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Abstract. The concern for the health of the population as the highest value in the Russian Federation dictates 
the necessity to seek the most advanced measures for patients of various ages to prevent disability and reduce 
the number of severe functional impairments that form during and as a result of illness, leading to limitations in 
physical and psychological aspects, as well as in the social aspect, including the educational process for children 
and the employment of adult patients, signifi cantly reducing the level and quality of life. The global medical-
social problem lies in providing comprehensive assistance to such categories of patients, which falls within the 
competence of medical rehabilitation. Its main tasks include maximizing the improvement of the functional state 
of patients to achieve the most complete recovery or compensation for the functions aff ected by the pathological 
process and enabling the fullest return to the usual social environment, including domestic, educational, and 
professional settings. Medical rehabilitation today is a relevant, modern, and successfully developing direction 
of domestic medicine, based on the scientifi c and practical knowledge and skills of such confi dently established 
medical disciplines included in the rehabilitation process as therapeutic physical culture and sports medicine, 
physiotherapy, refl exology, and manual therapy. Physicians specializing in these disciplines, under the guidance 
and coordination of a physician specializing in medical rehabilitation or physical and rehabilitation medicine, 
together with a narrow-profi le specialist and, if necessary, involving specialists in clinical psychology, corrective 
pedagogy, social workers, and others, form interdisciplinary teams aimed at providing maximally early, individual, 
comprehensive, systematic, and prolonged in time necessary assistance to the children and adult population of 
our country at all stages of medical rehabilitation. Thanks to eff ective and individual rehabilitation programs, it is 
possible to more successfully solve such serious tasks as reducing the level of disability, the percentage of people 
with disabilities, reducing the duration of incapacity for work, and improving the quality and level of life, which 
ultimately meets the most important objectives of domestic healthcare: preserving and strengthening the health 
of the citizens of the Russian Federation and preventing adverse outcomes of diseases.

Key words: medical rehabilitation; rehabilitation potential; rehabilitation diagnosis; rehabilitation prognosis; stages 
of medical rehabilitation.
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Under the defi nition of “rehabilitation”, rehabi-
lis (from the Latin re — renewal, habilitas — abi-
lity, suitability), according to the translation from 
Latin, means the restoration of abilities, suitability 
for anything or properties, which refl ects the pre-
sence of both biological and social components 
of this concept [1–4].

The World Health Organization interprets the 
concept of rehabilitation as follows: “Rehabilita-
tion is a set of activities — medical rehabilitation, 
psychological rehabilitation, pedagogical rehabi-
litation, social rehabilitation and legal rehabilita-
tion, designed to provide persons with disabilities 
with maximum adaptability to living conditions in 
society” [1, 2]. 

Medical rehabilitation is a relatively young area 
in medicine, which appeared during the First World 
War and has actively developed since the second 
half of the 20th century. Initially, medical reha-
bilitation was considered an integral part of the 
treatment process, but now medical rehabilitation 
should be considered as a central component of a 
comprehensive rehabilitation process [1, 5].

“Rehabilitation 2030: a call to action” is the 
global strategic plan adopted by the World Health 
Organization in 2017 [3, 6].

The functional responsibilities of a medical 
rehabilitation specialist (also a physical medi-
cine and rehabilitation physician) are presented in 
the Order of the Ministry of Labor of the Russian 
Federation dated 03.09.2018 № 572n  “On appro-
val of the professional standard “Medical rehabilita-
tion specialist” [7, 8].

Orders of the Ministry of Health of the Russian 
Federation dated 31.07.2020 № 788n “On appro val 
of the procedure for organizing medical rehabi-
litation for adults”  and dated 23.10.2019 № 878n 
“On approval of the procedure for orga nizing 
medical rehabilitation for children” are regu latory 
documents governing the organization of medi-
cal rehabilitation for the child population in the 
Russian Federation, according to which medical 
rehabilitation is carried out in the following con-
ditions: outpatient, day hospital or inpatient, de-
pending on the child’s condition and the ability to 
achieve the set rehabilitation goals [9, 10].

Резюме. Забота о здоровье населения как наивысшей ценности в Российской Федерации диктует необ-
ходимость поиска наиболее совершенных мероприятий для пациентов различного возраста по профи-
лактике инвалидизации и снижению числа тяжелых функциональных нарушений, формирующихся в те-
чение и результате болезни, приводящих к появлению ограничений возможностей, как в физическом и 
психологическом плане, так и в социальном аспекте, включая образовательный процесс у детей и тру-
довую деятельность у взрослых пациентов, что значимо снижает уровень и качество жизни. Глобальная 
медико-социальная проблема заключается во всесторонней помощи таким категориям пациентов, что 
входит в компетенции медицинской реабилитации, основными задачами которой является максимальное 
улучшение функционального состояния больных с целью наиболее полного восстановления или компен-
сации пострадавших в результате патологического процесса функций, а также наиболее полноценное воз-
вращение в привычную социальную, в том числе бытовую, образовательную и профессиональную среду. 
Медицинская реабилитация сегодня — актуальное современное и успешно развивающееся направление 
отечественной медицины, которое базируется на научно-практических знаниях и умениях таких уверен-
но зарекомендовавших себя медицинских дисциплин, входящих в состав реабилитации, как лечебная фи-
зическая культура и спортивная медицина, физиотерапия, рефлексотерапия, мануальная терапия. Врачи 
данных специальностей под руководством и координацией врача по медицинской реабилитации или вра-
ча по физической и реабилитационной медицине, совместно с узким профильным специалистом, а при 
необходимости — с подключением специалистов по клинической психологии, коррекционной педагоги-
ке, социальных работников и других, входят в состав междисциплинарных бригад, призванных оказывать 
максимально раннюю, индивидуальную, комплексную, систематичную и пролонгированную во времени 
необходимую помощь детскому и взрослому населению нашей страны на всех этапах медицинской реаби-
литации. Благодаря эффективным и индивидуальным программам медицинской реабилитации возможно 
более успешное решение таких серьезных задач, как снижение уровня инвалидизации, процента людей с 
ограниченными возможностями здоровья, сокращение сроков нетрудоспособности, повышение качества 
и уровня жизни, что в конечном итоге будет отвечать важнейшим задачам отечественного здравоохране-
ния: сохранение, укрепление здоровья граждан Российской Федерации и профилактика неблагоприятных 
исходов заболеваний.
Ключевые слова: медицинская реабилитация; реабилитационный потенциал; реабилитационный диа-
гноз; реабилитационный прогноз; этапы медицинской реабилитации.
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According to the Order of the Ministry of 
Health of the Russian Federation dated 02.05.2023  
№ 206n “On approval of qualifi cation require-
ments for medical and pharmaceutical workers 
with higher education,” the following specialties 
were introduced: instructor-methogist in physical 
therapy (non-medical education); medical psy-
chologist, clinical psychologist (non-medical edu-
cation); physical rehabilitation specialist (kinesio-
logist, non-medical education) [11].

In practice, a variety of therapeutic methods of 
medical rehabilitation are widely used, including 
therapeutic and surgical strategies, as well as al-
ternative non-drug technologies and innovations 
[1, 3, 12–14].

The most advanced technologies have been 
developed with the participation of micropro-
cessor information devices for managing digital 
“cloud” data; they represent, in particular, biocon-
troled and robotic medical equipment [3].

The patterns of infl uence on the human body 
of numerous means of rehabilitation, primary 
physical factors and exercises, the action of which 
is justifi ed from a scientifi c and practical point of 
view, are at the origins of medical rehabilitation 
and are called upon to normalize sanogenesis [3, 
15–19].

The staged nature and diff erentiated approach 
of rehabilitation programs in case of reversible 
functional impairments should ensure the restora-
tion of the health of the population and its main-
tenance at a decent level. In the formation of irre-
versible morphological changes in the body, the 
focus should shift to achieving and maintaining 
compensation for impaired functions. In addition, 
it is important to carry out secondary prevention 
of the occurrence of diseases and relapses, the de-
velopment of possible complications [1].

Rehabilitation should be considered as a pro-
cess of recovery, a return to the original state of 
physical, personal and social status in pathologi-
cal conditions diagnosed in patients at diff erent 
ages, after early childhood. On the contrary, ha-
bilitation involves a set of measures carried out in 
the case of congenital or early acquired disorders 
with the aim of forming and further developing 
physical, personal and social indicators. The me-
thods used in habilitation diff er from rehabilita-
tion me thods — these are pedagogical and psy-
chological developmental methods [2, 20].

In the absence of signifi cant restrictions, a 
treatment strategy that aff ects the etiopathoge-
nesis of the disease is indicated; combining the 

eff orts of therapeutic and rehabilitation tactics is 
determined by the presence of disability or the 
risk of its formation. A fundamentally new sec-
tion — physical and rehabilitation medicine — 
is  designed to study the infl uence of physical 
methods on the body of physical methods and 
means available in the arsenal of medical reha-
bilitation to solve the problems of patients with 
persistent limitations [3].

Rehabilitation is understood as the restoration 
of health, functions and performance of people 
aff ected by diseases, injuries, exposed to factors 
of various nature: physical, chemical and social [2].

The result of rehabilitation is the achievement 
of the maximum possible physical, mental, pro-
fessional, social fullness and economic self-suffi  -
ciency in the case of a specifi c disease, which is 
possible with the provision of necessary and time-
ly medical and social assistance [1].

Rehabilitation today is a serious pressing prob-
lem of national healthcare, which has a diverse 
vector focus and includes, along with the com-
pulsory medical component, the participation to 
a greater or lesser extent of the psychological, la-
bor, social and economic spheres [1, 21, 22].

The most important goals of rehabilitation in-
clude a recovery of psychological status, norma-
lization of personal characteristics, as well as the 
earliest and fullest possible return of patients to 
work and everyday skills, their successful integra-
tion into society [2, 23–25].

According to the goals set, the most important 
tasks of rehabilitation are put forward, which in-
clude the full recovery of the functional state of 
various organs and systems of the body, and, if 
necessary, the formation of compensatory adap-
tations to the conditions of daily life; normaliza-
tion of household skills; carrying out secondary 
prevention measures in the direction of preven-
ting the occurrence of deviations from the norm 
in people’s health [2].

The leading principles of medical rehabilitation 
include the following positions: according to indi-
cations, the earliest possible start, an integrated 
approach, the validity of rehabilitation measures, 
the development of an individual rehabilitation 
program, compliance with stages,, continuity and 
succession during the rehabilitation process, the 
work of a multidisciplinary team, prolongation in 
time until confi dent positive dynamics, availabili-
ty of rehabilitation measures [2].

The social orientation of rehabilitation pro-
grams is important, the compulsory use in the 
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practice of monitoring the adequacy of the loads 
administered to patients and assessing the eff ec-
tiveness of the rehabilitation methods used [1].

The need for medical rehabilitation is justifi ed 
in cases of real possibility of eliminating or redu-
cing the consequences of the disease. Depending 
on the severity of functional disorders, the body 
responds with one of the options: restitution, re-
generation or compensation [3].

Thus, medical rehabilitation should not be 
considered as a direction for further treatment 
of patients in whom high effects cannot be ex-
pected. Only the earliest possible inclusion in the 
treatment process, starting from resuscitation, of 
necessary and possible rehabilitation techniques 
will contribute to the best outcome of the dis-
ease, as well as secondary prevention of disabi-
lity [1, 2].

It is important to note that there are no gene-
ral contraindications for rehabilitation measures; 
there are only contraindications for specifi c me-
thods. Carrying out postural correction in a very 
serious patient’s condition is indicated and is the 
beginning of the rehabilitation process [1].

The basic principles of medical rehabilitation 
are: the provisions of the International Classifi -
cation of Functioning, the selection of the most 
eff ective minimum of rehabilitation measures, 
compliance with the necessary performance cri-
teria at each stage of medical rehabilitation, the 
formation of an information infrastructure among 
rehabilitation institutions, the availability of a uni-
fi ed routing management system for specialized 
patients [2, 26].

Of particular note is the International Classifi -
cation of Functioning, Disability and Health, pro-
claimed by the World Health Organization in 2002, 
which, thanks to validated categories of health 
and associated characteristics, helps to establish a 
rehabilitation profi le, monitor and objectively as-
sess the eff ectiveness of rehabilitation measures [3, 
27–29].

According to modern scientifi c ideas, the fol-
lowing areas of rehabilitation are distinguished, 
systematized by E.I. Aukhadeyev [2]:

• noorehabilitation — recovery of the patient's 
intellectual capabilities;

• psychorehabilitation — normalization of the 
components of the patient’s mental health, in 
particular emotional, volitional and other areas;

• sensory rehabilitation — recovery of both the 
senses and the ability to perceive a variety of 
sensations;

• logo rehabilitation — recovery of pronuncia-
tion speech and related internal functions of 
the language;

• kinesitherapy — recovery of motor function 
at diff erent levels of complexity in various 
pathologies;

• vegetative rehabilitation — normalization of 
the functional state of internal organs, recov-
ery of vegetative processes;

• ergo rehabilitation — recovery of vital pro-
cesses, labor activity;

• eco-rehabilitation — recovery of adaptive 
abilities to both the natural and social envi-
ronment;

• ludorehabilitation — involves stimulating the 
creative capabilities of the individual;

• self-rehabilitation — normalization of the 
personal characteristics of a particular indi-
vidual.

When providing medical rehabilitation assis-
tance, the stability of the patient’s clinical con-
dition is essential, regardless of the duration of 
the disease; at the same time, the risk of possible 
complications should not exceed the rehabilita-
tion potential; there should also be no contrain-
dications to the prescription of certain methods, 
taking into account the rehabilitation diagno-
sis [1].

The defi nition of rehabilitation potential is the 
key point to the successful implementation of re-
habilitation measures.

For this purpose, both clinical manifestations 
and functional disorders, characteristic features 
of somatic and psychological status are subject to 
careful study, which are the necessary foundation 
for the recovery of aff ected functions and serve as 
a decisive moment for the prospects for recovery 
or the ability to compensate for the limitations 
that have arisen.

Rehabilitation potential is usually understood 
as an objective perspective of the patient’s func-
tional recovery over the expected period of re-
habilitation care, taking into account the clinical 
picture of the disease in a particular patient, the 
availability of individual resources and compensa-
tory capabilities, provided that the psychosoma-
tic state is stable against the background of high 
motivation for the rehabilitation prog ram [1].

Thus, rehabilitation potential is a set of biolo-
gical and psychological characteristics of the pa-
tient, as well as social and environmental aspects 
that determine the possible extent of realization 
of his potential.
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There are high, medium and low levels of reha-
bilitation potential. In particular, high rehabilita-
tion potential is characterized by a disease dura-
tion of no more than three months in the absence 
of information about a progressive pathological 
process, occurs in children, young or middle-aged 
people with good motivation of the patient or 
child’s parents for rehabilitation, in older people 
with preserved cognitive status and, as a rule, an 
adequate psycho-emotional background or its 
minor changes [1].

Only high rehabilitation potential implies full 
recovery or a high level of functional recovery of 
the body as a result of the selected rehabilitation 
protocol.

A moderately expressed level of rehabilitation 
potential is characterized by a disease duration of 
no more than a year in the absence of informa-
tion about a progressive pathological process; 
in this case, patients under the supervision with 
moderate changes in weight and height parame-
ters, with adequate cognitive status and, as a rule, 
moderate deviations in the psycho-emotional 
background, amenable to slight pharmacological 
correction [1].

In patients with a disease duration of more 
than 1–2 years, a progressive course, signifi cant 
deviations in weight and height parameters (in 
middle-aged and older people), pronounced dis-
orders of a healthy lifestyle — alcoholism or drug 
addiction (in middle-aged and older people), se-
vere cognitive and emotional disorders that re-
quire serious correction, as a rule, reveal a low le-
vel of rehabilitation potential. 

In the case of moderate rehabilitation poten-
tial, only partial, and with low rehabilitation po-
tential, insignifi cant, even non-existent, recovery 
of impaired body functions as a result of the reha-
bilitation process is possible [1].

To solve rehabilitation problems, indicators of 
physical development and physical endurance are 
determined, the degree of development and sta-
bility of the psycho-emotional sphere, the level of 
social adaptation, including the ability to acquire 
familiar household and work skills and abilities are 
identifi ed [23–25].

A rehabilitation diagnosis is understood as a dia-
gnosis that refl ects an assessment of the emer ging 
functional consequences of the disease. It consists 
of a description of the injury and subsequent im-
pairments, both household and professional, indi-
cating restrictions on activity and participation in 
private life and society, with an emphasis on envi-

ronmental factors that can relieve or aggravate the 
patient’s basic life functions [1].

It is necessary to carefully examine the patient 
in order to establish his rehabilitation diagnosis 
for the subsequent formation of an individual re-
habilitation program. This examination consists of 
collecting anamnestic data, complaints, as well as 
the necessary set of laboratory and instrumental 
studies with the obligatory determination of the 
infl uence of physical disorders on the functional 
state of the body, the degree of preservation of 
everyday and professional skills [1].

A multidisciplinary approach is central to medi-
cal rehabilitation, with the participation and close 
cooperation of medical, psychological, pedago-
gical, social and professional specialists to pro-
vide all necessary types of assistance and correct 
the resulting consequences of the disease, for a 
gra dual return to a normal lifestyle, with the maxi-
mum functional recovery or compensation of the 
impaired functions in the absence of the proper 
level of rehabilitation potential [1, 2, 18]. 

An individually formed multidisciplinary team 
consists of: a physical medicine and rehabilitation 
physician, a profi le specialist (attending physi-
cian), a doctor in physical therapy and sports medi-
cine, a physiotherapist, a medical psychologist; if 
necessary, a refl exology therapist, a chiropractor; 
nurses, both specialized in medical rehabilitation 
and care; according to indications — specialists in 
laboratory and instrumental diagnostics, adaptive 
physical culture, as well as in correctional pedago-
gy (speech therapy, deaf pedagogy, typhlopeda-
gogy, oligophrenopedagogy), clinical psycholo-
gy, including neuropsychologists, specialists in 
social work, vocational guidance and occupatio-
nal therapy, who have undergone advanced trai-
ning in methods rehabilitation of patients of the 
corresponding profi le [1, 2, 18].

The tasks of the multidisciplinary team include 
the development of an individual rehabilitation 
program for a particular patient, followed by the 
implementation of a set of rehabilitation mea-
sures and mandatory monitoring of the adequacy 
of the loads and their eff ectiveness [1].

Specialists of a multidisciplinary team provide 
assistance to patients as a single whole, and it is 
very important for each of them to clearly know 
their functional responsibilities and close coope-
ration of all specialists with each other [1, 2, 18]. 

Options for the work of a multidisciplinary 
team may include joint patient visits, medical 
commissions and consultations, explanatory con-
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versations with relatives and care staff . Multidi-
sciplinary team specialists assess the level of re-
habilitation potential, outline rehabilitation goals 
and a rehabilitation plan, in which the patient and 
relatives can participate, and establish contact 
with outpatient polyclinic service for further assis-
tance [2].

A multidisciplinary team determines the most 
likely prospect for the development of compensa-
tory and adaptive capabilities in each clinical case.

During the rehabilitation process, an analysis 
of the functional response of various organs and 
systems to the presented diverse load is carried 
out. Strict dosing of physical activity and an ade-
quate choice of means of therapeutic and rehabi-
litation training are important: preference should 
be given fractional loads of a gradual plan, the 
necessary ratio of activity and rest, and mandato-
ry consideration of the individual characteristics 
of the patient [30].

The eff ectiveness of the individual rehabilita-
tion measures, as well as the medical rehabilita-
tion program in general, is assessed objectively 
over time for timely correction strategies, if ne-
cessary.

Thus, the result of rehabilitation largely de-
pends on the coordinated professional participa-
tion of each member of the multidisciplinary team 
at all stages of medical rehabilitation. However, 
the nature and intensity of the work of specialists 
diff ers as the pathological process develops in the 
patient [1, 2, 18].

The rehabilitation goal is the real planned re-
sult of the rehabilitation program, which is deter-
mined at a meeting of the multidisciplinary team 
with the possible participation of the patient 
himself.

The goal of rehabilitation will be in direct corre-
lation with the degree of initial anatomical, func-
tional disorders and social deviations: in some 
cases it is possible to achieve complete recovery 
of the aff ected functions with a full return to the 
social environment, in others we will only be talk-
ing about possible compensation of impaired 
functions for maximum adaptation in household 
and professional spheres, improving the level and 
quality of life [1, 2, 18].

Carrying out medical rehabilitation is justifi ed 
within three stages, which depends on the severi-
ty of the existing violations.

In the resuscitation department and intensive 
care unit of medical institutions, assistance is pro-
vided at the fi rst stage of medical rehabilitation 

to patients in the acute period of illness, if there 
is suffi  cient rehabilitation potential and there are 
no contraindications to the planned methods of 
rehabilitation measures. Medical rehabilitation 
assistance at this stage is carried out according 
to the profi le of the identifi ed pathology in accor-
dance with existing clinical protocols.

Inpatient departments of rehabilitation and 
rehabilitation centers provide assistance wit hin 
the second stage of medical rehabilitation for pa-
tients in the early recovery period of the di sease, 
late rehabilitation period, in the period of resi-
dual symptoms and in the chronic course of  the 
disease outside the exacerbation during cur-
rent hospitalization. These patients must also be 
 objectively confi rmed to have the rehabilitation 
potential necessary to solve the planned rehabili-
tation tasks [1].

Outpatient care, as well home care by mobile 
teams, is considered the third stage of medical 
rehabilitation for patients in early or late resi-
dual periods, as well as during the period of resi-
dual symptoms of the disease and in the chronic 
course of the pathological process outside the 
exacerbation. In this case, to obtain an eff ective 
result of rehabilitation measures, a suffi  cient level 
of rehabilitation potential is also necessary. In the 
departments and offi  ces of rehabilitation, physio-
therapy, physical therapy, refl exology, manual 
therapy, psychotherapy, medical psychology, 
speech therapist (teacher of the deaf, typhlope-
dagogue and other specialists in the fi eld) the ne-
cessary amount of qualifi ed, including high-tech 
assistance is provided with the inclusion of mo-
dern strategies and innovations in the fi eld medi-
cal rehabilitation.

In especially severe cases, when patients, due 
to their functional capabilities, cannot do with-
out outside help, without the necessary level of 
rehabilitation potential to signifi cantly improve 
their condition, medical care is provided in care 
orga nizations and consists of maintaining the 
achieved or existing functional state with the 
maximum possible adaptation environment to 
the level of individual functionality [1].

The successful result of rehabilitation mea sures 
is characterized by stabilization of the phy sical, 
psychological and social aspects of the health and 
life of patients, and their fullest integration into 
the usual society [2].

However, for certain medical indications, 
 patients can continue the rehabilitation process 
in the sanatorium-resort conditions, depending 
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on the profi le of the existing pathology [31, 32]. 
In this case, resort therapeutic factors in combina-
tion with the recommended regimen, including 
diet therapy, the indicated intensity of physical 
activity, contribute to the improvement of the 
psychophysical state, and in the most curable 
cases, the normalization of previously existing 
activities, including recovery in the professional 
sphere, which has a positive eff ect on the overall 
emotional the mood for recovery or the maximum 
possible compensation of aff ected functions, im-
proving the quality of life [1, 2, 18].

Sanatorium-resort treatment has a preventive 
focus, which will be true both for preventing the 
further development of a newly occurring dis-
ease, occurs for the first time, and strengthening 
the body, and for anti-relapse purposes, as well 
as for reducing the degree of progression of a 
previously diagnosed pathological process [2, 
15–17, 33].

Thus, medical rehabilitation is currently facing 
serious and pressing challenges due to the in-
creasing number of people with chronic diseases 
and disabilities among patients of diff erent ages.

All modern technologies, strategies and inno-
vations included in the complex of rehabilitation 
measures are currently aimed at recovering and 
maximizing compensation for the impaired fun c-
tions of the rehabilitator.

Based on the principles of medical rehabilita-
tion, multidisciplinary team specialists, profes-
sionally trained within the scope of their compe-
tencies, under the guidance of a rehabilitation 
medicine doctor or a physical medicine and reha-
bilitation physician, form individual rehabilitation 
programs with mandatory monitoring of their ef-
fectiveness and safety.

Vector orientations of rehabilitation to normal-
ize the physical, psychological, social, educational 
and professional aspects, together with motiva-
ting trainings for patients and their relatives about 
the necessity and importance of the rehabilitation 
process, will contribute to the achievement of the 
most satisfactory recovery results and an optimis-
tic post-rehabilitation prognosis for the life and 
health of the people of our country. 
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INTRODUCTION
Epilepsy is a chronic, polyetiological disease of 

the brain, characterized by repeated unprovoked 
(or refl ex) seizures of disturbances in motor, auto-
nomic, sensory and mental functions resulting 
from excessive  electrical  neuronal discharges. This 
defi nition was given by the main regulatory body 
of the actions of epileptologists - the International 
League Against Epilepsy (ILAE), created more than 
100 years ago. The presented formulation of the 
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disease remains relevant today, although with mi-
nor additions [1, 2]. The onset of the disease is ob-
served mainly in childhood (about 75% of all cases) 
[3]. The mechanisms of development of paroxysms 
are quite complex, and the etiological factors are 
multifaceted. Although still in 40–60% of patients, 
the cause of epilepsy remains unknown [1, 4, 5].

