTogbl. )Xanobbl u
KNMHMYecKan KapTuHa 3aboneBaHus u3yyeHbl y 270 feTeit pasHblX BO3PACTHbIX rpynn ¢ NOATBEPXAEHHON METO-
AOM nonuMepasHoii LenHoii peakuyuu (MLP) HoBOI KOpoHaBUPYCHOI MHdEKLMeli. Pe3yabTaTbl. AHann3 xano6
naLueHToB B Jle6loTe 3aboNeBaHNUsA nokasan, YTo Hambonee 4yacto Aetu, 6onbHble COVID-19, )Xanosanuch Ha
noBbllWeHne TemnepaTypbl Tena (75,2%). C BbICOKOI YaCTOTO OTMEYannuch pecnupaTopHbI€ Xanobbl: HACMOPK
(62,2%), kawenb (48,1%), pexe BcTpeyanuch 60b B ropne (17,4%,) u noteps oboHsHus (aHocmus) (11,5%), 6onb B
rpyaHoii knetke (5,2%), noteps Bkyca (areeaus) (3,7%). YactoTa ogblwku coctasuna 1,9%. Boisogbl. Bepywumu
y feTeii ¢ NoATBEPXAEHHON HOBO KOPOHABMPYCHOI MHdeKLMen B Ae6toTe 3a60neBaHNUs Obln pecnupaTopHble
Xanoobbl, He MO3BONAKLWME OTNUYMTL 3TO 3a60NeBaHNe OT 6aHaNbHOW OCTPOI PECMMPaTOPHON BUPYCHOW WUH-
GeKkunm nerkon n cpefHeTAXENON CTENEHN TAXECTH, C KYNMPOBAHUEM CUMNTOMOB K 14-My fiHI0 3a6oneBaHus.
YacToTa MHEBMOHUM Cpefy NauueHToB cocTaBnana 28,14%, Hanbonee 3HauMMOoe KONNYECTBO MHEBMOHMI Bbl-
aBneHo y noapocTtkos (p=0,013), y HUX Xe Kalenb 0TMeYaeTcsi Haubonee 4acro.

KJIIOYEBBIE CJIOBA: COVID-19, kauHnyeckoe tevyeHue, Aerkas u CpegHeTsxenoe Te4eHue, MHEBMOHMUS,
BO3pacTHble 0COBEHHOCTH
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INTRODUCTION

Analysis of the COVID-19 pandemic statistics
showed that children and adolescents showed sig-
nificantly lower susceptibility to SARS-CoV-2, ac-
counting for less than 10% of the total number of
diagnosed cases. This significant difference from
the incidence pattern in adults is attributed to a com-
plex set of factors that are still under active investi-
gation. The milder course of the disease in children
is primarily due to the immunologic abilities of the
pediatric organism.

Children rarely have chronic diseases that have
a pathogenetic effect on the body and contribute to
the activation of immunologic processes and are
not exposed to long-term harmful factors such as
tobacco smoking, polluted air and chronic respirato-
ry diseases. This ensures more efficient lung func-
tion and reduces the risk of severe complications
such as pneumonia and acute respiratory distress
syndrome (ARDS), which are often seen in adult pa-
tients. The more developed regenerative capacity of
lung tissue in children also plays an important role
in rapid recovery from infection [1, 2]. Coronavirus
infection, especially in winter, is observed quite fre-
quently, and this phenomenon is associated with
several factors concerning both children and the el-
derly. Studies show that children have higher levels
of antibodies to coronaviruses than adults. This may
be due to the fact that children's immune system re-
sponds more actively to viral infections, which al-
lows for a wider range of protective antibodies to
form. Interestingly, antibodies produced in response
to seasonal coronaviruses may also offer some pro-
tection against COVID-19. This cross-effect of an-
tibodies may explain why children tend to tolerate
COVID-19 more easily than the elderly individuals
[2, 3]. Among other things, older people have a wea-
kened immune response, which can lead to a higher
risk of developing severe forms of the disease. They
have lower levels of partially cross-reactive antibo-
dies, which may contribute to antibody-dependent
immune enhancement. This condition occurs when
antibodies, binding to the virus, do not neutralize
it but, on the contrary, promote its penetration into
cells and intensify the infection [4]. Children are
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most often infected with coronaviruses from adult
family members, that is, the second or third gene-
ration of the virus. It is important to note that such
viruses, as a rule, have a lower pathogenicity, which
also reduces the risk of a severe course of the dise-
ase in children. However, it should be remembered
that children and adolescents have their own pecu-
liarities concerning the expression of the angioten-
sin-converting enzyme 2 (ACE2) gene, which is the
main receptor for SARS-CoV-2 [5, 6]. Studies show
that ACE2 expression in nasal epithelium increases
with age. Children in the younger age group (under
10 years old) have the lowest ACE2 levels, whereas
adolescents (10 to 17 years old) have higher but
still much lower levels than adults. This may explain
why children are less susceptible to severe forms
of COVID-19. However, in the lower respiratory tract,
decreased ACE2 expression may be associated with
anincreasedrisk of severe acute respiratory distress
syndrome and lung injury [6]. In addition, there are
age-related features of innate immunity in children.
For example, they have a higher constitutional acti-
vity of lymphocytes, especially natural killer cells
(NK cells), compared to adults. This may explain why
children's bodies are more effective in fighting viral
infections. Nevertheless, lymphopenia is sometimes
recorded in newborn children, which may indicate
certain peculiarities of immune response formation
at this age. How children respond to vaccination is
also an important aspect. COVID-19 vaccines tend
to elicit a strong immune response in them, which
may be related to their active immune system. This,
in turn, may serve as an additional defense against
different strains of coronavirus. Studies show that
even after an illness, children can retain protective
antibodies for a long time, which also reduces the
risk of re-infection [7, 8].

Thus, the interaction between coronaviruses and
the immune systems of children and the elderly is a
complex and multifaceted process. On the one hand,
children have several advantages in the form of a
more active immune response and lower ACE2 ex-
pression, which reduces the risk of severe disease.
On the other hand, older adults face a weakened
immune system and a higher risk of complications.
These differences emphasize the importance of an
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individualized approach to COVID-19 prevention and
treatment according to age group [9]. Furthermore,
understanding these mechanisms may help in develo-
ping more effective vaccination and treatment strate-
gies, as well as raising awareness on ways to better
protect vulnerable populations, including the elderly
and children. It is important to continue investigating
the impact of coronaviruses on different age groups
to improve our knowledge of immune response me-
chanisms and to develop more effective virus control
methods in the future.

In 2021, the world faced new challenges in the
fight against COVID-19, especially after the emer-
gence of new strains of the virus, such as Delta and
Omicron. The Delta strain was highly contagious and
contributed to faster onset of symptoms. This led to
an increase in the number of cases of moderate to
severe forms of the disease. The statistics for child-
ren were particularly alarming, with the proportion of
cases among them rising to 11%. However, by the end
of 2021, when the Omicron strain came to the fore,
this figure had increased to almost 25%, indicating the
significant impact of the new variants of the virus on
the pediatric population. The Omicron strain showed
a slightly different behavior compared to previous
versions of the virus. It preferentially multiplies in the
upper respiratory tract, resulting in a milder course
of disease. This means that patients, including child-
ren, are less likely to have severe lower respiratory
tract lesions, which in turn reduces hospitalizations
and serious complications. This is especially true for
unvaccinated children and those without pre-existing
adaptive immunity [10-13]. The clinical course of
COVID-19 in children is largely similar to that of com-
mon respiratory infections [1]. The most common cli-
nical manifestations include fever, generalized weak-
ness, fatigue, headache, sore throat, runny and stuffy
nose, myalgia, and cough, which may be dry or with
a small amount of sputum. In some cases, children
may also show signs of conjunctivitis. Interestingly,
among the first symptoms of COVID-19 may include
rarer manifestations such as confusion, headaches,
hemoptysis, palpitations, diarrhea, loss of appetite,
vomiting, and abdominal pain. According to studies,
69% of patients with COVID-19 had gastrointestinal
symptoms combined with an elevated body tempera-
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ture above 38.5 °C. Skin manifestations may also be
observed in 13% of patients, emphasizing the diversity
of the clinical picture [13-17]. One of the pathogno-
monic symptoms of COVID-19 in adults is hyposmia
or anosmia (decreased or absent sense of smell)
and dysgeusia or agueusia (altered or absent taste).
These symptoms can also occur in children, although
they may not always realize and report their sensa-
tions due to their age. However, among children with
COVID-19, changes in smell or taste, nausea, vomiting,
and headache were more common than other symp-
toms. In most cases of mild to moderate forms of the
disease, recovery occurs within 1-2 weeks. However,
it is worth noting that some patients may experience
long-term symptoms known as post-covid syndrome,
which can manifest as fatigue, shortness of breath,
concentration problems, and other symptoms that
may persist for months after initial recovery.

Thus, observations of the course of COVID-19 in
children indicate that it is important to continue to
monitor their spread and impact on different popula-
tions, especially on children, although new strains such
as Omicron may cause less severe forms of disease.
Vaccination and precautionary measures remain key to
controlling the pandemic and reducing the incidence of
disease.

Involvement of the GI tract in the pathologic
process in COVID-19 has been attributed by most
researchers to the detection of the virus in the in-
testine [18-20]. In 22-54.5% of cases, SARS-CoV-2
virus can be detected in the stool of patients with
COVID-19, and sometimes the virus is detected in the
stool even after the results of respiratory swabs be-
come negative [19]. In patients with gastrointestinal
symptoms, the overall time between symptom onset
and virus clearance is significantly longer than in pa-
tients with respiratory manifestations alone [21, 23].
The relationship between gastrointestinal symptoms
during SARS-CoV-2 virus infection and the produc-
tion of proinflammatory cytokines [24, 25], the de-
velopment of intestinal epithelial inflammation [26],
and impaired intestinal wall permeability [22, 27, 28]
has been actively discussed in the literature. Most of
these studies were performed in adult patients with
severe disease, and there are a few studies in the
pediatric population.
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RESULTS

To describe the clinical features of mild and mode-
rate course of COVID-19 in children of different ages.

MATERIALS AND METHODS

Complaints and clinical picture of the disease were
studied in 270 children of different age groups with new
coronavirus infection confirmed by polymerase chain re-
action (PCR). Children were randomized into 4 groups:
group 1 (1-4 years old children), group 2 (5-9 years
old children), group 3 (10-14 years old children), and
group 4 (15-17 years old children). Identification of
SARS-CoV-2 virus from the pharynx and nose by PCR
occurred in all children in the first 1-3 days from the
onset of clinical symptoms.

The study was approved by the local ethical commit-
tee of Federal State Budgetary Educational Institution of
Higher Education St. Petersburg State Pediatric Medical
University of the Ministry of Healthcare of the Russian
Federation. Children were examined in dynamics: from
the onset of the disease to recovery from COVID-19 in-
fection. Patient data were collected: complaints, anam-
nesis, clinical status, laboratory diagnostics.

Statistical processing of data was carried out using
IBM SPSS Statictics 26 application program package.
Student's t-criterion was used to compare the average
indices of quantitative signs in the studied groups with
the assessment of the reliability of differences (p <0.05).

Analysis of patient complaints at disease onset
showed that children with COVID-19 most often com-
plained of an increase in body temperature (75.2%).
Respiratory complaints were noted with high frequency:
runny nose (62.2%), cough (48.1%), sore throat (17.4%,)
and loss of sense of smell (anosmia) (11.5%), chest
pain (5.2%), loss of taste (agenesis) (3.7%) were less
frequent. The frequency of dyspnea was 1.9%. Analy-
sis of temperature response in children of different age
groups showed no significant age differences. Temper-
ature over 40 °C was noted with a frequency of 0-5.6%;
39.0-39.9 °C was noted with a frequency of 9.7-27.9%;
38.0-38.9 °C was noted in 36.1-37.7% of cases; and
37.0-37.9 °C was noted in 9.8-25% of cases. Normal
body temperature was noted in 21.3-29.5% of patients.
At the same time, the nature of respiratory complaints
in different age groups of children differed significantly
(Table 1).

As follows from the table, cough was significant-
ly more frequent in the group of children aged over
15 years (60.7%, p=0.043), and less frequent in children
aged 10-14 years. The results are consistent with lite-
rature data on the milder course of COVID-19 in young
children than in adolescents and adults. The frequen-
cy of runny nose was similar in all studied groups and
ranged from 54.2 to 75.4%. Chest pain (p=0.007) and
sore throat (p <0.001) were significantly more frequent
in group 4 adolescents. Younger children were worse at

Table 1. Characteristics of respiratory complaints in children with new coronavirus infection in different age groups

Tabauua 1. XapaktepucTMka pecnvpaTopHbIX Xanob y AeTel ¢ HOBOW KOPOHABUPYCHOM WHOEKUMEN B pasHbiX

BO3pPaCTHbIX rpynnax

BospactHas rpynna / Kawenb / | Hacmopk / | AHocmua / | Ares3usa / | bonb Oabiwka / | bonb
Age group Cough Runny nose | Anosmia Ageusia B rpyaHon | Ortness B ropae /
(n/%) (n/%) (n/%) (n/%) KneTKe/ of breath Sore throat
Chest pain | (n/%) (n/%)
(n/%)
lpynna 1 (1-4 ropa)/ | 28/45,9% | 35/57,4% | 0/0% 0/0% 0/0% 0/0% 3/4,9%
Group 1 (1-4 years)
lpynna 2 (5-9 nert) / 37/51,4% | 39/54,2% | 6/8,3% 3/4,2% 4/5,6% 0/0% 8/11,1%
Group 2 (5-9 years)
lpynna 3 (10-14 net) / | 28/36,8% | 48/63,2% | 15/19,7% | 3/3,9% 2/2,6% 2/2,6% 18/11,1%
Group 3 (10-14 years)
lpynna 4 (15-17 net)/ | 37/60,7% | 46/75,4% | 10/16,4% | 4/6,6% 8/13,1% | 3/4,9% 18/29,5%
Group 4 (15-17 years)
p p=0,043 p=0,068 p=0,002 p=0,284 | p=0,007 |p=0,116 p <0,001
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identifying and localizing pain syndrome. Group 3 and
4 children were significantly more likely to have anos-
mia than group 1 and 2 children (p=0.002). No diffe-
rences in the frequency of other respiratory complaints
were found.

Gastroenterological complaints at disease onset
in the examined children occurred with a frequency of
3.7-13.3%, with abdominal pain predominating (13.3%),
liquid stools with a frequency of 11.1% and vomiting
with a frequency of 10.7%. Adolescents carrying a new
coronavirus infection were significantly more likely to
have nausea — 13.1% of cases (p=0.043), young child-
ren (group 1) identified nausea worse: the frequency
of nausea was significantly lower — 1.6%. Children in
group 3 (17.1%) and group 4 (14.8%) had significantly
more frequent complaints of headaches (p=0.001) than
children in groups 1 and 2 (1.4-3.3%). Rare complaints
included myalgia/joint pain (2.6%), dizziness (1.9%).
There were no significant differences in the frequency
of these complaints between age groups.

Of the 270 children examined, 218 (81%) developed
clinical manifestations of the infectious process on the
3rd-5th day from the moment of contact with patients with
a new coronavirus infection. 38 children (14%) had res-
piratory and intoxication complaints on the 1st-2nd day.
Only 14 children (5%) developed complaints on the 6th-
7th day after contact with the source of infection. Fami-
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ly members were the source of infection in 125 children
(46%), while 145 children (53%) had contacts in children's
institutions and non-family sources of infection.

The life history (anamnesis vitae) of children carry-
ing a new coronavirus infection revealed a large number
of unfavorable factors: pathological course of pregnan-
cy was noted in 38.5%; previous artificial feeding was
noted in 27.0%; worm and parasitic infestations were
noted in 17.6%; anemia in the first year of life was noted
in 14.8% of children; frequent acute respiratory viral in-
fections at an early age were noted in 11.9% of children.

Unfavorable factors of anamnesis were equally fre-
quent in all age groups.

As a result of objective examination, we found that
at the debut of the disease, most children (56%) in dif-
ferent age groups were in satisfactory condition and
tolerated the new coronavirus infection in a mild form.
In 115 children (44%) the severity of the disease was
considered as average. The severity of the disease had
no significant differences in all age groups (Table 2).

During physical development assessment, 261
(96.6%) of 270 children had an average level of physical
development. In 9 (3.33%) children, the level of physical
development was above average, and 7 (2.59%) child-
ren were obese (BMI more than +2.1SDS). There were
no children with a level of physical development below
average in the study.

Table 2. Severity of the disease in children of different age groups

Tabauua 2. CTeneHb TAXECTU 3a60AeBaHUS Y AETEN Pa3HbIX BO3PACTHbIX rpyrn

BospacrtHas rpynna / CreneHb TAXECTH / CpepHee 3HaueHue 95% pOBEPUTENBHbIN p
Age group Severity (n) BO3pacTHOW rpynnbl / | MHTepBaA /
Average age group 95% confidence interval

lpynna 1 (1-4 ropa) / Nerkas / light (26) 2,23 1,83-2,63 p=0,209
Group 1 (1-4 years) CpepHei Tsxectn /| 1,92 1,58-2,25

Moderate (35)
pynna 2 (5-9 aeT) / Nerkas / Light (48) 7,15 6,72-7,57 p=0,816
Group 2 (5-9 years) cpeAHel TAXeCTH / 7,25 6,66-7,84

Moderate (24)
lpynna 3 (10-14 net) / Nerkas / Light (50) 11,84 11,43-12,25 p=0,090
Group 3 (10-14years) | cpeppeit Taxectn/ | 12,46 11,85-13,07

Moderate (26)
lpynna 4 (15-17 aet)/ Nerkas / Light (31) 16,03 15,77-16,29 p=0,096
Group 4 (15-17 years) | cpepmeit Taxectn/ | 16,33 16,07-16,60

Moderate (30)

Note: The confidence interval of the mean assumes that the sample means follow a t-distribution with N-1 degrees of freedom.

MpumeyaHue: AOBepVITe/\beIIZ WHTEPBAA CPEAHETO NpeAnoAaraeTt, YTo Bbl60p0l-IHbIe CpeAHME CAEAYIOT t-pacnpeaeneHunto ¢ N-1 cte-

neHaMu cBoOOAbI.
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The skin of all examined children was of normal
color, without rash. Changes on the nasopharyngeal
mucosa were equally frequent in the age groups: pha-
ryngeal hyperemia was found from 52 to 71%, tonsil
hypertrophy was found from 67.1 to 82%, and tonsil
plagues were found in 4.2-6.6% (p >0.05). Respiratory
rate and the ratio of heart rate (HR) to respiratory rate
(RR) corresponded to normal in all patients, tachycar-
dia and tachypnea in the examined corresponded to the
degree of fever. Saturation was normal in all children
(Sa0, 97-98%).

80

OPUTUHAANDHBIE CTATbHU

The results of objective examination of the respira-
tory system (RS) and cardiovascular system (CVS) at
disease debut are presented in Figure 1 (p <0.005).

Vesicular breathing was noted significantly
(p <0.005) in patients in groups 2 and 3. Harsh brea-
thing was noted in children in group 4, which is consis-
tent with the radiologic diagnosis of pneumonia.

Loss of resonanse in groups 1 and 4 was signifi-
cantly noted (p=0.046).

The results of objective examination of gastroin-
testinal (GI) organs in patients at COVID-19 debut are

70
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lpynna 1 / Group 1 I'pynna 2 / Group 2

I'pynna 3 / Group 3 Ipynna 4 / Group 4

W BesukynsipHoe pbixaHue / Vesicular respiration
Cyxue xpunbl ¢ 0b6cTpykumeint / Dry wheezing with obstruction
W /\oKanbHOE yKopoueHre NepKkyTopHoro ToHa / Local shortening of percussion tone

XecTkoe abixaHue / Hard breathing
W BraxHble xpunbl / Wet wheezes
W Taxukapams / Tachycardia

Fig. 1. Results of an objective study of respiratory system and cardiovascular system at the onset of COVID-19 disease

Puc. 1. Pe3yabTathl 06BEKTUBHOIO UCCAEAOBAHUSI AbIXATEABHOWM CUCTEMbI U CepAel‘IHO-COCyAMCTOVI cucTembl B pAebroTe

3aboneBaHuna COVID-19

30

25

24,6

N
w

20

15

10

Ipynna 1 / Group 1 Ipynna 2 / Group 2

22,4
19,7 211
16,9
13.9 15 15 14,8
115 115
1 97 10 9,8
0
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W boae3HeHHOCTb B anuractpanbHov obaacTi / Soreness in the epigastric region
BoaesHeHHOCTb B NpaBoM noapebepbe / Soreness in the right hypochondrium

W lenatomeranuns / Hepatomegaly

BoAe3HEHHOCTb MO X0AY KMLLEeYHWKa / Soreness along the bowel

W XKunakuit cTya / Loose stools

Fig. 2. Objective assessment of the gastrointestinal tract in patients at the onset of COVID-19

Puc. 2. O6beKTHBHANA OLEHKA OPraHoOB XEeAYAOUHO-KMLIEYHOro TpakTa y 60AbHbIX B AebtoTe COVID-19
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presented in Figure 2. We analyzed such symptoms as
abdominal bloating, palpatory pain in the epigastric re-
gion, along the course of the intestine, in the right sub-
costal area and stool character (p >0.005).

The stool characteristic according to the Bristol
scale had no significant differences in the age groups
of patients. Nevertheless, it should be noted that liquid
stools (6-7 on the Bristol scale) were observed with a
frequency from 0.7 to 21.1% in different groups.

Clinical blood counts in the debut of the disease in
patients carrying a new coronavirus infection revealed
leukocytosis in 7% of cases, leukopenia in 17% of cases,

ORIGINAL PAPERS

lymphopenia in 3.2% of cases, lymphocytosis in 5.2% of
cases, neutropenia in 4.3% of cases, neutrophilosis in 9%
of cases, increased erythrocyte sedimentation rate (ESR)
in 25% of cases, and anemic syndrome in 11% of cases.
Thus, on the basis of complaints, anamnesis, objec-
tive and routine laboratory examination we were able
to identify typical syndromes characteristic of acute
respiratory diseases: intoxication syndrome, upper res-
piratory tract lesion syndrome (catarrhal syndrome), Gl
lesion syndrome, focal lung tissue thickening syndrome
(28.14%) and inflammatory changes in the blood. The
presence of intoxication, focal pulmonary tissue lesion

Table 3. Characteristics of stool according to the Bristol stool scale in children at the onset of COVID-19

Tabauua 3. XapaKTepucTKa CTyAa No BpucToAbCKOM WKane y AeTelt B oebtote COVID-19

Nokasarenu /
Indicators

Bo3pactHas

rpynna /
Age group

3HaueHue ctyna no bpuctonbckon Wwkane /

Bristol Stool Scale Value

Bcero (n) /
Total (p)

1 2 3

4 5 6 7

Yucno
HabAtopaeMbIX /
Number
observed

(/%)

pynna 1
(1-4 ropa) /
Group 1
(1-4 years)

0/0 2/3,3

14/23,0

30/49,2 |3/4,9 |1,16 [11/18 |61

pynna 2

1/1,4 |9/12,7

21/29,6

(5-9 net) /
Group 2
(5-9 years)

23/324 |2,8 0/0 15/21,1 |71

lpynna 3
(10-14 ne1)/
Group 3
(10-14 years)

2/2,6 7/9,2

16/21,1

28/36,8 |7/9,2 |1/1,3 |15/19,7 |76

lpynna 4
(15-17 ner) /
Group 4
(15-17 years)

3/1,1 |20/7,4

69/25,7

109/40,5 | 16/5,9 | 2/0,7 |50/18,6 | 269

Mpumeuernune / Note: p=0,407.

Table 4. Results of X-ray diagnostics of pneumonia in children with COVID-19

Tabauua 4. Pe3ynbTaTbl PEHTTEHOAOTMUYECKOM AMArHOCTUKKM NMHEBMOHMI y AeTert ¢ COVID-19

BospacrtHas rpynna / Bcero / MpaBoCTOPOHHAA / N\eBOCTOPOHHARA / ABYCTOPOHHAA /
Age group Total Right-sided Left-hand Two-sided
(n/%) (n/%) (n/%) (n/%)
lpynna 1 (1-4 ropa) / 21/34,4% 4/6,6% 5/8,2% 12/19,7%
Group 1 (1-4 years)
lpynna 2 (5-9 neT) / 15/20,8% 2/2,8% 2/2,8% 11/15,3%
Group 2 (5-9 years)
lpynna 3 (10-14 ne1)/ | 15/19,7% 3/3,9% 4/5,3% 8/10,5%
Group 3 (10-14 years)
lpynna 4 (15-17 ne1)/ | 25/41% 5/8,2% 3/ 4,9% 15/24,6%
Group 4 (15-17 years)
p=0,013 p=0,485 p=0,576 p=0,158
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syndrome, and inflammatory reaction in blood analysis
were indications for radiographic examination of the
chest organs. Out of 270 patients, 76 (28.1%) children
were diagnosed with acute out-of-hospital pneumonia.
Pneumonia was most often radiologically detected
in age group 4, which is consistent with the presence
of more cough complaints in adolescents in the same
group. Bilateral pneumonia was detected most frequent-
ly in each age group (p <0.05). The results of radiologic
diagnosis of pneumonia are presented in Table 4.

OPUTUHAANDHBIE CTATbHU

The frequency of S1-S7, S9, S10 lesions was sim-
ilar in all age groups, but the S8 segment was signi-
ficantly more frequently affected in children of group
4 (8.2%; p=0.050). Morphological characteristics of
pneumonias in children with COVID-19 in different
age groups had no differences, but complications in
the form of pleurisy were noted only in group 4 (1.6%)
(Table 5).

The dynamics of the disease is presented in Fi-
gure 3.

Table 5. Morphological characteristics of pneumonia in children with COVID-19 in different age groups

Tabauua 5. Mopdonornyeckas xapakrepuctnka NHEBMOHWI y AeTeit ¢ COVID-19 B pasHbix BO3PACTHbIX rpynnax

BospactHasn rpynna/ Age group | lMoancermentapHasn / | HuxHeponeBan / | CpeaHeponeBana / | Maesput /
Polysegmental Lower lobe Mid-shaft Pleurisy
lpynna 1 (1-4 ropa) / 12/19,7% 4/6,6% 1/1,6% 0/0,0%
Group 1 (1-4 years)
lpynna 2 (5-9 aet) / 9/12,5% 2/2,8% 0/0,0% 0/0,0%
Group 2 (5-9 years)
lpynna 3 (10-14 aeT) / 6/7,9% 4/5,3% 1/1,3% 0/0,0%
Group 3 (10-14 years)
lpynna 4 (15-17 net) / 14/23,0% 6/5,3% 0/0,0% 1/1,6%
Group 4 (15-17 years)
p=0,062 p=0,383 p=0,572 p=0,329

250

200 L
150 \\

50

0 L

1-2-e cyTku 3aboneBaHuA /

1-2 days of iliness 5 days of illness

e [10BbILLEHWE TEMMEPATYPLI TEAQ / INCreased body temperature

Boab B ropae / Sore throat
e H0Ab B IPyAHON KAETKE / Chest pain
e OpbllLKa / Dyspnea
e HAaCMOPK / RUNNy NosSE
e AHOCMMWS / ANOSMia

5-e cyTkn 3aboneBaHus /

14-e cyTkn 3aboneBaHuA /
14 days of illness

10-e cyTkn 3aboreBaHus /
10 days of illness

e AreB3us / Ageusia
e [ O\OBOKpPYX€eHUWe / Dizziness
Kawenb / Cough
e [ONOBHbIE 60AM / Headaches
Mwuanrusi/60onb B cyctaBax / Myalgia/joint pain

Fig. 3. Dynamics of acute new coronavirus infection in children

Puc. 3. AMHamMmurKa 3aboAeBaHKA OCTPO HOBOM KOPOHABUPYCHON MHOEKUUK Y AeTel
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Table 6. Dynamics of gastrointestinal complaints in examined patients

Tabauua 6. AviHaMKKa racTpO3HTEPOAOTMUYECKMX Xanob y 06CAeA0BaHHbIX NaLMEHTOB

CumnTtombl / dranbl HabaoaeHUsA / Stages of observation p
Symptoms

ocTpasA HoBas KOpOHaBUpYCHasA 14-e cyTku 3aboneBaHuUA

UHbeKuua / (BbI3pOPOBAEHUE) /

acute novel coronavirus infection (n/%) 14t day of illness (recovery) (n/%)
Boaun B xuBote / | 36 (13,3%) 18 (6,7%) p,,=0,041
Abdominal pain
TowHoTa / 16 (5,9%) 4 (1,5%) p,,=0,016
Nausea
PeoTta / 29 (10,7%) 7 (2,6%) <0,001
Vomition
XXnakun ctyn / 30 (11,1%) 7 (2,6%) p,,=0,002
Loose stools

There was a significant reduction of most symptoms
by the 10th day of observation and their disappearance
on the 14th day. Cough persisted for the longest time.

New coronavirus infection proceeds in children in
most cases in the form of typical acute respiratory viral
infection of mild to moderate severity, with resolution
of symptoms by the 14th day of the disease. The fre-
quency of pneumonia among 270 examined patients
amounted to 28,14% (76 children), the most significant
number of pneumonias was found in children of group 4
(p=0,013), in them cough was noted most often.

Gastroenterological complaints were evaluated
at the beginning of the disease and at the time of re-
covery (day 14). The dynamics of gastroenterological
complaints in all 270 patients included in the study is
presented in Table 6.

Analysis of these complaints shows that the fre-
quency of vomiting, which can also be regarded as a
manifestation of intoxication, significantly decreases
by the time of recovery. The frequency of other gastro-
enterological complaints also decreases significantly
by the time of recovery.

CONCLUSION

Thus, the leading complaints in children with confirmed
new coronavirus infection were initially respiratory com-
plaints, which did not allow distinguishing this disease
from trivial acute respiratory viral infection. The frequency
of gastroenterologic complaints (abdominal pain, nausea,
vomiting, liquid stools) had a maximum occurrence of

16.4%. Age differences in the frequency of such subjec-
tive complaints as chest pain, sore throat, and nausea can
be associated with the age-specific features of percep-
tion and evaluation of these symptoms in young children.

ADDITIONAL INFORMATION

The author read and approved the final version be-
fore publication.

Competing interests. The author declares the ab-
sence of obvious and potential conflicts of interest re-
lated to the publication of this article.

Funding source. This study was not supported by
any external sources of funding.

Consent for publication. The author obtained writ-
ten consent from the patients’ legal representatives for
the publication of medical data.

AOMOAHUTEABHAA UHOOPMALIUA

ABTOp npoyunTan u ogo6pun GUHaNbHYH BEPCULD
nepea nyb6nukawmeii.

KoHdpnuKT uHTepecoB. ABTOp AeKnapupyer oTcyT-
CTBME ABHbIX M MOTEHLMaNbHbIX KOHDNMKTOB MHTEpe-
COB, CBfI3aHHbIX C NybanKaLueid HaCcTOALLEN CTaTby.

WUcTouHuk ¢puHaHcupoBaHus. ABTOp 3asBnseT 06
OTCYTCTBMW BHeLWHero GuUHaHCMpPOBaHWA Npu NpoBe-
LEeHUM UccnepoBaHma.

WUndopmupoBaHHoe cornacue Ha ny6nmkaumio. ABTop
Mony4Ynn NMCbMEHHOE Corniacue 3aKOHHbIX NpefcTaBuTe-
neii NaUMEHTOB Ha Ny6NMKaLMIO MESULMHCKMX AaHHDbIX.
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ABSTRACT. The article presents the results of our own clinical observation of a case of Wiskott-Aldrich syndrome,
a combined primary immunodeficiency characterized by an X-linked recessive type of inheritance and manifested
in a third of patients by a triad: recurrent microbial-inflammatory diseases, eczema (atopic dermatitis) and bleeding
due to thrombocytopenia and platelet dysfunction. The disease occurs only in males and accounts for approximately
3% of all primary immunodeficiencies. In the given clinical example, the patient's diagnosis is based on a typical
clinical picture (eczema, thrombocytopenia, immunodeficiency) and confirmed by the method of molecular genetic
diagnostics. In the presented clinical example, it is relevant to describe the stages of therapy for a patient who,
despite the high risk of life-threatening complications, ended with an unrelated allogeneic hematopoietic stem cell
transplant from a fully compatible unrelated donor. During the follow-up of the child, it was found that, despite all
the possible risks of complications, satisfactory functioning of the transplant was achieved with the restoration of
platelet hematopoiesis. The post-transplant period, complications, therapy, and recommendations are described.
The study of the presented clinical example will help to increase the effectiveness of early diagnosis of Wiskott-
Aldrich syndrome and timely develop the correct treatment plan for the patient.

KEYWORDS: child, Wiskott-Aldrich syndrome, thrombocytopenia, allogeneic unrelated bone marrow transplantation,
complications, therapy, recommendations
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PE3IOME. B cTatbe npefcTaBieHbl pe3ynbTaTbl COGCTBEHHOTO KIMHUYECKOTO HabNHOAEHUA Clyyas CUHAPO-
Ma Buckotta-Ongpuya — KOMOGMHMPOBAHHOIO NEPBMYHOrO MMMYyHOAedULMTA, KOTOPbIA XapakTepusyercs
X-cuenneHHbIM peLecCUBHbIM TUMOM HacNefoBaHus, Uy TpeTu 60NbHbIX NPOSBASETCA TPUAAO0iA: peLngmnBupy-
tOLMMN MUKPOGHO-BOCTANUTENbHBIMN 3a601€BaHUAMMU, 9K3EMON (aTONMYECKUM AepMaTUTOM) U KPOBOTEYEHM-
SIMU, 06YCNOBNEHHBIMU TPOMBOLUTONEHMEN M ANCHYHKLMER TPOMOOLUMTOB. 3ab60sieBaHNe BCTpeyaeTcs TONbKO
y /UL, MYXXCKOTO N0Na 1 COCTaBNAET NPU6AN3NTENbHO 3% BCEX NEPBUYHBIX UMMYHOAeGMUUTOB. B npuBeseHHOM
KMHUYECKOM MPUMEpPE AMArHO3 NaLMUEHTY YCTAHOBJIEH Ha OCHOBAHWN TUMNYHOI KNIMHUYECKOI KapTuHBbI (3K3e-
Ma, TPOM6OLUTONEHMUS, UIMMYHOLEGULNT) U NOATBEPKAEH METOA0M MONEKYNSAPHO-TEHETUYECKON ANArHOCTUKM.
B npeacTtaBneHHOM KJIMHUYECKOM NMPUMEpe akTyalibHbIM IBJIAETCA ONMCaHue 3TanHoCTU NPOBEeAEeHUs Tepanum
nauueHTy, KoTopas, HeCMOTPS Ha BbICOKUI PUCK Pa3BUTUS XUIHEYTPOXAIOLNX OCITOXHEHWIA, 3aBepLuniach npo-
BeZleHMeM HepOACTBEHHOM annoreHHo TpaHcnnaHTaLum reMono3aTUYeCKUX CTBONOBbIX KNETOK OT MOHOCTbIO
COBMECTMMOr0 HEPOACTBEHHOTO JOHOPA. B xoae nocnepytowero HabnogeHNs 3a pe6eHKOM 6bIN0 YyCTaHOBNEHO,
YTO, HECMOTPS Ha BCE BO3MOXHbIE PUCKU Pa3BUTUS OCNOXHEHMWIA, 6bIN0 LOCTUTHYTO YLO0BNETBOPUTENBHOE (YHK-
LMOHNPOBaHWe TpaHCNaHTaTa C BOCCTAHOBNEHWEM KPOBETBOPEHMSA N0 TPOMOGOLMTAPHOMY poCTKY. OnucaHbl
MOCTTPaHCMNNaHTaLMOHHbIA Nepuod, OCNOXHEHNS, NPOBefleHHas Tepanusa 1 pekomeHgauuu. M3yyerue npeg-
CTaBMIEHHOr0 K/IMHUYECKOro NpuMepa noMoXeT NOBbICUTb 3O(EKTUBHOCTb paHHEN ANArHOCTUKKU CUHAPOMa
Buckotta-0Ongpuya u cBOEBPEMEHHO BbICTPOUTb NPaBUbHbINA NAaH NeYeHNs nayueHTa.

KNIOYEBBIE CNIOBA: pe6eHok, cuHgpom Buckotra-0a4pnya, TPOMGOYNTONEHUS, anoreHHas HepOACTBEHHaAs
TPaHCnaaHTauus KOCTHOro M03ra, OC/I0)XHEHUS, Tepanus, peKoMeHgaLmnm
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Wiskott-Aldrich syndrome (WAS) is a combined
primary immunodeficiency characterized by X-linked
recessive inheritance. In one third of patients mani-
fests with the triad of recurrent microbial inflammatory
diseases, eczema (atopic dermatitis) and bleeding due
to thrombocytopenia and platelet dysfunction [1, 2].
The disease occurs only in male individuals. Female
individuals do not suffer from this pathology, but can
transmit the defective gene to the next generation. The
gene responsible for the development of the disease
(WAS-gene) is located on the short arm of the X chro-
mosome Chr.11.22 and consists of 12 exons encoding
502 amino acids [3].

According to the literature, the incidence of boys
born with WAS is 1 in 250,000 live births without ethnic
or geographic predominance, which is approximately
3% of all primary immunodeficiencies [3, 4].

In WAS, WAS-protein (WASP) synthesis is reduced or
not produced at all. The functions of this protein have
not been fully understood to date. However, it has been
found to play a key role in actin protein polymerization
and cytoskeleton formation. WASP is expressed only in
nucleus-containing cells of the hematopoietic system
and is of exceptional importance for signal transduction
from cell surface receptors to the actin cytoskeleton,
which is dynamically regulated by it. Defects in the for-
mation of all cellular structures, the formation of which
depends on the cytoskeletal reorganization of actin fila-
ments, are observed when WASP synthesis is reduced.
This results in impaired function of cells that normally
express WASP (leukocytes and platelets). It has been
found that the concentration of myosin, which also
takes part in the formation of the cytoskeleton, is sig-
nificantly reduced in platelets of patients with WAS [5].

The full function of actin cytoskeleton plays an impor-
tant role at the stage of platelet production by megaka-
ryocytes in bone marrow (BM), as well as for the realiza-
tion of their adhesive, aggregation and other functions.
Thrombocytopenia and decreased platelet size is a con-
sistent laboratory sign of WAS. Usually the platelet count
varies from 30 to 140 G/L, but periodically decreases to
10-30 G/L. In the BM punctate of patients, the absence
of megakaryocytes is determined. The clinical picture of
the disease is characterized by the development of he-
morrhagic syndrome, which intensifies against the back-
ground of infectious process, chronic posthemorrhagic
anemia and enlargement of the spleen [5, 6].
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B-and T-lymphocyte synthesis, formation of immune
synapses of T-lymphocytes, chemotaxis of WASP-defi-
cient leukocytes, cytolytic activity of NK cells, I|gG-me-
diated phagocytosis and, consequently, antigen pre-
sentation are impaired in patients with WAS. These
changes lead to the development of recurrent bacterial,
fungal and viral infections [3, 6].

In the first year of life, the presence of WAS in a child
can be suggested by a characteristic triad of clinical
symptoms: bleeding, eczema, and recurrent infections
[1, 7]. The disease usually debuts with bloody diarrhea,
petechial rash on the skin, oral mucous membranes,
prolonged healing of the umbilical wound, and eczema.
The classical triad usually develops in only one third of
children with WAS, and in the remaining cases, the mani-
festations may be in the form of thrombocytopenia or
infectious diseases, or isolated eczema [8]. There is an
increased incidence of autoimmune diseases such as
hemolytic anemia, vasculitis, glomerulonephritis, and
inflammatory bowel disease in patients with WAS [9].

The only curative method of treating WAS is he-
matopoietic stem cell transplantation (HSCT) from an
HLA-compatible related or unrelated donor. The best
results of transplantation are noted in patients in the
first two years of life in the absence of severe infec-
tious and/or autoimmune complications [1, 2, 6]. In-
troduction of hematopoietic stem cells (HSC) from a
donor to a recipient is performed for partial or complete
replacement of hematopoiesis after cytostatic and/or
radiation therapy [8, 10].

Depending on the donor, HSC are divided into auto-
logous (auto-HSCT) — the recipient is the donor of
HSC, and allogeneic (allo-HSCT) — HSC are obtained
from related and unrelated donors. The main sources
of HSC for transplantation are BM cells (HSC content
1-3%) and peripheral blood stem cells (PBSC) — HSC
content in norm is 0,01-0,1%, after mobilization it is up
to 2%. Less often the source of HSC is umbilical cord
blood — the content of HSC at the 38th week of preg-
nancy is about 1%. The qualitative composition of the
transplant depends on the source of its obtaining. Each
source has its advantages and disadvantages, which are
considered in the context of the nature of the disease,
HLA-system gene compatibility, age, weight of the re-
cipient and donor when choosing a transplant [10-12].

It should be noted that selection of an unrelated do-
nor with optimal characteristics is impossible for 30%
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of patients due to allelic polymorphism of HLA genes.
Reduced degree of HLA-compatibility creates additio-
nal risks of severe complications, namely, it increases
the probability of graft-versus-host reaction (GVHR)
[10]. When making a decision on HSCT, it is necessary
to analyze the correlation between the risk of death, de-
velopment of severe complications associated with the
disease, and the risk of HSCT procedure [12-14].

The success of therapy also depends on such sig-
nificant factors as conditioning regimen, GVHR prophy-
laxis, concomitant therapy, the status of the underlying
disease and clinical features of its course [11, 15, 16].

Aim. To study clinical manifestations of WAS and
methods of its treatment on the example of a particular
patient.

We present a clinical case of our own observation
of a patient with WAS.

The boy K., 5 months old, was in the pediatric de-
partment of the City Children's Clinical Hospital No. 1
in Donetsk.

He was admitted with his parents' complaints about
changes in clinical blood analysis in the form of mode-
rate anemia and thrombocytopenia.

Anamnesis. The child was born from VIII pregnan-
cy at 39 weeks gestation. The pregnancy proceeded
against the background of edema of pregnancy, chronic
cytomegalovirus infection (CMVI), genetic thrombophi-
lia. | pregnancy ended in childbirth — the boy died at
the age of 3 months, according to the mother's words,
the child was diagnosed with leukemia (a child from the
first marriage). Il, Ill, IV pregnancies ended with medi-
cal abortions. V pregnancy ended in childbirth — the
boy died at the age of 7 months (child from the second
marriage). VI pregnancy ended in childbirth — the girl
is healthy (child from the third marriage). VII pregnancy
ended in childbirth — boy died at the age of 3 months,
the child was diagnosed with congenital CMVI, pneu-
mocystis pneumonia (child from the fourth marriage).
These labor was V, term, normal; Apgar score was 7/8
points. The baby's weight at birth was 4300 g.

By three months of life, the child had twice suffered
intestinal infection caused by Klebsiella pneumoniae.
Examination in the department revealed thrombocyto-
penia — 50 G/L, anemia of average severity. Due to the
revealed changes in blood tests he was hospitalized
in the oncohematology department of the State Insti-
tution “Institute of Emergency and Reconstructive Sur-
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gery named after V.K. Gusak”. with the diagnosis: acute
CMVI, active phase, primary immunodeficiency, severe
anemia, thrombocytopenia.

A positive titer of IgM and IgG to cytomegalovirus
was detected, a BM puncture was performed. Myelo-
gram showed the following changes: BM punctate is
small cellular, there are no BM elements (megakaryo-
cytic and erythrocytic sprout). It is possible overdilution
with peripheral blood. It was recommended to repeat
the BM puncture to clarify the diagnosis. Normal hu-
man immunoglobulin was administered to the child in
the department. The child was consulted by an infec-
tious disease specialist and diagnosed with congenital
CMVI, manifest generalized form (hematological, he-
patic) against the background of congenital immunode-
ficiency. Then the child was transferred to the intensive
care unit of City Children's Clinical Hospital No. 1 in
Donetsk for treatment of CMVI. In the ward he received
human anti-cytomegalovirus immunoglobulin.

Due to the severity of the anemic syndrome, throm-
bocytopenia, neutropenia, lack of positive dynamics
from the therapy, the child was repeatedly transferred
to the oncohematology department of the “Institute of
Emergency and Reconstructive Surgery named after
V.K. Gusak”. A repeated BM puncture was performed:
BM preparations were cellular, erythroid sprout was of
normoblast type. Blood system diseases were exclu-
ded. The child underwent transfusion of thrombocon-
centrate, infusion of human anti-cytomegalovirus im-
munoglobulin. For further treatment and observation,
the child was transferred to the pediatric department of
City Children's Clinical Hospital No. 1 in Donetsk.

At the time of our examination, the general condition of
the child was severe. Body temperature was 36.7 °C, heart
rate was 111 per minute, respiratory rate was 26 per mi-
nute. The weight of the child was 9580 g. Consciousness
was preserved, active. Skin was pale. There were traces
of intravenous injections on the skin of temples, elbow
bends, wrist joints. On the skin of the face, trunk there were
elements of papular rash, areas of desquamation, single
elements of petechial rash on the trunk. Visible mucous
membranes were pale pink, normally moist. Above the
lungs percussion there was clear pulmonary sound.During
the auscultation we heard puerile respiration. Heart tones
were muffled, rhythmic. The abdomen was not enlarged in
volume, accessible to palpation. The liver protrudes 2 cm
from under the edge of the rib arch, the spleen was 2.5 cm
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below the edge of the rib arch. Stool was 1-2 times a day,
mushy. Urination was not disturbed.

The child was examined.

Anemia of varying severity, neutropenia and throm-
bocytopenia (23-95 g/L) were registered in the clinical
blood analysis throughout the observation.

Blood biochemical analysis parameters were within
the age normal range.

The determination of CD4 lymphocyte subpopula-
tion was carried out — 1628 cells (42,9%), which corre-
sponds to the age norm.

Ultrasound examination of abdominal cavity organs
was without pathology.

Neurosonogram — there was slight ventriculodila-
tion, lenticulostriary vasculopathy.

Echocardiography (EchoCG) — there was minimal
tricuspidal and pulmonal regurgitation, aberrant chorda
in the left ventricular cavity.

On X-ray examination of chest organs there was no
pathology.

The patient was consulted by otorhinolaryngologist,
ophthalmologist, neurologist, allergologist, immunolo-
gist — recommendations for further examination and
treatment were given.

Geneticist consultation: the child was diagnosed with
WAS. For technical reasons, specific molecular genetic
diagnosis of this syndrome could not be realized. Medical
and genetic counseling of the family was carried out.

In the course of telemedicine consultation with the
staff of the Dmitry Rogachev National Medical Research
Center for Pediatric Hematology, Oncology and Immu-
nology of the Russian Ministry of Health a conclusion
was obtained. According to the submitted documents,
taking into account the aggravated family history
(death of male children in infancy), clinical symptoms,
and laboratory changes, the child is likely to be diag-
nosed with primary immunodeficiency syndrome. Mo-
lecular genetic examination “Immunologic Panel” and
TREC/KREC determination were recommended. Blood
was collected for this study, the blood sample was sent
to the immunology department of the Dmitry Rogachev
National Medical Research Center for Pediatric Hema-
tology, Oncology and Immunology of the Russian Minis-
try of Health. After receiving the results of genetic stu-
dies, a telemedicine consultation with the staff of this
institution was repeated. The following conclusion was
received: according to the data of the genetic examina-
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tion, the patient was confirmed to have primary immuno-
deficiency: WAS. The only curative method of treatment
is HSCT from an unrelated or haploidentical donor.

A telemedicine consultation with the staff of the
Russian Children's Clinical Hospital of the Federal State
Budgetary Educational Institution of Higher Education
“N.I. Pirogov Russian National Research Medical Univer-
sity” of the Ministry of Health of Russia was conducted.
Final diagnosis based on the results of the consultation:
primary immunodeficiency. WAS. Congenital CMVI. Ane-
mia of mild severity. Dysplastic cardiopathy. It was re-
commended to continue the prescribed therapy, to con-
duct HLA-typing of the child, parents, to start searching
for a compatible BM donor with subsequent BM trans-
plantation (HSC). To correct thrombocytopenia it is rea-
sonable to prescribe romiplostim or eltrombopag. Plate-
let transfusion is indicated only in case of bleeding.