The main clinical manifestations of epilepsy in 
children are epileptic seizures, occurring in the 
form of tonic-clonic seizures, absence seizures, 
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myoclonus with loss of consciousness or with pre-
served consciousness. Often, epileptic paroxysms 
occur in an atypical, erased manner. Instrumental 
and laboratory diagnosis of this disease includes 
electroencephalogram (EEG), skull radiography, 
computed tomography (CT), magnetic resonance 
imaging (MRI) and brain positron emission to-
mography (PET), biochemical blood test and cere-
brospinal fl uid analysis.

Classic treatment of epilepsy in children in-
volves the observance of the protective regime, 
taking anticonvulsants, psychotherapy, and, if 
necessary, neurosurgical intervention. Despite the 
therapy, in more than 30% of patients with epilep-
sy, seizures are not able to be reduced, but have 
a progressive nature, that is, so-called refractory 
epilepsy is noted [6]. Even the addition of alter-
native treatments, such as neurostimulation and 
surgery, does not always provide a positive eff ect.

It has been proven that uncontrolled epilepsy 
has a negative impact on the quality of life of both 
the patients themselves and their relatives and 
friends, and this this requires the development of 
new, more promising treatment areas.

KETOGENIC DIET AS AN ALTERNATIVE 
METHOD OF TREATING EPILEPSY

The relationship between the central nervous 
system (CNS) and the ketogenic diet (KD) has 
been known for over a century. The fi rst KD was 
developed by Dr. Russell Morse Wilder in 1921 at 
the Mayo Clinic [7, 8].

KD can be successfully used to compensate 
for a group of severe neurological diseases [9, 10] 
and is recommended for children as an alterna-
tive treatment for any form of epilepsy when tra-
ditionally used antiepileptic drugs are ineff ective 
(recommendation level A, evidence level 1) [11]. 

By defi nition, a traditional KD is a low-carbohy-
drate, high-fat, moderate-protein diet that aims to re-
place glucose with ketone bodies (KBs) [7–10, 12]. The 
so-called VLCKD model is very-low-carbohydrate KD.

For constant mental work, the brain needs glu-
cose as the fastest and most reliable way to obtain 
energy. Once in the bloodstream, glucose crosses 
the blood-brain barrier (BBB) with the help of car-
rier proteins and provides neurons with fuel.

When glucose reserves in the hepatocyte mito-
chondria are depleted as a result of β-oxidation, KBs 
(acetoacetate, β-hydroxybutyrate (β-HB), acetone) 
are formed from fatty acids, which, thanks to spe-
cial monocarboxylate transporters, enter the blood 
from the liver and then pass through the BBB and 

provide energy to brain cells. Although it is known 
that the brain cannot exist solely due to KBs [12–14].

Thus, during glucose defi ciency, KBs (main-
ly β-hydroxybutyrate) become the energy sub-
strate for the production of adenosine triphos-
phate (ATP), a universal energy molecule, in cells 
throughout the body, including the brain. This 
metabolic shift causes many neurobiochemical, 
neuroplastic and hormonal changes, resulting in a 
decrease in neuronal excitability and, accordingly, 
the frequency of seizures. 

The positive therapeutic eff ect of KD for the re-
duce seizures is confi rmed by many clinical stu dies.

First, for glucose transporter type 1 defi ciency 
syndrome (GLUT-1 is the main transporter that 
removes glucose from the luminal membrane of 
the BBB capillaries), VLCKD is the main and only 
treatment method. 

GLUT-1 defi ciency syndrome is a genetic meta-
bolic encephalopathy with various focal and multi-
focal types of seizures (classic epileptic variant, oc-
curs in 90% of patients). Mutations in the SLC2A1 
gene, encoding the GLUT-1 synthesis, disrupt glu-
cose transport to the brain. Transferring a patient 
with this pathology to KD provides neurons with 
“fuel” due to the fact that CBs pass through the 
BBB using other transport proteins (MCT1).

The work of foreign and native-born scientists 
has proven that early initiation and lifelong adhe-
rence to VLCKD guarantees children with GLUT-1 
defi ciency syndrome, a normal level of psychomo-
tor, speech, motor, cognitive development and 
the absence of epileptic paroxysms [15, 16].

Secondly, the results of two meta-analyses 
confi rmed the positive therapeutic eff ect of KD in 
epilepsy.

The fi rst, including 7 studies involving 427 chil-
dren and adolescents with epilepsy, demonstra-
ted a reliable decrease in seizure frequency by an 
average of 85% after 3 months of adherence to 
VLCKD [17].

The second meta-analysis, presenting the 
results of 12 studies (270 patients) of the use of 
various variants of KD in drug-resistant epilepsy, 
showed its overall eff ectiveness in 42% of patients 
[18]. Similar data were obtained from the analysis 
of single works of the period from 1946 to 2019: 
13 studies involving 932 participants, of which 711 
were children from 4 months to 18 years [19–22]. 
The authors noted that VLCKD is most eff ective in 
patients with generalized epilepsy [23].

Thirdly, the experience of Moscow neurolo-
gists, dietitians and nutritionists using VLCKD both 
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in combination with anticonvulsant therapy and 
other non-drug methods in the treatment of refrac-
tory epilepsy in children from 1 to 18 years of age in-
dicates a reduction in the number of seizures by more 
than 50% in 50–85% of children. It has been noted 
that an integrated approach, involving a diff erentia-
ted choice of one or another treatment method, can 
achieve signifi cant positive results [24–26]. 

However, recent experimental work reveals 
that KD, which has been established since 1921, 
has a large number of side eff ects. Thus, scientists 
at the University of California in an in vivo study 
obtained data on the negative eff ect of such 
VLCKD on the cognitive abilities of mice under hy-
poxic conditions [27].

Currently, for the treatment of refractory ep-
ilepsy in both children and adults, it has been 
proposed to use a modifi ed Atkins diet, in which 
the body obtains about 45% of its energy from 
substituted medium-chain fatty acid residues of 
trigly cerides (MCTs), and not by the metabolism 
of long-chain fatty acids (LCFA), as in the classic 
version of KD. To maintain daily energy balance in 
the diet, the carbohydrate component of the diet 
is slightly increased, mainly due to sugars with a 
low glycemic index, as stable glucose levels are 
shown to be related to seizure control [28].

In addition to the Atkins ketogenic diet, it is 
possible to prescribe a modifi ed Mediterrane-
an-ketogenic diet (MMKD) with diff erent ratios of 
fats, proteins and carbohydrates. MMKD includes 
olive oil as the main source of polyphenols and 
monounsaturated fatty acids (MUFAs), which 
have an antioxidant profi le [29, 30]. 

Such “relatively” gentle diets are more accessi-
ble and more physiological for both brain activity 
and the intestines, despite the fact that discussions 
about their therapeutic eff ectiveness continue [31].

A large randomized controlled trial (RCT) con-
ducted by V. Sondhi et al. (2020) with the partic-
ipation of children (n=158), compared the eff ec-
tiveness of classical KD, Atkins KD and MMKD in 
preventing seizures in patients. The researchers 
found that while all dietary interventions showed 
improvement compared to the control group, 
traditional KD was most eff ective in reducing epi-
sodes and severity of seizures [32].

These days, most ketogenic diets are custo-
mized, modifi ed KDs that balance ketogenic ef-
fects with palatability.

As scientists study the practicality of modifi ed 
KD, they are seeking to determine the molecular 
mechanisms of anticonvulsant action and identi-

fy whether the responsiveness of treatment de-
pends on the length of the carbon skeleton [31].

MECHANISMS OF KETOGENIC DIET ACTION
The main pathogenetic action of KD, aimed 

at suppressing excitability in brain cells, has not 
been fully studied, but a number of hypotheses 
are being considered about the direct infl uence 
of ketones, which are [31, 33]:

• reduce ATP production from glucose oxida-
tion and the opening of ATP-sensitive potas-
sium channels, and also enhance GABA-medi-
ated inhibition;

• change the mitochondrial permeability of mito-
chond rial membranes, reducing the severity of 
mitochondrial dysfunction, oxidative stress and 
cell death;

• inhibit adenosine kinases with a subsequent 
increase in adenosine levels and activation of 
adenosine A1 receptors.

In addition, a series of scientifi c studies have 
found that ketones aff ect the metabolism of amino 
acids in neurons, and, accordingly, the metabolism 
of neurotransmitters. It has been noted that when 
following a modifi ed Atkins KD, the concentration 
of glutamate in brain tissue decreases and the le vel 
of γ-aminobutyric acid (GABA) increases [31, 34].

In vitro experiments with neuronal cell cultures 
assessing the eff ects of all amino acids demonstra-
ted that CTs sharply reduce the concentrations of 
three amino acids: leucine, arginine and glutamine, 
resulting in inhibition of mTOR, a DEPDC5-depen-
dent signaling pathway, and a decrease in the anti-
convulsant activity of neuronal cells [21].

The intracellular signaling peptide mTOR is one 
of the universal signaling pathways characteristic of 
most human cells and is involved in many neuro-
logical disorders. Excessive induction of this mole-
cule increases the susceptibility of neurons to sei-
zures. The signaling by a protein called  DEPDC5 acts 
as a brake on the mTOR pathway. Many people with 
epilepsy have mutations in the DEPDC5 gene, which 
are associated with focal epilepsy, infantile spasms, 
and even sudden infant death syndrome [35].

Animal studies have shown that high concen-
trations of acetone and β-HB stimulate GABA and 
glycine receptors, and brain cell saturation with 
β-hydroxybutyrate is inversely related to seizure 
severity [36–38]. Accumulation of acetoacetate 
inhibits voltage-gated calcium channels in hip-
pocampal pyramidal cells, thereby inhibiting 
neuronal excitability. In addition, ketones can 
compete with chlorine in the vesicular glutamate 
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transport, inhibiting glutamatergic transmission 
and, consequently, seizure activity [38].

Thus, the increased content of ketones and, 
above all, β-HB is the main anticonvulsant mech-
anism of KD in people with epilepsy, especially 
when it is not amenable to drug treatment [39].

It is believed that the energy profi le of brain cells 
is infl uenced not only by ketones, but also by the 
fatty acids themselves. Once in brain cells, they un-
dergo β-oxidation directly in astrocytes, thereby in-
creasing the production of CBs directly in glial cells.

It has been noted that the shorter the chain 
length of fatty acids, the easier it penetrates into 
the mitochondrial matrix, where it binds to a 
high-energy bond with coenzyme A and provides 
the synthesis of CBs and ATP [31, 34].

The anticonvulsant eff ect of decanoic (capric — 
CH3(CH2)8COOH) and octanoic (capry lic  — 
CH3(CH2)6COOH) fatty acids (FAs) is dynamically 
studied in animal models. The main food source 
of these FAs is coconut oil.

The anticonvulsant eff ect of decane FA is pre-
determined by its ability in micromolar concen-
trations to selectively block AMPA receptors (an 
ionotropic glutamate receptor that transmits 
fast excitatory signals at synapses of the nervous 
system) [38] and induce peroxisome prolifera-
tor activated receptor γ (PPARγ), which leads to 
increased mitochondrial function, increases the 
mitochondrial complex I activity and stimulates 
mitochondrial biogenesis in neurons [18, 34].

The anticonvulsant activity of octane FA is as-
sociated with a non-selective eff ect on adenosine 
receptors. Moreover, its derivatives (5-methyloc-
tanoic acid) demonstrate AMPA-dependent con-
trol of seizures both in vitro and in vivo [31].

A number of experimental and clinical studies 
have found that polyunsaturated fatty acids (PU-
FAs) are also capable of providing anticonvulsant 
protection, especially docosahexaenoic acid (DHA, 
22:6n-3), a derivative of α-linolenic PUFA (the ome-
ga-3 class) [40]. PUFAs can stimulate peroxisome 
proliferator-activated receptors (PPARs—a group of 
nuclear receptors that function as transcription fac-
tors), which regulate anti-infl ammatory, antioxidant, 
and mitochondrial genes, leading to increased en-
ergy reserves, stabilization of synaptic function, and 
restriction of increased excitability [41].

DHA regulates neuronal activity through in-
teraction with ion channels and release of neuro-
transmitters [42]. A study of children (case–con-
trol) revealed a lower omega-3/omega-6 ratio in 
the blood serum of patients with epilepsy com-

pared to healthy [43]. In vitro and in vivo studies 
have shown that the DHA-rich diet is useful for 
controlling epilepsy, but clinical data have been 
somewhat inconsistent [40]. A meta-analysis of 
seven clinical studies conducted in 2021 con-
fi rmed that dietary omega-3 supplementation 
signifi cantly reduced seizure frequency and was 
more eff ective in adults than in children [44].

In the last decade, the role of the intestinal mi-
crobiota in the antiepileptic eff ect of the ketoge-
nic diet has been actively discussed [45, 46]. The 
presented hypothesis has several scientifi c and 
clinical explanations.

Firstly, no one doubts that food is the main fac-
tor determining the gut microbiome. Accordingly, 
the transformation of the diet in the form of ad-
herence to the classical CD with very low content 
of carbohydrates (VLCKD), predominantly com-
plex, makes signifi cant changes in the α- and β-di-
versity of the gut microbiome, both at the level 
of bacterial types and at the level of species and 
genera of microorganisms and, therefore, it is in-
volved in the treatment of epilepsy [33, 46].

A study conducted by G. Xie (2017) showed 
that children with epilepsy have an imbalance of 
gut microbiome before the onset of VLCKD. Ad-
herence to the diet induces the growth of bacte-
ria of the Bacterioides species and signifi cantly re-
duces the number of pathogenic proteobacteria 
(Escherichia, Salmonella and Vibrio), which are in 
high titer in the basic analysis. The authors noted 
the association of Bacteroides spp. with the diges-
tion and metabolism of high-fat nutrients and the 
regulation of IL-6 and IL-17 secretion by dendritic 
cells, due to the consequences of seizures in pa-
tients with epilepsy. Researchers have suggested 
that VLCKD may reduce these symptoms by pro-
moting changes in microbiota diversity [47].

Secondly, the general transformation of the 
gut microbiome helps to improve the relationship 
between Firmicutes and Bacteroides species due 
to the relative increase in bacteria of the Bacte-
roides species, which have a more favorable eff ect 
on the host body and CNS as well. It is important 
to note the identifi ed two-stage eff ect of VLCKD: 
at the beginning of the diet, there is a sharp de-
crease in bacterial richness and diversity, but after 
12 weeks, the concentration of bacteria gradually 
returns to the baseline level, signifi cantly exceed-
ing it by the 23–24th week of strict adherence to 
the prescribed diet [48].

And third, gut microbiome secretes a range of 
chemicals: cytokines, neuroactive molecules (neu-
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rotransmitters, neuropeptides), chemokines, endo-
crine messengers, and microbial metabolites such as 
short-chain fatty acids (SCFAs), branched-chain ami-
no acids, and peptidoglycans that directly promote 
communication between the gut and the brain, in-
fl uencing various neuroendocrine, neuroimmune 
and metabolic processes. For example, it has been 
noted that GABA, the main inhibitory neurotrans-
mitter of CNS mammals, including humans, is pro-
duced by strains of Lactobacilli and Bifi dobacteria, 
more precisely Lactobacillus brevis, Bifi dobacterium 
denteum, Bifi dobacterium bifi dum. In hippocampal 
damage or status epilepticus, GABA synthesized by 
the microbiome can lead to an imbalance between 
the GABA and glutamate systems, causing seizures. 
The gut also produce 90% of serotonin thanks to 
microorganisms such as Enterococcus spp., Strepto-
coccus spp. and Escherichia spp. [49]. Serotonin bin-
ding to 5-HT receptors in microglia in the white or 
gray matter of the brain activates the release of cy-
tokine-carrying exosomes, providing a mechanism 
for gut-induced modulation of neuroinfl ammation 
[50]. Another microbial metabolite that infl uen-
ces the microglia activity is tryptophan, a serotonin 
precursor [51]. Bacterial metabolites derived from 
dietary tryptophan may control CNS infl ammation 
through a mechanism mediated by aryl hydrocar-
bon receptors (Ahr), aff ecting microglial activation 
and the transcriptional program of astrocytes [51].

Various neurotransmitters produced by the mi-
crobiota can pass through the intestinal mucosa, 
but rarely through the BBB, with the exception of 
GABA. However, they have the potential to infl u-
ence microbiota-gut-brain (MGB or BGM) signa-
ling, regulating enteric vagal aff erent activity and 
infl ammatory reactions. Moreover, bidirectional 
transmission of biochemical signals takes place 
[52–55]. However, the exact mechanism behind 
these phenomena still needs to be studied.

Experimental studies examining the relation-
ship of VLCKD with antiepileptic eff ects in mice no-
ted signifi cant changes in the structure of intestinal 
taxonomic units over 4 days of the diet. Two spe-
cies of bacteria, Akkermansia and Parabacteroides, 
increased signifi cantly in mice fed a ketogenic diet. 
Subsequent colonization of gnotobiotic mice by 
these microorganisms provided them with anti-
convulsant protection, which was associated with 
a decrease in the subpopulation of ketogenic (leu-
cine) and glutamylated (glutamine) (GG) amino ac-
ids both in the gut and in the bloodstream, as well 
as inhibition of the production of the microsomal 
enzyme — γ-glutamyl transpeptidase (GGTP) by 

the gut microbiome [56]. It is assumed that GG ami-
no acids have transport properties through the BBB 
that are diff erent from non-glutamylated forms. 
This feature of glutamylated amino acids increases 
the ratio of GABA to glutamate in the mouse brain. 
It has been suggested that VLCKD-associated li-
mitation of microbiota and GG amino acids plays a 
key role in the antiepileptic eff ect.

It has been noted that KD causes diversifi ca-
tion of the gut microbiota, namely a decrease in 
the number of pro-infl ammatory microbes such 
as Desulfovibrio and Turicibacter, as well as an in-
crease in the number of benefi cial bacteria Akker-
mansia muciniphila and Lactobacillus plantarum, 
capable of produsing SCFAs that can modulate 
neurotransmitters such as glutamate, glutamine, 
GABA and neurotrophic factors [57].

Some SCFAs (propionate and butyrate) have an 
anticonvulsant eff ect because they provide matura-
tion of brain microglia and reduce the permeability 
of the BBB. Butyrate improves mitochondrial dys-
function and protects brain tissue from oxidative 
stress and apoptosis through the Keap/Nrf2/HO-1 
pathway, thereby increasing the seizure threshold 
and reducing seizure intensity [58]. In addition, 
propionate and butyrate infl uence the cellular sig-
naling system by modifying intracellular potassium 
levels [59], which, in turn, regulate the expression 
levels of tryptophan 5-hydroxylase 1, involved in the 
synthesis of serotonin, and tyrosine hydroxylase. 
The latter enzyme is necessary in the biosynthesis 
of dopamine, adrenaline and norepinephrine [60]. 
It has been established that SCFAs are able to indi-
rectly aff ect the MGB axis by inducing the release 
of several gastrointestinal hormones, such as gluca-
gon-like peptide-1 (GLP-1) and leptin, through the 
enteroendocrine cells. These gastrointestinal hor-
mones can interact with the vagus nerve and even 
brain receptors [61–64].

Despite the growing body of evidence, a num-
ber of questions still remain about the mecha-
nisms by which KD may protect patients with 
epilepsy from seizures. For example, how does 
modulation of bacterial species infl uence changes 
in the membrane potential of hippocampal neu-
rons? Is modulation of GABA/glutamate levels a 
major pathway? How might changes in bacterial 
species modulate GABA/glutamate levels [33]?

Therefore, specialized and restricted diets 
adopted for the treatment of certain diseases need 
to be studied for their eff ect on the human micro-
biota (for example, FODMAP control for irritable 
bowel syndrome and the ketogenic diet for re-
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fractory epilepsy). These patterns, by reducing or 
eliminating a particular food type, can positively or 
negatively infl uence the composition of the micro-
biota and the associated eff ect on host physiology. 
This refers to the very-low-carbohydrate ketogenic 
diet (VLCKD), a nutritional approach that is gaining 
popularity not only for treating neurological disor-
ders but also for rapid weight loss.

CONCLUSION
Currently, about 25–30% of patients diagnosed 

with epilepsy are refractory to treatment with an-
tiepileptic drugs (AEDs). Uncontrolled seizures can 
lead to cognitive disorders, such as memory and 
learning impairment, as well as varying degrees 
of permanent brain dysfunction and even death. 
Side eff ects of AEDs may limit their use in some 
patients. Such people need improved alternative 
treatments, one of which is the ketogenic diet.

For people with refractory epilepsy who are 
unable to undergo neurosurgical intervention, 
the ketogenic diet remains the main and only 
method of therapy. However, further research is 
needed to confi rm this position.
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Abstract. With the continuing trend of increasing incidence of acute intestinal infections in children in early 
childhood in recent years, the importance of bacterial pathogens of opportunistic nature has remained. The 
issues of etiological and epidemiological signifi cance of opportunistic enterobacteria in children without signs of 
immunodefi ciency remain unresolved. There are many levels of protection of the human body from pathogens, 
which are realized through direct mechanisms of interaction between microbes, and indirect mechanisms 
mediated by stimulation of the immune system of the mucous membrane by indigenous representatives of 
the microbiota. Bacteriocins of commensal bacteria can inhibit pathogenic and opportunistic microorganisms, 
participating in the formation of the structure of the microbiota of the gastrointestinal tract. Colonization resistance 
of intestinal mucous membranes and colonization activity of microbes are directly opposite, but interrelated 
processes. Opportunistic enterobacteria acquire pathogenicity properties and become dangerous pathogens of 
infectious diarrhea under certain conditions that are created when the properties of the environment change. 
The intestinal microbiota, depending on its condition, is actively involved in the prevention, but sometimes also 
in provoking diarrheal diseases. Currently, Klebsiella pneumoniae plays a leading role among the opportunistic 
pathogens of intestinal infections of community-acquired origin in children of the fi rst three years of life.
Key words: acute intestinal infections; opportunistic enterobacteria; early childhood; colonization resistance of the 
intestine; microbiota; Klebsiella pneumoniae.
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INTRODUTION
With the continuing trend of increasing inci-

dence of acute intestinal infections (AII) in the pop-
ulation of the Russian Federation in the last 10–20 
years [1, 2], the high epidemic signifi cance of viral 
diarrhea in children [3, 4], and a marked decrease 
in the incidence of shigellosis among children, 
the importance of AII of opportunistic etiology is 
retained [5]. A high proportion of AIIs associated 
with opportunistic representatives of the microbi-
ota (the proportion of AIIs of established bacterial 
etiology without specifying the pathogen in the 
total AIIs) is noted in the Astrakhan Region (81.2%), 
the Republic of Crimea (62.7%), and the Volgograd 
Region (59.4%), the Republic of Tyva (53.3%) (the 
national average is 12.8%), which may indicate an 
insuffi  cient level of implementation of modern 
methods of laboratory etiological diagnosis [1, 6].

The microbiota in individuals with reduced 
immunological reactivity is in a state of dysbio-
sis, in which it is possible to replace indigenous 
microbial biofi lms with polymicrobial biofi lms of 
opportunistic microorganisms that protect them 
from the eff ects of innate immunity. As a result, 
a local infectious process is formed, which, under 
certain conditions, can become a generalized form 
by intestinal translocation of microorganisms and 
their toxins into the lymphatic channel and blood-
stream [7, 8].

Currently, the issues of the etiological and epi-
demiological signifi cance of opportunistic entero-
bacteria in AII in pediatric patients without the 
signs of immunodefi ciency still remain unresolved.

MECHANISMS PROVIDING 
RESISTANCE TO COLONIZATION 
OF THE INTESTINAL MUCOSA

The integrative function of the intestine the 
protection of the body from pathogens and their 
translocation to other biotopes is associated with 
colonization resistance associated with the mi-
crobial-tissue complex — an evolutionarily es-
tablished multifunctional union consisting of the 
microbiota of the parietal zone of the mucous 
membrane and underlying tissue structures [9].

“Colonization resistance” is associated with a 
stable and diverse microbiota in tandem with the 
absence of infl ammation and involves specifi c in-
teractions between the mucosal immune system 
and commensal microbes [10]. During all periods 
of life, the eff ectiveness of colonization resistance 
is determined by the optimal quantitative and 
qualitative composition of the microbiota [11].

The formation of intestinal microbiota begins 
during the prenatal period; in ontogenesis is a long-
term multifactorial process, the violation of which 
is fraught with the development of various patho-
logical conditions [12]. The formation of the micro-
biota continues until the child is 7 years of age; its 
composition is controlled by specifi c (immune) and 
non-specifi c mechanisms [13]. The intestinal micro-
biota, being the most autonomous and stable mi-
crobial community, dominates in quantitative and 
functional terms compared to that in other bio-
topes and maintains the required level of immu-
nological reactivity of the organism. The maximum 
number of bacterial cells (about 1014) lives in the 

Резюме. При сохраняющейся тенденции роста заболеваемости детей острыми кишечными инфекция-
ми в раннем детском возрасте в последние годы сохраняется значение бактериальных возбудителей 
условно-патогенной природы. Вопросы этиологической и эпидемиологической значимости условно-
патогенных энтеробактерий у детей, не имеющих признаков иммунодефицита, остаются нерешенны-
ми. Существует множество уровней защиты организма человека от патогенов, которые реализуются за 
счет прямых механизмов взаимодействия между микробами и косвенных механизмов, опосредован-
ных стимуляцией иммунной системы слизистой оболочки индигенными представителями микробиоты. 
Бактерио цины комменсальных бактерий могут ингибировать патогенные и условно-патогенные микро-
организмы, участвуя в формировании структуры микробиоты желудочно-кишечного тракта. Колони-
зационная резистентность слизистых оболочек кишечника и колонизационная активность микробов 
представляют собой прямо противоположные, но взаимосвязанные процессы. Условно-патогенные эн-
теробактерии приобретают свойства патогенности и становятся опасными возбудителями инфекцион-
ных диарей при определенных условиях, которые создаются при изменении свойств среды. Микробио-
та кишечника в зависимости от своего состояния активно участвует в предотвращении, но иногда и в 
провоцировании диарейных заболеваний. В настоящее время среди условно-патогенных возбудителей 
кишечных инфекций внебольничного происхождения у детей первых трех лет жизни лидирующая роль 
принадлежит Klebsiella pneumoniae.
Ключевые слова: острые кишечные инфекции; условно-патогенные энтеробактерии; ранний детский 
возраст; колонизационная резистентность кишечника; микробиота; Klebsiella pneumoniae.
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large intestine, which is tens of times greater than 
the total number of cells in the human body. In to-
tal, from 400 to 1500 species of microbes live in the 
digestive tract, and the total genome of bacteria 
contains about 3 million genes, 150 times the size 
of the genome of the macroorganism [13, 14]. The 
functional orientation and density of indigenous 
microbiota is unequal in the upper and lower parts 
of the digestive tract [15]. The proximal parts of the 
large intestine are inhabited by microbes attached 
to the intestinal chyme, the transverse region is in-
habited by planktonic bacteria, and the distal parts 
are inhabited by bacteria associated with the mu-
cous membrane [16]. The main metabolites of the 
intestinal microbiome, acting at the local level and 
in the periphery, are short-chain fatty acids (SCFAs) 
formed during the fermentation of dietary fi ber, 
causing immune, endocrine and neuronal respon-
ses due to numerous SCFA receptors [17–19].

Resistance to colonization by bacterial patho-
gens is one of the most obvious functions of the 
human intestinal microbiota [20]. Disturbances in 
the composition of the microbiota reduce coloni-
zation resistance and increase the body's suscep-
tibility to intestinal infection. The subtle mecha-
nisms that provide resistance to colonization of the 
intestinal mucosa, even by fairly well-known and 
common pathogens, remain poorly understood. 
Using an experimental model of coli infection in 
piglets caused by enterotoxigenic strains (ETEC), 
methods of metagenomics and 16S rRNA sequen-
cing showed that in the fecal microbiota of indi-
viduals with developed diarrhea, compared with 
individuals resistant to this infection, the ratio of 
Bacteroides/Firmicutes ( B/F) was signifi cantly lo wer 
(Fig. 1). In the jejunum of piglets with diarrhea, an 
increased percentage of Lactococcus (belonging 
to Firmicutes) was detected, and in the feces — a 
decreased percentage of Prevotella (belonging to 
Bacteroides) and an increased percentage of Es-
cherichia-Shigella. However, the role of Lactococ-
cus and Prevotella in the pathogenesis of diarrhea 
caused by ETEC has not yet been determined [21].

There is evidence of direct and indirect inhibi-
tion of some enteric pathogens by host systems 
[22]. Secondary bile acids (deoxycholic, lithocho-
lic, ursodeoxycholic, allocholic), short-chain fatty 
acids (acetic, propionic, butyric) and bacteriocins, 
the production of which depends on the state of 
the microbiota, as well as the intestinal mucosal 
and epithelial barriers and competition of micro-
biota for nutrient substrates with pathogens, are 
considered as factors for direct inhibition of intes-

tinal colonization. Short-chain fatty acids function 
as communication between the microbiota and 
the intestinal epithelium, as well as between dif-
ferent representatives of the microbiota [23].

Indirect inhibition of intestinal colonization by 
pathogens is carried out by the innate immune 
system, which plays the role of protection against 
infectious agents and maintaining tissue homeo-
stasis. The commensal intestinal microbiota and 
its components, through pattern recognition re-
ceptors, maintain the innate immune system in 
a state of physiological tone due to the balance 
of the synthesis of pro-infl ammatory and anti-in-
fl ammatory cytokines and antimicrobial substan-
ces [24]. Thus, commensal intestinal microbiota 
induces the diff erentiation of CD4 T cells to Th17, 
which promote resistance colonization of patho-
gens by releasing the cytokine IL-22. Inhibition of 
colonization of pathogens is carried out under the 
infl uence of antimicrobial peptides, sIgA and other 
tissue factors of mucous membrane infl ammation 
(Fig. 2) [22].

The relationship between changes in the mic-
robiota and the reactions of the immune system 
has been established in the normal and reduced 
states of colonization resistance of the intestinal 
mucosa. In other words, there are many levels of 
host protection from pathogens, which are rea-

Fig. 1. Analysis of the relative abundance of Bacteroidetes 
(B) and Firmicutes (F) in feces using real-time PCR in the 
control group of piglets (Control), piglets with pre-diarrhea 
(Pre-diarrhea), those who developed diarrhea (Diarrhea) and 
those resistant to diarrhea piglets (Resistant) (*�— p <0.05, 
one-way ANOVA) [21] 
Рис. 1. Анализ относительной численности Bacteroidetes 
(B) и Firmicutes (F) в кале методом ПЦР в режиме реального 
времени у контрольной группы поросят (Control), поросят 
с пред-диареей (Pre-diarrhea), развившейся диареей 
(Diarrhea) и резистентных к диарее поросят (Resistant) 
(*�— p <0,05, односторонний ANOVA) [21]
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lized through direct mechanisms of interaction 
between microbes, as well as indirect mechanisms 
mediated by stimulation of the mucosal immune 
system by representatives of the commensal mi-
crobiota that maintain health [10].

INTERACTION BETWEEN  BACTERIOCINS 
OF INTESTINAL MICROBIOTA 
AND THE IMMUNE SYSTEM

Numerous studies have shown that bacte-
riocins of commensal microbiota can inhibit 
pathogenic and opportunistic microorganisms, 
participating in the formation of the structure of 
the microbiota of the gastrointestinal tract (GIT) 
and other ecological niches of the body (Fig. 3) 
[25, 26].

The inhibitory eff ects of various bacteriocins 
against pathogens responsible for nosocomial in-
testinal infections have been proven [27]. Bacteri-
ocins can be used as growth inhibitors of Entero-
bacteriaceae with multiple resistance to antibiotics, 
including K. pneumoniae, Acinetobacter spp. and 

others [28]. Microcin J25, a Gram-negative bacteri-
ocin, exhibits high inhibitory activity against Salmo-
nella and Escherichia coli, which are multi-resistant 
to antimicrobial drugs [29]. The sites of application 
of most bacteriocins are in the distal parts of the 
small intestine and in the colon [30]. The absorp-
tion of bacteriocins through the gastrointestinal 
epithelium and vascular endothelium into the 
bloodstream has been described [31]. Adminis-
tration of bacteriocins to mice led to the increase 
in the number of blood macrophages/monocytes 
and antibody production due to modulation of the 
activity of antigen-presenting cells [32].

Antimicrobial molecules produced by com-
mensal microbiota — bacteriocins and SCFAs- 
strengthen the barrier function of the epithelium 
by penetrating the inner mucus layer covering the 
epithelium, providing colonization resistance [22, 
33]. In response to the eff ects of infectious agents, 
dynamic changes in the intestinal mucosal bar rier 
occur. The rate of mucin secretion is regulated by 
innate and adaptive immunity. Infection of the 

Fig. 2.  Mechanisms of direct and indirect inhibition of intestinal colonization by the causative agent of ETEC infection, 
mediated by intestinal microbiota [22] 
Рис. 2.  Механизмы прямого и непрямого ингибирования колонизации кишечника возбудителем ETEC-инфекции, 
опосредованного микробиотой кишечника [22]
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intestinal mucosa by pathogens is accompanied 
by hyperproduction of mucus, antimicrobial mol-
ecules and specifi c immunoglobulins; the rate of 
their production is infl uenced by infl ammatory fac-
tors and microbiota [34].

However, more in-depth studies combining 
metagenomic and metabolomic approaches are 
needed to detail the eff ects of microbial bacteri-
ocins on the composition and balance of the in-
testinal microbiota [25].

COLONIZATION RESISTANCE 
AND INTESTINAL MICROBIOTA

Colonization resistance of the intestinal mu-
cosa and colonization activity of microbes are di-
rectly opposite, but interrelated processes. Short-
chain fatty acids (SCFAs), secreted by bacterial 
members of the intestinal microbiota, optimize 
the properties of the intestinal environment. In the 
case of infl ammatory bowel disease, SCFA levels 
typically decrease, accompanied by an increase in 
opportunistic adherent-invasive E. coli (AIEC). And 
therefore, SCFA drugs are sometimes prescribed 
for the treatment of infl ammatory bowel diseases 
[35]. At the same time, the results of a number of 

studies have shown that SCFAs can enhance the 
virulence of enterobacteria. It turned out that pro-
pionate and butyrate increase the expression of 
the virulence genes of AIEC, while strengthening 
the epithelial barrier and reducing the severity of 
infl ammation. Research data show that increas-
ing the colonization activity of the opportunistic 
pathogen of AII, namely AIEC, due to increased 
virulent properties, leads to overcoming coloniza-
tion resistance of the intestinal mucosa [23].

Opportunistic enterobacteria acquire patho-
genic properties and become dangerous agents 
of infectious processes under certain conditions, 
which are often created when their habitat chan-
ges. Metabolites formed during the digestion of 
fi ber can lead to the appearance of patho genic pro-
perties in symbiotic representatives of bacteroids 
carrying  glycoside hydrolases genes that break 
down starch and are activated in the presence of 
dietary fi ber. For this reason, B. thetaiotaomicron, 
as well as B. fragilis, against the background of in-
creasing resistance to antimicrobial peptides and 
proteins, are capable of enhancing adhesive pro-
perties, forming a biofi lm, and causing dangerous 
opportunistic infections [36].

Fig. 3.  Interaction of bacteriocins with the gastrointestinal tract and the immune system: 1�— stability of the gastrointestinal 
tract, including enzyme activity, pH changes, commensal bacteria; 2�— pathways for absorption of bacteriocins by epithelial 
cells; 3�— interaction of bacteriocins with the immune system [25] 
Рис. 3.  Взаимодействие бактериоцинов с ЖКТ и иммунной системой: 1� — стабильность состояния ЖКТ, включая 
активность ферментов, изменения рН, комменсальные бактерии; 2�— пути всасывания бактериоцинов эпителиальными 
клетками; 3�— взаимодействие бактериоцинов с иммунной системой [25]
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Commensal E. coli are exposed to a wide range 
of antimicrobial agents, which potentiates the in-
crease in antibiotic resistance genes. Changes in the 
genetic characteristics of E. coli place it in the cat-
egory of opportunistic pathogens causing urinary 
tract infections, neonatal meningitis, and bacte-
remia in immunocompetent patients. Contamina-
tion of food products by E. coli, which has multidrug 
resistance and high colonization activity, poses a 
danger to consumers due to the very possible de-
velopment of infectious diarrhea [37, 38].

Thus, while it was previously believed that the 
microbiota served as a barrier to pathogens in 
intestinal infections, today the understanding of 
microbiota-mediated resistance to pathogens has 
evolved signifi cantly. It is now clear that the mi-

crobiota, depending on its state, not only active-
ly participates in the prevention, but sometimes 
also in the provocation of infectious diseases [39].

KLEBSIELLA PNEUMONIAE 
AS A CAUSATIVE AGENT OF NOSOCOMIAL 
AND COMMUNITY-ACQUIRED INTESTINAL 
INFECTION IN CHILDREN IN EARLY CHILDHOOD

Everyday practice shows that Klebsiella pneu-
monia plays a leading role among opportunistic 
pathogens of OCI of community-acquired origin 
in children of the fi rst three years of life [40–42]. 
Traditionally, Klebsiella are considered opportu-
nists because they cause infectious lesions of vari-
ous locations in newborns, immunocompromised 
individuals and hospitalized patients [43, 44]. At 

Fig. 4.  Mechanisms of innate immunity to infections caused by K. pneumoniae. Interactions of K. pneumoniae with 
neutrophils, macrophages, dendritic and epithelial cells are indicated by black arrows; interactions with subpopulations of T 
cells and NK cells involved in bacterial clearance are indicated by blue arrows [47] 
Рис. 4.  Механизмы врожденного иммунитета к инфекциям, вызванным K. pneumoniae. Взаимодействия K. pneumoniae с 
нейтрофилами, макрофагами, дендритными и эпителиальными клетками отмечены черными стрелками; взаимодействия 
с субпопуляциями Т-клеток, NK-клеток, участвующими в бактериальном клиренсе, отмечены синими стрелками [47]
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the same time, microbes of the genus Klebsiel-
la are often found in the intestinal microbiota of 
healthy young children [13]. The outcome of co-
lonization of children’s intestines with Klebsiella 
depends on the presence of pathogenicity factors 
(capsule, lipopolysaccharide, siderophores, types 
1 and 3 fi mbriae, etc.), the level of contamination 
of the mucous membrane, colonization resis-
tance, and immune activity (Fig. 4) [45–47].

The manifestation of AII caused by K. pneumo-
niae is a clinical expression of the insuffi  cient eff ec-
tiveness of the host defense mechanisms against 
pathogens [48]. The diagnosis of community-ac-
quired AII caused by K. pneumoniae is established 
taking into account the detection of the pathogen 
in the stool in a high concentration (at least 5 lg 
CFU/g). And yet, the modern level of studying the 
biological properties of microorganisms indicates 
that a quantitative indicator does not always de-
termine the ability of an isolate to cause a disease, 
the development of which is most associated with 
the realization of the pathogenic potential of the 
patho gen, ensuring its participation in the infec-
tious process [49]. Indirect confi rmation of the 
connection between the severity of the virulent 
properties of K. pneumoniae and the intensity of re-
production is the identifi cation of an increase in re-
sistance to ampicillin/sulbactam and to gentamicin 
with an increase in the concentration of the patho-
gen in fecal samples from children with AII [50]. 
Community-acquired cases of intestinal klebsiello-
sis in children of diff erent ages suggest the possi-
bility of contact, household and foodborne infec-
tion [51, 52]. It should be noted, however, that in 
a comparative aspect, the clinical and epidemiolo-
gical characteristics of Klebsiella infections of com-
munity-acquired and nosocomial origin in children 
have not been suffi  ciently studied [53].

OPPORTUNISTIC ENTEROBACTERIA 
IN COMBINATION WITH VIRUSES 
IN INTESTINAL INFECTIONS IN CHILDREN

The scientifi c literature in young children de-
scribes combinations of Klebsiella infection with 
various opportunistic representatives of the En-
terobacteriaceae family, including co-infections of 
K. pneumoniae with respiratory viruses [54]. Cur-
rently, against the backdrop of a widespread in-
crease in co-infections, the issue of AII caused by 
a combination of opportunistic pathogens with 
intestinal viruses in children arises [55]. The results 
of studying the characteristics of clinical and labo-
ratory signs of AII associated with K. pneumonia in 

young children show that the nature and severity 
of these signs are determined to a greater extent 
by the combination of K. pneumoniae with other 
opportunistic enterobacteria than by the combi-
nation of K. pneumoniae with intestinal viruses , 
thereby confi rming the importance of the seve-
rity of background intestinal dysbiosis, which is 
involved in reducing the nonspecifi c resistance of 
the body. Identifying diff erences between mono- 
and co-infections associated with opportunistic 
agents may contribute to a more detailed under-
standing of the pathogenesis of diarrheal diseases.

Recent studies have established that the cha-
racteristics of the intestinal microbiome, along 
with the host genotype and the strength of local 
immunity, serve as interdependent key factors in 
the development of infectious diarrhea. In an in 
vitro experiment, it was demonstrated that the 
attachment of viral pathogens to host intestinal 
epithelial cells was negatively correlated with the 
abundance of certain groups of bacteria, such as 
Faecalibacterium and Ruminococcus spp., and sIgA 
titers to noro- and rotaviruses. The authors stated 
that there is a relationship between host genetics, 
intestinal microbiota and susceptibility to intesti-
nal infections in humans [56]. Another experimen-
tal study demonstrated the preventive eff ect of 
using human milk oligosaccharides in rats for rota-
virus diarrhea, due to the elimination of intestinal 
dysbiosis, as well as the immunomodulatory eff ect 
of oligosaccharides in the form of an increase in 
the expression of Toll-like receptors (TLRs), which 
confi rms the active interaction of intestinal viruses 
with microbiota and the immune system [57].

A signature of pathogen-dependent intestinal 
dysbiosis based on microbiome analysis using 16S 
rRNA sequencing was identifi ed in 80 patients 
with viral gastroenteritis in Ghana. A number of 
pathogens have been identifi ed that are closely 
associated with viral diarrhea (Escherichia-Shi-
gella, Klebsiella and Campylobacter). Co-infection 
with these pathogens and enteric viruses has 
been observed in several cases [58].

Many species of intestinal microbiota bacte-
ria belonging to Bacillus, Enterobacter, Enterococ-
cus and Klebsiella spp. secrete enhancin-like pro-
teins  that specifi cally damage membrane-bound 
mucins of the intestinal epithelium, leading to 
disruption of the integrity of the epithelial barrier 
and the development of viral infection. Deciphe-
ring the molecular mechanisms that regulate 
the interaction of microbiota, bacterial and viral 
patho gens will in the future become the basis for 
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the development of promising strategies to com-
bat diarrheal infections [59].

Native-born authors, in experimental stud-
ies of the eff ectiveness of using a metaprebiotic 
that suppresses pathogens and stimulates the 
development of indigenous microbes produ cing 
antimicrobial exometabolites, on convection 
white mice, managed to prove the leading role 
of colonization resistance and normobiota of the 
digestive tract in ensuring the protection of the 
sensitive organism from pathogens of intestinal 
infections and in creating a selective microeco-
logical advantage, resisting infectious agents, as 
a result of bioincompatibility of the “host versus 
pathogen” type [60].

CONCLUSION
With the continuing trend of increasing inci-

dence of AII in children in early childhood in re-
cent years, the importance of bacterial pathogens 
of opportunistic nature has remained. The issues 
of etiological and epidemiological signifi cance of 
opportunistic enterobacteria in children without 
signs of immunodefi ciency remain unresolved. 
There are many levels of protection of the human 
body from pathogens, which are realized through 
direct mechanisms of interaction between mi-
crobes, and indirect mechanisms mediated by 
stimulation of the immune system of the mucous 
membrane by indigenous representatives of the 
microbiota. Bacteriocins of commensal bacteria 
can inhibit pathogenic and opportunistic micro-
organisms, participating in the formation of the 
structure of the microbiota of the gastrointestinal 
tract. Colonization resistance of intestinal mucous 
membranes and colonization activity of microbes 
are directly opposite, but interrelated processes. 
Opportunistic enterobacteria acquire pathogeni-
city properties and become dangerous patho-
gens of infectious diarrhea under certain condi-
tions that are created when the properties of the 
environment change. The intestinal microbiota, 
depending on its condition, is actively involved in 
the prevention, but sometimes also in provoking 
diarrheal diseases. The intestinal microbiome en-
sures the resistance of the mucous membrane to 
the colonization of pathogens through the imple-
mentation of the following main functions: direct 
inhibition of pathogens through the production 
of antimicrobial compounds; maintaining the 
mucous barrier lining the intestinal epithelium; 
regulation of local and general immune response; 
eff ective use of exogenous and endogenous host 

nutrients by commensals. A holistic view that 
includes immunological and microbiological as-
pects of the intestinal ecosystem refl ects the pro-
cesses that contribute to maintaining intestinal 
homeostasis and resistance to colonization by 
pathogens. Currently, Klebsiella pneumoniae plays 
a leading role among the opportunistic pathogens 
of intestinal infections of community-acquired ori-
gin in children of the fi rst three years of life.
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INTRODUCTION
By the end of the XX century, a cluster of ma-

jor risk factors for cardiovascular disease (CVD) 
has been described, which includes simultane-
ous presence of obesity, type 2 diabetes mellitus 
(T2DM), hyperlipidaemia and arterial hyperten-
sion (AH). This simultaneous occurrence of risk 
factors led researchers to assume the existence 
of a peculiar pathophysiological state, later de-
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© Елизавета Михайловна Марцева, Нина Викторовна Евдокимова, 
Наталья Эдуардовна Прокопьева

Санкт-Петербургский государственный педиатрический медицинский университет. 194100, г. Санкт-Петербург, ул. Литовская, 2

Контактная информация: 
Елизавета Михайловна Марцева — клинический ординатор кафедры пропедевтики детских болезней с курсом общего ухода 
за детьми. E-mail: els-13@mail.ru   ORCID ID: 0009-0002-8167-3874 

Для цитирования: Марцева Е.М., Евдокимова Н.В., Прокопьева Н.Э. Роль гомоцистеина в патогенезе артериальной гипертензии 
при ожирении и коморбидных заболеваниях // Children’s medicine of the North-West. 2023. Т. 11. № 4. С. 39–46. DOI: https://doi.org/ 
10.56871/CmN-W.2023.18.64.004

Поступила: 19.09.2023 Одобрена: 24.10.2023 Принята к печати: 11.12.2023

Резюме. Гомоцистеин (Гц) — это аминокислота, которая принимает участие в патогенезе артериальной 
гипертензии (АГ) путем индукции протромботических и провоспалительных эффектов, путем увеличения 
окислительного стресса, эндотелиальной дисфункции и пролиферации клеток гладких мышц. Однако его 
роль в развитии АГ при коморбидных патологиях, например при ожирении и связанных с ним нарушениях 
обменных процессов, изучена недостаточно. 
Ключевые слова: гомоцистеин; ожирение; метаболический синдром; инсулинорезистентность.
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Abstract. Homocysteine (Hс) is an amino acid that is involved in the pathogenesis of arterial hypertension (AH) 
by inducing prothrombotic and pro-infl ammatory eff ects, by increasing oxidative stress, endothelial dysfunction 
and smooth muscle cell proliferation. However, its role in the development of hypertension with comorbid 
pathologies, such as obesity and related metabolic disorders, has not been studied enough.
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scribed as "metabolic syndrome", which empha-
size the presence of pathogenetic links between 
these conditions. However, at the moment some 
researchers diff erentiate abdominal obesity as a 
separate independent risk factor for the develop-
ment of atherosclerosis, coronary heart disease 
(CHD) and hypertension (HT) [1, 2].

According to the data published in recent years, 
hyperhomocysteinaemia plays an important role 
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in the development of metabolic syndrome (MS) 
[3]. High homocysteine levels are associated with 
cardiovascular risk, risk of insulin resistance syn-
dromes (IR), presence of nonalcoholic fatty liver 
disease (NAFLD) and many other diseases [4–6]. 
However, the relationship between abdominal 
obesity (as one of the main elements of MS) and 
hyperhomocysteinaemia has been insuffi  ciently 
studied by the moment. Taking into account the 
prevalence of these conditions and their proven 
impact on the development and progression of 
cardiovascular pathology, the study of this prob-
lem has a great scientifi c and practical interest [7].

OBJECTIVE
The aim of this review is to present and analyze 

the current data concerning the role of homocys-
teine in the pathogenesis of arterial hypertension 
in obesity and related comorbid conditions.

MATERIALS AND METHODS
To reach this objective, scientifi c publications 

in Russian and English have been analuzed for 
the period from 2016 to 2022, the publications 
were indexed in RINC, PubMed, MEDLINE, and 
Cochrane Library databases. In isolated cases, ear-
lier publications were used due to their priority or 
historical value.

HOMOCYSTEINE, ITS METABOLISM, 
NORMS AND CAUSES OF ELEVATION

In 1932, chemists Butz and Vigneaud described 
a previously unknown amino acid synthesized by 
exposing high concentration of sulfuric acid to 
metionine. The obtained compound diff ered from 
cysteine by one carbon atom and was therefore 
named "homocysteine". Homo (from Greek ομος) 
is a component of compound words meaning 
“similar" [8, 9].

Homocysteine (Hcy) is an intermediate meta-
bolite in the folate cycle containing thiol groups, 
which is produced in all cells through transme-
thylation reactions of dietary methionine [10, 11].