In the department, the child received valganciclovir,
co-trimoxazole, fluconazole, colecalciferol, thrombo-
concentrate transfusions, normal human immunoglo-
bulin, and iron preparations.

Repeated telemedicine consultation was carried out
at the Russian Children's Clinical Hospital of the Federal
State Budgetary Educational Institution of Higher Edu-
cation “N.I. Pirogov Russian National Research Medical
University” of the Ministry of Health of Russia. The diag-
nosis remained the same. Conclusion: haploidentical BM
transplantation in a patient with this diagnosis carries
a very high risk of life-threatening complications, which
makes its feasibility doubtful. The search for an unrelated
compatible BM donor was recommended, and the current
treatment (romiplostim, normal human immunoglobulin,
valganciclovir, co-trimoxazole) was continued.

The child was started on romiplostim therapy — 8 in-
jections.

Atthe age of 1 year 6 months, the patient was admitted
to the Clinic of the R.M. Gorbacheva Research Institute of
Pediatric Oncology, Hematology and Transplantology in
satisfactory condition for examination and decision on al-
logeneic BM transplantation. At the time of admission the
hemogram were anemia of medium severity, thrombocy-
topenia of IV degree. Due to severe thrombocytopenia the
patient was on romiplostim therapy, which was suspen-
ded due to the lack of the drug. Infectious complications
were represented by congenital CMVI, generalized form.
He received therapy with vanganciclovir. Taking into ac-
count the nature and course of the disease, the patient
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was shown to perform allo-HSCT. A search for a donor in
the Russian registry was activated.

A fully compatible unrelated donor was found. The
child was hospitalized for allo-HSCT. The conditioning
regimen of nonmyeloablative FluTreoThio was tolera-
ted relatively satisfactorily. Unrelated allo-HSCT from
a fully compatible donor was performed. The graft
source was BM. GVHR prophylaxis, drug administration
was tolerated without immediate complications.

The early post-transplantation period was compli-
cated by the course of gastrointestinal tract mucositis
of -1l degree. From day 6 he received partial parenteral
nutrition. The first wave of febrile neutropenia — from
day 9 with response to empirical antibacterial therapy,
apyrexia was achieved by day 11.

Infectious complications — pulmonary aspergillosis.
Against the background of etiotropic therapy, positive
dynamics was achieved in the form of regression of pre-
viously existing foci according to computed tomography.

Recovery of donor hematopoiesis by the platelet
sprout (more than 20 thousand/pL) was recorded by
day 14. Platelets more than 50 thousand/yL were recove-
red by the 16th day and more than 100 thousand/pL by the
21st day. The recovery of hematopoiesis in the leukocy-
tic sprout was registered on the 22nd day, in neutrophils
it was registered on the 23rd day.

The graft engrafted independently without stimula-
tion with granulocyte colony-stimulating factor on the
25th day, chimerism was complete donor.

Therapy of acute grade | GVHR (grade Il skin) pro-
duced a complete response to systemic glucocorticos-
teroid therapy from day 25.

The graft functions satisfactorily, chimerism is full
donor, hematransfusion-independent. Basal immuno-
stimulating therapy was performed: tacrolimus, myco-
phenolate mofetil.

The patient was diagnosed with the following clini-
cal diagnosis.

Primary diagnosis. Primary immunodeficiency. WAS
(mutation in WAS gene in homozygous state). Alloge-
neic unrelated BM transplantation.

Complication. Bilateral multisegmental pneumonia of
mixed etiology (CMVI, Actinomyces spp., Streptococcus
salivaris). Probable invasive pulmonary aspergillosis.
Postcytostatic pancytopenia (severe anemia, grade IV
thrombocytopenia, grade IV neutropenia). GI mucositis
of lI-1ll degree. Febrile neutropenia. Acute GVHR grade |
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(skin grade II), complete response. Colonization of the Gl
tract with Klebsiella pneumoniae, Esherichia coli, Candida
lusitaniae. Colonization of the pharynx with Str. viridans
group, Str. epidermidis. Urinary tract infection, asympto-
matic bacteriuria (Str. epidermidis, Enterocccus faecalis).
Reactivation of CMVI, chronic course.

Secondary diagnosis. Presence of other transplan-
ted organs and tissues.

Therapy given: platelet concentrate, normal human
immunoglobulin; chemotherapy: fludarabine, treosul-
fan, thiotepa; immunosuppressive therapy: tacrolimus,
mycophenolate mofetil, methylprednisolone; conco-
mitant therapy: Omeprazole, ciprofloxacin, acyclovir,
voriconazole, co-trimoxazole, pancreatin in microgra-
nules, cefoperazone with sulbactam, ganciclovir, allo-
purinol, fluconazole, paracetomol.

The patient was given recommendations:

* observation of pediatrician, hematologist, im-

munologist;

e continue taking tacrolimus, mycophenolate mo-
fetil, folic acid, valganciclovir, variconazole, co-
trimoxazole, pancreatin, omeprazole; if the IgG level
decreases less than 4.0 g/I, it is recommended to
carry out replacement transfusion with normal
human immunoglobulin;

e control of analyzes: clinical blood analysis,
biochemical blood analysis, urinalysis, quantitative
polymerase chain reaction to cytomegalovirus,
Epstein-Barr virus, herpes virus, determination of
I9G level;

e physical therapy, rehabilitation, high-calorie, high-
protein, hypoallergenic diet;

* immunomodulators and intramuscular injections
are contraindicated;

e medical withdrawal from vaccination;

e repeated hospitalization at the R.M. Gorbacheva
Research Institute to control the therapy.

Conclusion. Thus, the peculiarity of this case is the
presence in the patient of the classical triad of symp-
toms characteristic of WAS (eczema, thrombocytope-
nia, immunodeficiency), with confirmation of the diag-
nosis by molecular genetic study. It is indicated that
during the treatment of the child, combined therapy
of infectious manifestations of this primary immuno-
deficiency, eczema, substitution therapy with intrave-
nous immunoglobulin and thrombocytopenia allowed
to achieve only a temporary positive effect. In the
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presented clinical example it is relevant to describe
the stages of therapy of the patient, which, despite the
high risk of life-threatening complications development,
ended with allo-HSCT from a fully compatible unrelated
donor. During the follow-up of the child it was found
that despite all possible risks of complications deve-
lopment, satisfactory functioning of the transplant with
restoration of hematopoiesis by the platelet sprout was
achieved. The study of the presented clinical case will
help to improve the efficiency of early diagnosis of WAS
and timely build a proper treatment plan for the patient.
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AONOAHUTEAbHAA UHO®OPMALUA

Bknap, aBTopoB. Bce aBTOpbl BHECNU CYLECTBEH-
Hbli BKJ1aZ B pa3paboTKy KOHLeNLuu, NPOBEAEHNE UC-
Cefi0BaHMsA U NOATOTOBKY CTaTby, MPOYN U 0806pK-
N1 GUHanNbHYLO Bepcuto nepes ny6nukavuen.

KoHdnuKT MHTepecoB. ABTOpPbI JEeKNapupyoT OT-
CYTCTBUE SABHbIX U NOTEHLMANbHbIX KOHGIMKTOB UHTE-
PeCoB, CBA3aHHbIX C Ny6MKaL el HacTosLWell CTaTby.

WUcTouHnk puHaHcupoBaHusA. ABTOPbI 3aBNAIOT 06
OTCYTCTBMU BHELHero GMHaHCMpOBaHuUs Npu NpoBe-
JEeHUN uccnepoBaHus.

WUndopmupoBaHHoe cornacue Ha nyb6nukaumio. ATo-
Pbl MOAYYMNN MUCbMEHHOE COorflacue 3aKOHHbIX NpeacTa-
BUTENEli NaLyeHTa Ha Ny6nmnKaLmio MeULNHCKUX LaHHbIX.

REFERENCES

1. Okhotnikova 0.M., Shrikadze 0.V., Ponochevna O.M. i dr.
Wiskott-Aldrich syndrome — primary combined immu-
nodeficiency in the practice of a pediatric allergist. Klini-
cheskaya immunologiya. Allergologiya. Infektologiya.
2018;7(112):48~52. (In Russian).

2. Kurysheva 0.A., Naletov A.V., Yakimchuk N.V. i dr.
A clinical case of Wiskott-Aldrich syndrome. Forcipe.
2022;5(52):292-293. (In Russian).

3. Gorchakov I.S., Kozlova 0.B., Chemodanov V.V. i dr.
Wiskott-Aldrich syndrome (Clinical observation). Vest-
nik lvanovskoy meditsinskoy akademii. 2015;1:45-48. (In
Russian).

4. Vaynshteyn N.P., Britanishskaya Ye.A., Krivova N.A. i dr.
Wiskott-Aldrich syndrome: a neonatologist's view. Neo-
natologiya: novosti, mneniya, obucheniye. 2018;6(2):115-
124. (In Russian).

5. Sobouti B., Bahrami A., Rahmani F. et al. Wiskott-Aldrich
syndrome with possible congenital Cytomegalovirus infec-
tion: A diagnostic dilemma. Med J India. 2021;34(1):24-
26.D0I: 10.4103/0970-258X.323441.

6. Zakirov I.l., Safina A.l. Thrombocytopenia of new-
borns. Vestnik sovremennoy klinicheskoy meditsiny.
2013;6(6):102-107. (In Russian).

7. Sasahara Y. WASP-WIP complex in the molecular patho-
genesis of Wiskott-Aldrich syndrome. Pediatr Int.
2016;58(1):4-7. DOI: 10.1111/ped.12819.

8. Lavrinenko V.A., Mareyko Yu.Ye., Berezovskaya Ye.Yu.
i dr. Formation of donor chimerism in patients with
primary immunodeficiencies after allogeneic hemato-
poietic stem cell transplantation. Onkogematologiya.
2018;13(2):82-92. DOI: 10.17650/1818-8346-2018-13-2-
82-92. (In Russian).

9. Kuz'mich Ye.V., Alyanskiy A.L., lvanova N.Ye. i dr. Analy-
sis of the results of allogeneic hematopoietic stem cell
transplantation depending on the degree of HLA-matching
of the patient and unrelated donor. Onkogematologiya.
2014;3:25-31. (In Russian).

10. Afanas'yev B.V., Zubarovskaya L.S., Moiseyev I.S. Allo-
geneic hematopoietic stem cell transplantation in chil-
dren: present, problems, prospects. Rossiyskiy zhurnal
detskoy gematologii i onkologii. 2015;2(2):28-42. DOI:
10.17650/2311-1267-2015-2-2-28-42. (In Russian).

11. Sidorova N.V., Kirgizov K.I., Slinin A.S. i dr. Analysis of
donor-associated factors in unrelated hematopoietic
stem cell transplants in children with non-malignant di-
seases. Rossiyskiy zhurnal detskoy gematologii i onko-
logii. 2018;4(5):31-39. DOI: 10.17650/2311-1267-2018-
5-4-31-39. (In Russian).

CHILDREN’S MEDICINE

230 2024

Ne 4 Tom 12

of the North-West



12.

13.

14.

15.

16.

Machneva Ye.B., Skorobogatova Ye.V., Pristansko-
va Ye.A. i dr. Experience of hematopoietic stem cell
transplantation for primary immunodeficiencies in
the Russian Children’s Clinical Hospital. Voprosy ge-
matologii/onkologii i immunopatologii v pediatrii.
2019;18(2):30-42. DOI: 10.24287/1726-1708-2019-18-
2-30-42. (In Russian).

van Lier Y.F., Vos J., Blom B., Hazenberg M.D. Alloge-
neic hematopoietic cell transplantation, the microbiome,
and graft-versus-host disease. Gut Microbes. 2023;15(1):
2178805. DOI: 10.1080/19490976.2023.217880.

Kapoor N., Raj R. Hematopoietic Stem Cell Transplanta-
tion for Primary Immune Deficiency Disorders. Indian J
Pediatr. 2016;83(5):450-454. DOI: 10.1007/s12098-015-
2012-z.

Churyukina E.V., Koreyeva Ye.V., Selezneva 0.S. A case
of Wiskott-Aldrich syndrome in an infant. Allergolo-
giya i immunologiya v pediatrii. 2023;3:58-68. DOI:
10.53529/2500-1175-2023-3-58-68. (In Russian).
Khavkin A.1., Naletov A.V., Marchenko N.A. Inflammato-
ry bowel diseases in children: modern achievements in
diagnostics and therapy. Rossiyskiy zhurnal gastroente-
rologii, gepatologii, koloproktologii. 2023;33(6):7-15.
DOI: 10.22416/1382-4376-2023-33-6-7-15. (In Rus-
sian).

NMTEPATYPA

OxotHukosa 0.M., LWpukapse 0.B., NMoHouyesHa 0.M. n co-
aBT. Cunppom BuckoTTa-Ongpuya — nepBUYHbINA KOMOU-
HUPOBaHHbIA UMMYHOLEQULNT B NPaKTUKe JEeTCKOro an-
nepronora. KnuHuyeckas uMMyHosorus. Annepronorus.
WHbekTonorus. 2018;7(112):48-52.

Kypbiwesa 0.A., Hanetos A.B., Akumuyk H.B. n gp.
Knuunueckui cnyvaii cungpoma Buckotta-Ongpuya.
Forcipe. 2022;5(52):292-293.

lopuakos W.C., Kosnosa 0.b., YemogaHos B.B. u gp.
Cunapom Buckotta-0napuya (KnuHuyeckoe Habnoge-
HUe). BeCTHMK MBaHOBCKON MeAULIMHCKOW aKajeMum.
2015;1:45-48.

BaitHwTenn H.M., bputaHuwckas E.A., Kpusosa H.A.
u ap. Cungpom Buckottra-Ongpuya: B3rnafg HeoHa-
Tonora. HeoHaTon0rMs: HOBOCTU, MHEHUS, 0ByYEHME.
2018;6(2):115-124.

Sobouti B., Bahrami A., Rahmani F. et al. Wiskott-Al-
drich syndrome with possible congenital Cytomega-
lovirus infection: A diagnostic dilemma. Med J India.
2021;34(1):24-26. DOI: 10.4103/0970-258X.323441.
3akupos W.W., CapuHa A.U. TpomGoLMTONEHUM HOBO-
POXJIEHHbIX. BECTHUK COBPEMEHHOMN KANHWUYECKON Me-
AvumHbl. 2013;6(6):102-107.

CHILDREN’S MEDICINE

SAMETKHU U3 NMPAKTUKHU

7.

10.

11.

12.

13.

14.

15.

16.

Sasahara Y. WASP-WIP complex in the molecular
pathogenesis of Wiskott-Aldrich syndrome. Pediatr Int.
2016;58(1):4-7.DOI: 10.1111/ped.12819.

NaepuneHko B.A., Mapeiiko 10.E., bepe3sosckas E.I10.
u ap. CTaHOBNEeHue AOHOPCKOro XMMepusma y nauueH-
TOB C NEPBUYHbIMU UMMYHOAedMLUMTaMKU NoCne anno-
FeHHOM TPaHCNaHTaLum reMono3TMYeCKMX CTBOMOBbIX
knetok. OHkoremaTonorus. 2018;13(2):82-92. DOI:
10.17650/1818-8346-2018-13-2-82-92.

Kysbmuny E.B., AnsiHckuid A.J1., BaHoBa H.E. n gp. AHa-
N3 pesynbTaToB anoreHHo| TpaHcnaHTauum remono-
3TMYECKMX CTBONOBbIX KNETOK B 3aBMCMMOCTM OT CTene-
Hu HLA-noa6opa nauneHTa u HepOACTBEHHOTO JOHOPA.
OHkoremaTonorusi. 2014;3:25-31.

AdaHacbeB b.B., 3ybaposckas J1.C., Moncees W.C. Anno-
reHHas TpaHcniaHTauus reMono3TUYeCcKUX CTBONOBbIX
KNeToK y AeTeli: HacTosLlee, Npo6ieMbl, NepCnekTUBbI.
Poccuiickuii xypHan feTcKoil remaTtonorn u OHKONOru.
2015;2(2):28-42.DO0I: 10.17650/2311-1267-2015-2-2-28-42.
Cupgoposa H.B., Kupruzos K.U., Cnuuun A.C. n pp.
AHanu3 foHop-accouMMpoBaHHbIX (hakTOpPoB Mpu He-
POLCTBEHHbIX TpaHCMAaHTauuaX remMonoaTUYeckKux
CTBOJIOBbIX K/ETOK Y leTel C He3N0KayecTBEHHbIMM 3a-
6oneBaHusMU. Poccuiickuii XypHan LeTckoii remaTtono-
rum 1 oHkonoruu. 2018;4(5):31-39. DOI: 10.17650/2311-
1267-2018-5-4-31-39.

MauHeBa E.b., Ckopo6oratoBa E.B., [puctaHckoBa E.A.
u ap. OnbIT TpaHCNAAHTaLWN reMOno3TUYECKUX CTBONO-
BbIX KNIETOK NPK NepBUYHbIX UMMyHoAeduumTax B Poc-
CUMCKOI AeTCKO KnuHUYeckoi 6onbHuLEe. Bonpochl
reMaTonorum/OHKONOrMM U UMMYHOMaToONOrMK B Neana-
Tpun. 2019;18(2):30-42. DOI: 10.24287/1726-1708-2019-
18-2-30-42.

van Lier Y.F., Vos J., Blom B., Hazenberg M.D. Alloge-
neic hematopoietic cell transplantation, the microbiome,
and graft-versus-host disease. Gut Microbes. 2023;15(1):
2178805. DOI: 10.1080/19490976.2023.217880.

Kapoor N., Raj R. Hematopoietic Stem Cell Transplanta-
tion for Primary Immune Deficiency Disorders. Indian
J Pediatr. 2016;83(5):450-454. DOI: 10.1007/s12098-
015-2012-z.

YyptokuHa 3.B., Kopeesa E.B., CenesHeBa 0.C. Cnyyan
cuHppoMa Buckotta-Ongpuya y pebeHka rpygHoro
Bo3pacTa. Aniepronorus U UMMYHONOTUS B NeAnaTpum.
2023;3:58-68. DOI: 10.53529/2500-1175-2023-3-58-68.
XaBkuH A.W., HanetoB A.B., Mapuenko H.A. Bocnanu-
TenbHble 3a60MeBaHNA KULWEYHUKA Y JeTell: COBPEMEH-
Hble JOCTUXEHNSA B AUarHocTUKe U Tepanuun. Poccuiickuii
XXYpPHan racTpo3HTEpOOru, renaTonoruu, KONoNpPoKTO-
noruu. 2023;33(6):7-15. DOI: 10.22416/1382-4376-2023-
33-6-7-15.

of the North-West

2024 231

N 4 Vol. 12



PRACTICAL NOTES

UDC 615.453.62+615.276+615.212.3-099+615.9
DOI: 10.56871/CmN-W.2024.78.37.020

CLINICAL CASE OF SEVERE POISONING
WITH PARACETAMOL IN A CHILD

© Oleg E. Mitkinov, Natalia A. Strahova, Anna S. Belkova

1 Buryat State University, Medical Institute. 32a Oktyabrskaya str., Ulan-Ude 670002 Russian Federation
2Children’s Republican Clinical Hospital. 2A Stroiteley Ave., Ulan-Ude 670042 Russian Federation

Contact information
Oleg E. Mitkinov — Doctor of Medical Sciences, Associate Professor, Head of the Department of Postgraduate Education.
E-mail: moe.68@mail.ru ORCID: https://orcid.org/0000-0002-9553-6574 SPIN: 6654-9834

For citation: Mitkinov OE, Strahova NA, Belkova AS. Clinical case of severe poisoning with paracetamol in a child. Children’s
Medicine of the North-West. 2024;12(4):232-238. DOI: https://doi.org/10.56871/CmN-W.2024.78.37.020

Received: 07.10.2024 Revised: 08.11.2024 Accepted: 16.12.2024

ABSTRACT. Paracetamol poisoning is an urgent problem in toxicology due to a significant increase in the number
of cases worldwide, and the use of paracetamol for suicidal purposes in many countries occupies a leading
position in the structure of drug suicides. The aim of the work is to review a clinical case of paracetamol poisoning.
Materials and methods: paracetamol poisoning in a 17-year-old child at a dose of 600 mg/kg. Intensive care:
antidote N-acetylcysteine, hepatoprotection ademetionine, ultrahemodiafiltration, transfusion of fresh frozen
plasma. A feature of this case is not only liver damage, but also kidney damage. Intensive care is aimed at
cleansing the body of hepatolysis products and uremic toxins. It was possible to avoid hepatocellular damage
requiring liver transplantation and renal damage requiring chronic hemodialysis.

KEYWORDS: paracetamol, poisoning, children
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PE3IOME. B HacTosLee BpeMsi OTpaB/ieHMe NapaLeTaMosioM ABASeTCA akTyanbHO Npo6nemMoii TOKCUKONOTUm
B CBSI3M CO 3HAYUTENbHbIM YBESIMYEHMEM YMCIa CllyYaeB BO BCEM MUpe, a NPUMEHEHWe napaleTtamona B Cyuuun-
JanbHbIX Lensax BO MHOTMX CTpaHax 3aHUMaeT IMAnpYyoLL e nosuLumn B CTPYKTYPE MeAUKaMeHTO3HbIX CUYLMO0B.
Lienp pa6oTbl — 0630p KNMHMYECKOrO CNyyas OTpaBNeHUs napaletamonioM. MaTtepuanbl U MeTo4bl: OTpaBe-
Hue napaueTamonoM y pebeHka 17 net B fose 600 mr/kr. UHTeHCMBHas Tepanus: aHTUAOT N-aLeTUNLNCTENH,
renaTonpoTekuus aAeMeTUOHMH, ynbTpareMognadunbTpauns, TpaHchy3ns CBeXe3aMOPOXEHHON MNasMbl.
OCcO6eHHOCTbIO AAHHOTO CNyyas ABNSETCA He TONbKO MOpaXeHUe NeyeHu, HO 1 noYek. IHTeHCUBHas Tepanus
HanpaBJieHa Ha OYMLLEHNE OpraHW3Ma OT NPOAYKTOB renaTonn3a 1 ypeMuyecknx TOKCMHOB. Y4anocb n3bexarb
Heo6paTMMOro NeYeHOYHO-KNEeTOYHOrO NOBPEXAEHUS, TPEOYIOLWEro TpaHCNIaHTaLUu NEYEHM, U HEO6PATUMOTO
MOYEYHOro NOBPEXAEHMS, TPEOYIOLLEro NPOBEAEHNSI XPOHMYECKOr0 reMoANnanm3a.

KJTIOYEBDBIE CJIOBA: napayeramosn, oTpaB/ieHue, ety
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INTRODUCTION

Paracetamol is one of the most widely used drugs
worldwide for its analgesic and antipyretic properties
and is generally safe when taken in the recommended
therapeutic dose.

Reports of paracetamol poisoning are frequent and
have been studied in many countries. The epidemiolo-
gical significance of paracetamol poisoning is due to
the widespread use and wide availability of the drug.
Paracetamol is used as an analgesic and antipyretic. In
the Russian Federation (RF) traditionally has the grea-
test use in children's practice, but in recent years due
to the introduction of new dosage forms has become
more widely used in adults. For example, the use of
paracetamol in oncology is included in the standards of
treatment of chronic pain, it is also used in therapy and
rheumatology, and in surgical practice, including in com-
bination with opioid analgesics [1].

Paracetamol poisoning is currently an urgent prob-
lem of toxicology due to a significant increase in the
number of cases worldwide. Paracetamol poisoning in
the USA and Australia is the most common cause of
severe acute liver injury requiring transplantation [2]. In
European countries, this figure averages 20%. In Ireland
it is 52%, in Great Britain it is 28%, in France it is 18%,
in the Netherlands it is 8%, and in Italy it is 1% [1]. In
the Russian Federation, according to the data of 2008,
the specific weight of paracetamol poisonings was
only 0.67% among all poisonings, but in recent years
has increased significantly due to the emergence in
the domestic pharmaceutical market a large number of
different dosage forms containing paracetamol, inclu-
ding long-acting, under different trade names [3]. At the
same time, up to 60% of overdoses were also deliberate
self-poisoning.

It should be noted that the use of paracetamol for
suicidal purposes in many countries takes the leading
position in the structure of medication suicides: in the
UK —44.9%, in New Zealand — 37.6%, in Ireland — 30%,
in Canada — 30%, in Australia — 28%, in the USA —
10.9% [3].

The toxic dose of paracetamol is 7.5 g in adults and
150 mg/kg in children [4]. A number of authors point out
that hepatotoxic effect is possible already when taking
the drug at a dose of 4-5 g in adults or 125 mg/kg in child-
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ren with concomitant liver diseases, constant intake of
drugs, especially those that are inducers of cytochrome
P450 (barbiturates, isoniazid, rifampicin, diphenin, etc.),
dietary supplements, anorexia, etc. [5].

The toxicity of paracetamol is related to the action
of its active metabolite N-acetyl-p-benzoquinonimine
(NAPQI) formed by the cytochrome P450 system in
the liver. Formed in small amounts, it is detoxified by
reduced glutathione (GSH). When a massive dose of
paracetamol is taken, GSH is consumed and its rege-
neration step is limited by cysteine stores. As a result,
NAPQI forms covalent bonds with macromolecules of
hepatocyte membranes, activating free-radical proces-
ses and leading to hepatocyte necrosis [6].

The antidote is N-acetylcysteine, which reduces the
toxic effects of NAPQI by restoring cysteine reserves.

AIM

Review of a clinical case of paracetamol poisoning
at a dose of 600 mg/kg.

CLINICAL CASE

A 17-year-old child was undergoing treatment in the
anesthesiology and resuscitation department of the
Children's Republican Clinical Hospital of Ulan-Ude.

The girl was admitted to the hospital for emergency
indications. From the anamnesis it is known that she
drank 60 tablets of paracetamol 500 mg for suicidal
purposes, the next day she was bothered by nausea
and vomiting, she sought medical help 37.5 hours after
taking the drug. Thus, the taken dose of paracetamol
amounted to 30 g (600 mg/kg).

There were complaints of nausea, weakness, le-
thargy, abdominal pain. Consciousness was clear. Skin
was pale pink, clean, warm. Breathing was independent,
adequate. Hemodynamics was compensated, with a
tendency to hypotension. Heart tones were muffled,
rhythmic. Heart rate (HR) was 83 per minute. Blood
pressure (BP) was 104/59 mm Hg. The abdomen was
of normal shape, soft, not swollen, accessible to deep
palpation, moderately painful at palpation in the upper
parts, more on the right side. The liver was on the edge
of the rib arch. Diuresis was preserved, urine was light
yellow.
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Laboratory data at the time of admission: Leuko-
cytosis/neutrophilosis (14.9/12.1x10%/L), elevation
of alanine and asparagine transaminases of 1713 U/L
and 1039 U/L, respectively, hyperbilirubinemia up to
83.1 um/L, elevation of lactate dehydrogenase up to
10505 U/L, gamma-glutamyltransferase — 50 U/L, ex-
pressed hypocoagulation on coagulogram (activated
partial thromboplastin time (APTT) — 30.8 s, fibrino-
gen — 4.315 g/l, prothrombin time — 27.9 s, thrombin
time —16.1 s, prothrombin index — 19.9%, international
normalized ratio (INR) — 2.94).

On admission, toxic liver damage, proceeding
by the type of acute hepatitis, liver-cell failure was
noted. Potential hepatotoxicity can be assessed
by plasma concentration of paracetamol using the
Ramek-Mathew 150 nomogram [7]. In our case, the
concentration of paracetamol was not determined
due to the lack of necessary equipment. The severity
of liver damage was assessed by the level of alanine

Table 1. Biochemical blood parameters

Tabaunua 1. BUOXMMUUYECKUE NOKA3ATEAN KPOBU

SAMETKHU U3 NMPAKTUKHU

aminotransferase (ALT), aspartate aminotransferase
(AST) and INR [7].

Starting intensive therapy.

1. Infusion therapy according to the formula
4:2:1 = 2615.0 ml/day. Polyionic crystalloid solutions
and solutions containing meglumine sodium succinate
were used.

2. Antidote therapy — Acetylcysteine 150 mg/kg.

3. Enterosorbent Enterosgel per os.

4. Hepatoprotector Ademetionine 400 mg x 2 times
daily intravenously.

5. Proton pump inhibitors: Omeprazole 40 mg x
x 2 times a day intravenously.

Taking into account the negative dynamics during
the first day in the form of increasing hepatic cellu-
lar insufficiency, the consilium decided to conduct a
session of continuous venous-venous ultrahemodia-
filtration with parameters: dialysate flow 2000 mi/h,
substrate flow 2000 ml/h, blood flow 100 ml/min,

Noka3sartenb / Parameter Mpu noctynaenmnn / | 1-e 2-e 31 4-e 5-e 6-e
On admission CYTKU / | CYTKU / | CYTKM / | CYTKM / | CYTKU / | CYTKU /

day day day day day day

BuAMpybuH, MKMOoAb/A / Bilirubin, umol/I | 83,1 63 78,3 72,8 54,9 18 18,6

ACT, EA/A / AST, U/I 1039 2154 | 4900 |2076 321 102,6 | 255

ANT, EA/A / ALT, U/I 1713 2745 | 2370 |6684 3099 1843 1520

06Lwmi benok, r/n / Total protein, g/l 67,6 57 55,9 51,9 52,2 40 49

['Aoko3a, MMoAb/A / Glucose, mmol/I 6,9 3,8 10,8 4.5 4,1 4,0 4,89

NakratpernaporeHasa, EA/A / 10505 400 42 1176 - 402 367

Lactate dehydrogenase, U/|

KpeaTtnHdocdokuHaza, EA/A / 89 125 150 75 - 69 80

Creatine phosphokinase, U/I

MexayHapoAHOE HOPMaAU30BaHHOE 2,94 5,5 3,72 1,8 1,4 1,19 1,15

OTHOLWEHWe /

International normalized ratio

AKTMBUPOBaAHHOE YacTtuuHoe Tpombo- | 30,8 49,3 36,3 27,6 25,5 25,7 -

nAacTMHOBOE Bpems, ¢ /

Activated partial thromboplastin time, s

®ubpuHoreH, r/n / Fibrinogen, g/I 4,31 1,1 1,14 1,19 1,5 1,8 -

MpotpombuHOBOE Bpems, C / 27,9 50,6 34,8 17,6 12 11,6 -

Prothrombin time, s

TpombuHOBOE Bpems, ¢ / 16,1 21,3 24,7 23,9 25,8 19 -

Thrombin time, s

MpoTPOMOUHOBbLIN UHAEKC, % / 19,9 9,3 14,8 36,7 68,4 74,4 -

Prothrombin index, %
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Table 2. Renal function indicators

Tabauua 2. NokasaTeAr GyHKLUUKU NoYeK

PRACTICAL NOTES

MNokasartenb / Parameter Mpwu noctynaennu / | 1-e 2-e 3-u 4-e 5-e 6-e
On admission CYTKU/ | CYTKW/ | CYTKU/ | CYTKU/ | CYTKWU/ | CYTKU/
day day day day day day
Awnypes, ma/kr/u / Diuresis, ml/kg/h COXpaHeH 0,2 0,15 0,3 0,3 1,1 2,6
MoueBuHa, MMOAb/A / Urea, mmol/I 54 4,63 3,0 4,2 3,8 9,09 3,55
KpeaTtuHuH, MkMmoAb/A / Creatinine, umol/I | 81,4 135 124 100 246 428 84

ultrafiltration 30 ml/h. The levels of alanine and as-
paragine transaminases increased 2745 U/L and
2154 U/L, respectively.

During the first 24 hours there was an increase in
renal failure, decrease in diuresis to 0.2 ml/kg per hour
with urea and creatinine levels remaining in the area of
normal values. A session of continuous veno-venous
ultrahemodiafiltration was continued. Taking into ac-
count oliguria, renal ultrasound data (decreased blood
flow rate in the right kidney), the ultrafiltration rate was
stepwise increased from 70.0 to 200.0 ml/kg per hour.
Furosemide was prescribed.

Table 1 shows the dynamics of blood biochemical
parameters during the first six days of treatment in the
intensive care unit (ICU).

Antidote therapy with acetylcysteine (ACC) was
performed according to the Clinical Recommenda-
tions (protocol) for emergency medical care in acute
poisoning in children according to a 21-hour scheme in
three stages: Stage 1 — saturating dose of ACC in the
first 60 minutes (150 mg/kg); Stage 2 — maintenance
dose of 50 mg/kg for 4 hours; Stage 3 — 100 mg/kg
for 16 hours. When blood levels of ALT and AST were
found to be elevated more than 2-fold again, intrave-
nous administration of ACC was continued according
to the 21-hour protocol [8]. The risk of liver failure in-
creases when acetylcysteine therapy is started later
than 10 hours from the toxic dose, and administration
of acetylcysteine later than 24 hours from the time of
poisoning is unable to prevent liver damage, but imple-
mented from the 36th hour from poisoning can limit the
severity of toxic hepatitis [9]. It should also be noted
that the use of acetylcysteine is appropriate even in
late stages in all poisonings characterized by liver da-
mage [10].

By the end of the first day after admission to the
hospital, oliguria was noted in the child. Table 2 shows

renal function parameters during the first six days of
treatment in ICU.

At renal ultrasound, blood flow velocity indices in
the renal artery trunk, interlobular and arch arteries
were within normal limits (to the lower limit of normal)
on both sides. Moderate decrease in blood flow in seg-
mental arteries on both sides with increased peripheral
resistance index on the right side.

Ultrahemodiafiltration was canceled on the fifth day,
diuresis was restored, urea and creatinine levels nor-
malized on the sixth day.

Despite the absence of clinically pronounced he-
morrhagic syndrome, three transfusions of quarantined
fresh frozen plasma were performed in the first three
days on the basis of laboratory confirmation of hemo-
stasis disorders (Table 1).

Partial enteral nutrition was started from the second
day of treatment in the ICU with gradual expansion to
the full volume by the fourth day (table No. 5).

In the hospital the child underwent the following
instrumental examinations: ultrasound of the abdomi-
nal cavity and urinary system (separately with Doppler
study of the renal vessels), electrocardiography, mag-
netic resonance imaging of the abdomen, echocardio-
graphy with color mapping, radiography to visualize the
venous catheter.

On the seventh day the child was transferred to the
pediatric department. Later, with positive dynamics, he
was discharged with recommendations for dispensary
registration of a psychologist, nephrologist, and gastro-
enterologist at the district polyclinic.

CONCLUSION

This clinical observation presents the multifaceted
nature of damage in paracetamol poisoning. The pe-
culiarity of this case is not only liver but also kidney
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damage. Aggravating factors are the high dose
(600 mg/kg) and late medical attention — more than
36 hours after taking the drug. Intensive therapy is
aimed at cleansing the body of hepatolysis products
and uremic toxins. Irreversible hepatic cellular damage
requiring liver transplantation and irreversible renal
damage requiring chronic hemodialysis were avoided.
The absence of severe hypocoagulation with hemor-
rhagic syndrome allowed invasive procedures to be
performed without complications. The use of antidote
therapy with N-acetylcysteine in children is regulated in
the 2015 clinical guidelines.
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AOMOAHUTEAbBHAA UHOOPMALUA

Bknap aBTOpOB. BCe aBTOPbI BHECNU CYLLECTBEH-
Hblii BKNaj B pa3paboTKy KOHLENLWK, NpoBeaeHne uc-
Cel0BaHMSA U MOATOTOBKY CTaTby, MPOYNU U 0806pu-
nn GUHaNbHY BEPCULO Nepes nybnnkauueil.

KoHdpnukT mHTepecoB. ABTOpbI AeknapupyrloT
OTCYTCTBWE SIBHbIX W NOTEHLMaNbHbIX KOHGNMKTOB
MHTEepecoB, CBA3aHHbIX C NybnnkKauuei HacTosawei
cTaThy.

NcTouHnk puHaHcupoBaHusa. ABTOPbI 3aABNAOT 06
OTCYTCTBUM BHEWHero GMHaHCUPOBaHUS NpU NpoBe-
AEHUN UCCNEeL0BaHuS.

WHdopmMupoBaHHoe cornacue Ha ny6nukauuio.
ABTOpbI MONYYNIM NUCbMEHHOE COrnacue 3aKOHHbIX
npescTaBuTENeN NaLneHTa Ha Ny6nnKaLuo MeguLmnH-
CKNX LaHHbIX.
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DEFINITIONS

Rumination syndrome is a functional gastroin-
testinal (Gl) disorder characterized by repeated,
effortless regurgitation. It occurs when recently
swallowed food enters the mouth followed by a new
episode of chewing and then swallowing or removal
of a food clump, which is usually tasteless but may
be sour or bitter because it occurs a few minutes
after eating. Rumination syndrome (RS) is often
misdiagnosed as gastroesophageal reflux disease
(GERD) or vomiting, leading to unnecessary testing
and treatment [1-5].

Regurgitation is a symptom characteristic only for
newborns and children of the first year of life. In re-
gurgitation, gastric contents are thrown passively wi-
thout tension of the abdominal press and diaphragm.
Unlike vomiting, regurgitation is not accompanied by
autonomic reactions. In most cases, RS and regurgi-
tation are uncomplicated self-limiting conditions that
spontaneously resolve by the age of 12-15 months,
but despite this, they can cause significant discom-
fort for parents due to increased parental stress and
potential impact on quality of life [1, 3, 4, 6].

Features of the disease coding according to the In-
ternational Statistical Classification of Diseases and
Related Health Problems, 10th Revision

P92.1 Regurgitation and rumination of newborn.

EPIDEMIOLOGY

The true prevalence of regurgitation in infants of the
newborn period is unknown. Using the Rome IV criteria,
taking into account age, ethnicity, birth weight, gesta-
tional age, and age of weaning, daily regurgitation oc-
curs in infants with an incidence ranging from 10.5 to
86.9% [7-11]. When the Rome IV criteria are not met,
the incidence of regurgitation is reported in almost
100% of newborns [12].

According to the Diagnostic and Statistical Ma-
nual of Mental Disorders, 5th edition (DSM-5), the pre-
valence of RS, especially in newborns, is not studied
because different diagnostic criteria are used for diag-
nosis depending on the clinical situation. According to
some reports, it ranges from 0.8 to 10.6% in community
samples [13-18].

CHILDREN’S MEDICINE
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ETIOLOGY AND PATHOGENESIS
OF THE DISEASE

Regurgitation is physiological in nature and is re-
lated to the mechanism of sucking — it facilitates
the expulsion of excess ingested air from the sto-
mach. By the 6th month of life, the lower esopha-
geal sphincter (LES) is complete, and symptoms of
its dysfunction later in life may be considered as
pathological.

Causes of regurgitation/ruminations in newborn in-
fants [7, 19-28]:

1) high pressure in the abdominal cavity due to
tight swaddling, constipation, increased gas
formation, prolonged crying, violation of fe-
eding technique (aerophagia), overfeeding;

2) syndrome of vegetovisceral disorders in cere-

bral ischemia (pylorospasm), Gl dyskinesia,

hereditary diseases associated with metabolic
disorders;

3) low gestational age (<32 weeks);

4) low birth weight (<1.5 kg);

5) delivery by cesarean section;

6) early transfer to artificial feeding;

7) use of antibiotics in both mother and new-

born;

8) inappropriate use of probiotics;

9) allergy (intolerance) to cow's milk;

10) duration of hospitalization of the newborn for
more than 7 days;

11) harmful habits of the mother (including smoking
history);

12) RS is characterized by emotional neglect (ha-
bitual style of interaction in the family, when
parents do not notice and insufficiently respond
to the emotions of children and their emotional
needs) [29].

The high frequency of regurgitation in newborns
and children of the first year of life is caused by the
peculiarities of the structure of the upper digestive tract
[7,19]:

* the esophagus is wide, funnel-shaped, the

expansion of the funnel is turned upwards;

e the muscular layer of the esophagus is poorly

developed, anatomical constrictions are poorly
expressed;
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e the ligamentous apparatus is friable and delicate,
the legs of the diaphragm loosely cover the eso-
phagus;

* esophagus passes into the stomach at right
angles;

e the stomach has a spherical shape;

* the pyloric section of the stomach is well developed,
while the cardiac section is poorly expressed;

e there is practically no zone of increased pressure
over the lower esophageal sphincter;

e there is immaturity of the nervous and humoral
link of regulation of the sphincter apparatus and
motility of the Gl tract in the first years of life of
the child.

The pathophysiology of rumination syndrome is not
fully understood. The key mechanism may be an im-
perceptible postprandial contraction of the abdominal
wall. Retrograde throwing of gastric contents into the
oral cavity is realized due to the simultaneous combi-
nation of increased intra-abdominal pressure and nega-
tive intrathoracic pressure [15-18].

CLASSIFICATION

According to the Rome IV consensus, regurgita-
tion/ruminations are classified as a “functional gastro-
duodenal disorder” [3]. According to the criteria adopt-
ed by the American Psychiatric Association in 2022

Table 1. Scale for assessing the intensity of regurgitation

PRACTICAL RECOMMENDATIONS

(DSM-5), regurgitation/ruminations are categorized
under the term “feeding and eating disorder” [2].

CLINICAL PICTURE

The clinical picture of regurgitation/rumination is
variable and nonspecific.

Characteristic symptoms of rumination disorder are
regular regurgitation and repeated chewing of food.
During regurgitation, children make peculiar move-
ments: tense the muscles of the back and abdomen,
arch their backs, throw their heads back and as if they
were sucking or swallowing something. The most
common parental complaint is frequent vomiting. The
physical mechanism generating the regurgitation/rumi-
native phenomena depends on an involuntary process
that changes the pressure in the abdomen and thorax
accompanied by an esophageal-gastric junction [34].

The main clinical characteristics include [30]:

1) early postprandial regurgitation;

2) regurgitated materialis effortlessly regurgitated

similar to swallowed food;

3) regurgitated material is spit out or swallowed again.

Frequent regurgitation can lead to significant weight
loss and dehydration. The severity of regurgitation
syndrome, according to the recommendations of the
ESPGHAN expert group, is assessed on a five-point
scale (Table 1).

Tabanua 1. Lllkana OLEHKM MHTEHCMBHOCTU CpbirMBaHui [35]

KoanuectBo 6annoB /
Number of points

Xapakrtepuctuka / Characteristic

0 OtcytctBre cpbirmBaHuii / No regurgitation

1 Bonee 5 cpbirMBaHUi B CyTKM 06beMoM He boree 3 MA /
More than 5 regurgitations per day with a volume of no more than 3 ml

2 Bonee 5 cpbirMBaHuii B CyTkK 06bemom bonee 3 MA /
More than 5 regurgitations per day with a volume of more than 3 ml

3 bonee 5 CprFMBaHMVI B CYyTKKU 06bEMOM A0 MOAOBMHbLI 06bEMA OAHOTO KOPMAEHUA, HE Yalle

ueM B MOAOBUHE KOPMAEHUN /

More than 5 regurgitations per day in a volume of up to half the volume of one feeding,
no more often than in half of the feedings

4 CpbirBaHusa HeboAbLLOro obbema B TeueHre 30 MUHYT M BoAee NOCAE KaXAOTr0 KOPMAEHHUS /
Small amounts of regurgitation for 30 minutes or more after each feeding

5 CpbirMBaH1a 6oaee NOAOBWHbBI MOAHOTO 06beMa OAHOIO KOPMAEHUS, HE MEHEE YEM

B MOAOBUHE KOPMAEHUM /

Regurgitation of more than half of the total volume of one feeding, at least in half of the feedings
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DIAGNOSTICS

Criteria for establishing the diagnosis/
condition

To establish a clinical diagnosis of regurgitation/
ruminating in the newborn requires [1-4, 7, 19, 21-
23, 34]:

1) careful gathering of perinatal anamnesis;

2) physical examination with assessment of
physical development and detection of anxiety
symptoms indicating the presence of organic
pathology.

Alarm symptoms (“red flags”) [2-4, 6,7, 19]:

e appearance of regurgitation in the 1st-2nd week

of life;

lethargy, fever;

nausea with refusal to feed;

fountain vomiting;

impurity of blood or bile in the vomit masses;
aspiration of gastric contents;

prolonged coughing, wheezing;

stunted physical development;

difficulty feeding or swallowing food (dysphagia,
odynophagia);

incorrect body position, namely: dystonic position
of the neck — Sandifer syndrome (a rare disorder
characterized by episodes of paroxysmal torticollis,
sometimes with spastic nodding movements of
the head, occurring against the background of the
course of GERD); this syndrome is a combination
of GERD with spastic torticollis and dystonic body
movements, in the presence of esophageal hernia
or without it;

* excessive irritability/pain;

* bulging fontanelle;

* rapid rate of increase in head circumference;

* seizures;

* weight loss;

e dysuria;

* defecation disorders (diarrhea/constipation);

e disorders up to apnea and sudden death syndrome.

Comment. When collecting anamnesis, much atten-
tion is paid to:

1) peculiarities of the course of pregnancy (toxi-

cosis, gestosis, threat of termination, edema of
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pregnant women, anemia, preeclampsia, exacer-
bation of chronic pathology, etc.) and childbirth
(rapid, weakness of labor, surgical delivery, etc.),
which can cause fetal hypoxia and contribute to
increased regurgitation in the infant;

2) careful collection of genealogical anamnesis, as
many diseases are hereditary in nature (e.g., py-
lorostenosis in 15% of cases is a hereditary pa-
thology); there is also a genetic predisposition
to the occurrence of hernia of the esophageal
opening of the diaphragm [36];

3) the time of the first regurgitation;

4) the regimen, method, duration and volume of
each feeding; the type of formula used in artifi-
cial feeding, the nature of maternal nutrition;

5) the nature of regurgitation (e.g., nocturnal, im-
mediately after eating, time after eating, compo-
sition of regurgitant masses: curdled or uncurd-
led);

6) family history, possible environmental triggers
(including family psychosocial status and fac-
tors such as parental tobacco use);

7) the use of pharmacologic and dietary interven-
tions in both the infant and the mother [4].

Although regurgitation/ruminating in newborns is
often benign, some infants who present with symptoms
of anxiety need further evaluation.

A more difficult subgroup of patients are consi-
dered to be infants who are fussy, cry and wriggle,
have persistent regurgitation, but otherwise feel well.
In this subgroup of children, families often put intense
pressure on the physician to initiate antireflux therapy
or diagnostic testing because of the perceived severity
of symptoms [4].

In the absence of warning signs, diagnostic tests
and/or treatments, including acid suppression, are NOT
required unless symptoms affect feeding, growth, or
achievement of key developmental stages [4, 35].

The main symptom of RS is recurrent regurgitation
of recently ingested food without effort. Apart from
the main sign, there is no clear consensus among
diagnostic guidelines on the signs of RS, mainly due
to the lack of research to support diagnostic recom-
mendations. Due to the lack of awareness of RS, this
condition is often inaccurately diagnosed or missed
[37-39].
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Considering the Rome Criteria, a diagnosis of RS
requires the presence of symptoms for at least two
months. These symptoms include [3, 21]:

* repetitive contractions of the abdominal muscles,

diaphragm and tongue;

* mild regurgitation of gastric contents, which are
either ejected from the mouth or repeatedly chewed
and swallowed again;

* age of manifestation between the 3rd and 8th
month;

e infants do not respond to treatment for GERD and
regurgitation;

e rumination does not occur during sleep or when the
infant interacts with people in the environment [40].

Complaints and anamnesis

In the presence of regurgitation/rumination in the
newborn, it is recommended to:

* review the mother's history to identify risk factors;

e review the birth history and early neonatal period

of the newborn;

* note the time of onset and progression of clinical

symptoms [1-4, 7, 19-24, 34].

The level of convincingness of the recommenda-
tions is C (level of evidence — 4).

Comments. See “Etiology and pathogenesis of the
disease”.

When studying the history of a newborn with regur-
gitation/ruminations, it should be remembered that the
main risk factors are premature birth, severe asphyxia,
stressful situation in the family, dysbiosis, iatrogenic
interventions leading to disruption of microbiocenosis
[7,19-24].

Physical examination

* A newborn infant with regurgitation/ruminations
is recommended to undergo visual therapeutic
examination to identify symptoms of anxiety,
anthropometry with assessment of mass-height
parameters [1-4, 7, 19-23, 34].