The level of Hcy in human blood depends on 
age, sex, nutritional quality and genetic characte-
ristics. During life, the level of Hcy in blood grad-
ually increases. In children before puberty, the 
le vels of Hz in boys and girls are approximately 
the same (about 5 μmol/L). During puberty, Hcy 
levels rise to 6–7 μmol/L, and this increase is 
more pronounced in boys than in girls. In adults, 
the balance is also maintained, and Hcy levels in 
males are usually higher than in females, which 

is attribu ted to greater muscle mass. Hcy levels 
gradually increase with age, women have a higher 
rate of increase than men. The gradual increase in 
Hcy levels connected with age has been attribu-
ted to a decline in the renal function [9, 12].

Homocysteine is metabolized by two path-
ways: by the transfer of the sulfate group in the 
presence of vitamin B6, or by remethylation in the 
presence of vitamin B12 and folic acid. Approxi-
mately 5–10% of the total daily cellular produc-
tion of Hcy, which is not metabolized within the 
cell, passes into the blood plasma, where about 
80% is in the albumin-bound state and about 1% 
is in the free form. The remaining part is presen-
ted as disulfi des with cysteine, homocysteine (ho-
mocystine), and other compounds. All homocys-
teine-containing derivatives are defi ned as “total 
plasma homocysteine" [11, 12].

Normal levels of Hcy range from 5 to 15 μmol/L, 
and this baseline is maintained in healthy indivi-
duals due to constant renal clearance[11]. Accor-
ding to other sources, normal rates of Hcy ranges 
from 10–11 μmol/L. Homocysteine concentration 
in blood plasma within 15–30 μmol/L indicates 
moderate hyperhomocysteinaemia, from 30 
to 100 μmol/L — intermediate, and more than 
100 μmol/L — severe [9].

The main causes of hyperhomocysteinaemia 
(HHcy is a condition characterized by elevated 
levels of Hcy in the blood) can be divided into he-
reditary (genetic) and non-hereditary (acquired). 
Thus, genetic factors are gene mutations that en-
code the synthesis of an enzyme involved in the 
processes of homocysteine formation. The most 
studied is a defect in the enzyme 5,10-methyl-
enetetetrahydrofolate reductase (MTHFR). MTHFR 
catalyzes the conversion of 5,10-methylenetet-
rahydrofolate to 5-methyl-tetrahydrofolate. The 
latter is the major circulating form of folic acid, 
high concentrations of which are required for the 
conversion of excess homocysteine to methionine 
by the methionine-synthase enzyme. Thus, a de-
crease in the activity of the MTHFR enzyme caused 
by single nucleotide polymorphisms contributes 
to the accumulation of homocysteine [13].

Non-genetic factors of HHcy include autoim-
mune processes, consumption of large amounts 
of methionine-rich foods, large amounts of caf-
feine, smoking, alcohol consumption, sedentary 
lifestyle, vitamin deficiency states (especially de-
ficiencies of B1, B6, B12, folic acid), and kidney di-
seases [8]. Elevated Hcy levels are also observed 
in people who take certain medications, such 
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as methotrexate, cholestyramine, niacin, and a 
number of antiepileptic drugs, all of which affect 
folic acid metabolism. Drugs that affect vitamin 
B12 absorption (e.g., было выделено H2-recep-
tor antagonists) or drugs that inhibit vitamin B6 
activity (e.g.,  euphylline) may also increase Hz in 
the blood [9].

Although the description of Hcy and studies 
on the role of this amino acid began more than 
90 years ago, the most active study concerning 
Hcy signifi cance has taken place in recent deca-
des [14]. Thus, nowadays there is a large num-
ber of publications regarding the association of 
hyperhomocysteinaemia with various patholo-
gies: CVDs, neuropsychiatric disorders (autism 
spectrum disorders, migraines, etc.), neurodege-
nerative, allergic, oncological and autoimmune 
diseases, vasculitis, end-stage kidney disease, 
osteoporosis, undiff erentiated connective tissue 
dysplasia, various lesions of the reproductive sys-
tem (pregnancy abnormalities, polycystic ovary 
syndrome — PCOS) and others. [3, 8, 9, 14, 15].

A correlation between HHcy and obesity is seen 
in the structure of many studies, but the data re-
main contradictory. In 2020, Jinxiang Wang and 
Dingyun You conducted a meta-analysis based 
on 14 publications selected using NOS and AHRQ 
to evaluate the relationship between blood ho-
mocysteine concentration and obesity. The me-
ta-analysis showed signifi cantly lower homocyst-
eine concentrations in the control group than in 
obese patients, regardless of nutritional status, die-
tary habits, insulin resistance (IR) status, special di-
sease history, history of medications taken, genetic 
background, etc. Homocysteine concentration was 
higher in patients with obesity and PCOS than in 
PCOS patients without obesity, suggesting that 
obesity increases the concentration of Hcy in the 
blood even if there are conditions that already in-
clude an increase in this laboratory parameter [16].

The role of HHcy in pathogenesis of comorbid 
diseases (atherosclerosis, Hypertention, IR, T2DM, 
NAFLD, etc.) is well studied , while its place in the 
direct development of obesity remains controver-
sial. However, the analysis of literature make it pos-
sible to indicate common links between the patho-
genesis and HHcy, which will be discussed below.

INFLAMMATION IN ADIPOSE TISSUE 
AND THE ROLE OF HOMOCYSTEINE

According to numerous studies, it has been 
proved that obesity leads to subclinical systemic 
infl ammation, which infl uence on forming vicious 

circles in the pathogenesis of this disease and re-
lated comorbid conditions (cardiovascular disea-
ses, type 2 diabetes mellitus, uric acid metabolism 
disorder, sex hormone imbalance, non-alcoholic 
fatty liver disease, oncologic diseases) [17, 18].

Inflammation of adipose tissue begins with 
the recruitment of monocytes and their extrava-
sation from blood vessels into adipose tissue, 
where they acquire the status of macrophages. 
Chemokines, among others, are responsible for 
the processes of their adhesion and migration. 
Chemokines are produced in huge quantities 
by hypertrophied adipocytes in adipose tissue. 
One of the most known and active variants of 
chemokines is MCP-1 (monocyte chemoattrac-
tant protein 1), which stimulates the migration 
of monocytes into the vessel intima [17]. The 
study of G. Wang and Y.L. Siow proved that the 
increased expression of MCP-1 was associated 
with increased concentrations of homocysteine 
[19]. Thus, it can be assumed that hyperhomo-
cysteinaemia aggravates extravasation of mono-
cytes and further infiltration of adipose tissue 
by macrophages. The latter, in turn, prevent the 
transformation of preadipocytes into mature 
adi pocytes, blocking the development of adi-
pose tissue hyperplasia and promoting further 
hypertrophy of fat cells.

Assuming that chemokines are produced not 
only in hypertrophied adipocytes but also by 
macrophages infi ltrating adipose tissue, this pro-
cess acquires the character of a "vicious circle", 
which is probably maintained and aggravated in 
the presence of high homocysteine concentra-
tions [17, 19].

IMPAIRED MICROCIRCULATION 
IN OBESITY AND THE RELATIONSHIP 
WITH HYPERHOMOCYSTEINAEMIA

In 2004, Trayhurn and Wood were fi rst to pro-
pose the idea of obesity-related white adipose 
tissue hypoxia (WAT) as the cause of adipose tis-
sue dysfunction. Since then, a number of studies 
have been conducted and there is much debate 
about the cause of adipose tissue dysfunction 
associated with hypoxia. These dysfunctions are 
proposed as a major cause for the development 
of a pro-infl ammatory phenotype of adipose tis-
sue, despite limited data of human studies [20].

Hyperhomocysteinaemia may serve as an ad-
ditional provocative factor in the development 
of hypoxia through mechanisms of vascular en-
dothelial dysfunction. Numerous publications 
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correlate high plasma homocysteine rates with 
various pathologies of the vascular tract. Diff erent 
studies present various mechanisms of homocys-
teine-induced endothelial dysfunction. Specifi cal-
ly, there is evidence that hyperhomocysteinaemia 
counteracts the vasodilatory properties of nitric 
oxide (NO) through the formation of S-nitroso-
homocysteine, which contributes to the main-
tenance and induction of endothelial pathology 
[21]. Other sources indicate that homocysteine 
triggers smooth muscle cell proliferation and in-
creases collagen synthesis, which leads to intima 
thickening and myocyte hypertrophy. Hcy pro-
vokes accumulation of reactive oxygen species, 
as a consequence, endothelial cell damage oc-
curs [22]. Glutathione synthesis is also inhibited in 
HHcy conditions, resulting in accumulation of ex-
tra reactive oxygen species which triggers endot-
helial damage as well [6, 22].

The combination of the above mentioned pro-
cesses eventually leads to the development of en-
dothelial dysfunction, impaired microcirculation 
and hypoxia. Consequently, hypoxia-sensitive 
genes are expressed, which provokes the attrac-
tion of immune cells and the development of as-
petic infl ammation of adipose tissue [18, 20].

In addition, directly damaging the endothe-
lium, homocysteine promotes the release of cy-
tokines and other infl ammatory factors (IL-6, IL-8, 
TNFα, etc.), which also supports infl ammation in 
adipose tissue [22]. At the same time, the infl am-
mation intensifi es the processes of angiogenesis, 
they become extremely active and subsequently 
may lead to endothelial dysfunction as well. There 
is a tendency to form another vicious circle.

RELATIONSHIP BETWEEN 
HYPERHOMOCYSTEINAEMIA, 
INSULIN RESISTANCE 
AND OBESITY

Insulin resistance (IR) positively correlates with 
hyperhomocysteinaemia in many studies. Gene-
rally, this relationship is attributed to impaired li-
ver function in the presence of high blood insulin 
concentrations (e.g., in non-alcoholic fatty liver 
disease, which will be discussed later). However, 
there is a hypothesis that hyperhomocysteinae-
mia is a factor in the development of IR. This theo-
ry is supported by animal studies. To name a few, 
J. Golbahar et al. conducted a study on two groups 
of male rats (the test group received Hcy daily with 
drinking water, the control group did not receive 
Hcy) in order to confi rm the hypothesis that hy-

perhomocysteinemia may cause hyperinsulinemia 
leading to insulin resistance in rats. The study eva-
luated plasma glucose, insulin, total Hcy concen-
trations, oral glucose tolerance tests in the control 
and test groups twice (before the study and after 
50 days). Based on the results, the mean fasting 
plasma insulin level was signifi cantly higher in the 
test group, whereas the mean glucose/insulin rate 
was signifi cantly lower in the test group than in 
the control group. In addition, the mean insulin re-
sistance index as assessed by homeostasis was sig-
nifi cantly higher in the experimental rats, but the 
mean plasma glucose levels were not signifi cantly 
diff erent. Additionally, the results of oral glucose 
tolerance tests showed the development of insu-
lin resistance in experimental rats after 50-day of 
homocysteine consumption [23].

Being a strong proinfl ammatory agent, Hcy 
provokes the release of a large number of cy-
tokines, including TNFα and IL-6. They can simi-
larly activate the insulin receptor, however, in 
contrast to a physiological pathway when insulin 
activates its receptor and phosphorylates tyros-
ine, cytokines activate serine kinase; accordingly, 
phosphorylation of another amino acid, serine, is 
triggered, including the substrate of the insulin 
receptor (SIR-1). This process inactivates SIR-1 or 
leads to its destruction by blocking tyrosine phos-
phorylation in both the insulin receptor and SIR-1, 
resulting in disruption of the intracellular insulin 
signa ling pathway and insulin's characteristic ac-
tions. Thus insulin resistance develops.

However, TNFα stimulates the development of 
insulin resistance by another mechanism as well. 
It promotes an increase of free fatty acids in the 
blood, and this is another pathway for the deve-
lopment of insulin resistance in many tissues [17].

Increasing the concentration of cytokines (IL-1, 
IL-6, TNFα), homocysteine can probably lead to 
aggravated expression and secretion of resistin. 
Resistin is a peptide hormone mainly secreted by 
adipose tissue. Its eff ects play a key role in the de-
velopment of insulin resistance and diabetes as-
sociated with obesity [10].

In addition, hyperhomocysteinaemia provokes 
 infl ammation in adipose tissue through the secre-
tion of adiponectins and infl ammatory mediators 
(leptin, TNFα, adiponectin, IL-6, IL-8, etc.) which 
may cont ribute to the development of IR, as pre-
sented above [17, 18].

Therefore, IR leads to a decrease in the synthe-
sis of nitric oxide and prostacyclin and increases 
the synthesis of vasoconstrictors resulting in the 
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development of endothelial dysfunction, which 
was described in the previous section. The forma-
tion of another vicious circle is traced [24].

Additionally, there is a theory of primary obe-
sity arising from blood hyperinsulinaemia and 
insulin resistance of body tissues — the so-called 
endocrine (carbohydrate-insulin) model of obe-
sity. Defi ciency of lipolysis and beta-oxidation 
in mitochondria against the background of high 
levels of insulin in the blood underlie the theory. 
It subsequently leads to energy defi ciency, resul-
ting in muscle weakness against the background 
of increased appetite, and, as a consequence, an 
increase in body weight [24, 25]. If the theory of 
hyperhomocysteinemia as a risk factor for the de-
velopment of insulin resistance is correct, then 
Hcy may lead to an increase in body mass index 
through this mechanism. However, there is cur-
rently no scientifi c evidence to support this hy-
pothesis, and further study is required.

HYPERHOMOCYSTEINAEMIA 
AND NON-ALCOHOLIC FATTY 
LIVER DISEASE

Recently, there has been increased interest in 
the positive relationship between homocysteine 
and the prevalence of nonalcoholic fatty liver di-
sease (NAFLD) [26]. On the one hand, homocys-
teine is produced and catabolized in the liver. In 
case of liver damage the levels of Hcy in serum may 
feasibly increase. One of the possible mechanisms 
of HHcy is impaired homocysteine trans-sulfation 
against the background of the negative eff ect of 
high insulin concentrations in IR. Deterioration of 
liver function in obesity due to steatosis leads to 
a reduced activity of enzymatic systems, which 
slows down homocysteine metabolism and con-
tributes to hyperhomocysteinaemia [10].

On the other hand, according to foreign stu-
dies, there is a suggestion that Hcy may contribute 
to the progression of liver damage independent-
ly. To name a few, in  L. Yao et al. (2016) found 
that hyperhomocysteinaemia could promote 
liver steatosis in mice through activation of the 
aryl hydrocarbon receptor pathway. Accor ding to 
seve ral experimental studies, lipid accumulation 
in the liver was induced in diff erent models of 
hyperhomocysteinaemia in the Pediatric NAFLD 
study. In 2014, A. Pastore et al. indicated that Hcy 
le vels strongly correlated with the severity of 
liver dama ge. These studies suggest that eleva-
ted blood Hcy is associated with the progression 
of NAFLD [27].

The pathogenesis of NAFLD includes a large 
number of pathogenetic mechanisms associated 
with abdominal obesity and IR: oxidative stress, 
endothelial dysfunction, chronic vascular infl am-
mation, and altered secretion of adipocytokines, 
especially adiponectin, which increase as patho-
logic liver changes progress. It should be noted 
that IR is considered as an independent factor 
that can determine the development and pro-
gression of NAFLD. There are many studies indi-
cating a close relationship between NAFLD and 
IR of liver, adipose and muscle tissue. Therefore, 
when metabolically obese but normal weight 
syndrome (MONW) develops, systemic insulin 
resistance is indicated in these patients. In light 
of the well-known association between NAFLD 
and insulin resistance (IR), NAFLD without obesi-
ty can be considered as a "he patic" phenotype of 
MONW [28].

As discussed earlier, Hcy probably plays an im-
portant role in the development of IR, and it could 
theoretically participate in the pathogenesis of 
NAFLD. However, no reliable data supporting this 
theory have been found by the moment.

CONCLUSION
Thus, there is no doubt that Hcy is involved  in 

many metabolic pathways which lead to the for-
mation/maintenance/progression of hyperten-
tion in obesity and related comorbid conditions. 
However, there is insuffi  cient data to form a uni-
fi ed theory. It is necessary to expand the laborato-
ry practice of Hcy determination in order to collect 
additional statistical information on the correla-
tion between Hcy, obesity and other conditions.
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Резюме. Ось «витамин D — фактор роста фибробластов 23 (fi broblast growth factor, FGF23) — белок klotho» 
играет важную роль в онтогенезе и функционировании дыхательной системы. Приведены доказательства 
связи витамина D с фосфатонинами — комплексом фосфатурических субстанций, стимулирующим вывод 
фосфатов через почки. Рецептор витамина D (ВДР) на моделях животных обнаружен практически во всех 
типах клеток легкого. В клетках эпителия дыхательных путей существует не только ВДР, но и ферменты, 
осуществляющие активацию и деградацию его метаболитов. Доказано участие витамина D и основных 
компонентов комплекса фосфатонинов в воспалительных заболеваниях дыхательной системы. Изучение 
действий системы «1,25(OH)2 — FGF23 — белок klotho» и возможностей управления этой системой явля-
ется ключом к разработке новых терапевтических вмешательств в пульмонологии.
Ключевые слова: витамин D; дыхательная система; фактор роста фибробластов — FGF; белок klotho; 
фосфатонины.
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Abstract. Vitamin D axis — fi broblast growth factor 23 (FGF23) — the klotho protein plays an important role 
in ontogenesis and functioning of the respiratory system. There is evidence of the connection of vitamin D 
with phosphatonines — a complex of phosphatic substances that stimulates the withdrawal of phosphates 
through the kidneys. Vitamin D receptor (NDR) is found in animal models in virtually all lung cell types. In cells 
of the airway epithelium, there is not only HDR, but also enzymes that activate and degrade its metabolites. The 
involvement of vitamin D and the main components of the phosphatonin complex in infl ammatory diseases 
of the respiratory system has been proven. Studying the actions of the 1,25(OH)2 — FGF23 — protein klotho 
system and the control capabilities of this system is key to the development of new therapeutic interventions 
in pulmonology.

Key words: vitamin D; respiratory system; fi broblast growth factor — FGF; klotho protein; phosphatonins.



Children’s medicine of the North-West
2023 / Vol. 11 № 4

48 REVIEWS

ISSN 2221-2582

Vitamin D is mainly involved in maintaining 
phosphorus and calcium homeostasis. Howev-
er, modern research has revealed it also eff ects 
on a number of cellular processes including cell 
proli feration, diff erentiation, wound healing, re-
pair and regulatory systems, immunity and in-
fl ammation. The active metabolite of vitamin D, 
1,25-dihydro xyvitamin D (1,25(OH)2), is known to 
promote mucosal barrier integrity, destroy patho-
gens (via induction of antimicrobial peptides), and 
modulate infl ammation and immune responses.

INTRODUCTION
The vitamin D  — fi broblast growth factor 23 

(FGF23)  — klotho protein axis is well known for 
its role in maintaining phosphorus and calcium 
homeostasis [1]. The airway mucosa is an impor-
tant site of local synthesis, degradation and sig-
naling of 1,25(OH)2. The expression of vitamin D 
receptor by diff erent cell types in the lung and 
the fact that these cells respond to vitamin D or 
can locally produce vitamin D, proves that the 
lungs represent a target for vitamin D action [2]. 
Vitamin D defi ciency is associated with various 
diseases, including chronic infl ammatory lung 
diseases, namely asthma, cystic fi brosis, and 
chronic obstructive pulmonary disease (COPD) 
[3–5]. Animal model studies have shown that ma-
ternal vitamin D defi ciency can impair lung de-
velopment, structure, and function in off spring; 
it is hypothesized that maternal serum 25(OH)D 
levels are important for healthy fetal lung deve-
lopment. It may be relevant because associations 
have been found between the reduced pulmo-
nary function in children and the development of 
COPD later in life [6]. In addition, 25(OH)D circu-
lating in the mother's body infl uences the gut mi-
crobiota and therefore may indirectly modulate 
immune responses in the lung via the gut-lung 
axis [7]. These observations suggest an impor-
tant role for vitamin D during fetal and postnatal 
lung maturation and dempnstrate that adequate 
levels of 25(OH)D may contribute to protection 
against childhood asthma and, possibly, COPD in 
older age.

In 1994, the existence of a complex of phos-
phaturic factors (phosphatonins) was described. 
They cause phosphate loss by the kidneys. The 
currently known phosphatonins include fi bro-
blast growth factor (FGF23), matrix extracellular 
phosphoglycoprotein (MEPE), secreted frizzled re-
lated protein 4 (sFRP4), and fi broblast growth fac-
tor 7 (FGF7) [8]. The close relationship and mutual 

infl uence of phosphatonins and vitamin D have 
been proven. The role of these metabolites in the 
pathogenesis of a number of diseases, primarily 
renal, cardiovascular, and pulmonary diseases, is 
being intensively studied.

A complex of phosphaturic proteins, the phos-
phatonins, downregulate phosphate balance 
through direct inhibition of its reabsorption in the 
proximal tubule and indirectly through suppres-
sion of 1,25(OH)2 production in the kidney. There 
are four components included in the phospha-
tonin group, FGF23 is the best studied.

FGF23 is predominantly expressed in bone 
(osteocytes and osteoblasts). FGF23 production 
is stimulated by multiple factors, including high 
dietary or serum phosphate levels, parathyroid 
hormone (PTH), 1,25(OH)2, calcium, iron defi cien-
cy, erythropoietin, metabolic acidosis, and infl am-
matory cytokines. In order to eff ect phosphorus 
balance FGF23 requires the co-receptor α-klotho, 
which is mainly produced in the kidney and the 
parathyroid gland. As for the kidney, klotho is ex-
pressed in distal tubules and less abundantly in 
proximal tubules. α-klotho is a transmembrane 
protein that exists both in a membrane-bound 
form acting as a co-receptor for FGF23 and in a se-
creted soluble form found in the blood, exerting 
endocrine and paracrine actions in distant organs 
[9]. Excessive FGF23 causes hypophosphataemia 
by decreasing NaPi transport activity and sup-
pressing 1,25(OH)2 production, whereas FGF23 
defi ciency causes hyperphosphataemia and ele-
vates 1,25(OH)2 levels. α-klotho functions as a 
co-receptor for FGF23; its production is increased 
in response to elevated 1,25(OH)2 levels. This pro-
tein causes phosphaturia by inhibiting the renal 
NaPi-IIa transporter [10]. The function of fi broblast 
growth factor FGF23 is far beyond its cano nical 
function as a regulator of mineral metabolism. 
FGF23 is implicated in the pathogenesis of several 
diseases, including chronic complications associ-
ated with kidney disease, cardiovascular disease, 
and obesity-related disorders [11]. The presence 
of four FGF receptor isoforms in the lung and the 
ability of FGF23 to stimulate lung cells support 
the concept that the lung is a target for FGF23, 
whereas the contribution of klotho remains to be 
clarifi ed [12].

Matrix extracellular phosphoglycoprotein MEPE 
administered intraperitoneally causes hyperphos-
phaturia and hypophosphataemia in mice. MEPE 
inhibits phosphate uptake by human proximal tu-
bule epithelial cells in vitro. In addition, MEPE in-
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hibits bone mineralization in vitro. Mice with zero 
MEPE show increased bone mineralization [13].

In experiments on opossums, secreted Friz-
zled related protein 4 (sFRP4), has been shown to 
inhibit sodium-dependent phosphate transport 
by reducing NaPi-2a content in the brush border 
membrane of proximal tubules and on the surface 
of renal epithelial cells. Generally, although sFRP4 
dramatically alters phosphate transport in the 
kidney and possibly the physiology of 1,25(OH)2, 
most data indicate that it plays a minor role in the 
regulation of phosphate homeostasis [14].

Fibroblast growth factor 7 (FGF7) reduces sodi-
um-dependent phosphate transport in opossum 
kidney epithelial cells and enhances phospha-
turia in rats. A  recent study showed that low se-
rum FGF7 levels were observed in children with 
hypophosphatasia and hyperphosphatemia [15].

VITAMIN D AND PHOSPHATONINS 
IN RESPIRATORY SYSTEM CELLS

The presence of vitamin D receptor (VDR) in 
animal models can be detected in the last stages 
of pregnancy and after birth in practically all types 
of lung cells  — on airway epithelial and smooth 
muscle cells, on type 2 alveolar cells, on alveolar 
macrophages, on fi broblasts, as well as on blood 
cells, including neutrophils, monocytes, NK cells, 
eosinophils, T- and B-lymphocytes, and mast cells 
[16]. Recently, it was shown that VDRs are loca-
lized in apical bronchial epithelial cells and are 
completely absent in basal epithelial cells and in 
vascular endothelial cells [17]. Studies have estab-

lished the infl uence of genetic polymorphisms of 
VDR (BsmI, FokI, TaqI, ApaI) which amplify the risk 
of development of chronic allergic lung diseases 
and COPD. At the same time, the study of pheno-
typic infl uence of FokI polymorphism of VDR gene 
on the course of chronic nonspecifi c lung diseases 
(CNLD) in children showed no statistically signifi -
cant association [18].