The level of convincingness of the recommenda-

tions is C (level of evidence — 5).

Comments. Due to the absence of pathognomonic

symptomes, first of all, it is necessary to pay attention to

PRACTICAL RECOMMENDATIONS

the presence of symptoms of anxiety, in the detection
of which it is necessary to exclude organic pathology
(infections, congenital malformations, metabolic disor-
ders, GERD, etc.) [2-4, 7, 19, 21, 34, 36].

Laboratory diagnostic tests

* |t is recommended that newborn infants with re-
gurgitation/ruminations in the presence of anxiety
symptoms should undergo a general blood test in
order to exclude/confirm infectious-toxic inflam-
matory process and disorders in the hemostasis
system of both prenatal and postnatal genesis
[41,42].

The level of convincingness of the recommenda-

tions is C (level of evidence — 5).

Comments. In case of changes in blood parame-
ters, in-depth examination is recommended in accor-
dance with the main causes of the development of the
above-mentioned conditions (diseases).

* |Itis recommended for newborns with regurgitation/
rumination in the presence of anxiety symptoms,
with poor weight gain/loss in order to identify
metabolic changes arising against the background
of metabolic disorders in hereditary metabolic
diseases (HMDs) and severe infectious process
to conduct a study of acid-base status (ABS) and
blood gas composition, determination of lactic
acid and ammonia levels in the blood for further
diagnostic search [41, 42].

The level of convincingness of the recommenda-

tions is C (level of evidence — 5).

Comments. In case of changes in the above parame-

ters, in-depth examination is recommended.

Instrumental diagnostic

* Recommended for newborns with regurgitation/
rumination in the presence of heavy, persistent
belches to diagnose conditions such as pyloric
stenosis, hydronephrosis, ureteral obstruction,
gallstones, and ovarian torsion, sliding hernia of
the esophageal aperture of the diaphragm, as well
as determining the length and position of the lower
esophageal sphincter relative to the diaphragm,
the value of the gastroesophageal angle of Gis,
ultrasound examination of the abdominal cavity
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(complex examination), kidneys and adrenal
glands [4].

The level of convincingness of the recommenda-
tions is C (level of evidence — 5).

* |t is recommended for newborns with regurgi-
tation/rumination in the presence of persistent,
profuse regurgitation, debuting in the first week
of life, unresponsive to conventional therapies to
exclude malformations (sliding hernia of the eso-
phageal aperture of the diaphragm, malrotation,
pyloric stenosis, duodenal stenosis, antral mem-
brane, esophageal narrowing, Shatsky's rings,
achalasia, esophageal strictures, and external
esophageal lesions) to perform esophageal fluo-
roscopy with contrast [4, 34].

The level of convincingness of the recommenda-

tions is C (level of evidence — 5).

Comments. Barium examination of the esophagus
and stomach is performed in the straight and lateral pro-
jections and in Trendelenburg position with slight com-
pression of the abdominal cavity. The study evaluates
the permeability of the suspension, esophageal diame-
ter, contours, wall elasticity, pathologic constrictions,
ampullary dilatations, peristalsis, relief of the mucosa.
To the disadvantages of the method should be attributed
the fact that radiography does not always allow you to
fix hernias of small size, and also gives a high radiation
load.

* |t is recommended that newborn infants with
regurgitation/rumination in the presence of
anxiety symptoms should undergo video-
fluoroscopic swallowing studies (VFSS) in order
to detect oropharyngeal dysphagia followed
by aspiration, the symptoms imitating GERD
[43-46].

The level of convincingness of the recommenda-

tions is C (level of evidence — 4).

Comments. Videofluorogaphy depends on the techni-
cal capabilities of the medical organization.

 If congenital anomalies of Gl development
or Gl diseases of inflammatory genesis are
suspected, it is recommended to perform
esophagogastroduodenoscopy (EGDS) in
newborn infants with regurgitation/rumination
in order to determine the degree of mucosal
lesions (ML) of the esophagus, stomach, to
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identify complications and to perform differential
diagnosis [4].

The level of convincingness of the recommenda-
tions is C (level of evidence — 5).

Comments. The study evaluates the condition of the
esophageal mucosa, which is especially important in the
presence of alarming symptoms (hematomesis, dyspha-
gia, delayed weight gain). The study allows you to diag-
nose a number of congenital anomalies of esophageal
development, acquired diseases of inflammatory and
non-inflammatory nature. EGDS under general anesthe-
sia can be considered as a safe procedure in pediatric
patients [4].

e |tis recommended to perform a manometric study —
high-resolution manometry (HRM) with or without
impedance — to assess the activity of intraluminal
pressure in infants with regurgitation/rumination, if
there is no effect on the current therapy in case of
suspected congenital neuromuscular diseases or
esophageal malformations [4, 30, 34, 47-51].

The level of convincingness of the recommenda-

tions is C (level of evidence — 5).

Comments. High-resolution manometry is now being
performed to assess esophageal motility, providing a
more detailed view of intraluminal pressure activity than
conventional manometry. Based on pediatric studies,
HRM may be of value for evaluating “R teeth” and ret-
rograde bolus flow to diagnose rumination that mimics
intractable reflux symptoms [30, 34, 47-51]. Manomet-
ric study depends on the technical capabilities of the
medical organization.

Other diagnostic tests

Diagnosis of diseases associated with regurgitation,
vomiting is performed on indication [52].

TREATMENT

Therapeutic measures in the presence of regurgi-
tation in newborns include a complex of non-medica-
mentous effects, mainly normalization of lifestyle, daily
regimen, nutrition and conservative therapy. The choice
of treatment method or their combination is made de-
pending on the cause, severity and possible complica-
tions [4, 52].
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Conservative treatment

Postural therapy
* |t is recommended that newborns with regurgita-
tion use postural therapy, i.e. treatment by chan-
ging the position of the body: when feeding, hold
the baby at an angle of 45-60°, which prevents
regurgitation and aerophagia. At night, it is advi-
sable to raise the head end of the crib by 10-15 cm
[4,6,7,19].

The level of convincingness of the recommenda-
tions is C (level of evidence — 5).

Comments. Keep the baby in an upright position af-
ter feeding should be kept for at least 20-30 minutes
(with the head elevated). Giving the newborn a forced
position during sleep (raised head end of the bed, es-
pecially horizontal position on the stomach) is not re-
commended due to the high risk of sudden infant death
syndrome.

Diet therapy

* In newborn infants with regurgitation, dietary ad-
justments are recommended [4, 6, 7, 19, 52].

The level of convincingness of the recommendations

is C (level of evidence — 5).

Comments. In natural feeding, it is recommen-
ded to create a calm environment for the nursing
mother aimed at preserving lactation, normalize the
child's feeding regimen, avoiding overfeeding and
controlling correct breastfeeding to prevent aero-
phagia.

* |t is recommended to increase the frequency of
feedings with a decrease in the single volume of
formula [6, 7, 19].

The level of convincingness of the recommenda-

tions is C (level of evidence — 5).

* In the absence of evidence of intolerance to cow's
milk proteins, it is recommended to transfer the
child to one of the specialized foods — antireflux
(AR) milk formula, the viscosity of which is in-
creased by introducing one of the thickeners into
its composition [4, 6, 7, 19].

The level of convincingness of the recommenda-

tions is C (level of evidence — 5).

Comments. Two types of polysaccharides are used

as thickeners — non-digestible (carob bean gluten —
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gum) and digestible (modified starches). The gum
or starch (rice, corn or potato) in AR formulas binds
liquid and swells when it enters the baby's stomach,
making the mixture thicker and preventing backflow
into the esophagus and mouth. AR products are intro-
duced into the child's diet gradually, at each feeding.
The volume of the therapeutic formula is selected in-
dividually until regurgitation stops. The effect from
the use of AR-formula enriched with starch comes in
a more distant period compared to AR-formula contai-
ning gum. AR products are recommended for children
with both normal stools and a tendency to unstable
stools [53, 54]. Starch-containing formulas are re-
commended to be prescribed in full daily volume. De-
spite the high clinical efficacy of AR products, they
should not be used uncontrolled as an alternative to
conventional standard milk formula (SMF). AR-formu-
las are used at a certain stage of regurgitation syn-
drome treatment, as indicated. The duration of their
use is individualized, sometimes it is quite long (up
to 2-3 months), and only after achieving a persistent
therapeutic effect the child is transferred to SMF [3,
6,7, 19,53, 54].

* The use of deep protein hydrolysis (DPH) or amino
acid-based formulas, which can reduce regurgita-
tion episodes in children with cows milk protein in-
tolerance, has been recommended if dietary correc-
tion with AP formulas is ineffective for 2-4 weeks
[6,7,19].

The level of convincingness of the recommenda-

tions is B (level of evidence — 2).

Comments. Formulas based on DPH are indicated
when the child has other symptoms indicative of atopic
(allergic) diseases [4, 6, 7, 19]. Lack of improvement of
the clinical picture within 2-4 weeks indicates the in-
effectiveness of the chosen tactics of diet therapy. In
case of a positive effect, it is recommended to continue
taking the formula for up to 12 months, but not less than
6 months [43, 55].

Drug therapy
* The use of drugs such as proton pump inhibitors
(PPI) (ATX code A02BC)(#esomeprazole**) is
not recommended in infants with regurgitation/
rumination due to lack of scientific evidence and
potential risk of adverse events [4, 55-61].
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The level of convincingness of the recommenda-
tions is B (level of evidence — 2).

Comment. PP/ (ATX code A02BC) in children at dif-
ferent doses may have little or no symptomatic or endo-
scopic effect. There is no statistical superiority of one
PPI (ATX code A02BC) over another [59].

e Acid-suppressive therapy with PPl antagonists
(ATX A02BC code) (#esomeprazole**) has been
recommended for infants whose condition has
not improved with strict adherence to postural and
nutritional therapy and/or with moderate to severe
esophagitis [55, 61-64].

The level of convincingness of the recommenda-

tions is C (level of evidence — 3).

Comments. #Ezomeprazole** (ATX code A02BC05)
is administered in a daily dose of 0.5 mg/kg for 1-2 do-
ses. The average duration of therapy is 4-6 weeks. Con-
traindications: individual intolerance to the drug [4]. Re-
duction of treatment duration is not recommended [59].

* Administration of stimulants of GI motility (ATX
code AO3FA) and antacids in combination with other
drugs (ATX code A02AX) is not recommended for
infants with regurgitation/rumination [4, 59, 65].

The level of convincingness of the recommenda-
tions is C (level of evidence — 5).

Comments. Evidence from RCS is insufficient to as-
sess the efficacy of gastrointestinal motility stimulants
(prokinetics) (ATX code AO3FA) and antacids in combi-
nation with other drugs (ATX code A02AX) [4, 59, 65].

* The routine use of antidiarrheal drugs of biological
origin that regulate the balance of intestinal micro-
flora (probiotics) (ATX code A0O7FA) in neonates with
regurgitation/rumination is not recommended.

The level of convincingness of the recommenda-

tions is B (level of evidence — 3).

Comments. The evidence from RCS is not strong enough
to actively recommend antidiarrheal drugs of biological ori-
gin that regulate the balance of intestinal microflora (pro-
biotics) (ATX code AO7FA) in neonates with regurgitation.

Surgical treatment is not applicable.

Other treatment is not applicable.

Medical rehabilitation and sanatorium-resort treat-
ment, medical indications and contraindications to the
use of medical rehabilitation methods, including those
based on the use of natural therapeutic factors are not
applicable.
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PREVENTION AND MEDICAL FOLLOW UP,
MEDICAL INDICATIONS

AND CONTRAINDICATIONS TO THE USE
OF PREVENTION METHODS

* |t is recommended to prevent regurgitation/rumi-
nation in newborns by taking measures aimed at
preventing etiologic factors: perinatal hypoxia, as-
phyxia; fighting for natural childbirth, breastfeeding;
creating a favorable environment in the family, as
well as friendly, attentive attitude to the newborn
[7,19,21-25].

The level of convincingness of the recommenda-

tions is C (level of evidence — 5).

* Follow up of infants with requrgitation/rumination
by a pediatrician is recomended. Pediatrician mo-
nitor physical development indicators, hold expla-
natory talks with parents about their child's health
status and feeding rules, and give recommenda-
tions regarding the diet of the lactating mother [7,
12,19].

The level of convincingness of the recommenda-

tions is C (level of evidence — 4).

ORGANIZATION OF MEDICAL CARE

For prevention, timely diagnosis and choice of fur-
ther management tactics for newborns with rumina-
tion/regurgitation, medical care is provided in medical
institutions of the first (medical institutions providing
primary medical and sanitary assistance to the po-
pulation with basic and specialized profiles), second
(medical institutions providing medical assistance in
certain profiles) and third levels, with specialized and
high-tech medical care, consultations with specialists
(neonatologist, neurologist, gastroenterologist, aller-
gist-immunologist, pediatric surgeon), examination
and therapy.

Indications for hospitalization in a medical orga-
nization for newborns with rumination/regurgitation
[1,7]:

e persistent regurgitation that cannot be corrected;

* presence of persistent, pronounced symptoms of
anxiety (regurgitation alternating with vomiting; blood
and/or bile in the refluxate), leading to significant
weight loss, symptoms of dehydration, electrolyte
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and metabolic disorders, as well as respiratory
symptoms associated with regurgitation (laryngo-
spasm, bronchospasm, aphonia, cough).

Indications for discharge from a medical organiza-
tion of ruminating/regurgitating newborns:

* management of anxiety symptoms;

e stabilization of the condition;

* exclusion of organic nature (surgical, infectious,

endocrine, metabolic, allergic, neurological, etc.).

After discharge from the hospital, children are sub-
ject to outpatient observation by a pediatrician and
other specialists depending on the identified etiology
(neurologist, gastroenterologist, endocrinologist, sur-
geon, geneticist, etc.).

The decision on the need for re-hospitalization is
made by the pediatrician or specialist on a case-by-case
basis.

Issues related to the rehabilitation of infants with re-
gurgitation/rumination are decided by a pediatrician on
an individual basis.

ADDITIONAL INFORMATION (INCLUDING
FACTORS AFFECTING THE OUTCOME
OF THE DISEASE OR CONDITION)

The prognosis for regurgitation/ruminations is pre-
dominantly favorable. However, frequent regurgitation
in infancy may have long-term health consequences,

PRACTICAL RECOMMENDATIONS

increasing the risk of heartburn, vomiting and acid bel-
ching [66].
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AOMOAHUTEAbBHAA UHOOPMALIUA

Bknap, aBTopoB. Bce aBTOpbI BHECNU CYLLECTBEH-
Hblil BKJ1aZ B pa3paboTKy KOHLeNLuu, NPOBEAEHNE UC-
CefioBaHMsA U NOATOTOBKY CTaTby, MPOYN U 0806pK-
N1 GUHanNbHYL Bepcuto nepes ny6nukavuen.

KoHdnuKT MHTepecoB. ABTOpPbI JeKNapupyoT oT-
CYTCTBUE AABHbIX U NOTEHLMANbHbIX KOH(JIMKTOB UHTE-
PecoB, CBA3aHHbIX C Ny6MKaL el HacTosWell CTaTby.

WUcTouHnk puHaHcHpoBaHusA. ABTOPbI 3aBNAIOT 06
OTCYTCTBMU BHELIHEro GMHaHCMPOBaHUs MpW NpoBe-
JeHun uccneoBaHus.
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Formally, the Department of Propaedeutics of Child-
hood Diseases dates back to September 1934, that is,
in 2024 it celebrated its 90th anniversary. The history of
the Department of Propaedeutics of Childhood Disea-
ses with the course of general child care is the history
of St. Petershurg and national pediatrics.

At the same time, the staff of the future department
was formed back in 1928 within the Institute of Mater-
nity and Infancy, where the Laboratory of Childhood
Physiology was organized, which was headed by Mikhail
Stepanovich Maslov for two years (Fig. 1). For more
than 40 years of clinical, scientific and pedagogical ac-
tivity, M.S. Maslov managed to create his own pediatric
school of like-minded people. M.S. Maslov personally
trained 10 doctors and 46 candidates of medical scien-
ces. M.S. Maslov is the author of more than 200 scien-
tific works, including 16 monographs, 8 texthooks, seve-
ral manuals. Studying the peculiarities of childhood,

CobbliTUA

M.S. Maslov evaluated them from the point of view of
morphofunctional differentiation of organs and systems
of the growing organism, and any pathological condi-
tions — from the position of their possible negative im-
pact on the process of this differentiation. This defined
the concept of “Maslov's school”.

After M.S. Maslov, the department was headed by
Alexander Fedorovich Tur, a pupil of N.P. Gundobin
and M.S. Maslov, a professor of the Military Medical
Academy. After the organization on the basis of the
Institute of Maternity and Infancy, for many years the
only one in the world, the entire staff of the laboratory
moved to the Department of Propaedeutics of Child-
hood Diseases. At first the staff of the department was
small — only 5 teachers. The physiologic department
with 50 beds became the base of the department. The
staff of the department faced an extremely difficult task
of organizing the educational process, determining the

UcTtopusa kacenpbl -uctopmsa CaHkr-lNeTepbyprckon

neavaTpum

Fig. 1. Heads of the Department from 1934 to 2019. Top row: M.S. Maslov, A.F. Tur, A.B. Volovik. Bottom row: L.V. Vorontsov,

V.V. Yuryev, M.M. Khomich, V.I. Purin, E.M. Bulatova

Puc. 1. 3aBeaytowimne kapeapor ¢ 1934 no 2019 rr. BepxHuit psaa: M.C. Macnos, A.®. Typ, A.B. BonoBUK. HUXHUI psia:
N.M. BopoHuoB, B.B. FOpbeB, M.M. Xomuy, B.W. MypuHb, E.M. bynatoBa
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goals and objectives of the new discipline, with which
the staff of the department coped brilliantly, and the ba-
sic principles of teaching formulated at that time have
been preserved to the present time.

At the same time, scientific research continued in-
tensively at the department. The main issues of nutri-
tion, rehabilitation and child upbringing were developed,
which were later used in the organization of orphanag-
es in our country. A.F. Tur is the author of more than
250 published scientific works, including 7 monographs,
reference books, 3 textbooks and 4 manuals. The most
important monographs were published in the pre-war pe-
riod: “Practical Hematology of Childhood” (1931), “Hand-
book on Dietetics of Early Childhood” (1935), “Physiology
and Pathology of the Newborn Period” (1936), “Gymnas-
tics of the Early Childhood” (1937), “Propaedeutics of
Childhood” (1940). It was hematology, neonatology, age
physiology and dietetics that became the main problems
of A.F. Tur's department for many years. A.F. Tur trained
28 doctors and 110 candidates of medical sciences, he
is rightly considered the creator of the largest pediatric
school. His students were Professors A.M. Abezgauz,
[.M. Vorontsov, R.F. Ezersky, V.. Kalinicheva, Y.R. Kova-
lev, M.N. Nebytova-Lukyanchikova, A.V. Papayan,
L.M. Skorodok, G.M. Slutskaya, N.P. Shabalov, L.V. Er-
man, Associate Professor O.F. Tarasov and others.

Since 1939, the Department of Propaedeutics of
Childhood Diseases was headed for 31 years by Arka-
dy Borisovich Volovik, a student of N.I. Krasnogorsky
(Fig. 1). With his arrival and actually new staff, the scien-
tific direction of the department changed fundamentally.
The main directions of research were heart diseases, and
first of all rheumatism, the prevalence of which in those
years was extremely high. This direction of scientific re-
search for many years became one of the main directions
of research work of the department as very promising and
nowadays. Arkady Borisovich has more than 180 scien-
tific works, including such monographs as “Recognition
and Treatment of Rheumatism in Children” (1939), “Heart
Diseases in Children” (1948), “Rheumatism in Children”
(1948), which have become table books for many genera-
tions of pediatricians and cardioreumatologists.

With the active participation of Arkady Borisovich in
the mid-1950s, a rheumatology service was organized
in Leningrad, which implied a stage: “hospitalization —
rehabilitation in a local sanatorium — polyclinic stage
of observation” with a clearly defined multiplicity, which
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by that time was one of the perfect specialized servi-
ces in children's health care in our country. During the
war years, the entire staff of the department, headed
by Arkady Volovik, remained in besieged Leningrad.
They did not stop their pedagogical and therapeutic ac-
tivities for a single day. Thousands of little patients of
besieged Leningrad owe their lives to the staff of the
Department of Propaedeutics of Childhood Diseases. It
is curious that even in these years continued scientific
work related to the nutrition of children in conditions of
food shortage and treatment of dystrophy.

Under the guidance of A.B. Volovik, 9 doctoral
and 47 candidate dissertations were performed and a
school of Russian cardio-rheumatologists was actually
created. Among A.B. Volovik's pupils are S.A. Gavrilov,
D.M. Shilevskaya, J.J. Rappoport, V.V. Yuriev, A.Y. Tru-
bina, V.I. Reznik.

In 1970, Igor Mikhailovich Vorontsov, a student of
A.F. Tur, was elected head of the department (Fig. 1). Du-
ring these years V.V. Yuryey, V.. Reznik, N.V. Ananyina,
V.I. Purin, A.Y. Puchkova, A.D. Ziselson, and R.V. Boldyrev
worked in the department. Somewhat later A.V. Kharcheyv,
N.M. Letenkova, D.S. Korostovtsev, A.S. Simakhodskii,
N.I. Vitina and many others joined the department.

Continuing the traditions of the department, the main
direction of scientific research at that time was the cli-
nical and immunologic study of rheumatic diseases in
children. Under the leadership of I.M. Vorontsov, immu-
nosuppressive therapy of systemic lupus erythemato-
sus and severe, disabling forms of rheumatoid arthritis
in children began to be used at the department for the
first time in the country with great success since 1967.
Due to these therapeutic technologies it was possible
to sharply reduce the frequency of disability of these
patients and minimize the loss of vision in patients with
rheumatic uveitis. On the initiative of |.M. Vorontsov,
studies on the clinic and immunopathogenesis of aller-
gic diseases in children were initiated at the Institute
and at the Department. The most important works in
this direction were those that showed the equal impor-
tance of both immunologic intolerance and vegetative
imbalance in the genesis of atopy and atopic diseases.
The doctrine of age-specific transient atopy of young
children was formulated. The regularities of food aller-
gy evolution were developed.

For many years, the department successfully deve-
loped the medical basis for the use of various automa-
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ted technologies in pediatrics. For the creation of the
automated system of preventive examinations the staff
of the department and engineers were awarded the prize
of the Council of Ministers of the USSR in 1991 year.

I.M. Vorontsov trained about 90 candidates of medi-
cal sciences, 20 doctors of medical sciences. Among his
students are G.A. Novik, N.V. Slizovsky, E.V. Baryshek,
K.S. Bystrova, |.V. Makarova, G.A. Kopytov, A.F. Bo-
gatyrev, |.A. Kelmanson, A.V. Adrianov, and others.

During the time he was the head of the Department
of Propaedeutics of Childhood Diseases, he published
more than 200 scientific works, including such mono-
graphs as “Leukemia in Children”, “Handbook of Child-
hood Dietetics”, “Food Allergy in Children”, together with
Professor A.V. Mazurin he published “Textbook on Pro-
paedeutics of Childhood Diseases”, which can be con-
sidered a guide to this discipline by the careful selection
of materials, their volume. In general, I.M. Vorontsov
is the author of 14 monographs, 2 textbooks and more
than 250 works in scientific medical journals, 17 certifi-
cates of authorship and 2 patents for inventions.

In connection with the reorganization of the depart-
ments of Pediatrics of the Institute in 1986, Igor M. Vo-
rontsov became the head of the Department of Pediatrics
No. 3. A student of Arkady Borisovich Volovik and Igor
M. Vorontsov, Professor, Doctor of Medical Sciences
Vladimir V. Yuryev, was elected as the head of the Depart-
ment of Propaedeutics of Childhood Diseases (Fig. 1).
The staff of the new department consisted of both mem-
bers of I.M. Vorontsov's department and new employees.
In the following years, the department was staffed by
G.l. Berlin, N.A. Batanova, G.V. Krasin'kova, M.M. Ho-
mich, T.M. Vlasova, 0.V. Dumanovskaya, E.I. Aleshina,
V.D. Nazarov, B.N. Savchenko, A.S. Simahodskij, V.P. An-
drezen, N.N. Voronovich, A.YA. Puchkova, V.I. Purin',
E.l. Zhestyannikova, G.A. Tarusinov, M.V. Erman, N.V. Pa-
harenko, I.A. Leonova, E.A. Usychenko, E.YU. Gurkina,
S.V. Bairova, E.G. Hramcova, 0.YU. Bolueva, O.N. Ma-
jorova, A.V. Ilvanov, T.M. Pervunina, M.SH. CHezhiya,
V.B. Artemova, N.R. Balakleec, I.YA. Il'ina, V.P. Novikova,
E.V. Bojcova, S.A. Zorina, 0.A. Minochkina, 0.M. Cekh,
L.D. Fedorich, I.V. Romanova, L.L. Gorbacheva et al.

The main criterion for selecting staff to work at the
department was the presence of professionalism and
personal human qualities (decency, kindness, respon-
siveness, love for children, ability to live and work in a
team sometimes in very difficult situations).

CHILDREN’S MEDICINE
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One of the first tasks that faced the new head of the
department, was the reorganization of teaching accor-
ding to the principles proposed by A.F. Tur and, in con-
nectionwith the arrival of new staff at the department, the
unification of teaching and providing staff with metho-
dological material. For each lesson, sets of methodical
materials were created, which included annotations of
the lesson itself, abstracts of the lecture material, ini-
tial and final level tests. The methods and techniques
of direct examination of the child were collegially dis-
cussed, refined and approved at departmental meetings,
which allowed to develop a unified approach to teaching
and assessment of students' knowledge. Numerous
educational and methodical manuals were published
to help students and doctors, for example, “Evaluation
of the main anthropometric indices of the North-West",
etc. The department's staff published a monograph
of the Department of Pediatrics. All the main sections
of Propaedeutics of Childhood Diseases “Growth and
Development of a Child”, “Care for a Healthy and Sick
Child”, “Direct Examination of Children”, “Nutrition of
Early Childhood” have been published as monographs
by the staff of the department; in 2012 the “Textbook of
Propaedeutics of Childhood Diseases” was published.
Invaluable assistance in methodical work to V.V. Yuriev
was provided by A.Ya. Puchkova, who worked as the
head of the teaching part of the department for more
than 25 years, provided invaluable assistance to Prof.
V.V. Yuriev in methodical work (Fig. 1). For more than
50 years of labor activity Alla Yakovlevna educated
more than one generation of pediatricians and, having
a scientific degree of candidate of medical sciences, for
her outstanding achievements by special order of the
rector Vladimir Viktorovich Levanovich, was appointed
to the position of professor.

In the 1990s, the department organized a course of
pediatric diseases for the Faculty of Medicine, which
was headed by Professor V.. Purin. The members of
the department performed great social work. All the
years of chairing the department V.V. Yuriev was the
chief cardio-rheumatologist of the Leningrad region. He
also headed the commission for 10 years to assess the
condition of children for adoption. Professor V.I. Purin
was the chief pediatrician of the Leningrad region for
more than 20 years, Professor A.S. Simakhodsky was
the head of the department of maternal and child pro-
tection of the Health Committee of our city; the chief
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specialist in child nutrition of the Health Committee of
the Government of St. Petersburg was Associate Pro-
fessor E.I. Aleshina, and the chief pediatric nephrologist
of the Health Committee of the Leningrad region was
Professor M.V. Erman.

The staff of the department developed an original
system of automated examination of the child popula-
tion Sanus and a set of examinations to decide on the
influence of various factors on the child's health. Studies
were conducted in Leningrad (St. Petersburg), Leningrad,
Novgorod regions, the Komi Republic, Karelia, and Yaku-
tia. The staff of the department actively participated in
the evaluation of the health of children in Belarus who
suffered as a result of the Chernobyl catastrophe. For
20 years more than 50 thousand children were subjec-
ted to complex examination. The results of these studies
were published in numerous articles and dissertations.

During his tenure at the department Vladimir
Vladimirovich Yuriev published more than 200 sci-
entific papers, prepared 36 dissertations, including 6
doctoral theses. Among the pupils of V.V. Yuriev —
Professor V.1. Purin, Professor A.S. Simakhodsky, Pro-
fessor M.V. Erman, Professor M.M. Khomich, Profes-
sor V.P. Novikova, Professor M.P. Korolev, Professor
V.I. Makarova, Associate Professor E.I. Aleshina, Candi-
date of Medical Sciences 0.Y. Parshutkina, Candidate of
Medical Sciences S.V. Bairova and many others.

Since 1990 the direction of scientific researches of
the department was the problems of pediatric nephrolo-
gy. It was headed by Prof. M.V. Erman. Various aspects
of diagnostics of nephropathies, malformations of kid-
neys and urinary tract, small kidney, therapy of cystitis
were analyzed.

Since 2006, in connection with the arrival of V.P. No-
vikova at the department began research on pediatric
gastroenterology. Together with immunologists, patho-
morphologists, geneticists and infectious diseases spe-
cialists fundamental studies were conducted, age spe-
cific features of chronic gastroduodenal pathology were
studied, new methods of diagnostics and treatment
of diseases of digestive organs in children were deve-
loped. Valeria Pavlovna's merit in that period was the
preparation and reading of the whole cycle of lectures
and practical classes on pediatrics for English-speaking
students of the Faculty of Medicine.

In 2008, the department was headed by Dr. Mikhail
Mikhailovich Khomich, a graduate of the Department
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of Propaedeutics. Mikhail Mikhailovich passed the way
from clinical resident to the head of the department
(Fig. 1). He was always distinguished by enthusiasm,
diligence, genuine interest in clinical problems of pedia-
trics and the formation of children's health. It was at this
time that the department developed and introduced into
the educational process workbooks, lecture notebooks
for the medical faculty in Russian and English, filmed
and edited educational films. Thanks to M.M. Khomich,
computer technologies were actively introduced into the
work of the department, the work of the Student Scien-
tific Society Circle (SSC) was intensified, a competition
for the best in the specialty was organized. The sudden
tragic death of Mikhail Mikhailovich shook all the staff
of the department and became a great loss for all those
who knew him.

In 2009 the department was headed by Professor
V.I. Purin — a talented scientist, clinician, rheumatolo-
gist, veteran of the department, who came to the depart-
ment as an experienced doctor. Vladimir Ivanovich was
distinguished by a high erudition, organizational talent,
demanding to himself and the staff. Professor's rounds
were a model of the highest professionalism, they were
conducted in full compliance with the best traditions of
St. Petersburg school of pediatricians. Vladimir lvano-
vich's lectures to the students of the Faculty of Medicine
were read at such a high level that they were interesting
for practicing physicians as well. V.I. Purin is the author
of numerous scientific works published in the leading
Russian journals. Dr. Evgenia V. Boitsova, MD, profes-
sor, a pulmonologist, a well-known specialist in chronic
bronchopulmonary pathology in children in Russia and
abroad, the cheif pediatric pulmonologist of the Lenin-
grad Region, taught at the Faculty of Medicine.

For many years the department was a big family,
uniting professionals of the highest level: nephrologists,
gastroenterologists, pediatricians, endocrinologists,
cardiologists, pulmonologists, functional diagnosti-
cians. Traditions of the department were passed on
to the youth, starting from the student bench, by pro-
fessor's admonitions, author's methods of associate
professors, daily, painstaking labor of assistants. The
team was very friendly, the employees were united by
common interests and mutual assistance. Warm human
relations, family friendship contributed to joint leisure
activities, trips to the countryside, participation in ama-
teur activities.
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In 2010, by order of the Rector V.V. Levanovich, the
head of the department was appointed Elena Markovna
Bulatova (Fig. 1) — vice-president of the St. Petersburg
branch of the Union of Pediatricians of Russia, chief
specialist in child nutrition of the Health Committee of
the Government of St. Petersburg. Elena Markovna is
actively engaged in public activities — she is a member
of the Council on Health Care and Demographic Policy
under the Plenipotentiary Representative of the Presi-
dent of the Russian Federation in the North-West Fede-
ral District, a member of the Problem Commission on
Child Nutrition and the profile commission of the Expert
Council on Dietetics of the Ministry of Health of the Rus-
sian Federation, a member of the Expert Council of the
“National Program to Optimize the Feeding of Children
of the First Year of Life”, the Expert Coordination Coun-
cil for the Development of Healthy and Social Nutrition.
Elena Markovna is a member of the organizing commit-
tees of leading Russian congresses.

With the arrival of E.M. Bulatova, the staff of the de-
partment changed. Most of the staff, who had worked at
the department for many years, moved to the V.A. Alma-
zov Scientific Medical Research Center, where the De-
partment of Pediatrics was organized, and to the First
State Medical University named after I.P. Pavlov. |.P.
Pavlov First State Medical University, where the Depart-
ment of Pediatrics was organized. For work at the depart-
ment were invited Dr. M.D., Professor T.V. Kosenkova,
Dr. M.D., Professor R.B. Tsallagova, Dr. M.D., Professor
Z.V. Nesterenko, Ph, Associate Professor 0.A. Mataligi-
na, Candidate of Medical Sciences, Associate Professor
N.M. Bogdanova, Candidate of Medical Sciences, Asso-
ciate Professor M.D. Shestakova, Candidate of Medical
Sciences, Associate Professor M.S. Trukhmanov, Candi-
date of Medical Sciences, Associate Professor A.L. Ba-
lashov, Candidate of Medical Sciences S.A. Teplyakova,
Candidate of Medical Sciences 0.V. Lagno, A.P. Gerasi-
mov, A.M. Konstantinov, I.S. Volkova, 0.V. Guzeyeva,
V.A. Gurieva, A.A. Efimova, E.V. Boytsova, A.A. Seliver-
stova and other staff members who had to master the
teaching of propaedeutics of pediatric diseases them-
selves. The leading problems of scientific and practical
activity of E.M. Bulatova were the issues of pediatric
nutrition. E.M. Bulatova is the author of 145 scientific
papers, 2 PhD theses were defended under her super-
vision. In 2013, the Committee for Science and Higher
Education of the Government of St. Petersburg awarded
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the title “Leading Scientific and Pedagogical School un-
der the guidance of Professor E.M. Bulatova” to the team
led by Elena Markovna. However, from 2010 to 2020 no
dissertations were defended at the department. The
staff was constantly renewed.

In 2020, V.P. Novikova, Doctor of Medical Sciences,
Professor, returned to the department and headed it.
Under the leadership of Valeria Pavlovna 13 candidate
and 2 doctoral dissertations were defended. Among
her students are Professor M.M. Gurova, Professor
AN. Zavyalova, Associate Professor A.M. Shabalov,
Associate Professor A.N. Petrovsky, Associate Profes-
sor A.O. Sidorkin, N.S. Shapovalova, A.P. Listopadova,
M.Y. Komissarova, 0.M. Tsekh and others. Valeria Pav-
lovna Novikova, a student of V.V. Yuriev, is the author of
more than 950 scientific works, including co-author of
5 textbooks, 5 national manuals, 4 manuals for doctors,
18 monographs, 13 patents of the Russian Federation.
Today, the department headed by V.P. Novikova has
the following employees Doctor of medical sciences,
Professor E.V. Boytsova, Doctor of medical sciences,
Professor M.M. Gurova, Doctor of medical sciences
A.N. Zavyalova, Doctor of medical sciences T.N. Do-
ronina, Candidate of Medical Sciences N.V. Evdokimo-
va, Candidate of Medical Sciences N.M. Bogdanova,
Candidate of Medical Sciences M.S. Trukhmanov, Can-
didate of Medical Sciences A.L. Balashov, Candidate of
Medical Sciences A.P. Listopadova, Candidate of Medi-
cal Sciences A.Y. Trapeznikova and promising talented
young people.

The main task of the department is to return to the
traditions of the V.V. Yuriev school. The department has
updated methodological manuals for students, created
new films on inspection techniques and presentations
for all classes. All this proved to be in great demand
during the period of pandemic and remote learning.
Methodological manuals for graduate accreditation and
workshops have been created, which are in demand in
other universities in Russia. Teachers regularly discuss
methodological issues, including at interdepartmental
meetings. Currently, the department trains not only fu-
ture pediatricians, but also students of medical, medi-
cal-preventive, dental faculties, faculties of nursing and
medical biophysics. There are two student scientific
clubs at the department, one of them is in English. In
2023 the scientific club of the Department of Propae-
deutics of Pediatric Diseases received the Diploma of
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the best section. Every year up to 10-15 scientific pa-
pers of students with teachers of the department are
published. Together with students for 3 years registered
4 patents, 3 databases. In 2022-2023 academic year
students presented 4 reports at conferences abroad.
Under the guidance of V.P. Novikova, the department
conducts activities to implement the programs “Healthy
Lifestyle”, “Patriotic Education”, “Formation and forma-
tion of student personality”, “Spiritual and moral forma-
tion” within the framework of the educational work pro-
gram of Federal Stste Budgetary Educational Institution
of Higher Education SPhSPMU of the Ministry of Health
of the Russian Federation.

Training in clinical residency and postgraduate stu-
dies is carried out. For the first time 4 author's cycles
of Continuous Medical Education at the Faculty of Post-
graduate Education in Pediatrics and Gastroenterology
and Dietetics were created and are held. Monthly me-
etings of the discussion club for doctors “Early Child-
hood. Problems and Solutions" are organized monthly.
Once every two years the All-Russian conference “Knowl-
edge of propaedeutics — the basis of clinical thinking
of a pediatrician” is held. In the jubilee year 2024, the
third conference on propaedeutics was held, where
representatives of all departments teaching students
propaedeutics of childhood diseases in the Russian
Federation shared their teaching experience, discussed
the methodology of evaluation of practical skills, and
participated in several master classes. Conference with
international participation “Food intolerance” is held an-
nually. Employees of the department are heads — ad-
ministrative staff of medical organizations: Professor
M.M. Gurova is the deputy chief physician for medical
department of St. Petersburg State Budgetary Institu-
tion “Consultative and Diagnostic Center for Children”;
Associate Professor A.L. Balashov is the chief physician
of St. Petersburg State Budgetary Institution “City Poly-
clinic No. 56”". Also the staff of the department actively
participate in the life of the University: A.N. Zavyalova
consults patients of the clinic of SPbSMU as a nutri-
tionist, and also conducts appointments once a week
in the Consultative and Diagnostic Center of SPbSMU;
assistant A.V. Gogolev regularly conducts appoint-
ments in the Consultative and Diagnostic Center of
SPbSMU; assistant N.V. Evdokimova consults patients
of the endocrine department of the clinic of SPhSMU
as a nutritionist. In 2020-2021, Associate Professor of
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the Department N.M. Bogdanova went on business trips
to Kaliningrad, Salekhard, Vologda, Cherepovets, Pod-
porozhye (Leningrad region) to provide medical care to
the pediatric population. In 2021, the assistant of the
department N.V. Evdokimova went on a business trip
as part of a team to the Chechen Republic to conduct
medical examination of the child population. In 2022,
Associate Professor A.Y. Trapeznikova and Associate
Professor N.M. Bogdanova traveled to the Republic of
Karelia (Petrozavodsk) as part of a team of physicians
and residents of St. Petersburg State Pediatric Medical
University to assist local health care institutions during
the pandemic of a new coronavirus infection. In 2023
the assistant A.V. Gogolev went on a business trip to
the Luhansk People's Republic as a part of the working
group to conduct medical examination of children of Lu-
tuginsky special (correctional) boarding school. In 2023,
the assistant of the department N.V. Evdokimova, being
an expert of the SPbSPMU on outpatient care, traveled
on business trips to assess the quality of medical care
for children in the regions of the North-West Federal
District. The Department of Propaedeutics of Childhood
Diseases with the course of general child care conducts
joint activities with social protection institutions: St. Pe-
tershurg State Social Security Institution “Boarding
Home for Children with Mental Developmental Disabil-
ities No. 4" and St. Petershurg State Clinical Hospital
“Hospice No. 1" of St. Petersburg.

The department deals with the problems of pediat-
ric gastroenterology, functional diseases and chronic
pathology of the upper digestive tract. Criteria for di-
agnosing autoimmune gastritis in children have been
developed, the peculiarities of Gl lesions in comorbid
pathology have been studied. Nutritional status of
children with different pathologies is actively studied.
A "decision tree" for the choice of nutritional support
methods in nutritional status disorders has been deve-
loped. Genetic and epigenetic factors of obesity deve-
lopment in children are described. The concept of sar-
copenia in children was developed and methods of its
diagnostics were patented. The staff of the department
of propaedeutics of pediatric diseases with the course
of general care of children have scientific publications
in journals, reviewed by VAK systems (in 2022 the staff
had 38 publications, in 2023 the staff had 56 publica-
tions), Scopus (in 2022 the staff had 12 publications, in
2023 the staff had 21 publications). The Hirsch index of
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Fig. 2. Department staff in 2024. Bottom row: K.A. Kravtsova, A.Yu. Trapeznikova, N.V. Evdokimova, Yu.E. Zamyatina,
D.M. Magamedova. Top row: L.A. Firsova, M.S. Trukhmanov, M.D. Shestakova, V.P. Novikova, A.N. Zavyalova, A.E. Blinov,
N.M. Bogdanova, A.P. Listopadova

Puc. 2. Koanektnus kadeapbl B 2024 roay. HuxHuin paa: K.A. Kpasuosa, A.HO. TpanesHukoBa, H.B. EBaookMMOBa,
H0.E. 3amatuHa, A.M. MaramepoBa. BepxHuit psaa: A.A. ®upcosa, M.C. TpyxmaHos, M.A. LLlectakosa, B.M. HoBnkoBa,

A.H. 3aBbsinoBa, A.E. banHos, H.M. BoraaHoBa, A.l1. AuctonapoBa

the department is 9.6. The Hirsch Index of the Head of
the Department, Doctor of Medical Sciences, Professor
V.P. Novikova is 34.

Professor V.P. Novikova, Head of the Department,
is Deputy Editor-in-Chief of the journal “Children's
Medicine of the North-West” (included in the VAK list)
and the journal “Medicine: Theory and Practice” (in-
cluded in the VAK list), a member of the editorial board
of the journal “Preventive and Clinical Medicine” (in-
cluded in the VAK list, K2) and the journal “University
Therapeutic Bulletin” (included in the VAK list). Profes-
sors, Drs. M.M. Gurova, E.V. Boitsova are members of
the editorial board of the journal “Children's Medicine
of the North-West".

The members of the department not only active-
ly publish scientific works, but also participate in the

CHILDREN’S MEDICINE

edition of the book “Consultant in 5 minutes” (the title
editor of the book is Novikova V.P.). Valeria Pavlovna
was one of the title editors of the multi-volume edition
of “Pediatrics by Nelson”.

The department is in the process of forming a cohe-
sive team: this is facilitated by joint travels, excursions,
meetings, trips to the theater.

St. Petersburg school of propaedeutics has found
continuation in its pupils working in different depart-
ments and in medical institutions of St. Petersburg and
beyond. The knowledge gained from the teachers is
passed on to the younger generation of young scientists
and doctors of various profiles. Preservation and multi-
plication of traditions of St. Petersburg pediatric school
of propaedeutics is the guarantee of prosperity of the
national pediatrics!

of the North-West
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NMPABUAA ANAA ABTOPOB

YTB. NpuKa3om pexkropa

INFORMATION

®r60Yy BO CM6rrMy MuHsapasa Poccum ot 14.05.2024 r.

HACTOALUME NPABUAA ANA ABTOPOB
ABAAKOTCA USAATEABCKUM AOFOBOPOM

YcnoBusa HacToswero [loroBopa (ganee «Joro-
BOP») ABNAKTCA NY6NNYHOI 0PepTONt B COOTBETCTBUM
€ n. 2 cT. 437 IpaxpaHcKkoro kogekca Poccuiickoii
®epepaumn. [aHHbiin [loroBop onpefensiet B3anuMo-
OTHOLLEHUSI MEeXAY peaakuueii xypHana «Children's
Medicine of the North-West» (aanee no tekcty «Xyp-
Han»), 3aperucTpupoBaHHoro GegepanbHoii cnyx6oi
no Haasopy B chepe cBSA3U, NUHPOPMALMOHHBIX TeX-
HOMOTUiA U MaccoBbix KoMMyHuKaumin (POCKOMHAJ-
30P), NMu N2 ®C77-805334 ot 1 mapTa 2021 r., ume-
HYeMoWl B AanbHeiilwem «Pepakuusa» u aBastouleics
CTPYKTYpHbIM Noapa3spenednem ®rb0Yy BO CM6r MMy
MuHsgpaBa Poccuu, u aBTOpOM U/MAN aBTOPCKUM
KONMEKTUBOM (MW MHbIM NpaBoo6GnagaTtenem), uMme-
HyeMbiM B JasbHeiilem «ABTOpP», NPUHABLWINM Ny-
6nmyHoe npepnoxenne (odbepTy) o 3aknoyeHun [o-
roeopa.

ABTop nepepaet Pegakuuu gns uspaHus aBtop-
CKWUWA OpUrMHaN MAW pyKonucb. YKasaHHbIA aBTOp-
CKWi OpPUTMHAN AOMXEH COOTBETCTBOBATb Tpebo-
BaHMAM, yKasaHHbIM B pasgenax «[lpegctaBneHue
pykonucu B XypHan», «0dopmneHue pykonucuy. Mpu
paccMOTPEeHMM NONYYEHHbIX aBTOPCKUX MaTepuanos
XypHan pykoBoacTByeTcs «EAUHbIMKU Tpe6oBaHM-
AMW K pyKonucam, npefctaBnseMbiM B 6uomepu-
LMHCKMe XypHanbl» (Intern. committee of medical
journal editors. Uniform requirements for manuscripts
submitted to biomedical journals. Ann Intern Med.
1997;126:36 47).

B )XypHane neyartatoTcs paHee He Ony6/IMKOBaH-
Hble paboTbl no npodunto XypHana.

)ypHan He paccmaTpuBaeT paboTbl, pe3ynbTaTbl
KOTOpbIX MO 60JIbLUE YacTu yxe 6binn ony6IMKOBaHbI
WAW ONUCaHbl B CTaTbAAX, NPeACTaBAEHHbIX UAW NpU-
HATbIX AAA Ny6AUKALMK B Jpyrue neyaTHble Um 3nek-
TPOHHbIE CPeACcTBa MaccoBOM MHdopMmaumu. MpeacTas-
N CTaTblo, aBTOP BCErga A0MKeH CTaBUTb peAakLuuto
B N3BECTHOCTb 060 BCEX HANpaB/IEHUAX 3TOI CTaTby B
neyaTtb M O MPeAbIAYLLMUX Ny6AnKaLusiX, KOTOpble MOryT
paccMaTpuBaTbCsl KaK MHOXECTBEHHbIe UaKn Jy6nupy-
fowme nybnmkaumum ToM Xe caMon UK OYeHb GNN3KOiA
paboTbl. ABTOP AO/MKEH YBEAOMUTb pefakLuuio 0 TOM,
COAEPXMT NN CTaTbs yXXe onybiMKOBaHHbIe MaTepua-

Nbl ¥ NPefoCTaBUTb CChINIKK Ha NPeAbIaYLLYH, YTO6bI
JaTb peAakLui BO3MOXHOCTb NPUHATb peLleHune, Kak
NOCTYNWUTb B AaHHOI cuTyauun. He npuHuMatoTCs K ne-
yaTu cTaTbM, NpeACTaBNALINE COBOIi OTAENbHbIE 3Ta-
Mbl HE3aBEPLLUEHHbIX UCCNEA0BaHMUM, @ TaKXKe CTaTbM C
HapylueHneMm «IpaBun U HOPM FYMaHHOro 06palLeHus
¢ 61M006beKTaMM UCCe0BaHWII».

PasmelleHne ny6nmkaumnii BOSMOXHO TONbKO Mo-
CJ1e NOJTYYEHNS NOJTIOXKMTENbHOW PELieH3NN.

Bce cTaTbu, B TOM 4YMCNe CTaTbW aCnUPaHTOB K
JAOKTOPAHTOB, My6/IMKYHOTCA 6ecniaTHO.