Due to the presence of the CYP27B1 enzyme, 
the active form of vitamin D (1,25(OH)2) is synthe-
sized in airway epithelial cells, in stimulated mac-
rophages, and in B-lymphocytes. Restriction of 
endogenous formation of 1,25(OH)2 is apparent-
ly accomplished by the presence of the enzyme 
CYP24A2 in some cells, which converts the active 
form of vitamin D to the inactive form. CYP24A2 is 
found in type 2 alveolar cells, in airway epithelial 
cells; its inactive form has been detected in alveo-
lar macrophages [12].

FGF23 is expressed in adult mouse and hu-
man lung tissue [19, 20], although the cell types 
that produce FGF23 have not yet been identi-
fi ed. There is no consensus on the presence of 
α-klotho in lung tissue. In humans, this protein 
is distributed along the airway epithelium [21]. 
A recent study using specifi c antibo dies showed 
that the lungs do not endogenously  express na-
tive α-klotho protein, but rather obtain it from the 
bloodstream [22].

The currently available information on the na-
ture of the eff ect of vitamin D, FGF23 and α-klotho 
on va rious processes in the lung is presented in 
Table 1.

Table 1. Overview of the Actions of Vitamin D, FGF23, and α-klotho in the Lung (adopted from [16])

Таблица 1. Роль витамина D, FGF23 и α-klotho в различных процессах, связанных с легкими (адаптировано 
из [16])

Process Vitamin D FGF23 α-klotho

Fetal development Lung maturation Structural integrity Structural integrity
“Anti‐senescence”

Innate/adaptive 
immunity

Positive modulation Not known Not known

Infection Modulation phagocytosis
Antibacterial
Antiviral
Antimicrobial

Not known Not known

Infl ammation Anti‐infl ammatory Pro‐infl ammatory Anti‐infl ammatory

Oxidative stress Antioxidant No action Antioxidant

Remodeling/damage Antifi brotic
Antiproliferative
Antiprotease

Antifi brotic Antifi brotic

Epithelial barrier Maintenance integrity Not known Not known
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ROLE OF VITAMIN D AND PHOSPHATONINS 
IN THE DEVELOPMENT OF LUNG 
IN ONTOGENESIS

The fetus does not produce 25(OH). 25(OH) 
passes through the placenta. The placenta ab-
sorbs 25(OH) by endocytosis. An important com-
ponent of calcium homeostasis during preg-
nancy is calcitonin. It promotes transcription of 
the CYP27B1 gene and may therefore be a key 
determinant of placental vitamin D metabolism. 
25(OH) is transformed into both inactive 24,25-di-
hydroxyvitamin D3 and active 1,25-dihydroxyvita-
min D (1,25(OH)2) in the placenta, consequently, 
these metabolites release into both maternal and 
fetal circulation [23]. Vitamin D supply to the fe-
tus does not solely depend on maternal vitamin D 
status but on placental functioning as well.

Transfer of 25(OH) through the placenta main-
ly occurs during the last trimester, meaning that 
preterm newborns are particularly at risk of vita-
min D defi c iency.

The eff ect of low maternal vitamin D levels du-
ring pregnancy and its role in fetal lung develop-
ment and maturation, as well as susceptibility to 
lung disease in the postnatal period, is currently 
being investigated. This issue is very relevant as 
hypovitaminosis D is common in pregnant wo-
men and newborns.

The presence of VDR in fetal lungs during the 
last quarter of pregnancy and the activation of 
vitamin D regulatory enzymes just before birth 
confi rm the potential role of vitamin D in the late 
stage of normal fetal lung development [24]. The 
appearance of VDR during gestation coincides 
with the time of the onset of type 2 pneumocyte 
diff erentiation and the beginning of surfactant se-
cretion, typical signs of lung maturation. In vitro 
studies on fetal rat lung cultures and freshly iso-
lated cells have shown that exogenous 1,25(OH)2 
accelerates functional maturation of type 2 pneu-
mocytes by decreasing their glycogen content 
and increasing surfactant synthesis and secretion. 
Type 2 alveolar cells were actually identifi ed as 
specifi c targets for 1,25(OH)2  during fetal lung 
maturation, as these cells responded to exoge-
nous 1,25(OH)2 by increasing VDR expression. Fe-
tal lung fi broblasts do not express VDR, but they 
are able to convert 25(OH)D3 to 1,25(OH)2 , unlike 
type 2 alveolar cells [12].

Several studies have shown that maternal vi-
tamin D defi ciency during pregnancy is associa-
ted with postnatal lung function impairment after 
birth [25], in particular with an increased risk of 

asthma. Moreover, low levels of 25-hydroxyvita-
min D in cord blood of preterm newborns have 
been associated with an increased incidence of 
respiratory infections in infancy [26]. However, 
these data require verifi cation. The association 
between vitamin D administration during preg-
nancy and the risk of bronchial asthma in born 
children was not confi rmed at 6-year follow-up 
[27]. In a study to determine the association of 
vitamin D le vels with endogenous microbial pep-
tides (cathelicidin LL-37 and HBD-2) in congenital 
pneumonia in preterm newborns, it was shown 
that low vitamin D concentration may be associ-
ated with congenital pneumonia. Vitamin D levels 
may also predict the need for artifi cial ventilation 
and the duration of hospitalization for congenital 
pneumonia in preterm newborns [28].

It is not known whether fetal lungs can be a 
target for FGF23. However, experimental data do 
not allow us to deny the role of FGF23 and klotho 
in lung development. Indeed, mice lacking FGF23 
develop emphysema that appears as early as 
3 weeks of age and resembles emphysema found 
in an aged population, consistent with the prema-
ture aging phenotypes in these mice. Vitamin D 
has been shown to partially mediate this process. 
The fi rst signs of emphysematous in homozy-
gous mutant klotho (KL-/-) mice began to appear 
at 4 weeks of age and progressed with age until 
premature death at 8 to 10 weeks of age. Taken 
together, these data indicate that FGF23 plays an 
important role in premature lung aging and that 
klotho gene expression is important for maintai-
ning lung integrity in the postnatal period [12].

ROLE OF VITAMIN D AND PHOSPHATONINS 
IN RESPIRATORY SYSTEM PATHOLOGY

The production of biologically active 1,25(OH)2 
is tightly regulated to maintain optimal levels of 
calcium (Ca2+) and phosphate (PO4

2  — PO4
2) for 

bone mineralization, whereas locally produced 
(autocrine) 1,25(OH)2 in mucosal tissues, and sig-
nal transduction may be increased or decreased 
under the infl uence of infl ammatory mediators, 
pathogens or inhaled toxins [29]. It may be impor-
tant since the airway mucosa of patients suff ering 
from chronic infl ammatory lung disease is con-
stantly exposed to these factors [30].

The anti-infl ammatory eff ects of vitamin D in 
the lungs have been proven by studies on cells 
derived from animals and from human lavage 
fl uid in vitro. After dendritic cells, alveolar mac-
rophages, epithelial and smooth muscle cells of 
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the airways were aff ected by various stimuli, they 
reduced the production of proinfl ammatory cy-
tokines and chemokines under the infl uence of 
vitamin D. Anti-infl ammatory contribution of vita-
min D in vivo have been proven in animal mo dels. 
Vitamin D defi ciency aggravates and prolongs 
lung infl ammation, increases amounts of neutro-
phils in bronchoalveolar lavage after inoculation 
with Aspergillus fumigates [31], as well as with 
exposure to cigarette smoke [32]. The fact that 
intratracheal administration of vitamin D in mice 
had a more pronounced anti-infl ammatory eff ect 
than oral administration seems to be practically 
important [16].

The role of FGF23 in the development of lung 
infl ammation and the anti-infl ammatory proper-
ties of α-klotho are refl ected in few studies. Plas-
ma FGF23 levels are elevated in lung diseases 
characterized by chronic infl ammation, such as 
cystic fi brosis [33] and COPD [34].

Patients with COPD had elevated plasma FGF23 
levels which coincided with high levels of infl am-
matory cytokines in lung and plasma and posi-
tively correlated with serum IL-6 levels. However, 
FGF23 levels were not correlated with disease 
severity. The authors attribute it to a "burnout" 
when the residual mass of viable pulmonary epi-
thelium, which serves as a target for FGF23/klotho 
action, decreases. Thus, changes in the FGF23/
klotho correspondance may serve as a marker of 
the disease, but to a less extent as a marker of its 
severity [35].

In patients with cystic fi brosis, elevated plasma 
FGF23 levels were combined with TGF-β-medi-
ated airway infl ammation. The proinfl ammatory 
role of FGF23 in lung disease can be considered 
proven; meanwhile there is evidence that klotho 
has anti-infl ammatory activity. Overexpression or 
supplementation of klotho was able to reduce IL-8 
secretion induced by TGF-β and FGF23 in bron-
chial epithelial cells of cystic fi brosis patients. Blo-
cking klotho in bronchial epithelial cells resulted 
in increased formation of infl ammatory cytokines 
such as IL-6, IL-8 and MCP-, which points to a role 
of endogenous klotho in human bronchial infl am-
mation [33].

The klotho protein provides a protective eff ect 
against chronic infl ammation and therefore may 
slow the progression of lung diseases characte-
rized by chronic infl ammation. This is proved by 
the following facts. Patients with idiopathic pul-
monary fi brosis or COPD have low plasma levels 
of soluble klotho and high levels of FGF23[34]. 

α-klotho secretion is decreased after exposure 
to cigarette smoke on bronchial epithelial cells 
derived from COPD patients [21, 35]. The expres-
sion of α-klotho is reduced in the lungs of healthy 
smokers compared to nonsmokers [21], as well 
as in primary interstitial lung fi broblasts from 
patients with idiopathic pulmonary fi brosis [34]. 
A signifi cant association between serum klotho 
level (s-klotho) and well-known biomarkers of 
infl ammation  — uric acid, C-reactive protein, 
leukocyte number and average platelet volume 
have been found. The correlation between uric 
acid and s-klotho was the strongest among four 
markers. The level of s-klotho implies a general in-
fl ammatory status; therefore, s-klotho serves as a 
potential biomarker that inversely correlates with 
infl ammatory conditions [36].

The antibacterial properties of vitamin D have 
been demonstrated in several studies show-
ing its ability to participate in the destruction of 
Gram-negative bacteria (untyped Haemophilus in-
fl uenzae, Pseudomonas aeruginosa and Bordetella 
bronchiseptica) in respiratory epithelial cells [37].

Vitamin D can enhance antimicrobial defense 
by stimulating the production of antimicrobial 
peptides such as cathelicidin (LL-37). These anti-
microbial peptides contain a vitamin D-sensitive 
element in the promoter region of their genes and 
are activated upon vitamin D stimulation. Several 
in vitro studies have confi rmed that vitamin D en-
hances cathelicidin expression in human bronchi-
al epithelial cells (NHBE, 16HBE) derived from do-
nors and COPD patients [38], as well as in alveolar 
macrophages from smokers and nonsmokers [39]. 
These data indicate that bacterial or viral infec-
tion in lung tissue is probably a potential target 
for vitamin D, which may contribute to pathogen 
elimination and reduction of an infl ammatory re-
sponse. No studies could be found to answer the 
question whether infection in the respiratory sys-
tem could be a target for FGF23 or klotho.

Some in vitro and in vivo studies have shown 
that vitamin D can infl uence oxidative stress in 
the lungs. A mouse model of asthma demonstra-
ted that vitamin D normalizes elevated levels of 
malonic dialdehyde and reduces superoxide dis-
mutase and glutathione activities to control le-
vels. It also increases levels of NF-E2-related fac-
tor 2 (Nrf2), a cellular sensor of oxidative stress 
associated with transcriptional activation of anti-
oxidant response element genes. Moreover, Vita-
min D reduces oxidative DNA damage and regu-
lates cellular apoptosis [40]. FGF23 itself is not 
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involved in protection against oxidative stress, 
unlike α-klotho, which can directly protect human 
lung epithelial cells (A459 and primary alveolar 
type I cells) from oxidative damage and apopto-
sis induced by hyperoxia and phosphotoxicity by 
reducing lipid and protein content [41].

Vitamin D probably plays an important role 
in maintaining the epithelial barrier integrity 
in the lung. Studies on the bronchial epithelial 
cell line 16HBE showed that vitamin D is able to 
counteract cigarette smoke-induced epithelial 
barrier breakdown by preventing a decrease in 
transepithelial electrical resistance, increased 
permeability, and degradation of E-cadherin 
and β-catenin [42]. It is indicative that vitamin D 
also increases the expression of transmembrane 
conductance regulator in human bronchial epi-
thelial cells in cystic fibrosis. This effect was also 
observed after local administration of vitamin D 
in vivo by intranasal administration to mice [43]. 
Whether FGF23/klotho can affect the integrity of 
the lung epithelial barrier remains to be eluci-
dated.

CONCLUSIONS
Vitamin D is essential for the development 

of the respiratory system during gestation. Vita-
min D has mainly beneficial effects on the lung 
in the postnatal period, they include immuno-
modulatory, anti-inflammatory, anti-infectious 
and antioxidant effects, as well as maintenance 
of airway structure and epithelial barrier integri-
ty. One of the aspects that is still poorly under-
stood is the ability of some lung cells to respond 
to exogenous vitamin D and/or to produce ac-
tive vitamin D. More research is needed, since 
local direct administration of active vitamin D 
could enhance the beneficial effects in the res-
piratory pathology.

In vitro and animal studies show that FGF23 
acts as a deleterious agent, increasing infl amma-
tion in a variety of chronic lung diseases. Many 
of these eff ects are counterbalanced by klotho, 
which clearly protects the lung from infl amma-
tion, oxidative stress, and apoptosis. Studying 
the "1,25(OH)2 — FGF23 — klotho" system and its 
possibilities to control this system may be a key 
to the development of new therapeutic interven-
tions in pulmonology.
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Резюме. По статистике из всех видов атопий у детей первое место по распространенности занимает 
пищевая аллергия. В свою очередь коровье молоко — продукт питания, который чаще всего выступает 
аллергеном. Нередко одним из проявлений аллергии к белку коровьего молока становятся гастроинте-
стинальные заболевания. В настоящее время принято выделять следующие клинические формы гастро-
интестинальной патологии, индуцированной аллергией к белку коровьего молока (БКМ): специфические 
IgЕ-опосредованные реакции и не-IgЕ-опосредованные, а также их сочетание  — реакции смешанного 
типа. Однако в рутинной педиатрической практике не-IgЕ-опосредованные формы по-прежнему остают-
ся плохо распознаваемыми. Это обусловлено многими факторами: разнообразие клинических проявле-
ний, отсутствие достоверных методов лабораторной диагностики, неочевидная ассоциация со временем 
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Abstract. According to statistics from all types of atopy in children, food allergies occupy the fi rst place in terms 
of prevalence. In turn, cow’s milk is a food product that most often acts as an allergen. Not rarely, gastrointestinal 
diseases become one of the manifestations of allergy to cow’s milk protein. Currently, it is customary to distinguish 
the following clinical forms of gastrointestinal pathology induced by allergy to cow’s milk protein: specifi c IgE-
mediated reactions and non-IgE-mediated reactions, as well as their combination — mixed-type reactions. In 
routine pediatric practice, however, non-IgE-mediated forms still remain poorly recognized. This is due to a variety 
of factors: a variety of clinical manifestations, the lack of reliable methods of laboratory diagnostics, a non-obvious 
association with time and a causal relationship with an allergen. The article refl ects modern views on the features 
of the clinical course and diagnosis of gastrointestinal pathology induced by allergy to cow’s milk protein.
Key words: children; esophagitis; gastritis; enterocolitis; proctocolitis; allergy to cow’s milk protein.
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INTRODUCTION
Over the last years, there has been an increase 

in gastrointestinal diseases induced by cow's milk 
protein allergy (CMPA) worldwide as this pathol-
ogy is highly represented [1, 2]. According to the 
World Allergy Organization (WAO), cow's milk 
proteins (CMPs) as well as chicken egg proteins 
are the most important triggers of food allergy in 
infants and young children [3]. The use of milk for-
mulas for infant feeding plays an important role 
in the formation of CMPA. However, exclusively 
breastfed children may also develop clinical mani-
festations of CMPA due to the penetration of food 
proteins into breast milk. CMPs can be found not 
only in dairy products made of cow's milk, but also 
in some probiotics, oral polio vaccine, diphthe-
ria-pertussis-tetanus vaccine, and some inhalers 
used in the treatment of bronchial asthma, such 
as Fluticasone/Salmeterol or Lanimavir [4].

The fi rst clinical signs of CMPA manifest wi-
thin the period from 10 days to 10 months of life, 
3.5  months on the average. Typically, symptoms 
appear within the fi rst week after the introduction 
of products containing CMPs (95% of cases). It has 
been proven that the use of milk formulas con-
taining CMPs during can the development of the 
fi rst symptoms in 60% of patients. Various forms 
of gastrointestinal pathology appear in 32–60% 
of children, skin manifestations occur in 5–90% of 
children [5], anaphylactic reaction may develop in 
0.8–9% of cases [6, 7].

Currently, it is accepted to distinguish the fol-
lowing variants of CMPs [8]:

1) specific IgE-mediated:
• immediate gastrointestinal hypersensitivity;
• oral allergic syndrome;
2) eosinophilic diseases (mixed IgE and non-IgE-

dependent):
• eosinophilic esophagitis;
• eosinophilic gastritis;
• eosinophilic gastroenteritis;
• eosinophilic enterocolitis;
3) non-IgE-mediated reactions:
• food protein-induced enterocolitis syndrome;
• food protein-induced proctocolitis;
• protein-induced protein-losing enteropathy.

The peculiarity of the gastrointestinal form of 
CMPA manifestation is the diversity of a clinical 
picture since any part of the gastrointestinal tract 
(GIT) may be involved in the pathological process 
[9]. Gastroesophageal refl ux (GER), nausea, vo-
miting, diarrhea, bloody stools, and stabbing pains 
in the abdominal region may be among the fi rst 
manifestations of IgE-mediated CMPA. The speci-
fi c clinical picture and association with the allergen 
contributes to rapid diff erentiation of this pathol-
ogy [10]. However, non-IgE-mediated reaction is 
also a common pathology and can account for up 
to 50% of all CMPA cases in pediatric practice. The 
clinical picture in this form of pathology is varied, 
and the symptoms usually increase slowly, which 
can make the diagnosis diffi  cult. It is also charac-
terized by decreased appetite, pale skin, infantile 
colic, possible development of bleeding from the 
upper GIT, GER, deve lopment of chronic diarrhea 
or constipation, blood and/or mucus in feces [11]. 
In the present article, common variants of IgE and 
non-IgE-mediated reactions of gastrointestinal pa-
thology induced by CMPA are discussed.

ESOPHAGEAL LESIONS
Gastroesophageal refl ux. CMPA (often 

non-IgE-mediated variant) may manifest with GER 
symptoms such as crying, signs of regurgitation, 
vomiting and sleep disturbance. It is noted that 
persistent regurgitation is a common non-specifi c 
symptom of CMPA in children. According to the 
literature, CMPA has been documented in 50% of 
children with persistent GER. Possible manifesta-
tions of CMPA include decreased physical deve-
lopment, diarrhea or rectal bleeding on the back-
ground of any symptoms of atopy [12]. Diagnosis 
of this pathology in pediatric practice is diffi  cult as 
it requires daily esophageal impedance-pH-metry 
and endoscopy of the upper GIT [13]. In order to 
eliminate these symptoms, it is recommended to 
use formulas based on protein hydrolysate or ami-
no acids, or eliminate products containing CMPs 
in the diet of a nursing mother for 2–4 weeks [14].

Eosinophilic esophagitis (EoE) is a chronic, slow-
ly progressive immune-mediated disease of the 
esophagus characterized by marked eosinophilic 

и причинно-следственной связью с аллергеном. В статье отражены современные взгляды на особенности 
клинического течения и диагностики гастроинтестинальной патологии, индуцированной аллергией к бел-
ку коровьего молока.
Ключевые слова: дети; эзофагит; гастрит; энтероколит; проктоколит; аллергия к белку коровьего 
 молока.
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infl ammation of esophageal mucosa, develop-
ment of submucosal fi brosis, clinically manifest-
ed by swallowing disorders (dysphagia, esopha-
geal obstruction by a food clump, vomiting of 
swallowed food, etc.) [15]. From the pathophy-
siological point of view, EoE is a chronic Th2-as-
sociated esophageal disease characterized by the 
development of marked eosinophilic infl amma-
tion (more than 15 eosinophils in the fi eld of view 
on a high-resolution microscope with ×400 mag-
nifi cation) in the esophageal mucosa and submu-
cosal fi brosis, clinically manifested by esophageal 
dysfunction such as diffi  culty in eating, vomiting, 
choking, refusal to eat in children and dysphagia 
in adolescents and adults.

The nature and severity of complaints may 
vary depending on the age of a patient and du-
ration of the medical history since EoE is a slowly 
progressive disease [16, 17]. Children of the fi rst 
years of life have nonspecifi c symptoms which in-
clude regurgitation, nausea and vomiting du ring 
meals, diffi  culty with swallowing certain foods 
(seafood, eggs, nuts, etc.), abdominal pain, and 
physical retardation (rarely). Adolescents’ com-
plaints are similar to GER: heartburn, pain behind 
the sternum, the need to chew food for a long 
time and wash it down with water. Esophago-
gastroduodenoscopy (EGDS) in patients with EoE 
reveals nonspecifi c signs of active infl ammation 
throughout the esophagus: edema and contact 
vulnerability of the esophageal mucosa, whitish 
exudate (eosinophilic microabscesses), longitudi-
nal grooves. In addition to the above mentioned, 
signs of submucosal fi brosis may be found in ado-
lescents and adult patients: multiple concentric 
rings ("tracheal" or "cat" esophagus), strictures 
and narrowings of the esophagus [18].

Histologic study includes examination of bio-
psy specimens using a high-resolution micro-
scope (×400), staining with hematoxylin and eo-
sin. To obtain correct histologic results, biopsy 
should be performed in at least 6–8 sections from 
the distal and mid/proximal esophagus. The bio-
psy specimen should include the epithelium to 
its entire depth and the intrinsic mucosal lamina. 
These recommendations are induced by infl am-
matory changes in EoE which are focal and equal-
ly involve both distal and proximal parts of the 
esophagus [19].

GASTRIC LESIONS
Isolated gastric involvement in CMPA is rare; 

however, in some cases, the occurrence of pro-

longed vomiting may contribute to the develop-
ment of hemorrhagic gastritis in patients. Endo-
scopic examination of the upper GIT with biopsy 
of gastric mucosa is a necessary tool to confi rm 
the diagnosis. The study of such biopsy speci-
mens may show eosinophilic infi ltration of the 
mucosa. The etiologic diagnosis is made in ac-
cordance with clinical guidelines for the diagnosis 
of CMPA. The elimination diet prescribed usually 
yields positive results with complete spontaneous 
resolution of symptoms within one week [20].

It should be noted that cow's milk has long 
been used to alleviate clinical symptoms of peptic 
ulcer disease or GERD due to its acid-neutralizing 
features. However, the high calcium and protein 
content signifi cantly increases hydrochloric acid 
production by gastric parietal cells. As confi rmed 
by an endoscopic study [21], patients with peptic 
ulcer disease who followed a dairy-free diet had 
better ulcer scarring results than those who con-
sumed milk.

LESIONS OF SMALL 
INTESTINE AND COLON 

Exudative or protein-induced protein-losing en-
teropathy is a rare clinical syndrome involving a 
loss of serum proteins through the GIT [22]. In in-
fancy, this pathology corresponds to a mixed IgE 
and non-IgE-immune-mediated food allergy char-
acterized by villous atrophy that leads to enteric 
protein loss, causing hypoproteinaemia/hypoal-
buminaemia, diarrhea, peripheral and cavity ede-
ma, and, consequently, malabsorption symptoms. 
Laboratory diagnosis may show signs of anemic 
syndrome, eosinophilia, hypoalbuminaemia, in-
creased fecal α1-antitrypsin (α1AT), increased spe-
cifi c IgE, and a positive reaction in the prick-test 
[23]. The pathogenesis is based on the inability of 
GIT mucous membranes (not only intestine, but 
also esophagus and stomach) to retain tissue pro-
teins. Serum protein levels refl ect the balance be-
tween synthesis, metabolism, and protein loss. Ex-
udative enteropathy is characte rized by increased 
protein loss through the GIT compared to synthe-
sis. Whereas albumins are characterized by a long 
half-life (20 days), it is hypoalbuminaemia that 
refl ects hypoproteinaemia. Laboratory elevation 
of fecal α1AT is a marker of protein loss through 
a digestive system [24]. The diagnosis is based on 
the eff ects of the elimination diet prescribed as cli-
nical improvement usually occurs within 3–4 days, 
however, it may take several weeks for complete 
elimination of symptoms [25, 26].
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Food Protein Induced Enterocolitis Syndrome 
(FPIES) is a non-IgE-mediated disease. It manifests 
in infancy at 1–4 weeks of age, beginning with 
recurrent prolonged vomiting that occurs ap-
proximately in 1–4 hours after a meal. Vomiting is 
often accompanied by pallor, diarrhea, and leth-
argy. The delayed acute onset and the absence of 
cutaneous and respiratory symptoms indicate a 
systemic reaction of the body which diff ers from 
an anaphylactic reaction [18]. The most common 
causes of this pathology are CMPs, soy and cere-
als. A pronounced loss of weight and a decreased 
physical development rate arise with a prolonged 
chronic course of the disease. FPIES is often mis-
diagnosed as acute viral gastroenteritis, sepsis, 
or acute surgical pathology, leading to incorrect 
therapeutic tactics.