NMPEACTABAEHUE PYKONMUCHU B XXYPHAA

ABTOpPCKUI opurnHan npuHumaet pegakuus. Moa-
nucaHHas ABTOPOM PYKOMUCb AOJIXHA BblTb OTNpas-
neHa B aApec pefakuuu No 3NEKTPOHHOM MoyTe Ha
agpec [t2007@inbox.ru, a Takxe yepes caiit https://
o0js3.gpmu.org/index.php/childmed. ABTop gonxeH oT-
NpaBUTb KOHEYHYIO BEPCUIO pyKOMUCK U fatb daiiny
HasBaHue, cocTosllee M3 GpamMuiMn Nepeoro aBTopa
1 nepBbiX 2—3 COKPaALLEHHbIX CNOB M3 Ha3BaHUA CTa-
Tbn. MHGopMaLuo 06 0hOPMIEHNN MOXHO YTOUHUTD
Ha caiTe http://ojs3.gpmu.org/index.php/childmed/
index.

CONPOBOAUTEABHBIE AOKYMEHTbDI

K aBTOpCKOMY OpUrMHany Heo6X0AUMO NPUSTOXKMUTb
3KCNepTHOE 3aKJIOUEHNE 0 BO3MOXHOCTM OMy6JIMKO-
BaHUs B OTKPbITON NevyaTti (6n1aHK MOXHO cKayaTb Ha
caiite https://gpmu.org/science/pediatrics-magazine/
Chiidmed).

Pykonucb cyutaeTcs noctynusllen B Pepakuuio,
€C/IM OHa NpeAcTaBieHa KOMNIEKTHO U 0popMIieHa B
COOTBETCTBUU C ONUCAHHbIMKU TpeboBaHuaMN. Mpen-
BapuUTeNbHOE PacCMOTPEHKUE PYKOMMUCH, He 3aKasaH-
Hoii Pepakuueii, He aBnseTcs GaKTOM 3aK/YeHus
MexJly CTOpOHamu n3gartenbckoro [loroopa.

Ona ny6nukauun B XypHane Heo6X0AUMO npego-
CTaBUTb PYKOMUCb M HampaBfieHWe Ha Ny6IMKaLuMio OT
YUYPEXAEHNs C paspeLleHneM Ha Ny6AUKaLMIO B OTKPbI-
TOW neyatu.
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ABTOPCKOE NPABO

Pepakuus oTéupaet, roToBUT K ny6amkauuu u ny-
6nMKyeT nepefaHHbie ABTOpaMu MaTepuanbl. ABTOp-
CKOE NpaBO Ha KOHKPETHYK CTaTbi MPUHAANEXUT
aBTopaM cTaTbi. ABTOPCKMIi roHOpap 3a my6nukauuu
craTein B XXypHane He Bbinnayusaercs. ABTOp nepefa-
eT, a Pefakuua npuHnMaeT aBTOPCKMUe MaTepumabl Ha
Crefyolmnx yCnoBuax:

1) Pepakuun nepepaeTtcs npaBo Ha odOpMIIEHME,
n3gaHue, nepepady XXypHana ¢ ony6auKoBaH-
HbIM MaTepuanom ABTOopa [fns ueneit pede-
pupoBaHua cTaTed M3 Hero B PedepaTuBHOM
XypHane BUHUTK, PHWULL u 6a3ax gaHHbIX, pac-
npocTpaHeHue XypHana/aBTOpCKMX MaTepuanos
B NMeyaTHbIX N 3NEKTPOHHbIX U3AAHUAX, BKNtOYas
pasMelleHne Ha Bbl6paHHbIX NIMOO CO3JaHHbIX
Pepakuueii canTtax B ceTu MHTepHeT B Lensax Ao-
cTyna K ny6nukauum B UHTEPaKTUBHOM pexXume
no60ro 3aMHTEPeCOBaHHOrO0 NuLa 13 nboro me-
CTa W B Nto60e Bpems, a TakXe Ha pacnpocTpa-
HeHue XypHana c ony6anKoBaHHbIM MaTepUanom
ABTOpa no NoAnucke;

2) TeppuTOpMs, Ha KOTOPOIi paspellaeTcs UCnonb3o-
BaTb aBTOpCKMA MaTepuan, — Poccuiickaa ®epe-
pauusi u cetb UHTEpHeT;

3) cpok peiictBus [orosopa — 5 net. Mo ucteyeHum
yKasaHHoro cpoka Pepakums octaBnseT 3a co6oii,
a ABTOp nofTBepXfaeT 6eccpoyHoe npaBo Pepak-
UMM Ha NpoOAO/KeHUe pasMelleHuss aBTOPCKOro
maTtepuana B ceTu MIHTepHeT;

4) Pepakuus BnpaBe N0 CBOEMY YCMOTPEHUK 6e3
KaKux-nmbo cornacosaHuin ¢ ABTOPOM 3ak/iouath
JOroBOpbl U COrNaweHns ¢ TPETbUMU MLLaMK, Ha-
MpaBJieHHble Ha JONONHUTESNIbHbIE Mepbl N0 3alLu-
Te aBTOPCKUX M U3JaTenbCKux npas;

5) ABTOp rapaHTupyeT, YTo Ucmonb3oBaHue Pepak-
LMeil NpefoCTaBNEHHOro UM No Hactoswemy [o-
roBOpy aBTOPCKOr0 MaTepuana He HapywWwuT npas
TPeTbux nuL;

6) ABTOp OocTaBfisieT 3a 060N NpaBo UCMOMb30BaThb
npefoCTaBNEHHbIi N0 HacToswemy [loroBopy
aBTOPCKWIA MaTepuan camoCTOATeNbHO, nepepa-
BaTb NpaBa Ha Hero no JOroBopy TPeTbUM NULaM,
eCnM 3TO He NPOTUBOPeYuT Hactosiwemy [oro-
BOpY,

7) Pepakuus npepocTaBnsieT ABTOPY BO3MOXHOCTb
6€3B03ME3HOr0 NONYYEHUs CNPaBKN C INEKTPOH-
HbIMMW aZpecamu ero oduumanbHoii nyénukauum B
cetn UHTepHer;

8) npu nepeneyaTke CTaTbM UK €€ YACTM CCbI/IKa Ha
nepByto Ny6nmkaumnio B XypHane o6sa3aTesibHa.

CHILDREN’S MEDICINE

MHOPOPMALUUA

NOPAAOK 3AKAOUEHUSA AOTOBOPA
U UISMEHEHUA EFO YCAOBUM

3akntoyeHnem [JoroBopa co CTOpOHbI Pegakuuu
ABNISIETCA ONYOANKOBaHME PYKONUCK fLaHHOro ABTopa
B XypHane «Children’s Medicine of the North-West» u
pasMeLlleHne ero TekcTa B CceTu MHTepHeT. 3akntoye-
Huem [loroBopa co CTOPOHblI ABTOpA, T. €. NOMHbIM U
6€30roBOPOYHbLIM MpUHATUEM ABTOPOM ycnosuit [o-
roBopa, fIBNsSieTcA nepegaya ABTOPOM PyKOMMUCK U IKC-
NEePTHOr0 3aK/HYEHUS.

O®OPMAEHUE PYKONMUCH

Pepakuus XypHana npuBeTCTBYET NONHOCTbIO ABY-
I3blYHbIE CTATbU.

CrtaTbs gomxHa umetb (HA PYCCKOM U AHI IURA-
CKOM fA3bIKAX):

1. 3arnaewue (Title) LOMKHO 6bITb KpaTKUM (He 6o-
nee 120 3HaKOB), TOYHO OTpaXatoWMUM COAEpXaHue
cTaTby.

2. CBepeHus 06 aBTopax (ny6nukytoTtcs). [ns
KaXKAoro aBTopa yKasblBalTCA: GamMunns, UMs n oT-
YecTBO, yYeHas CTeneHb, MECTO PaboTbl, MOYTOBbIN
azpec Mecta pa6oTbl, e-mail, ORCID, SPIN-kog. da-
MW/IMN aBTOPOB PEKOMEHAYETCS TPaHCNUTEpUpOBaTh
TaK Xe, KaK B NpeAblaywux ny6aukayusx uam no cu-
cteme BGN (Board of Geographic Names), cm. caiiT
http://www_.translit.ru.

3. Pesiome (Abstrsct) (1500-2000 3HakoB, unu
200-250 cnoB) nomMewatT nepes TEKCTOM CTaTbu.
Pestome He TpebyeTcsa npu Ny6AnKaLnUN peLeH3ui, oT-
YeTOB 0 KOH(PEepeHLUsIX, UHPOPMALMOHHbIX NUCEM.

ABTOpCKOE pestoMe K CTaTbe SB/ISETCS OCHOBHbIM
NCTOYHMKOM WH(POPMALMM B OTEYECTBEHHbIX U 3apy-
GEXHbIX MHHOPMALMOHHBIX CUCTEMAX U 6a3ax JaHHbIX,
WHAEKCUPYIOLWMX XypHas. Pe3toMe JOCTYNHO Ha caiiTe
XypHana «Children’s Medicine of the North-West» u
WHAEKCUPYeTCs CEeTEBbIMU MOUCKOBBIMW CUCTEMAMU.
N3 aHHOTauuUM BOoMKHa GbiTb MOHATHA CYTb UCCNEfO-
BaHMUA, HYXXHO N 06palLaTbCst K MONHOMY TEKCTY CTa-
TbU AN NONYYeHns 6onee NoLpPOOHOI, MHTEepecyHoL el
ero uHdopmaumun. Pestome JONMKHO U3naraTb TONbKO
CYLEeCTBEHHbIE (aKTbl paboThbl.

PekoMeHayemas CTpyKTypa pestoMe: BBefeHue
(Introduction), uenu n 3agaun (Purposes and tasks),
matepuanbl U metoabl (Materials and methods), pe-
3ynbtathl (Results), BoiBoabl (Conclusion). Mpeamer,
TeMy, Lenb paboTbl HYXHO yKa3biBaTb, ECNIU OHU He
SICHbI W3 3arnaBus CTaTbu; METOA WA METOA0NOTNI0
npoBefeHns paboTbl LEnecoobpasHo ONUCbIBATH,
€C/IM OHW OTJINYAKTCSH HOBU3HOWM MAN NpeacTaBnAoT
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MHTEpPEeC C TOYKW 3peHMsa JaHHON paboTbl. 06bEM Tek-
CTa aBTOPCKOro pe3toMe OnpeLensieTcs CoLepXaHuem
ny6nukauuu (06beMOM CBefieHUM, UX HayYHOW LeH-
HOCTbIO U/WMNIM MPAKTUYECKUM 3HAUYEHMEM) U [OSIKEH
6bITb B npegenax 200-250 cnos (1500-2000 3HakoB).

4. Kmoveeble cnoea (Keywords) ot 3 go 10 knto-
YeBbIX CJIOB WAW CNOBOCOYETaHWN, KOTOpblie ByayT
cnoco6cTBOBaTb NPaBUIbHOMY MEPEKPECTHOMY WH-
LEKCUMPOBaHUIO CTaTbM, MOMELLAOTCA MOJ pestome
C MOA3arofIoBKOM «KJtoYeBble cnoar. [peanoytu-
TeNIbHO UCNONb30BaThb KAOYEBble CNOBOCOYETaHUA
u3 2-4 cno., Hanbonee TOYHO OTPaXakLLMX TEMY CTa-
TbW. Mcnonb3yiiTe TEPMUHBI U3 CMIMCKA MEANLMHCKNX
npegMeTHbIX 3aronoskoB (Medical Subject Headings),
npueeneHHoro B Index Medicus (ecnu B 3TOM crnucke
eLye OTCYTCTBYIOT NOAXOAALME 0603HAYEHUA ANS He-
[laBHO BBeJ[leHHbIX TEPMUHOB, NMoAbepuTe Hambonee
6nmsKue u3 umetowmxcs). KntoueBble cnoea pasgens-
t0TCA 3anATOoN.

5. 3aronoBKu TabnuL, NnogNMCH K PUCYHKAM, a Tak-
)Xe BCE TEKCTbl Ha PUCYHKAX M B Tabnuuyax LOJKHbI
ObITb Ha PyCCKOM UM aHTIMACKOM fi3bIKaX.

6. CoKpalLeHuii, KpoMe 06LLeyNnOTPeOMTENbHbIX,
cnepyet usberatb. CokpalieHus B Ha3BaHWUU CTaTbM,
Ha3BaHUAX TabnuL M PUCYHKOB, B BbIBOAAX Hepomny-
cTumbl. Ecnn ab6peBnaTypbl MCNONb3YHOTCS, TO BCE
OHW JOMKHbI 6bITb pacwndpoBaHbl MOAHOCTbIO NpH
nepeoM WX YNOMWUHaHUM B TekcTe (Hanpumep: «Ha-
pagy ¢ AaHHbIMKM 0 POH (pesuayanbHO-opraHuyeckom
HEel0CTaTOYHOCTH), 06ycnoBnnBatoLLeit passutue NKC
(rMnepKUHETMYECKOro CUHAPOMA), PaCLUMpEeH Auana-
30H MCCNef0BaHuii N0 3HAOreHHOI Npupoge faHHOro
CUHIPOMay.

7. Mpu npepctasnenuun pykonucu B XypHan AB-
TOpbl HECYT OTBETCTBEHHOCTb 3@ pacKpbiTUE CBOMX
(UHAHCOBbLIX U APYrUX KOHGAUKTHbIX WHTEPECOB,
CMOCOOHbIX 0KasaTb BANSHUE Ha uX paboTy. B pyko-
MUCK AOMKHbI O6bITb YTOMAHYTHI BCE NULA U OpraHu-
3auuu, okasaBlune GUHAHCOBYH NOAAEPXKY (B BUAE
rpaHToB, 060py0BaHMs, IEKapCTB UK BCEr0 3TOrO
BMeCTe), a Takxe Apyroe GUHaHCOBOE MU NIUYHOE
yyacTue.

B KOHLe KaX[0i cTaTbh 0653aTeNbHO YKa3blBatoT-
€S BKNaf aBTOPOB B HanucaHue cTaTbi, UCTOYHUKM
(GuHaHcupoBaHusa (ecnm UMeKTCs), OTCYTCTBUE KOH-
GbnMKTa MHTEpPecoB, Hanuuue cornacus Ha nybnmka-
LMIO CO CTOPOHbI MauueHToB. [laHHas uHGopmauus
AOJNKHA OblTb NepeBefeHa Ha aHrNIACKNIE A3bIK.

8. Nutepartypa (References). Cnucok nutepaty-
pbl AOJKEH NPeACTaBNsATb NOMHOe 6ubnuorpapuye-
CKOe onucaHue LUMTUpPYeMblX paboT B COOTBETCTBUM
¢ NLM (National Library of Medicine) Author A.A.,

INFORMATION

Author B.B., Author C.C. Title of article. Title of Journal.
2021;10(2):49-53. damMunum n UHULNaNbI aBTOPOB B
npucTaTelnHoM CNUCKe NPUBOAATCS B MOpPsAfKe yno-
MuHaHusa [1, 2, 3 uT.4.]. B onucaHuu ykasbiBatorcs
BCE aBTOpbI ny6nukauumn. bubnuorpaduuyeckue ccbii-
KM B TekcTe cTaTbu AatoTca uudpoil B KBagpaTHbIX
ckobkax. CcblIKM Ha Heony6IMKOBaHHbIe paboTbl He
jonyckatorcs.

B opurnHanbHbIX CTaTbAX AonyckKaeTcs LMTMpPOBa-
HUe, KaK NpaBuno, He 6onee 30 UCTOYHMKOB, B 0630pax
nuTepatypbl — He 6onee 60, B neKLMAX U Apyrux mare-
puanax — go 15. bubnuorpadus gonxHa conepxartb
00MNbLKMHCTBO Ny6AMKaLmii 3a nocnegHue 5 ner.

Khura:

lOpbeB B.K., Mouceesa K.E., I'nyweHko B.A. OcHo-
Bbl 06LECTBEHHOIO 3J0POBbA U 3[paBOOXPaAHEHMS.
YyebHuk. CMN6.: CneuJlnT; 2019.

Hukudopos O.H., pea. CankTt-leTepbypr B
2021 ropy. CM6.: MetpocTar; 2022.

[naBa u3 KHuru:

TyTenbsH B.A., Hukutiok [.b., lWapadetgmHos X.X.
340poBOE NUTaHWe — OCHOBA 3[0POBOro 06pasa Xus-
HU 1 NPOGUNAKTUKM XPOHUYECKUX HEMH(EKLUOHHBIX
3a601eBaHuii. B KH.: 340pOBbE MONOEXMU: HOBbIE Bbl-
30Bbl ¥ nepcnekTuBbl. T. 3. M.; 2019: 203-227.

Cratbs u3 xypHana:

KapcaHoB A.M., NMonyHuuna H.B., Tornyaes T.K.
besonacHoCTb MmauuMeHTOB B Xxupypruu. Yactb 2:
lporpaMMa MeHe[)XMeHTa KayecTBa XWUpypruve-
cKoro nieyeHus. MeaunuuHckue TexHonorun. OueHka
n Bbibop. 2019;1(35):56-65. DOI: 10.31556/2219-
0678.2019.35.1.056-065.

Teauchl JOKNa[0B, MaTepuanbl Hay4YHbIX KOHPe-
PeHLUNH:

Mapkosckasa W.H., 3aBbanoBa A.H., KysHeuo-
Ba l0.B. Mukpo6HbIil neii3ax nauueHTa Nepeoro roga
XW3HU ¢ Aaucharuveil, ANNTENbHO HaXOAsALWerocs B
OPUT. XXX KoHrpecc AeTCKux racTpo3aHTeposioros
Poccum n ctpan CHI: Tes. gokn. M.; 2023: 29-31.

Canos W.A., MapuHywkuH [.H. Akywepckas TakTu-
Ka npu BHYTPUYTPOGHOIA rnbenu nnoaa. B kH.: Matepu-
anbl IV Poccuiickoro dopyma «MaTb u guta». Y. 1. M.;
2000; 516-519.

ABTOpegeparsbi:

Asunos A.10. leBuaymmn nonoposieBoit ULEHTUYHO-
CTWU MYXUWUH C YMCTBEHHOIN OTCTanoCTbio B YyCNOBUAX
MCUXOHEBPOJIOrMYECKOro MHTepHara. AsToped. auc. ...
KaHA. ncuxon. Hayk. CM6.; 2021.

OnucaHue HTepHeT-pecypca:

EcTecTBeHHOE [BMXeHUe HaceneHus. Mockga:
Pocctat. [JoctyneH no: https://rosstat.gov.ru/
folder/12781 (pata obpalenus: 23.10.2023).
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[lnga Bcex cTaTeli He06X0AUMO yKa3biBaTb UHAEKC
DOI B KoHL,e 6ubNKMOrpaduyecKoro onmucaHus, a Takxe
EDN npu ero Hanuuum.

lpumepsi:

CattapoB A.3., Kapenuna H.P. Oco6eHHocTH po-
CTOBbIX MPOLECCOB y ManbYlKOB U1 IOHOLIEH pas3nuy-
HbIX MPOMOPLMIA U TENOCNOXEHMSA, MPOXUBAKOLNX B
toXHOIA yacTu KbiprolactaHa. Meguatp. 2018;9(5):47-
52.DO0I: 10.17816/PED9547-52. EDN: YRAEPZ.

Voropaeva E.E., Khaidukova Yu.V., Kazachkova E.A.,
et al. Perinatal outcomes and morphological
examination of placentas in pregnant women with
critical lung lesions in new COVID-19 coronavirus
infection. Ural Medical Journal. 2023;22(2):109-121.
DOI: 10.52420/2071-5943-2023-22-2-109-121. EDN:
CXRCMN. (In Russian).

MepeBoa 1 TpaHCcAMTepaLms

Ecnu ny6nukaums HanucaHa Ha pyccKoMm si3bike
(Ha Kupunnuue) u cywecteyeT opuumManbHbIi nepe-
BOJ Ha aHTNNIACKMIA A3bIK, HYXXHO NPUBECTU 3TOT Ba-
puaHT. Ecnn odpuumanbHoro nepesoja Het, cnegyet
nepeBecTU Ha3BaHue Ny6IMKALUM Ha aHTANACKUN
13bIK CAMOCTOATENbHO. B KOHLe onucaHms B CKOb6Kax
yKasaTb 3bIK U3AAHUS.

Ecnu untupyemas ctaTbsi HanucaHa Ha aHrIIICKOM
(HemeLKOM, UCMAaHCKOM, UTaNbSHCKOM, GUHCKOM, faT-
CKOM U ApYrux s3blKax, UCMONb3YHOWNX POMAHCKMIA
andaBuT), CCbIIKY Ha Hee cneayeT NPUBECTU Ha opy-
TMHANbHOM A3blKe ONy6MKOBaHUA U B CMUCKE NUTepa-
Typbl, n B References. Mpumep (cTaTbsi B HOPBEXCKOM
XYpHane Ha HOPBEXCKOM f3blKe):

Ellingsen AE, Wilhelmsen I. Sykdomsangst blant
medisinog jusstudenter. Tidsskr Nor Laegeforen.
2002;122(8):785-787. (In Norwegian).

CranpapT TpaHcauTepauuu. [pu TpaHcaMTepaLmu
pekoMmeHgyeTca ucnonb3oBaTb cuctemy BGN (Board
of Geographic Names), cm. caiiT http://www.translit.ru.

®UNO0 aBTopoB, pepakTopoB. daMuauu U UHU-
Lmanbl BCex aBTOPOB Ha naTWHULe chefyeT NpuBo-
OMTb B CCbIIKE TaK, KaK OHW JaHbl B OPUTMHANbHOM
nyénukauun. Ecnu B OpurMHanbHoW nybnukauum
yXe 6blnn npuBegeHbl Ha natuHuue ®U0 aBTOpOB, B
CCbIJIKE Ha CTaTbio CNefyeT yKa3biBaTb UMEHHO 3TOT
BapuaHT (He3aBUCUMO OT UCMONb30BAHHOI CUCTEMDI
TpaHCNUTepauun B NepBoUCTOUYHUKE). Ecnn B odu-
LManbHbIX UCTOYHMKAX (Ha caiTe XypHana, B 6asax
AaHHbIX, B TOM uncne B eLIBRARY) 1O aBTOpOB Ha
naTuHULE He NMPUBeLEeHbl, cnefyeT TpaHCAUTepupo-
BaTb TakK Xe, Kak B NpeAbIAYyLUX Ny6ImMKaLnusax unm
no cucteme BGN.

CHILDREN’S MEDICINE

MHOPOPMALUUA

Ha3Banue ny6nukauyuu. Ecnu y uutupyemoii pabo-
Tbl cywecTByeT oduLManbHblii NepeBos Ha aHrANi-
CKMIi I3bIK WAW aHrNOA3bIYHbIA BapuaHT Ha3BaHUA
(ero cnepyet uckaTb Ha caiiTe XypHana, B 6a3ax
AaHHbIX, B ToM yucne B eLIBRARY), cnepyeT ykasaTb
MMeHHO ero. Ecnn B oduumanbHbiX UCTOYHMKAX Ha-
3BaHWe nybnmKaunu Ha naTUHULE He NPUBELEHO,
cnefyeT NepeBecTU Ha aHTIMIACKUA A3bIK CaMOCTOS-
TENbHO.

HaseaHnue u3panua (ypHana). HekoTtopble He-
aHrNos3blYHble Hay4YHble U3aHUs (KypHasbl) UMET
KpOMe HasBaHWSl Ha POAHOM f3bike obuumanbHoe
«MapannenbHoe» Ha3BaHWe Ha aHrnuiickom (Hanpu-
Mep, ¥ XypHana «CaxapHblii AnabeT» ecTb opuumans-
HOe aHrnossblyHoe HasBaHue «Diabetes Mellitus»).
Takum o6bpasom, ansa cnucka References B ccblfke
Ha CTaTbl W3 PYCCKOA3bIYHOrO XypHana cneagy-
eT yka3aTb IM60 TpaHCIUTEpPMPOBaAHHOE Ha3BaHue
XypHana, nu6o nepeBogHoe. epeBOAHOE Ha3BaHNe
XypHana MOXHoO B3ATb M60 ¢ opuLManbHOro caiTa
XypHana (MM Mcnonb3oBaTh faHHbIE O NPaBUSIbHOM
HanMCaHMN aHrN0A3bIYHOrO Ha3BaHUA U3 LUTUpYe-
MOJi cTaTby), MM60 MPOBEPUTbL €r0 Hanuune B 6ase
AaHHbIX, Hanpumep B CAS Source Index, 6ubnuoteke
WorldCat unu katanore Web of Science (ISI), katano-
re Ha3BaHMii 6asbl gaHHbIXx MedLine (NLM Catalog),
PubMed. B cnyuae, Koraa y xypHana HeT oduunanb-
HOro Ha3BaHWA Ha aHrNUiickoM f3bike, B References
HY)XHO NPUBOAUTH TPaHCAMTepauuto no cucteme BSI.
He cnepyeT caMoCTOSITENbHO NEPEBOAUTL Ha3BaHUs
XXYpHanoB.

Mecto usgaHusi. MecTo m3faHua B CCblfKax
BCerfa crefyet yKkasbiBaTb Ha aHINIACKOM s3blKe
M NONHOCTbIO, TO ecTb Moscow, a He «Moskva» u
He «M.:», Saint Petersburg, a He «Sankt Peterburg»
1 He «SPh».

HasBaHue uspatenbcrea/usparens. HassaHue us-
AaTenbCcTBa AJ1s1 CChbIIOK B References cnepyeT TONbKO
TPaHCNNUTEPUPOBATb (3a UCKNIOYEHUEM KpailHe pefKuxX
CNy4yaeB HanUuus y nagatens napanienbHoro opuuu-
aNbHOr0 aHrNOA3bIYHOrO Ha3BaHMA).

Mpukasbl, yka3bl, NOCTaHOBICHHUA H Apyrue opuLm-
a/fibHble JJOKYMEHTbI, a TaK)Ke MaTeHTbl TPaHCANTepH-
pyroTes.

Mpumepbl nepeBoga pyccKOA3bIYHbIX UCTOYHUKOB
NUTepaTypbl ANs aHINO0A3bIYHOIO 6/10Ka CTaTbH.

Khura:

Yuriev V.K., Moiseeva K.E., Glushchenko V.A.
Fundamentals of public health and healthcare. Text-
book. Saint Petersburg: SpetsLit; 2019. (In Russian).

Nikiforov O.N., ed. Saint Petersburg in 2021. Saint
Petersburg: Petrostat; 2022. (In Russian).
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[naBa n3 kHuru:

Tutelyan V.A., Nikityuk D.B., Sharafetdinov Kh.Kh.
Healthy nutrition is the basis of a healthy lifestyle and
the prevention of chronic non-communicable diseases.
In: Youth health: new challenges and prospects. Vol. 3.
Moscow; 2019: 203-227. (In Russian).

CTaTbs M3 XypHana:

Karsanov A.M., Polunina N.V., Gogichaev T.K.
Patient safety in surgery. Part 2: Quality management
program for surgical treatment. Medical technologies.
Evaluation and selection. 2019;1(35):56-65. DOI:
10.31556/2219-0678.2019.35.1.056-065. (In Russian).

Teaucbl JOKNaZoB, MaTepnanbl HayYHbIX KOHPe-
PeHUMA:

Markovskaya I.N., Zavyalova A.N., Kuznetsova Yu.V.
Microbial landscape of a patient in the first year of
life with dysphagia who has been in the ICU for a long
time. XXX Congress of pediatric gastroenterologists of
Russia and the CIS countries: abstract. report. Moscow;
2023:29-31.

Salov I.A., Marinushkin D.N. Obstetric tactics in
intrauterine fetal death. In: Materialy IV Rossiyskogo
foruma “Mat’ i ditya”. Part 1: Moscow; 2000; 516-519.
(In Russian).

ABTOpepeparsi:

Avilov A.Yu. Deviations of gender role identity of
men with mental retardation in a psychoneurological
boarding school. PhD thesis. Saint Petersburg; 2021.
(In Russian).

OnucaHne nHTEpHeT-pecypca:

Natural population movement. Moscow: Rosstat.
Available at: https://rosstat.gov.ru/folder/12781
(accessed: 10/23/2023). (In Russian).

Kealy M.A., Small R.E., Liamputtong P. Recovery
after caesarean birth: a qualitative study of women's
accounts in Victoria, Australia. BMC Pregnancy
and Childbirth. 2010. Available at: http://www.
biomedcentral.com/1471-2393/10/47/ (accessed:
11.09.2013).

Mpumep cnucka nutepatypbl (References):

NUTEPATYPA

1. KpuBopyueHko B.K. XXecTokoe obpaliueHue ¢ pe-
6eHkoM. lposiBneHne n Mepbl nNpefoTBpalleHus. UH-
(GopMaLMOHHBIi rymaHuTapHbIii noptan 3HaHue. Mo-
HUMaHue. YMeHue. 2012; 3. locTyneH no: http://www.
zpu-journal.ru/e-zpu/2012/3/Krivoruchenko_Child-
Abuse (gaTa obpaleHus: 27.12.2023).

2. Jacobi G., Dettmeyer R., Banaschak S., Brosig B.,
Herrmann B. Child abuse and neglect: diagnosis and
management. Dtsch Arztebl Int. 2010;107(13):231-239.
DOI: 10.3238/arztebl.2010.0231.

INFORMATION

REFERENCES

1. Krivoruchenko V.K. Child abuse. Manifestation
and prevention measures. Informatsionnyy guma-
nitarnyy portal Znaniye. Ponimaniye. Umeniye. 2012; 3.
Available at: http://www.zpu-journal.ru/e-zpu/2012/3/
Krivoruchenko_Child-Abuse (accessed: 27.12.2023) (In
Russian).

2. Jacobi G., Dettmeyer R., Banaschak S., Brosig B.,
Herrmann B. Child abuse and neglect: diagnosis and
management. Dtsch Arztebl Int. 2010;107(13):231-239.
DOI: 10.3238/arztebl.2010.0231.

OTBETCTBEHHOCTb 3A NMPABUJIbHOCTb BUBJINO-
FPA®UYECKUX AAHHbIX HECET ABTOP.

OcTanbHble MaTepuanbl NpeAoCTaBASAOTCA NM60
Ha PyCCKOM, NGO Ha aHTTMIACKOM f3blIKe, NGO Ha 060-

MUX A3blKaX Mo XenaHuto.

CTPYKTYPA OCHOBHOI'O TEKCTA CTATbU

BBegeHue, N3noxeHne OCHOBHOTO MaTepuana, 3a-
KNoueHue, nuTepatypa. [1ng opuruHanbHbIx Uccnepo-
BaHW — BBeLEeHWe, MeTOANKa, pesynbTaTbl Uccneno-
BaHus, 06CyXeHue pesynbTaTos, nutepatypa (IMRAD).

B paspene «<MeTofuka» 06513aTeNIbHO YKa3blBakOTCA
CBeJEeHUs 0 CTAaTUCTUYECKON 06pabOTKe IKCNEePUMEH-
TaNbHOrO0 WAW KAWHWUYECKOro matepuana. EanHuubl
M3MEpPEHUs [atTCa B COOTBETCTBUM ¢ MexayHapoga-
HOW cucTemoii eanHuy — CU. damMunmm MHOCTPaHHBbIX
aBTOPOB, LUTUPYEMbIe B TEKCTE PYKOMUCK, MPUBOSAT-
CA B OPUIMHANbHOW TPaHCKPUNLUK.

06bem pyKkonucei.

06bem pykonucu 063opa He LOJDKEH NPeBbIWATb
25 CTp. MalMHONUCHOrO TeKCTa Yepes Ba MHTepBa-
na, 12 kernem (BKNtoYas TabnuLbl, CMUCOK NUTEpaTy-
pbl, MOANUCU K PUCYHKAM W PE3OME Ha aHTIUACKOM
A3blKE), NONs He MeHee 25 MM. Hymepyiite cTpaHu-
Libl MOCNeA0BaTENbHO, HAYMHAS C TUTYNIbHON. 06beM
pyKonucu cTtaTbW 3KCNepUMeHTanbHOro xapakTepa
He JOJIXeH npeBbiwatbh 15 CTP. MaWMUHOMUCHOTO
TeKCTa; KpaTKMUX CO0bLLeHNii (MUcem B peaakumio) —
7 CTp.; OTYETOB 0 KOH(epeHUnsax — 3 CTP.; peLeHsnii
Ha KHuru — 3 ctp. Mcnonb3yinTe KONOHTUTYN — CO-
KpaLLeHHbI 3ar0N0BOK U HYMepawuuto cTpanuy, ans
MOMELLEHUsI BBEPXY UAW BHUY BCEX CTPAHUL, CTaTby.

WnniocTtpauun u Tabnuubl. Yucno puCyHKOB
pekoMeHayeTcsi He 6onee 5. B noanucax nop pu-
CYHKaMW [OMKHbl 6bITb CAenaHbl 06bACHEHUA
3HayeHWii BCeX KPUBbIX, BYKB, LNDP U Mpoymux yc-
NOBHbIX 0603HauyeHnii. Bce rpadbl B Tabnuuax
LOJDKHbI UMETb 3aronoBku. [OBTOPATb OAHK U Te Xe
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[aHHble B TEKCTE, Ha pUCYHKax W B Tabnuuax He
cnepyet. Bce Hagnucu Ha pucyHKax um B Tabnuuax-
NPUBOAATCA HAa PYCCKOM W aHINMICKOM f3blKax.
PucyHku, cxeMbl, poTorpadumu LOMKHbI 6bITb Mpea-
CTaBfieHbl B TOYeuHbix ¢opmartax tif, bmp (300-
600 dpi), unu B BekTOpHbIX GpopmaTax pdf, ai, eps, cdr.
Mpn ohopmneHun rpaguyeckux MaTepuanos yyuTbl-
BailTe pasmepbl neyatHoro nons XypHana (wupuHa
UNNKOCTPaL UM B OHY KOOHKY — 90 MM, B 2 — 180 MM).
MacuTab 1:1.

B KOHLe Kaxa0M cTaTbn 0653aTeNbHO YKa3blBatoT-
CA BK/afj aBTOPOB B HanucaHue CTaTby, UCTOYHMKH
(GuHaHCUpOBaHUs (€Cu UMetTCs), OTCYTCTBUE KOH-
GnMKTa NHTepecoB, Hanuyue cornacus Ha ny6nauka-
LiMI0 CO CTOPOHbI NaLUEHTOB.

PEUEH3WUPOBAHUE

CtaTtbu, NnocTynuBlIMe B pefakuuto, ob6ssartesnb-
HO peleH3upytoTca. Ecnn y peueHseHTa BO3HMKAIOT
BOMPOCHI, TO CTaTbsi C KOMMEHTAPUAMM peLieH3eHTa
Bo3Bpalyaetca ABTopy. [laToW MOCTYyNneHUsa cTaTby
cuuTaeTca fara nosnyvyenus Pefakuueil OKOHYaTesb-

CHILDREN’S MEDICINE

MHOPOPMALUUA

HOro BapuaHTa cTaTbi. Pefilakuus ocTaBnsieT 3a co6oi
npaBo BHECEHUS pejaKTOPCKUX U3MEHEHUI B TEKCT,
He MCKaXawwWux CMbicna cTaTbu (nUTepaTypHas w
TeXHoNornyeckas npaBka).

ABTOPCKHUE 3K3EMMNAAPDbI )KXYPHANA

Pepakums o6s3yeTcs Bbigath ABTOpY 1 ak3eMnnsp
)XypHana Ha kaxpyto ony6nnkoBaHHYK CTaTbio BHe
3aBUCUMOCTM OT Yucna aBTOPOB. ABTOPbI, MPOXK-
Batowme B CaHkT-leTepbypre, NonyyaoT aBTOPCKMIl
aksemnnsp XypHana HenocpenCTBeHHO B Pefakuun.
NHoropoaHuM ABTOpaM aBTOPCKMiA ak3emnsap Xyp-
Hana BbICblJ1aeTCA Ha aApec aBTopa o 3anpocy oT aB-
TOpa. IK3eMnnsApbl CNeLBbINyCKOB He OTNPaBAALOTCA
aBTopam.

AAPEC PEAAKLUUH

194100, CankT-MeTepbypr, yn. JinToBckas, 2
E-mail: [t2007@inbox.ru.

Cant xypHana:
http://0js3.gpmu.org/index.php/childmed/index.
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W3AATEJIbCTBO NEAUATPUHECKOI0 YHUBEPCUTETA

NPEACTABNAET

OPTONEAWYECKAS CTOMATOJOIMNS. NPOTE3UPOBAHUE
HECHEMHbIMW KOHCTPYKLMAMMN 3YBHbIX NPOTE30B

OPTONEAMYECKAA CTOMATONOIUS.
NPOTE3UPOBAHUE HECHEMHbIMU
KOHCTPYKLMAMHU 3YBHbIX NPOTE30B

V4eGHUK ANs MEAMLIMHCKWX BY30B

Canxr-Nerep6ypr, 2021

M. @. Cyxapes, C. b. Quwes, M. I'. Posxckosa

Y4eOHHUK COOTBETCTBYET Mporpamme MUHUCTEPCTBA 3paBo-
oxpaHeHust Poccuiickoii denepauuu no opToneanueckoi croma-
TOJIOTHH, TIPEIHAa3HaueH U OyIIeT MOJIe3HBIM JIJIS MIpeToaaBarenei
KYpPCOB U CTOMATOJOTHYECKUX Kadeap, CTYeHTOB CTOMATOJIOTH-
4eCcKHuX (aKyabTeTOB, OPJIMHATOPOB, aCITUPAHTOB, Bpadyel-cToMa-
TOJIOI'OB.

ABTOpBI OyIyT IPHU3HATENBHEI 32 KPUTHYECKHAE 3aMEYaHUS U
JIOMOJIHEHHUSL.

TBepablil eperieT, UBETHbIC WILTIOCTpaluu, 464 cTpaHUIIbI.

[TprobpecTu U3naHne MOKHO B MHTEpHET-MarasuHe JIabupuHr:
https://www.labirint.ru/books/877708/

NMATONOrNYECKAS AHATOMMS. OBLLWIA KYPC

PA. Hacwipos, /1.0. Heanos, H.M. Anuukos, E.IO. Kanununa

i P.A. HACBIPOB, [1.0. UBAHOB,
H.M. AHUYKOB, E.10. KATMHUHA

NATOJIOTUYECKAS
: AHATOMUA

OBLLNA KYPC

B o0miemM kypce maToNorMueckod aHATOMUHU (KIMHHYECKOH
maToMop(OJIOruu) paccMOTPEHBI BOIPOCHI OOIIEH maroysoruye-
CKOM aHAaTOMUH: METOABI UCCICAOBAHNS B HaTOMOp(l)OJIOFI/II/I, 10-
BPEXKJICHUE U THOENIbh KJICTOK M TKAaHEH, B TOM YHCIE CTapeHHE;
HapyIIeHUST KPOBOOOPAIIEHUs K MHBIX CPEll OpTaHU3Ma, BOCIIaJe-
HUE, penapauus U pereHepanus, 3aXUBJIeHUe paH, UMMYHHas Ia-
TOJIOTHSI, aJanTalus, HaToJoTusl pocTa KIeTok U ux auddepen-
[IUPOBKH, OMyXOJIM, TCHETUYECCKIE 3a00IeBaHMs, YICHUE O JTHa-
T'HO3€ B MATOJIOTUYECCKON aHATOMUM, MATONOTHS U (GaKTOPBI OKPY-
)KaIOHIeﬁ Cpeanbl, MaToJI0TuA, BEI3BaHHAA IMUTAHUCM, KOHCTaTalusd
CMEPTHU U JIp.

VY4eOHUK paccCuUTaH Ha CTYJICHTOB-MEIUKOB BCEX (axyybTe-
TOB, a TaK)Xe Ha Bpauel, MHTEPECYIOMMXCS BOMPOCaMHU OOIIeh
MaToJOTUYECKOW aHATOMUU.

TBeppIit IeperieT, NBETHRIC WLTIOCTparuu, 280 cTpaHuil.

IIpnoOpectu u3naHue MOKHO B UHTEpHET-Mara3uue JIabupuHr:
https://www.labirint.ru/books/777658/




W3AATEJIbCTBO NEAUATPUHECKOI0 YHUBEPCUTETA

NPEACTABNAET

METABOJINYECKUN CUHLIPOM

CaHKT-TleTepOYPrCKMi FOCYAAPCTBEHHbI
NEAMaTPUYECKUT MeAULMHCKYI YHUBEPCHUTET

METABOJIMMECKUIA
CUH[IPOM

Mo pen. axap. PAH A.B. WAGPOBA

1100 peo. axao. PAH A.B. lllabposa

MoHorpadust mocBsiiIeHa OJHON U3 BEAYIIUX MPOOIEM COBpe-
MEHHOI'O 3ApaBOOXPAHEHUS — META0OIMYECKOMY CHHAPOMY.
[IpencraBieHbl HCTOPUYECKHUE ACHEKTHI M3Y4YEHHs MeTabonnye-
CKOT'O CHMH/pPOMAa M aCCOLMUPOBAHHBIX C HUM 3a00JieBaHUIl cep-
JIEYHO-COCYIUCTON CUCTEMBI, KpPUTEPUN AUATHOCTUKH, SMHUIEMHU-
OJIOTHYECKHE JaHHbIEe, IPOaHaIM3UPOBaHa POJIb TAKKX (PaKTOPOB,
KaK MUKPOOMOM KHILIEYHUKA, aAUITOKUHBI, OKCUIaTUBHBIN CTpecc,
HapylIeHHE HUILIEBOrO MOBEACHHS B IaTOTeHE3¢ MeTa00INIeCKO-
ro cuHapoma. PaccMoTrpeHo BiusiHuE META0OIMYECKOTO CUHAPO-
Ma Ha OpOHXOJIETOYHYIO MAaTOJOTHIO, TaCTPOIHTEPOIOTHUECKYIO
MaTOJIOTHIO, TONOBbIe AuchyHKIMH. OmNHCcaHbl MEPCIEKTUBHBIC
METOABI 00CIe0BaHNs MAlMeHTOB C META0O0NIMYECKUM CHHAPO-
MOM, COBPEMEHHBIE MOIXO0b! K Tepanuu. Monorpadus OyneT uH-
TEepecHa BpayaM TepaNeBTUUYECKHX CHENHAIbHOCTEN, HAyYHBIM
paboTHMKaM, TpenoJaBareisiM, aclupaHTaM, CTYJCHTaM Melu-
[IUHCKHX BY30B.

Teepasiii neperiet, 496 crpanul.

[Tpuobpectu U3naHne MOKHO B UHTEpHET-MarasuHe JIabupuHr:
https://www.labirint.ru/books/777643/

F0NIOJAHWUE B AETCTBE U bOJIE3HU B CTAPOCTHW

1. N. Xopowunwna, [1.0. Heanos

TOJIO[IAHUE B [AETCTBE
W BOJIE3HU B CTAPOCTH.

Ha npumepe manoneTHux Xurenei
6nokupoBaHHoro Jlenunrpana

Canxr-Mlerepypr, 2020

JLII. Xopowununa, /1.0. Heanos

Kuura mocpsimieHa Majnon3y4eHHBIM MEAWLIUHCKUM MpobIe-
MaM y JIIOJel CTapUIMX BO3PAcCTHBIX TPYII, MEPEKMUBIINX B JIET-
CTBE JJINTEIbHBIE MEPHOABI TOJIONAaHHA. ABTOpPAMU H3y4aroTCs
OTJaJIEHHBIE MTOCIIEICTBHS IITUTENBHOIO TONIOAAHMS IETEH U MO~
poctkoB B OnokupoBaHHoM Jlenunrpane (1941-1944). Jlutepa-
TYpHBIH 0030p U NMOJTYYCHHbIE JaHHBIE CBUACTEILCTBYIOT 00 0CO-
OCHHOCTSIX COMaTHYECKUX 3a00JIeBaHUI Y OBIBUIMX MaJIOJIETHHX
XKUTeNell OmokupoBaHHOTO JIeHMHIpaja, CTaBIIMX HBIHE B3pOC-
neiMH. KHura nepeusnaercs nNOBTOPHO, TEKCT €€ JIOMOIHEH U HC-
MpaBJIeH.

W3nanue MoxeT ObITh MHTEPECHO MATOJIOraM, BpadaM-KINHH-
L{CTaM, CHEelHaJIUCTaM IO OpraHU3alud 3APaBOOXPAHEHUS U
BCEM IpaxkJiaHaM, HHTEePeCYIOMMCcs HcTopuelt 6iaokaasl Jlenun-
rpaja.

2-e u3gaHue, nepepadboTaHHOE U JIOTIOJTHEHHOE.

Teepasiii nepemuter, 176 crpanun.

[Tpuobpectu n3naHne MOKHO B MUHTEpHET-MarasuHe JIabupuHr:
https://www.labirint.ru/books/777647/




W3AATEJIbCTBO NEAUATPUHECKOI0 YHUBEPCUTETA
NPEACTABNAET

PykoBoacTBO N0 nepnatpum.
O®TANIbMONIOrnea AETCKOro BO3PACTA

Peoaxyuonnas xonneeus moma: /1.0. Heanos, B.B. bpowceckuii

Tom 11 «PykoBoncTBa mo meguaTpum» OTPa)KaeT COBPEMEHHBII
YPOBEHb pa3BUTUSI O(PTaIbMOJOTHHM IETCKOro Bo3pacrta. KHura co-
JCPXKUT aKTyaJlbHYyI0 MH(QOPMALHUI0 O COBPEMEHHBIX METOAAX IHa-

THOCTHMKH H JIeYeHHs 3a001eBaHuH I71a3 y ,HeTefI. OT,Z[GJ'ILHLIC pas3aciibl
Tom 1

MOCBAIICHBI KIIMHUYCCKUM PEKOMCHAALIUAM IO OCHOBHBIM CHUHAPO-

OdpraabMoAorus MaM " 3a00JI€BaHUSIM.
AETCKOro sospacrta

I/IB,I[aHI/Ie npeaHa3Ha4CHO O(I)TaJ'IBMOJ'IOFaM, neauarpamM u npeacra-
BUTCIIAM ApPYTruX MCAUNUHCKUX AUCHUIIIMH, a TaKXC CTyACHTaM
CTapmnx KypCoOB MECAUILIMHCKUX BY30B.

TBepnblil eperieT, UBETHbIC WILTIOCTpauuu, 344 cTpaHUIIbL.

[IpuobpecTu u3ganme MOXKHO B MUHTEpHET-Mara3uHe JIabupuHr:
https://www.labirint.ru/books/877706/

PykoBOACTBO N0 neanaTpum.
HEBPOJIOTUSA U NCUXWUATPUA AETCKOIro BO3PACTA

Peoaxyuonnas xonnecus moma: /[.0. Heanos, B.H. I'y3esa, C.B. I peuanwiii

Tom 9 «PykoBoncTBa 1O NEIHATPUU» OTPAKaeT COBPEMEHHBIN
YPOBEHb Pa3BUTHs HEBPOJIOTUH M NCHXHATPUHU JETCKOTO BO3pacCTa.
KHura copepKuT akTyalbHYH MHPOPMAIMIO O COBPEMEHHBIX METO-
Jax JUArHOCTHUKHU U JICYCHUs 3a00JIeBaHUN HEPBHOW CUCTEMBI U MICH-
XMYECKUX paccTpoiicTBax. OTIenbHbIC pa3aelibl OCBAIICHBI KINHH-
YECKHM PEKOMEH/IAIMSM IO OCHOBHBIM CHHIPOMAaM U 3a00JICBaHUSIM.

PykoBOACTBO mpenHa3sHaYeHO HEBPOJIOTaM, HEHPOXUPYpraMm, McH-
XHaTpaM, MCHXOTEpareBTaM M MPEACTABUTEISIM APYTHX MEIHUIIUH-
CKHUX TUCLHUIUINH, @ TAK)KE CTYICHTaM CTAPUIMX KypPCOB MEIHIIMHCKUX
BY30B.

Tom 9

HeBpO/\OFVIﬂ n ncnxmnaTpus
AETCKOro Bo3pacrta

Teepaslii nmeperuiet, 288 cTpaHull.

[TproOpecTu U3aHNEe MOKHO B MHTEpHET-Marasuxe JIabupuHT:
https://www.labirint.ru/books/877707/
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