A carefully collected medical history plays a 
special role in the diagnosis of FPIES. In the vast 
majority of patients with acute FPIES, a single 
episode is suffi  cient to make the diagnosis and 
identify the syndrome's causative products. If the 
diagnosis is unclear after careful history taking, an 
oral provocation test should be used as the gold 
standard for clarifi cation.

There are major and minor diagnostic criteria 
which make it possible to suspect the disease [28]. 
Major criteria: vomiting within 1–4 hours after in-
gestion and absence of classic IgE-mediated aller-
gic skin or respiratory symptoms. Minor criteria: 
1) second (or more) episode of recurrent vomiting 
after eating the same food; 2) recurrent episodic 
vomiting in 1–4 hours after ingestion; 3) lethar-
gy with any reaction; 4) pallor with any reaction; 
5) need for emergency department admission for 
any reaction; 6) need for intravenous adminis-
tration with any reaction; 7) diarrhea in 24 hours 
(usually 5-10 h); 8) hypotension; 9) hypothermia.

To diagnose FPIES, a patient must have a major 
criterion and at least three minor criteria presen-
ted. In case only one episode of FPIES is noted, a 
diagnostic oral provocation test should be strong-
ly recommended to confi rm the diagnosis, as viral 
gastroenteritis is common in this age group [29].

Proctocolitis induced by food proteins (eosino-
philic proctocolitis, allergic proctocolitis) is a tran-
sient and benign manifestation of non-IgE-in-
duced GIT lesions. Protein-induced proctoco litis 
prevalence remains unknown, however it ac-
counts for 0.16 to 64% among all rectal bleeding 
in infants [30]. It is more common in breastfed 
infants (60%) and resolves when the mother eli-
minates CMPs and soy proteins from her diet [31].

The pathogenesis of proctocolitis induced by 
food proteins remains inconclusive. The main 
pathophysiologic mechanism is eosinophilic in-
fl ammation: at least 10 eosinophils per fi eld of 
view are found in biopsy specimens of the colonic 
mucosa. At the same time, according to C. De Bro-
sse et al. [32], eosinophils (on average 16–20 cells 
in the fi eld of view) are also detected in healthy 
children GIT (the control group), especially in the 
colon.

The main clinical symptom of the disease 
is diar rhea with blood and, sometimes, mucus 
in feces. An objective examination of a patien 
shows no hyperemia and fi ssures in the perianal 
area. Some children have colic-like abdominal 
pain, increased gas and painful defecation. As a 
rule the volume of feces is small, consequently 
dehydration does not develop. The pathology 
does not disturb general condition and deve-
lopment of children [32]. These symptoms may 
appear in 12 hours after ingestion of a causative 
allergen and may increase further if the allergen 
continues to be in daily meals. Adherence to an 
elimination diet can relieve diarrhea and hemato-
chezia wi thin 2–3 days.

Currently there are no generally recognized 
standard clinical criteria for diagnosing enteroco-
litis induced by food proteins. In clinical practice, 
the diagnosis is made in case the symptoms re-
solved on the background of the elimination diet 
and then they have returned after reintroduction 
of the trigger product. Eosinophilia in periphe-
ral blood occurs in 44% of patients. In rare cases, 
hypochromic anemia and minor thrombocytosis 
may be observed in laboratory tests [32].

Endoscopic examination of the upper GIT 
and histologic diagnosis of biopsy material are 
necessary for differential diagnosis with other 
conditions causing rectal bleeding. The histolog-
ical picture is characterized by colitis with eosi-
nophilic infiltration of the intrinsic lamina and 
muscular layer of the colonic mucosa (more than 
6 eosinophils in the field of view) with the for-
mation of eosinophilic crypt abscesses and ero-
sions [32].

The oral provocation test is the "gold stan-
dard" for the diagnosis of proctocolitis induced 
by food proteins. Re-introduction of the suspec-
ted product after 4-8 weeks of elimination may be 
performed at home and shall be documented in 
a symptom diary in case visible blood in the feces 
appear. If there is no blood, a fecal occult blood 
test is recommended [33].
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CONCLUSIONS
Gastrointestinal pathology induced by aller-

gy to cow's milk proteins is common in pediatric 
practice. Due to the variety of clinical forms and 
manifestations, the diagnostic search is often diffi  -
cult and should be primarily based on a tho rough 
collection of a patient's medical history. Disappea-
rance of symptoms and their appearance du ring a 
provocative oral test should also alert a physician. 
A coordinated approach is required among aller-
gists, gastroenterologists and nutritionists, nurs-
es and caregivers since the diagnosis is diffi  cult. 
Further research on the prevalence, pathophysi-
ology, diagnostic markers, and treatment of this 
pathology is also needed in order to improve pa-
tient care.
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INTRODUCTION
Child injuries are a topical medical and social 

problem in paediatrics. The high rate of injuries 
has remained the same over the past 10 years [1]. 
The prevention of child injuries and the creation 

of a safe environment for child health are priori-
ties for health institutions worldwide [2].

The incidence of injuries in children in Saint 
Petersburg is signifi cantly higher among boys in 
the age range of 14–17 [3]. The trend of high fre-

АНАЛИЗ СТРУКТУРЫ СЛУЧАЕВ ЭКСТРЕННОЙ ГОСПИТАЛИЗАЦИИ 
У ДЕТЕЙ С ТРАВМАТИЧЕСКИМИ ПОВРЕЖДЕНИЯМИ

© Анна Владимировна Емельянова, Светлана Вадимовна Баирова

Санкт-Петербургский государственный педиатрический медицинский университет. 194100, г. Санкт-Петербург, ул. Литовская, 2

Контактная информация: 
Анна Владимировна Емельянова — к.м.н., доцент кафедры педиатрии им. академика А.Ф. Тура. E-mail: emeljanova.nura@yandex.ru   
ORCID ID:  0000-0001-6123-8168   SPIN: 1918-2737

Для цитирования: Емельянова А.В., Баирова С.В. Анализ структуры случаев экстренной госпитализации у детей с травматическими 
повреждениями // Children’s medicine of the North-West. 2023. Т. 11. № 4. С. 65–71. DOI: https://doi.org/10.56871/CmN-W.2023.21.79.007

Поступила: 08.09.2023 Одобрена: 27.10.2023 Принята к печати: 11.12.2023
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Abstract. Identifying the relationship between age, the scene of the accident and the nature of the damage 
makes it possible to develop measures to reduce the frequency of injuries. The cases of emergency hospitalization 
of children with injuries to the St. Petersburg State Medical University clinic in 2021 were analyzed. Fractures 
and bruises were a common cause of hospitalization of children aged 1–17 years. Boys aged 1–3 years and 13–
17 years were more often hospitalized with injuries. In the group of 13–17 years, fractures of the wrist and hand 
bones were more often observed. In children 1–3 years old, bruises received in everyday life were more common. 
At the age 4–7 years, fractures of the forearm bones prevailed, most often received in everyday life. In the group 
of 8 years and older, there was a high frequency of fractures of the bones of the hand and forearm, received on 
the street or during sports.
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quency of injuries among adolescent boys is also 
observed in other regions of Russia (Khabarovsk, 
Tyumen, Orenburg) [4–6]. 

The high incidence of injuries in childhood is 
considered by many authors to be a result of a 
certain "traumatic behavior” which may be due to 
a certain type of upbringing [7, 8]. Also important 
are the age factor (psychomotor development) 
and the presence of behavioral disorders (high in-
cidence of injuries in children with attention defi -
cit hyperactivity syndrome (ADHD) and attention 
defi cit disorder) [9].

Injury during physical education classes and 
sports classes is more frequent among boys, with 
a peak in the age range of 7–10 years with decrea-
ses in older age [5].

Among the total number of injuries in children 
in Saint Petersburg in the period 2015–2017, the 
most frequent were superfi cial injuries (40%), dis-
location and sprained joints (15%), and wounds 
(11%). Of all injuries recorded, upper limb frac-
tures were 13.3%, lower limb fractures were 5.4%, 
vertebral and torso fractures were 1.4%, and ther-
mal and chemical burns were 2.1% [10].

The incidence of injuries in children in Saint 
Petersburg in 2018 was signifi cantly higher than 
the average for Russia (106.4‰ in children and 
176.7‰ in adolescents). 93.3% of patients re-
ceived fi rst aid and outpatient treatment in the 
traumatological cabinet and traumatological 
units of children’s polyclinics, in traumatological 
units of adult`s polyclinics. About 8% were sent to 
the hospital [11].

THE PURPOSE OF THE STUDY
Study of the structure of traumatic injuries in 

children admitted to the hospital after trauma, 

bypassing the outpatient care unit. On the basis 
of data analysis, develop basic guidelines for the 
prevention of child injuries.

MATERIALS AND METHODS
1,072 medical records of children aged 1 to 17 

were analyzed. All children were hospitalized with 
acute injuries without going through the outpa-
tient phase of trauma care. The study included 687 
boys and 385 girls. All children were divided into 
age groups: 1–3 years (n=137), 4–7 years (n=198), 
8–12 years (n=336), and 13–17 years (n=401). 

The obtained results are statistically processed 
using Microsoft Excel and reliability criterion.

RESULTS AND DISCUSSION
Among the hospitalized children in all groups, 

they were predominantly boys: children under 
the age of 3 and 13–17 (Fig. 1).

All injuries were subdivided into fractures, 
dislocations, open wounds, bruises, sprains, and 
ligaments. Bruises and fractures were discovered 
among all the injuries. Bruises dominated in 37.2% 
of cases in the group of children aged 1–3; in other 
age groups, fractures predominated (Fig. 2).

The localization of injuries in the structure was 
dominated by the upper extremities (n=779), low-
er extremities (n=231), spine (n=20), superfi cial 
head injuries (n=17), abdominal injuries (n=11), 
back injuries (soft tissue) (n=9), thorax (n = 3), and 
external genitals (n=2).

In the case of injuries in everyday life (n=473), 
the main reasons were: pinning the fi ngers with 
doors (more often among children under 3 years) 
in 33.4% of cases; a fall on the slippery fl oor in 
28%; accidental blows by distal limbs (with a fi st 
on the wall, on the table, etc., more often among 
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children from 4 years and older) in 20.9%; and in-
jury to sharp household items (knives, sharp cor-
ners of furniture, etc.) in 17.7% of cases.

In the case of injuries on the street and in pub-
lic places (n=297), the main reasons were: out-
door sports equipment (gym, swings, horizontal 
bar, trampoline) in 67.6% of cases; falling from a 
bike, scooter, etc. in 20.2% of cases; hitting the 
ball in 7.4% of cases; and sharp force wounds in 
4.7% of cases.

Injuries sustained in sports sections (n=251) 
as a result of unsuccessful falls were observed in 
67.7% of cases, in combat techniques (gripping, 
blows, etc.) — in 18.3% of cases, and in other exer-
cises — in 14.0% of cases.

In kindergarten (n=12) injuries are obtained as 
a result of pinning the fi ngers with doors (n=10), 
unsuccessful falls on the fl oor (n=2). In school 
(n=39) in physical education classes (n=26) — as a 
result of falls when running, folding of limbs, kick 

the ball, as well as other lessons. School breaks, as 
a result of confl icts with peers or pranks (n=13). 

Children aged 1–3 and 4–7 are injured most of-
ten in everyday life. Children aged 8–12 are main-
ly injured at home, on the street, and in public 
places. Children in the older age group were more 
likely to be injured on the street, in public places, 
and in sports.

Diff erences were found in the types of trau-
matic injuries in boys and girls.

The most frequent injuries leading to emer-
gency hospitalization were fractures at 42.8% 
(n=459), bruises at 28.0% (n=300), open wounds 
at 14.3% (n=154), dislocation at 8.6% (n= 92), and 
sprains and ligament ruptures at 6.3% (n=67).

When analyzing the number of all fractures in 
the age groups, two groups showed a predomi-
nance: children 8–12 (46.7%) and 12–17 (50.9%), 
with no reliable diff erence between the groups 
(p  >0.05). There was a clear diff erence in the 
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Рис. 2. Структура травматических повреждений у детей, госпитализированных в экстренном порядке в 2021 году

Table 1. Characteristics of localization of traumatic injuries in boys and girls

Таблица 1. Характеристика локализаций травматических повреждений у мальчиков и девочек

Травма / Injury Количество мальчиков, n=687/  
Number of boys, n=687

Количество девочек, n=385 / 
Number of girls, n=385 р

Вывихи / Dislocations 48 7,0% 44 11,4% ≤0,05

Открытые раны / Open wounds 97 14,1% 57 14,8% >0,05

Переломы / Fractures 306 44,5% 153 39,7% >0,05

Ушибы / Bruises 196 28,5% 104 27,0% >0,05

Растяжения, разрывы связок /
Sprains, ligament tears

40 5,9% 27 7,0% >0,05
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number of fractures between groups of children 
aged 1–3 (17.5%), 4–7 (46.5%), and 12–17 (50.9%) 
(p≤0.05).

Among all fractures (n=459) the most com-
mon localizations were the bones of the wrist and 
fi ngers  — 48.6% (n=223), the bones of the fore-
arm  — 19.8% (n=91) and the shoulder  — 8.9% 
(n=41) cases.

Fractures of the bones of the wrist and hand 
were most common and with a high degree of cer-
tainty (p ≤0.05) in the 13–17 age group — 58.3%, 
and fractures of the bones of the forearm in the 
8–12 age group — 26.1%.

Less commonly found were fractures of the ti-
bia (n=36), clavicles (n=29), feet (n=24), fractures 
of the vertebrae (n=11) and femurs (n=4).

When comparing the number of cases of frac-
tures in boys and girls, the most frequent locali-
zation was fractures of the bones of the wrist and 
fi ngers: 52.3% of girls and 46.7% of boys (p >0.05). 
Localization of fractures of the forearm was relia-
bly more prevalent in the group of boys (22.5%) 
than in girls (14.4% of cases) (p ≤0.05).

Bruises accounted for 28.0% (n=300) of all inju-
ries hospitalized on an emergency basis. The most 
frequent localization of bruises was injuries to the 
wrists and fi ngers — in 54.7% (n=164), forearms — 
in 10.3% (n=31), feet — in 9.0% (n=27) cases.

It was found that the number of bruises pre-
dominated in children from 1 to 3 years of age — 
37.2% of all injuries in this age group, which was 
reliably higher than the incidence in children 
from 12 to 17 years of age  — in 19.2% of cases 
(p ≤0.05). Children aged 4–7, 32.8%, had bruises, 
and children aged 8–12, 31.8 % (p >0.05).

Among the bruises, contusions that required 
emergency hospitalization of the upper limbs 
prevailed mainly on the wrists and fi ngers.

The analysis of the number of cases of localized 
bruises in the wrist and hand showed a predomi-
nance in the age group of children 1–3 with 72.5% 
of cases, and in the group 4–7 years with the fre-
quency of wrist and hand 63,0%, which is diff er-
ent from the 8–12 age group with a frequency of 
43.9% and 12–17 years with a frequency of 50.6% 
(p ≤0.05).

In the age group 8–12 years in 35.7% of cases 
(n=107) localized bruises, namely: contusion of 
the femur (n=3), external genitalia (n=2), and soft 
tissue of the head (n=1). That was not observed in 
other age groups.

The most frequent localization of injuries in 
girls admitted for emergency treatment for brui-

ses (n=104): wrist and hand of 57.7% (n=60) and 
forearm of 13.4% (n=14); for boys (n=196) wrist 
and hand of 53.0% (n=104) and forearm regions 
in 8.7% (n=17) cases (p >0.05).

Open wounds accounted for 14.3% (n=154) 
of all emergency hospitalizations. The most fre-
quent localization was in the area of the wrist 
and fi ngers: 57.4% (n=90); in the area of the 
foot: 11.0% (n=17) and in the head: 10.4% (n=16) 
cases.

In the studied age groups, of all emergency 
hospitalizations for injuries, there was a predo-
minance of open-wound children (4–7 years old) 
in 19.2% of cases, which was more reliable than in 
the 13–17 year-old group (p≤0.05). In the group of 
children 1–3 years old, the open wounds amoun-
ted to 12.4%; in the group 8–12 years old, 16.0% 
(p >0.05).

Between the open wounds in the wrist and 
hand, there was no reliable diff erence in the fre-
quency of cases between the groups.

In the 8–12 age group there were localizations 
of open wounds namely knee (n=3), thorax (n=1), 
shoulder (n=1). That were wounds not observed 
in other age groups.

In girls admitted to the hospital on an emer-
gency basis with open wounds, the most frequent 
localization wounds were wrist and hands: 47.4% 
(n=27); in boys, wounds of this localization were 
64.9% (n=63) cases (p ≤0.05). Fewer injuries were 
found in girls in the tibia region  — 15.8% n=9), 
and in boys in the foot area 12.3% (n=12).

Dislocations accounted for 8.6% (n=92) of all 
emergency hospitalization cases and had the 
most frequent localization in the area of the joints 
of the forearm — 67.4% (n=62), the patella: 14.1% 
(n=13) and the fi ngers: 8.7% (n=8).

Among all cases of dislocation, it was most 
common in the group of children 1–3 years of 
age  — 32.1%. In the other age groups, the fre-
quency was much lower: in the group of 4–7 years 
8.6%, 8-12 years  — 1.2%, and 12–17 years  — 
6.7% (p≤0.05).

Dislocations in the joints of the forearm (radial 
and elbow) were the reason for hospitalization in 
the 1–3 age group and accounted for 100% (n=44) 
of cases.

Among girls admitted to the hospital on an 
emergency basis due to dislocations, the most 
frequent localization dislocations were in the 
joints of the forearm (radius and ulna) — 81.8% 
(n=36) — and in boys (n=48)  — in 54.2% (n=26) 
cases (p ≤0.05).
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Sprains and ligament ruptures accounted for 
6.3% (n=67) of all emergency hospitalizations. 
The localization of ligament sprains corresponded 
to: wrist and hand — 29% (n=20), ankle — 26.9% 
(n=18), knee — 23.9% (n=16), neck — 8.9% (n=6), 
foot joints — 4.5% (n=3), hip joint – 3.0% (n=2), 
front abdominal muscles — 1.4% (n=1) of cases.

When comparing the incidence of ligament 
strain in the groups, it was found most frequent-
ly in the 13–17 age group — 12.0%, while in 
the 1–3 age group — 0.7%, 3–7 years — 2.0%, 
8–12 years — 4.2 %.

Among girls hospitalized for ligament sprains 
(n=27), the most frequent localization was in 
the area of the wrist and hand  — 33.3% (n=9), 
in boys — 59.7% (n=40), the area of the knee — 
40.0% (n=17).

CONCLUSIONS
The most common causes of emergency hos-

pitalization among all injuries in children were 
fractures (42.8%) and bruises (28.0%).

Comparing the frequency and localization of 
injuries in boys and girls, it was found that boys 
were reliably more likely to have fractured fore-
arm bones — 22.5%, while girls were 14.4%; open 
wrist and hand wounds in boys were 64,9%, in 
girls they were 47.4%. In the analysis of the fre-
quency and localization of dislocations, the group 
of girls was reliably more frequent — 81.8%, and 
boys 54.2%. The signifi cant prevalence of dislo-
cation in girls may be related to hormonal status 
aff ecting connective-joint function.

In the age analysis structure, children most-
ly required hospitalization in the age groups 
8–12 years — 31.3% and 13–17 years —  in 37.4% 
of cases. Reliably more frequent fractures oc-
curred in the 4–7 age group — in 37.4% of cases, 
mainly due to fractures of the bones of the fore-
arm. In the 12–17 age group, the fracture rate was 
50.9%, mainly due to the localization of the wrist 
and fi ngers.

Bruises were more likely to cause hospitaliza-
tion in children in the 1–3 age group — in 37.2% 
of cases, with predominant localization in the 
wrist and hand — in 72.5% of cases.

Dislocations were more often the reason for 
hospitalization of children aged 1–3 — in 32.1% of 
cases, with predominant localization in the joints 
of the forearm (radius and elbow).

Open wounds were more likely to cause hos-
pitalization of children in the 4–7 age group in 
19.2% of cases, with the predominant localization 

of wounds in the wrist and hand — 50% of all in-
juries in this age group.

Interviews with parents by pediatricians ex-
plaining the nature of injuries at each age will re-
duce the incidence of child injuries.

Young children are more likely to be injured in 
the form of dislocated wrists and bruises, in every-
day life in the use of doors. It is also possible to 
get injured by children when adults treat a child 
incorrectly (pull the hand, hang by the wrists du-
ring play, etc.). The use of special devices to pre-
vent the complete closing of doors, as well as to 
explain to parents the rules of treatment and play 
with the child, given the weakness of the muscu-
loskeletal system in children of this age, will re-
duce the frequency of injuries.

In the 4 to 7-year-old age range, when the 
child’s own motor activity expands, fractures of 
the bones of the forearm and open wounds of the 
hand, forearm with the careless use of sharp ob-
jects and fractures predominated among the in-
juries. The preventive measure for this age period 
is the control of parents during active play of chil-
dren and the use of traumatic objects (scissors, 
knives, etc.).

In the age groups of children aged 8 and over, 
mainly among boys, there is a high incidence of 
fractures of the bones of the hand and forearm. 
These injuries are most often infl icted on a child 
on the street or in sports. Possible causes of trau-
ma in boys include behaviors with a high level of 
aggression. The prevention of injurious behavior 
includes conversations and control when using 
outdoor fi tness equipment, such as bicycles and 
scooters. It is necessary not only to explain to the 
child the consequences of such behavior but also 
to educate the child in his own example of safe 
behavior in sports and active games. In addition, 
there is a need for more careful monitoring of 
sports activities and classes with the participation 
of not only coaches but also parents.

Knowledge of the structure and mechanism 
of child injuries will make it possible to develop 
comprehensive preventive programs. Use them 
program both at the outpatient level and in edu-
cational and sports institutions.
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Abstract. The beginning of student life is associated with signifi cant changes in lifestyle, which can contribute to 
the emergence/intensifi cation of eating disorders and changes in physical activity, which in turn can be a starting 
factor for a disadaptation to the learning process. To determine the type of eating behavior and level of physical 
activity, we studied interview data from 146 fi rst-year medical students. The analysis of nutritional status was 
carried out based on the mass-growth index. Food behavior was tested using the EAT-26 and DEBQ questionnaires 
and motor activity was tested using IPAQ, MAQ23+ questionnaires. We discovered that a signifi cant number of 
fi rst-year university students have abnormalities in nutritional status, insuffi  cient — 18.7%, overweight — 16.4% 
of students. Abnormal nutritional symptoms related to cognitive, behavioral, and emotional domains are present 
in one-third of female students. Restrictive nutrition was considered a risk factor by 26.6%. Approximately 
80% of female students did not get enough physical activity and 60% displayed hypodynamy symptoms. The 
peculiarities of food behavior and motor activity, combined with the individual characteristics of female students, 
may be a marker of disadaptation to the educational process in the university.
Key words: eating behavior; physical activity; students; nutritional status.
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Резюме. Начало студенческой жизни сопряжено со значительными изменениями образа жизни, которые 
могут способствовать возникновению / усилению расстройств пищевого поведения и изменению двига-
тельной активности, что, в свою очередь, может быть пусковым фактором дезадаптации к учебному про-
цессу. С целью определить тип пищевого поведения и уровень физической активности мы изучили данные 
интервьюирования 146 студенток первого курса медицинского университета. Проведен анализ нутри-
тивного статуса по массо-ростовому индексу; тестирование пищевого поведения по опросникам EAT-26 
и DEBQ; двигательной активности — по опросникам IPAQ, ОДА23+. Нами выявлено, что у значительной 
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INTRODUCTION
According to the World Health Organization 

(WHO) concept, of the many exogenous factors 
infl uencing the formation and maintenance of 
human health, the most signifi cant are nutritio-
nal characteristics and level of physical activity. 
Malnutrition, both insuffi  cient and overweight, 
is recognized as an important health and social 
problem. According to the WHO, nearly 1.9 billion 
adults are overweight or obese, while 462 million 
are underweight [15]. In 2016, the United Nations 
General Assembly declared a decade of unprece-
dented struggle against all forms of malnutrition. 
It approved the "Global Monitoring Framework for 
Nutrition. Operational guidance to track progress 
towards the 2025 goals" [14]. According to do-
mestic research, for the period from 2000 to 2018, 
The share of increased obesity among young 
people has increased fourfold, and the frequency 
of obesity has increased 2.7 times [6, 8]. The pre-
valence of overweight ranges from 3.9 to 29.1%; 
obesity ranges from 1.2 to 25.3% in the younger 
age groups of the country, depending on gender 
and living conditions [2, 3, 16, 17]. The prevalence 
of body mass defi ciency is less well understood.

Eating behavior (EB) is understood as a lifestyle 
component that incorporates a nutrition stereo-
type and behaviors. There is a focus on the image 
of one’s own body and the activities that shape 
that image. The formation of EB is infl uenced by 
a number of factors: social, economic, ethnocul-
tural, personal, educational environment, etc. [8, 
13]. The emotional sphere plays an important 
role in the formation of EB. Hunger satisfaction 
is associated with a sense of comfort, quality of 
life, and security. With the beginning of student 
life, the daily routine, the type of nutrition, and 
the volume of educational and psycho-emotio-
nal load change signifi cantly. A number of stu-
dies have shown that people who are frequently 
subjected to stressors experience changes in EB, 
both through overeating and fasting [4, 11, 12]. At 

the same time, dietary habits can be considered 
a predictor of desadaptation to the education at 
the university [1, 5].

THE PURPOSE OF THE STUDIES
To determine the types of eating behaviors 

and levels of physical activity in medical universi-
ty students at the beginning of their professional 
training.

MATHERIAL AND METHODS
The study involved 146 female students aged 

17 to 20 (average age M=19.5; SD=1.4), studying 
in the fi rst year of the Saint Petersburg State Pae-
diatric Medical University, on the basis of volun-
tariness and confi dentiality. The study used the 
method of conducting a sociological survey by 
means of a questionnaire. A survey form was com-
piled on the basis of the Internet platform "Goog-
le Forms". The questionnaire included anthropo-
metric data (weight and height) and questions to 
identify eating behaviors and levels of physical 
activity. 

The nutritional status of a person is usually 
evaluated by the mass-growth index Ketle (body 
mass index, or BMI) in global practice, the value 
of which is determined by dividing the body mass 
(kg) by the growth square (m2). The weight-to-
height ratio is considered optimal at a BMI bet-
ween 18.5 and 24.9. At BMI, less than 18.5 were 
underweight; 25.0 to 29.9 were overweight; and 
those above 30 were obese [6, 15]. The scre ening 
evaluation of the EB was performed using the 
EAT-26 and DEBQ tests. The EAT-26 scale (Ea ting 
Attitudes Test) is the most popular tool that al-
lows you to determine the nature of eating be-
havior and the propensity for eating disorders. In 
the case of people with a high probability of nu-
tritional deprivation, advice from subject matter 
experts should be recommended [9]. The Dutch 
Eating Behavior Questionnaire (Dutch Eating Be-
havior Questionnaire) is a simple and validated 

части студенток первого курса университета имеются отклонения в нутритивном статусе, обусловлен-
ные в равной степени как недостаточным (18,7%), так и избыточным весом (16,4%). Треть студенток де-
монстрируют абнормальные симптомы пищевого поведения, относящиеся к когнитивной, поведенче-
ской и эмоциональной сферам. В группу риска ограничительного питания вошли 26,6%. У 80% студенток 
уровень физической активности недостаточен, признаки гиподинамии демонстрировали 60% респон-
дентов. Выявленные особенности пищевого поведения и двигательной активности в сочетании с ин-
дивидуальными характеристиками личности студенток могут быть маркером дезадаптации к учебному 
процессу в вузе.
Ключевые слова: пищевое поведение; физическая активность; студенты; нутритивный статус.
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tool that provides a diagnosis of emotional, ex-
ternal, and restrictive types of EB disorder [5, 7]. 
The following tests were used to determine the 
level of physical activity (PA): a questionnaire that 
determines the PA level depending on the mo-
tivation for lifestyle changes. The international 
questionnaire IPAQ (International Questionnaire 
on Physical Activity) allows for the analysis of the 
PA for the last week to allocate persons with hy-
podynamy. The MAQ23+ questionnaire provides 
a dynamic assessment of the level and degree of 
PA [10]. Statistica 10.0 was used for quantitative 
data processing.

DISCUSSION OF THE RESULTS
The nutritional status assessment was based 

on the weights and height indicated by the girls 
in the questionnaire. The harmonious weight-to-
height ratio was 64.9% of female students; weight 
defi ciency was 18.7% of respondents. Overweight 
was found in 12.8% of female students; obesity 
was reported by 3.6% of female students, with 
BMI corresponding to morbidity obesity in two. In 
general, the nutritional status of students corre-
sponds to the general trend of physical develop-
ment of youth in the country [2, 6, 16].

The nutritional status assessment was based 
on the weights and heights indicated by the girls 
in the questionnaire. The harmonious weight-to-
height ratio was 64.9% of female students; weight 
defi ciency was 18.7% of respondents. Overweight 
was found in 12.8% of female students; obesity 
was reported by 3.6% of female students, with 
BMI corresponding to morbid obesity in two. In 
general, the nutritional status of students corre-
sponds to the general trend of physical develop-
ment among youth in the country [2, 6, 16].

The EAT-26 test assesses three factors rela-
ted to eating: 1) Dieting (dieting, avoiding eating 
calories, tending to lose weight); 2) Bulimia and 
Food Preoccupation (bulimia symptoms and con-
cern with food-related thoughts); 3) Oral Control 
(self-control of eating behavior and perceived 
intention of others to make the respondent eat 
more). For the quantitative estimation of the re-
spondents' answers, we used the ranking from 0 
("never") to 5 points ("always"), followed by recod-
ing according to the requirements of the original 
version, where the answers "never", "rarely" and 
"sometimes" are assigned 0 points, "often" is 1 
point, "usually" is 2 points, and "always" is 3 points. 
This is how all points were evaluated, except for 
the 26th, which was evaluated in reverse order.

The EAT-26 (≥20) was taken as the critical val-
ue to place respondents at risk for EB disorder. 
The dietary risk group was 26.6%; bulimia and 
food anxiety 25.1%; and food control 23.2%. In 
our study, the number of respondents with a 
propensity for violating EBs was higher than the 
number of female students in Moscow, Ryazan, 
and Arkhangelsk (13.5%) who took part in similar 
testing [9].

In the Dutch DEBQ questionnaire, the fi rst 
ten questions concern restrictive EB, which is 
characterized by deliberate eff orts to achieve or 
maintain desired weight through self-restraint in 
nutrition. The average for this category of peo-
ple is 2.4  points. If the result is greater and the 
respondent limits himself to eating, anorexia may 
be a threat. In our study, the average was 2.86 
[min=1.0; max=4.5], indicating an increased pre-
valence of restrictive EB among female students.

Questions from the 11th through the 23rd 
address emotional eating behavior, where the 
desire to eat arises in response to negative emo-
tional states. The nine points on the scale refer 
to certain emotional states such as irritation, de-
pression (confusion), anger, anticipation of an un-
pleasant event, anxiety (tension, anxiety), feeling 
that everything is bad, fright, disappointment, 
and emotional shock (disorder); and four points 
refer to states with mixed emotions (when there is 
nothing to do, a state of boredom or excitement). 
The average score in this group is no higher than 
1.8 points; at a higher score, there is a tendency 
to "eat" stress. Our participants had an average of 
2.36 [min — 1.0; max — 4.8], which indicates an 
increased frequency of violation of the EB of emo-
tional etiology.

In other questions, DEBQ analyzes the exter-
nality of behavior (dietary temptation). In this 
form of violation of EBs in people, the desire to eat 
is not stimulated by a real sense of hunger. The 
appearance of food, its smell, texture, or watch-
ing others eat stimulates a sense of hunger. The 
ave rage score is 2.7 points. If the fi gure is high-
er, then there is a diffi  culty in keeping from ap-
petizing food. In our study, the average was 3.33 
[min —1.7; max —4.0]. According to a number of 
authors, 7.2 to 13.1% of the population of eco-
nomically developed countries regularly overeat; 
over the past 30 years, the prevalence of overeat-
ing has increased by a factor of 6, with a conse-
quent increase in obesity [1, 5, 13].

A survey of students on their level of physical 
activity based on motivation showed that 80.5% 
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of girls try to increase their physical activity. In-
tensive or moderate PA is performed three times a 
week and more in the last six months by 12.9% of 
respondents. However, the remaining girls (6.6%) 
do not participate in sports and do not plan to in-
crease the PA in the near future.

The IPAQ International Questionnaire identi-
fi es people with hypodynamy, which occurs when 
muscle contraction is reduced. Hypodynamy is 
indicated by a total of less than 21 points during 
testing. We measured the frequency of physical 
activity for 7 days and the time spent on mode-
rate, high-intensity PA in 5 sections: work, move-
ment, housework, leisure, and sitting. Of the 
girls, 63.6% had normal PA; 12.1% had borderline 
PA; and 24.3% had hypodynamy. According to 
MAQ23+ testing, most respondents had mode-
rate levels of physical activity (63.9%). High (5.5%) 
and very high PA levels (0.7%) were less common 
than low (29.9%).

CONCLUSION
We have found that a large proportion of fe-

male first-year students at the university have 
abnormalities in nutritional status due to being 
both insufficient and overweight. The high in-
cidence of physical abnormalities in girls may 
be related to low physical activity and eating 
disorders. One-third of female students exhibit 
abnormal nutritional symptoms related to cog-
nitive, behavioral, and emotional domains. The 
level of physical  activity of female students is 
insufficient, at 80%. The signs of hypodynamy 
were demonstrated by 60% of respondents. 
Among the factors contri buting to eating disor-
ders, along with a high level of intellectual and 
psycho emotional stress during the period of 
study at the university, special attention should 
be paid to the individual characteristics of the 
student’s personality.
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Abstract. Tuberculosis remains one of the signifi cant health problems today, and is among the leading causes of 
death among infectious diseases. The number of patients with HIV infection is increasing annually in the world, 
and the number of people with co-infection with HIV and tuberculosis is increasing accordingly. TB patients and 
in combination with HIV infection still face stigma from others, making their long-term treatment even more 
psychotrauming. Among patients with tuberculosis, men of working age, who have secondary and secondary 
special education, offi  cial work and family, are active smokers. They strive to maintain their professional status 
and actively continue to work, despite the disease, which is typical for patients with an ergopathic type of 
attitude to the disease. A group of patients with HIV infection is also represented by males, but younger, who do 
not have offi  cial work and families who actively use psychoactive substances, and who were in the past, in places 
of imprisonment. These patients, as a rule, are characterized by an anosognosic type of attitude to the disease 
with the expectation of condemnation and prejudice from others. Knowledge of the medical and psychological 
characteristics of patients with tuberculosis and in combination with HIV infection will allow us to expand our 
understanding of these groups of patients and accordingly build work with them with their further treatment.
Key words: tuberculosis; HIV infection; EndTB; portrait of a patient with tuberculosis; medical and social features 
of patients; psychological features of patients with tuberculosis; copying strategy; type of attitude to the disease of 
patients with tuberculosis; quality of life of patients with tuberculosis.
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INTRODUCTION
Tuberculosis and HIV infection are two inter-

related and complex problems that pose serious 
threats to public health in the modern world. The 
increase in HIV worldwide leads to an increase 
in tuberculosis associated with HIV. Despite the 
many global eff orts of the World Health Organi-
zation (WHO) to combat tuberculosis and HIV in-
fection, these diseases remain one of the leading 
causes of death worldwide [1].

In 2014, WHO developed the EndTB program, 
which aims to reduce global tuberculosis morbi-
dity and mortality by 2035. It includes many meas-
ures, such as the development of new diagnostic 
tests and drugs, the introduction of shorter cour-
ses of treatment for patients with drug-resistant 
mycobacteria, and increasing the availability of 
public health care. The program defi nes bench-
marks for 2020: a reduction in morbidity of 20% 
and a reduction in mortality of 35%. An 80% re-
duction in morbidity and a 90% reduction in mor-
tality by 2035. Over time, we have seen that these 
targets cannot be met. In 2021, the world’s mor-
bidity rate fell by 10% and mortality decreased by 
only 5.9% [1–4].

In 2021, 10.6 million people in the world con-
tracted tuberculosis, and 1.6 million died, with 
187.000 of them suff ering from HIV-related infec-
tions. The combination of tuberculosis and HIV 
infection signifi cantly worsened the prognosis of 
the favorable course and outcomes of the disease 
and the quality of life of these patients. Both di-
seases are mutually burdensome. Tuberculosis is 
one of the leading causes of death among peo-
ple living with HIV. The HIV infection increases the 

risk of developing tuberculosis by a factor of 20 to 
30 compared to uninfected people [1, 5–7].

Tuberculosis patients, including those with 
HIV infection, often face not only physical but also 
emotional diffi  culties. This is related to the mani-
festation of these diseases and possibly the side 
eff ects of drugs. These patients also often face so-
cial exclusion and stigmatization. There are asso-
ciated societal myths and prejudices about these 
diseases, which in turn can lead to discrimination 
and exclusion. All this can cause psychological 
trauma, lead to the development of depressive 
disorders and anxiety, and further complicate 
their treatment. It is really important to educate 
not only the sick but also their surroundings, in-
cluding relatives, to overcome this stigmatiza-
tion and raise their awareness of their diseases. 
Daily work with TB patients and HIV co-infection 
requires an integrated approach, studying the 
social and psychological aspects of their lives in 
modern conditions [8–10].

THE PURPOSE OF THE STUDY
Identifi cation of medical, social, and psycho-

logical characteristics of patients with pulmonary 
tuberculosis and combined HIV infection.

MATERIAL AND METHODS
30 people participated in the pilot study. The 

fi rst group (G-1) consisted of 16 patients with pul-
monary tuberculosis. The second group (G-2) in-
cluded 14 patients with pulmonary tuberculosis 
associated with HIV. The study was carried out at 
the Department of Socially Signifi cant Infections 
and Phthisiysopulmonology PSPBGMU. I.P. Pavlov 

больных с ВИЧ-инфекцией, а соответственно, увеличивается число лиц с коинфекцией ВИЧ и туберкулез. 
Больные туберкулезом и сочетанной ВИЧ-инфекцией до сих пор сталкиваются со стигматизацией со сто-
роны окружающих, что делает их длительное лечение еще более психотравмирующим. Среди больных 
туберкулезом преобладают мужчины трудоспособного возраста, имеющие среднее и среднее специаль-
ное образование, официальную работу и семью, являющиеся активными курильщиками. Они стремятся 
сохранить свой профессиональный статус и активно продолжают работать, несмотря на болезнь, что свой-
ственно для больных с эргопатическим типом отношения к болезни. Группа больных с ВИЧ-инфекцией 
представлена так же лицами мужского пола, но более молодого возраста, которые не имеют официальной 
работы и семьи, активно употребляют психоактивные вещества, находились в прошлом в местах лишения 
свободы. Для этих больных, как правило, характерен анозогнозический тип отношения к болезни, ожида-
ние осуждения со стороны окружающих и наличия у них определенных предубеждений. Знание медико-
психологических особенностей больных туберкулезом и сочетанной ВИЧ-инфекцией позволит расширить 
наше представление об этих группах больных и соответствующим образом построить работу с ними при 
их дальнейшем лечении.
Ключевые слова: туберкулез; ВИЧ-инфекция; EndTB; портрет больного туберкулезом; медико-социальные 
особенности больных; психологические особенности больных туберкулезом; копинг-стратегия; тип от-
ношения к болезни больных туберкулезом; качество жизни больных туберкулезом.



Children’s medicine of the North-West
2023/ Vol. 11 № 4

80 ORIGINAL PAPERS

ISSN 2221-2582

of the Ministry of Health of Russia and its clinical 
bases.

The evaluation of health and social characte-
ristics was based on such criteria as gender, age, 
education, working status, living conditions, mari-
tal status, the presence of related diseases and 
harmful habits, and also previous imprisonment.

For psychological assessment of personali-
ty, such methods as the method of diagnosis of 
types of attitudes toward the disease, the ques-
tionnaire of the structure of psychological pro-
tection, and the questionnaire used by R. Lazarus 
and S. Folkman to study Koping strategies were 
used. The statistical processing of the research 
materials was carried out using the SPSS 23 ap-
plication.

RESULTS
Both tuberculosis patients and tuberculosis 

patients with HIV infection were predominantly 
male: 56.2% (n=9) and 78.6% (n=11), respectively 
(p <0.05). Patients in the G-1 group were mostly 
between 21 and 50 years of age, accounting for 
68.8% of all cases (n=11). Among patients in the 
G-2 group, 64.5% (n=9) were in the age range of 
21 to 40 years (p <0.05). As we can see, the pa-
tients of these two groups constitute the main la-
bor and fertility cohort of our society.

In estimating the level of education, it was 
found that 68.8% (n=11) and 64.3% (n=9), re-
spectively (p <0.05), predominate in both groups 
of patients. Among tuberculosis patients (G-1), 
62.5% (n=10) are in formal employment at the 
time of disease. 42.9% (n=6) of HIV-infected pa-
tients in formal employment (G-2) were not offi  -
cially employed, and 21.4% (n = 4) live off  relatives 
and friends (p <0.05).

An assessment of living conditions showed that 
among tuberculosis patients (G-1), 62.5% (n=10) 
lived in a separate apartment. Among pulmonary 
tuberculosis patients with HIV (G-2), 42.9% (n=6) 
lived in a communal fl at or dormitory (p <0.05).

Of patients with tuberculosis (G-1), 37.2% 
(n=6) were married at the beginning of treatment. 
Among those with tuberculosis combined with 
HIV (G-2), 42.9% (n=6) lived with their parents or 
were single (p <0.05).

Smoking accounted for 87.5% (n=14), and 
37.5% (n=6) abused alcohol (p <0.05). The 
harmful habits of patients in the second group 
differed, and in 92.9% of cases (n=13), these 
patients were active users of psychoactive sub-
stances (p <0.05).

The associated pathology in these patients 
also diff ers. In tuberculosis patients, chronic ob-
structive pulmonary disease was detected in 50% 
of cases (n=8), usually against the background of 
chronic tobacco intoxication. Among patients in 
the second group, in addition to HIV infection, 
85.7% (n=12) were also diagnosed with viral he-
patitis. 71.4% (n=11) of patients suff ered from 
behavioral disorders due to the consumption of 
psychoactive substances (p <0.05).

In the past, 18.8% (n=3) of G-1 patients had 
previous imprisonment, while in G-2 patients the 
fi gure was signifi cantly higher, at 78.6% (n=11) 
(p <0.05).

The psychological status assessment showed 
that the two groups had diff erent attitudes towards 
the disease. It was found that 37.5% (n=6) of pa-
tients with tuberculosis (p <0.05) have an ergopa-
thic attitude toward the disease. The psychotype of 
these patients was characterized by a very respon-
sible attitude toward treatment. They sought to 
continue their work and maintain their professional 
status. Among TB patients combined with HIV (G-2), 
anozognosis was prevalent in 42.9% (n=6) of cases. 
There is a strong rejection and neglect of the dis-
ease and its consequences (p <0.05). Often, these 
patients do not follow the advice of the attending 
physician and violate the treatment regime.

In conditions of illness, all people apply diff e-
rent types of psychological protection, both adap-
tive and non-adaptive. The study found that "pro-
jection" was the type most commonly identifi ed 
among non-adaptive patients in both groups. It 
occurred in 50% (n=8) and 71.4% (n=11) of cases, 
respectively (p <0.05). The main characteristics of 
patients of this type were prejudice and suspicion 
toward others. They exaggerated the external 
danger and often expected a negative attitude to-
wards themselves. Both groups also defi ned psy-
chological protection as "consumption." It is cha-
racterized by relieving stress through the abuse 
of alcohol, tobacco, psychoactive substances, 
and/or food. This protection is more pronounced 
in HIV-infected patients, appears to be the use 
of psychoactive substances, and is 57.1% (n=8). 
In tuberculosis patients, it was characterized by 
smoking and amounted to 47%. (n=7) (p <0.05).

Of the adaptive psychological defenses in both 
groups, "affi  liation" dominated: 56.3% (n=9) in 
the group G-1 and 42.9% (n=6) in the group G-2 
(p <0.05).

The tuberculosis process is a stressor for most 
patients. So patients from both groups apply dif-



Children’s medicine of the North-West
2023/ Т. 11 № 4

81ОРИГИНАЛЬНЫЕ СТАТЬИ

ISSN 2221-2582

ferent behavioral responses, or so-called coping 
strategies. They are designed to adapt to the situa-
tion and overcome stress. An evaluation of studies 
of coping strategies showed that 87.5% (n=14) of 
G-1 patients and 64.3% (n=9) of G-2 patients use 
the copying strategy "seeking information about 
their disease" (p <0.05). This data tells us that pa-
tients are not suffi  ciently aware of it, its treatment, 
and its prognosis. They are constantly searching 
for information from various sources, such as the 
Internet, brochures, non-medical articles, or from 
other patients.

CONCLUSION
On the basis of the conducted research, we 

have found that the medical, social, and psy-
chological characteristics of the patients in both 
groups are diff erent. For example, men between 
the ages of 21 and 50 with specialized high school 
education or specialized secondary education 
and formal employment predominate among tu-
berculosis patients. They live in a separate apart-
ment with their family. Among the associated 
pathologies, most are diagnosed with "chronic 
obstructive pulmonary disease", which is often as-
sociated with high tobacco consumption. These 
patients are characterized by ergopathic attitudes 
toward the disease using protective mechanisms 
such as projection and attachment.

Patients with a combined HIV infection are 
characterized by a predominance of men of wor-
king age and younger. They have high school 
education and specialized secondary education; 
they may be unemployed, live alone, or have pa-
rents. They suff er from viral hepatitis and beha-
vioral disorders related to the use of psychoactive 
substances and have been imprisoned in the past. 
They tend to have anosognostic attitudes toward 
disease and defensive reactions such as projec-
tion and consumption.

The current medical, social, and psychological 
profi le of tuberculosis patients and HIV infection 
is complex and multidimensional. They need to 
require an integrated approach and the active 
participation of both patients and health profes-
sionals, including medical psychologists, in their 
further treatment and management.
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Abstract. Introduction. Medical sovereignty from imported consumables is an important component of State 
sovereignty. The purpose of the article is to propose ways to achieve medical sovereignty on the example of 
minimally invasive gastrostomy. Materials and methods. As part of the dissertation work, a theoretical study of the 
problem, a series of in vitro and in vivo experiments on laboratory animals, and a clinical study were conducted. 
Results. Original devices have been developed and experimentally tested, which together make up a specialized 
tube for percutaneous endoscopic gastrostomy. An original technology of minimally invasive gastrostomy is 
proposed – minimal gastrostomy through minilaparotomy, which reduces dependence on imported consumables. 
Conclusions. The presented original developments will not only make it possible to organize import substitution, 
but also exert informational pressure on foreign manufacturers to preserve imports.
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Резюме. Введение. Медицинский суверенитет от импортных расходных материалов является важной со-
ставляющей государственного суверенитета. Цель статьи — предложить пути достижения медицинского 
суверенитета на примере малоинвазивной гастростомии. Материалы и методы. В рамках диссертацион-
ной работы проведено теоретическое изучение проблемы, серия экспериментов in vitro и in vivо на лабо-
раторных животных, клиническое исследование. Результаты. Разработаны и апробованы в эксперименте 
оригинальные приспособления, составляющие в совокупности специализированную трубку для чрескож-
ной эндоскопической гастростомии. Предложена оригинальная технология малоинвазивной гастросто-
мии — минимальная гастростомия через мини-лапаротомию, снижающая зависимость от импортных рас-
ходных материалов. Выводы. Представленные оригинальные разработки не только позволят организовать 
импортозамещение, но и окажут информационное давление на иностранных производителей для сохра-
нения импорта.

Ключевые слова: медицинский суверенитет; малоинвазивная гастростомия; импортозамещение; 
отечест венные разработки.
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INTRODUCTUON
State sovereignty requires the state to be able 

to autonomously meet its inhabitants' basic ne-
cessities. The health-care system plays a key role 
in this process. In addition to ensuring that the 
population is demographically balanced, its goal 
is to give all citizens access to healthcare. Inclu-
ding palliative care for terminally ill patients. 
Modern medical technology makes it possible 
to eff ectively provide medical care and minimize 
the impact on the patient. An example would be 
a gastrostomy puncture, in which the damage to 
the patient’s tissues is confi ned to the area of the 
nascent nutritious fi stula [1]. At the same time, 
traditional surgery via laparotomy [2–4] conti-
nues to be extensively used, which is more trau-
matic than gastrostomy itself. This pheno menon 
can be caused by the low availability of the neces-
sary imported consumables, not just by the in-
dividual anatomical characteristics of patients. 
The price, which is initially expressed in foreign 
currency, increases when the fi nal value is crea-
ted and transferred from the foreign manufac-
turer to the domestic consumer. That is why, in 
the Russian Federation, puncture gastrostomy is 
used less often than in countries where the pro-
duction of ne cessary consumables is localized. At 
the same time, the possibility of sanctions restric-
ting imports remains. That has negatively aff ec-
ted the availability of modern puncture methods 
for gastrostomies. Therefore, in order to expand 
the number of minimally invasive gastrostomies 
available, a preventive set of steps is required. 

THE PURPOSE OF THE ARTICLE
The article is aimed to propose ways to achieve 

medical sovereignty on the example of minimally 
invasive gastrostomy.

MATERIALS AND METHODS
The article describes the results of the thesis 

research work carried out at the Department of 
General Medical Practice of the Saint Petersburg 
State Pediatric Medical University (SPSPMU). The 
study was carried out with all the necessary condi-
tions and was approved by the Ethics Committee 
of the University.

The formation of hypotheses was carried out 
by processing the data from the literature and 
the results of experiments with the help of well-
known methods of cognition: analysis, synthesis, 
abstraction, generalization, induction, deduc-
tion, etc.

Prototypes of the inventions were made of 
bio logically inert materials: stainless steel and sili-
cone, authorized for use in the food industry.

To confi rm the hypotheses and experimental 
testing of developments, we used simulation of 
the processes studied in simulation conditions in 
vitro. Conducted experiments on laboratory ani-
mals in the conditions of the experimental opera-
ting department of operative surgery and topo-
graphic anatomy named after Prof. F.I. Valker.

The clinical part of the work was carried out at 
the city hospital №26, where the SPSPMU base is 
located.

RESULTS
A special gastrostomy tube has been given as 

a key part of studying imported specialized sets 
for percutaneous puncture gastrostomy under 
the control of endoscopy by the pull method. The 
remaining elements of the kits can be replaced by 
standard reusable tools and consumables availa-
ble in a conventional surgical facility. In the course 
of scientifi c research, the gastronomic tube is di-
vided into three components, and their original 
analogues have been developed: a device for 
inserting a gastronomic tube through the front 
wall of the abdomen (patent RU 2669483 C1); a 
device for fi xing the tube externally in the fi stula 
of the stomach and small intestine for feeding and 
decompression, stopping the tube from moving 
into the hollow organ through the fi stula (patent 
RU 2759574 C1); a device for forming the internal 

Fig. 1. Prototype of the original gastrostomy tube for per-
cutaneous endoscopic gastrostomy, consisting of the deve-
loped products
Рис. 1.  Прототип оригинальной гастростомической труб ки 
для чрескожной эндоскопической гастростомы, состоящий 
из разработанных изделий
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body with an additional orientation on the ar-
rangement of the gastric gas bubble on the X-ray 
of the abdominal organs. In patients with a thin 
layer of subcutaneous fat, a 3 cm-long incision is 
suffi  cient. After opening the abdomen, the ed ges 
of the wound are removed by Farabef’s hooks, 
and the front stomach wall is pulled up to the ab-
dominal wall or even removed from the wound. 
At 1.5 cm from the edges of the future opening 
in the stomach wall, stitches are applied, of which 
two suture arms are oriented along the axis of the 
wound of the anterior abdominal wall (Fig. 4).

Fig. 2. Approbation of a device for conducting a gast rostomy 
tube through the anterior abdominal wall in an experimental 
percutaneous endoscopic gastrostomy in a rabbit
Рис. 2.  Апробация приспособления для проведения 
гастростомической трубки через переднюю брюшную 
стенку в экспериментальной чрескожной эндоскопической 
гастростоме у кролика

Fig. 3.  Approbation of the original external pressure plate 
during experimental percutaneous endoscopic gastrostomy 
in a rabbit
Рис. 3.  Апробация оригинальной наружной прижимной 
пластинки при экспериментальной чрескожной эндо-
скопической гастростоме у кролика

Fig. 4.  Minimal gastrostomy through minilaparotomy: the 
stomach wall removed into the wound with 4 sutures-holders
Рис. 4.  Минимальная гастростомия через мини-лапаро-
томию: выведенная в рану стенка желудка с 4 швами-
держалками

framework of the artifi cial fi stula of the stomach 
and small intestine for nutrition and decompres-
sion (patent RU 2730978 C1) (Fig. 1).

The inventions' prototypes have been tested 
successfully on a simulator made for puncturing 
the stomach and the front wall of the abdomen 
during percutaneous endoscopic gastrosto-
my (patent RU 2765110 C1) [5] and on rabbits 
(Fig. 2, 3) [6].

Theoretical and experimental data obtained 
during the research allowed us to develop an al-
ternative method of minimally invasive gastrosto-
my: minimal gastrostomy through mini-laparoto-
my (patent RU 2745655 C1) [7]. In the operation, a 
pressure method for forming a gastropex fi stula is 
used, similar to a puncture gastrostomy. The main 
diff erence is the use of another type of access: 
mini-laparotomy, which allows you to reduce in-
traoperative injury and perform the intervention 
without additional visualization tools.

Minimal gastrostomy through mini-laparo-
tomy is distinguished by a simple intervention 
technique. A mini-laparotomy is performed in a 
projection of an average of 1/3 of the stomach 
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Between the suture holds, the stomach ca-
vity is opened, and a gastrostonomic tube of the 
balloon type is started. The tube cylinder is fi lled 
in the opening of the stomach with water. The 
stomach wall is tightened behind the fi xed tube 
to the abdominal wall, and the free ends of the su-
ture are attached to the parietal peritoneum. The 
upper and lower joints along the wound are at-
tached to the edges of the vaginal wall of the rec-
tus. The surgical wound is then sutured, and the 
nutritional tube is fi xed with an external pressure 
plate or by presentation to the skin (Fig. 5).

At the time of writing, the developed opera-
tion was successfully performed in 24 palliative 
patients with degree III–IV dysphagia, with no ma-
jor complications requiring surgery.

DISCUSSION
The medical benefi ts of puncture gastrosto-

my due to its low invasiveness and the interest of 
disposable consumables manufacturers in expan-
ding the market led to the rapid recognition and 
dissemination of the technique. At the same time, 
the economic effi  ciency of puncture gastrostomy 
decreases with distance from countries where the 
production of consumables is located. Compulso-
ry import restrictions as a result of the sanctions 
policy formally reduce the market but preserve 
the income of foreign producers through parallel 
import technologies, so the economic damage is 
to the country against which the restrictions are 
imposed. At the same time, foreign producers are 

not interested in the emergence of competitive 
products on the market, so information on the 
readiness to organize Russian production stimu-
lates the preservation of imports. At the time of 
writing, direct deliveries of specialized medical 
products for gastronomy from unfriendly coun-
tries remain.

In view of economic laws, the launch of do-
mestic production against the background of the 
continued import of necessary medical products 
is not profi table in the short term. The use of alter-
native minimally invasive technology for the for-
mation of nutritious fi stulas is more advantageous 
both from an economic point of view and from 
the point of view of a value-oriented concept of 
health care.

Creating domestic versions of needed pro-
ducts and new ways to do the intervention can 
help lower reliance on imports. These ideas can 
be applied to other surgical technologies as well.

CONCLUSIONS
The developed original consumables for mini-

mally invasive gasrostomy will not only allow for 
domestic production but will also put information 
pressure on foreign manufacturers to keep im-
ports.

Minimal gastrostomy through mini-laparoto-
my does not require expensive imported consum-
ables and can be considered a choice operation 
when puncture techniques are not available.
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Abstract. The most common cause of morbidity and mortality in patients with cerebral palsy (CP), both in 
children and adults, is associated with respiratory diseases. Patients with CP are characterized by a decrease 
in local immunity of the upper and lower respiratory tract, increased viral diseases, a progression of bacterial 
infection without additional infection or increase in the count of microbial numbers, decrease in lung function, 
and infection of the respiratory tract with a microbiota, which is atypical for practically healthy children. CP is a 
disease that occurs with severe comorbid conditions as epilepsy, requiring constant basic therapy, accompanied 
by standard negative side eff ects. Both severe gastrointestinal disorders and associated severe disorders of 
nutritional status, defi cient conditions contribute to infectious process against the background of CP. A clinical 
observation of the patient with CP who had severe community-acquired pneumonia caused by Elizabethkingia 
meningoseptica, which developed while taking glucocorticosteroids, was described. The diffi  culties of managing 
of the child who was prescribed empirical antimicrobial therapy, and successful eradication of the pathogen 
with clinical and radiological recovery after a detection of Elizabethkingia meningoseptica in the bronchoalveolar 
lavage fl uid and using the appointment antibiotic therapy based on the results of the obtained antibiogram 
were described. The authors paid attention to the pathogenetic features of the implementation of respiratory 
and nutritional disorders in a cohort of patients with CP and the need to personalize diagnostic and therapeutic 
measures in each case.
Key words: pneumonia; cerebral palsy; children; Elizabethkingia meningoseptica; nutritional status; antibiotic 
resistance.
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INTRODUCTION
The most common cause of morbidity and 

mortality in patients with cerebral palsy (CP), both 
in children and adults, is associated with respira-
tory diseases [1]. Compared to the general popu-
lation, adults and children with CP have a 14-fold 
increased risk of fatal outcome from respiratory 
diseases [2]. Nowadays, both the duration and 
quality of life in children with CP are increasing 
because of the improvement of treatment and 
rehabilitation technologies. Therefore, long-term 
follow-up of patients, correction of chronic res-
piratory disorders and related nutritional status 
disorders, which largely determine the lung func-
tion, become more important [1]. Infectious di-
seases in children with CP due to impaired immu-
nity, severe gastroesophageal motility disorders, 
decreased functional activity of mucosal immuni-
ty, mucociliary clearance disorders, are atypical, 
often subclinical. The respiratory failure has been 
being the main cause of death in this population 
since the 1970’s [3].  In addition, CP is often ac-
companied by tracheobronchomalacia and other 
upper and lower airway abnormalities, exacer-
bating mucociliary transport dysfunction, which 

increases the need for bronchodilators, antibio-
tics, anti-infl ammatory and mucolytic therapy. Pa-
tients with CP are characterized by decreased local 
immunity of the all respiratory tract, an increased 
level of viral diseases, progression of bacterial in-
fections without additional infection or increased 
microbial counts, decreased lung function (FEV1 
and VC) and age (catamnesis from 8 to 18 years), 
and infection of the respiratory tract with atypical 
microbiota for practically healthy children [4–8]. 
The course of respiratory tract infection in this 
category of children has some pathogenetic and 
clinical features, as well as the associated diffi  cul-
ties of diagnosis and therapy, which are illustrated 
by the present clinical case.

CLINICAL CASE
The patient K., aged 1 year and 1 month, was 

under medical observation.

Clinical diagnosis
Main disease. Severe, uncomplicated commu-

nity-acquired right-sided pneumonia of the upper 
and middle lobes, Elizabethkingia meningosepti-
ca-etiology, prolonged course.

Для цитирования: Лошкова Е.В., Лямин А.В., Янкина Г.Н., Люлька Т.С. Клинический случай инфекции нижних дыхательных путей, вы-
званной Elizabethkingia meningoseptica, у ребенка с церебральным параличом // Children’s medicine of the North-West. 2023. Т. 11. № 4. 
С. 88–98. DOI: https://doi.org/10.56871/CmN-W.2023.41.58.011

Поступила: 14.09.2023 Одобрена: 27.10.2023 Принята к печати: 11.12.2023

Резюме. Наиболее частая причина заболеваемости и смертности больных детским церебральным па-
раличом (ДЦП), в том числе в детском возрасте, связана с заболеваниями органов дыхания. Для боль-
ных ДЦП характерно снижение местного иммунитета верхних и нижних дыхательных путей, повышение 
вирусной заболеваемости, прогрессирование бактериальной инфекции без дополнительного инфици-
рования или увеличения количества микробов, снижение функции легких, инфицирование дыхательных 
путей с микрофлорой, нетипичной для практически здоровых детей. ДЦП — заболевание, протекающее с 
тяжелыми коморбидными состояниями: это эпилепсия, требующая постоянной базисной терапии, сопро-
вождающаяся стандартными негативными побочными эффектами, это как тяжелые желудочно-кишечные 
расстройства и связанные с ними тяжелые нарушения нутритивного статуса, так и дефицитные состоя-
ния, способствующие инфекционному процессу на фоне ДЦП. Описано клиническое наблюдение боль-
ного ДЦП, перенесшего тяжелую внебольничную пневмонию, вызванную Elizabethkingia meningoseptica, 
развившуюся на фоне приема глюкокортикостероидов. Описаны трудности ведения ребенка при назна-
чении эмпирической антимикробной терапии и успешная эрадикация возбудителя при клинико-рент-
генологическом выздоровлении больного после обнаружения Elizabethkingia meningoseptica в жидкости 
бронхоальвеолярного лаважа и назначения антибиотикотерапии по результатам полученной антибио-
тикограммы. Авторы обращают внимание на патогенетические особенности реализации нарушений ды-
хания и питания в когорте больных ДЦП и необходимость персонализации диагностических и лечебных 
мероприятий в каждом случае.

Ключевые слова: пневмония; детский церебральный паралич; дети; Elizabethkingia meningoseptica; нутри-
тивный статус; антибиотикорезистентность.
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Concomitant diseases. Epilepsy caused by 
mutation of the GNAO1 gene. Cerebral palsy, spas-
tic diplegia. Gross Motor Functional Classifi cation 
(GMFCS) Level V, Manual Ability Classifi cation 
System (MACS) Level V, Communication Func-
tion Classifi cation System (CFCS) Level V, Drinking 
Ability Classifi cation System (EDACS) Level V. Dys-
tonic attacks. Bulbar syndrome. Microcephaly. Se-
vere malnutrition. Severe malabsorption. Anemia 
of chronic diseases, II degree.

Anamnesis morbi The child fell ill acutely, the 
disease began with a fever up to 38.5 °C, reduced 
with paracetamol, the maximum temperature was 
up to 40.0 °C, against this background there was a 
refusal to eat and drink, parents called an ambu-
lance. The child was taken by the ambulance doc-
tors and hospitalized in the pediatric department 
of the children's multidisciplinary hospital at the 
place of his residence.

Anamnesis vitae. The mother is 26 years old, 
the father is 29 years old, both of them are healthy. 
A boy is from the second pregnancy. The eldest sib 
(fi rst pregnancy), aged 2 years, is practically healthy. 
The present pregnancy occurred with a retrocho-
rial hematoma in the fi rst trimester. Births at term 
was by caesarean section due to pelvic position. 
The birth weight was 3470 g and the length was 
54 cm. From the second day of life the child has ne-
onatal jaundice and received phototherapy in the 
maternity hospital. The duration of stay in the ma-
ternity hospital was 5 days. The jaundice was ended 
on its own after three weeks. A breastfee ding was 
until one month of age. From the 5th day of life, 
seizures appeared and manifested as shudders and 
clutching. From 1.5 months of age there were con-
vulsions with spasms and tonic-clonic component, 
which became more frequent with each month. 
At the age of 2 months, the child was examined in 
the psychoneurological department; according to 
the results of magnetic resonance imaging (MRI) 
of the brain, congental biventriculomegaly was 
diagnosed; according to the results of electroen-
cephalography (EEG), diff use chan ges in brain ac-
tivity, diff use epileptic activity in the background 
and with elements of suppression were revealed. 
The diagnosis of epilepsy was ve rifi ed; molecular 
genetic examination revealed an amino acid sub-
stitution in exome 7 of a GNAO1 gene in a hete-
rozygous variant. During the fi rst and second six 
months of life, convulsive seizures became more 
frequent, and anticonvulsant therapy was correct-
ed: doses of valproate acid were increased, and le-
vetiracetam was used. The frequency of epileptic 

seizures, despite therapy, continued to increase, 
so a month before the development of the pre-
sent acute illness, an epileptologist performed 
pulse therapy with glucocorticosteroids (GCS). At 
the time of the hospitalization the child received 
prednisolone (1 mg/kg/day) as a reduction of GCS 
dosage. In addition to the neurological clinical 
picture, the child had signifi cant problems with 
food intake. Against the background of the course 
of epilepsy and progressive brain damage, pro-
nounced motor disorders and severe diffi  culties in 
eating were formed. It corresponded to GMFCS V, 
MACS V, CFCS V, EDACS V. Pronounced dystonic at-
tacks and pain syndrome persisted. The presence 
of marked bulbar syndrome was accompanied by 
persistent lower respiratory tract infections, which 
were treated on an outpatient basis; antibacterial 
drugs was used per os every month (aminopenicil-
lins with beta-lactamase inhibitor, cephalosporins 
(CS) II and III generations, macrolides). The parents 
refused to gastrostomy feeding, which increased 
malnutrition, and by the age of 1-year patient K. 
had severe protein-energy malnutrition (PEM). In 
addition, the intake of food and fl uids by mouth 
constantly provoked and maintained the course of 
catarrhal-purulent endobronchitis. The patient had 
been a child with disability since 4 months of age 
and had palliative status since 8 months of age.

The patient's condition on admission is se-
vere due to neurologic clinical picture, respira-
tory disorders (saturation 93–94%, tachypnea 
70–74 per minute, participation of auxiliary breath-
ing  muscles,   increased amounts of sputum and 
frequent cough), intoxication (refusal to eat and 
drink, fever 39.6 °C, skin pallor), severe malnutrition 
(an absence of subcutaneous fat, a decreased skin 
turgor, a weight — 6400 g, a height — 74 cm, the 
defi ciency of weight  — 36%). The state of health 
suff ers due to the disease. During the examination 
there are no seizures, there are some dystonic at-
tacks as a short-term hypertonicity of trunk mus-
cles, limbs, head shaking, at rest a moderately in-
creased tone in extensors of limbs, clonus of feet. 
Palpebral fi ssures are equal, pupils S=D, of medium 
size, no nystagmus, the gaze does not fi xate and 
follow. Nasolabial folds are symmetrical. A feed-
ing was through a baby bottle. A child was suck-
ing slowly and regurgitated 50–60 ml of formula, 
the choking was frequent. Signs of severe physical 
and psychomotor delay: the child does not hold 
his head and sit up. A patient does not react to the 
surrounding environment. Meningeal signs are 
negative; the child have severe drowsiness. When 
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the patient stays awake he has slow reactions as 
opening of eyes, movements of limbs or short-
term dystonic attacks while examination. The skin 
was pale, dry, there was no rash, but there was an 
acrocyanosis. A subcutaneous fat layer was practi-
cally absent on the limbs, anterior abdominal wall 
and face. Nasal breathing was diffi  cult, there was 
a lot of mucous discharge from the nasal passag-
es. There was a moderate hyperemia of the poste-
rior pharyngeal wall, its loosening and there were 
not plaques. Peripheral lymph nodes were up to 
5–7 mm without changes in other properties. The 
tongue root was moist and covered with white 
plaque. Mucous membranes of the oral cavity were 
pink, moist and clean. The voice was sonorous. The 
cough was frequent with variable productivity. The 
percussion sound over the lungs was with a band-
box sound, on the right side was total dulled. While 
auscultation the breathing was bronchial, multica-
liberal crackle sounds were on the left,  diminished 
breath sounds were on the right. Heart tones were 
loud, rhythmic. The abdomen was somewhat sunk-
en, soft and painless. The liver was +1,5+1,5-1/3, 
its edge was painless, elastic. Spleen was not en-
larged. The defecation did not occur independent-
ly, it appeared only after microlax. The fecal was 
yellow, mushy and without pathologic impurities. 
There were no urination problems, it was free, there 
was no edema. It should be noted that in addition 
to oxygen therapy via binasal cannulae, antiviral, 
antibacterial therapy (ABT) with 3rd generation of 
CS and continuation of prednisolone per os in the 
previous dose (1 mg/kg/day), infusion therapy with 
30 mg of prednisolone was prescribed by the doc-
tor on duty. The patient had been receiving this 
infusion therapy for 7 days from the moment of 
hospitalization. It was done for the "detoxifi cation" 
as indicated in the medical documents. A complete 
clinical and laboratory examination of the patient 
was performed; the diagnosis of pneumonia was 
confi rmed by the X-rays result (Fig. 1). On the fi rst 
day of hospitalization, which coincided with the 
fi rst day of illnesses, infl ammatory infi ltration in the 
projection of the upper and middle lobes of the 
right lung was detected.

After starting ABT with 3rd generation of CS 
there was no positive clinical dynamics. Therefore, 
the fi rst change of ABT (combination of ampicil-
lin/sulbactam, aminoglycoside and macrolide) 
was performed because of the severe course of 
pneumonia (Table 1). The results of bacteriologic 
cultures of sputum and blood were negative. On 
the 10th day of hospitalization the highest mark-

Fig. 1.  X-ray picture on day fi rst of hospitalization 
Рис. 1.  Рентгенологическая картина в первые сутки 
госпитализации

Fig. 2.  X-ray picture on the 10th day of hospitalization 
Рис. 2.  Рентгенологическая картина на 10-е сутки 
госпитализации

Fig. 3.  X-ray picture on the 30th day of hospitalization 
Рис. 3.  Рентгенологическая картина на 30-е сутки гос-
питализации
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ers of systemic infl ammation, including total leu-
kocytosis, neutrophil index, the highest level of 
C-reactive protein (CRP) and procalcitonin (PCT) 
were registered, clinical and radiological dyna-
mics was also negative (Table 1, Fig. 2).

Then, during the hospitalization, a patient K's 
condition remained stably severe due to respira-
tory disorders against the background of severe 
neurological clinical picture with frequent epilep-
tic seizures and dystonic attacks, as well as severe 
malnutrition. All of that persisted and had no posi-

tive dynamics. Furthermore, during the fi rst month 
of hospitalization the child's infl ammatory activity 
was pronounced without a tendency to decrease, 
the result of bacteriological cultures was negative. 
And only on the 20th day of hospitalization the 
growth of Staphylococcus aureus 105 CFU/ml with 
preserved sensitivity to benzylpenicillin and ce-
foxitin was detected in the sputum. Anti-staphylo-
coccal antibacterial drugs were already in the ABT, 
ceftaroline fosamil was given to the child, but there 
was no positive clinical and X-ray eff ect (Fig. 3).

Table 1. Dynamics of clinical and laboratory parameters and antimicrobial therapy during hospitalization

Таблица 1. Динамика клинико-лабораторных показателей и антимикробной терапии в период госпита-
лизации

Parameters
Day of hospitalization

1 
day

5 
day

10 
day

15 
day

20 
day

25 
day

30 
day

35 
day

40 
day

45 
day

50 
day

Dynamics of clinical picture

Temperature, °С 40,2 39,5 39,3 38,7 38,9 38,5 38,7 37,7 36,5 36,6 36,6

Cough +++ +++ +++ +++ +++ +++ +++ ++ + + +

Sputum +++ +++ +++ +++ +++ +++ +++ ++ + + +

Refusal to eat or drink +++ +++ +++ +++ +++ +++ +++ ++ – – –

Dynamics of laboratory markers 

White blood cells, 109/L 18,9 25,6 30,4 27,7 24,3 25,5 29,6 15,6 8,9 7,5 7,3

Neutrophil index 0,24 0,23 0,27 0,25 0,22 0,23 0,24 0,18 0,15 0,14 0,10

CRP, mg/l 78,4 86,4 93,8 77,5 68,9 81,5 88,9 21,2 4,0 3,0 4,0

PCT, ng/l  8,0 12,0 8,0 11,0   2,0 >0,2   

Dynamics of microbiological monitoring

No colony growth + + + +  + +  + + +

Staphylococcus аureus, sputum, 
CFU/mL

    105       

Elizabethkingia meningoseptica, 
BAL, CFU/mL

       107    

Antimicrobial and other treatment

Cefotaxime +           

Ampisid +amicacine + sumamed  +          

Meropenem+vancomycin   +         

Immunoglobulins intravenous   +         

Amoxiclav+cepho-
perazone/sulbactam

   +        

Zinforo+fl uconazole     +       

Ceftazidime+metronidazol+vifend
+vil prafen

     + +     

Ciprofl oxacin+
piperacillin/tazobactam+biseptol

       + + + +
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After 4 weeks of unsuccessful ABT of commu-
nity-acquired pneumonia, patient K. underwent 
therapeutic and diagnostic bronchoscopy with col-
lection of bronchoalveolar lavage fl uid (BAL) and it 
sowing on standard nutrient media to detect fungi 
and Mycobacterium tuberculosis. On the 35th day 
of the hospitalization, a conclusion was made about 

the presence of abundant growth of Elizabethkin-
gia meningoseptica (107 CFU/ml) with the results of 
sensitivity to ABT shown in Table 2. Then, ABT was 
prescribed according to the obtained antibiotico-
gram (Table 1). After use of combined therapy with 
ciprofl oxacin and piperacillin/tazobactam with tri-
methoprim/sulfometaxazole for two weeks, a posi-
tive dynamics of clinical picture was achieved. It be-
came noticeable on the 2–3 rd day, and complete 
radiological resolution of the process was achieved 
on the 50th day of hospitalization (Fig. 4).

The patient K. was discharged to the outpa-
tient stage on the 58th day with clinical and radio-
logical recovery. Recommendations for treatment 
of the underlying diseases, including gastrostomy 
placement, were provided. The result of Myco-
bacterium tuberculosis (MBT) culture was nega-
tive. Currently, the child is a gastrostomy carrier. 
He undergoes palliative care and rehabilitation 
every 6 months. There were no episodes of lower 
respiratory tract infections for the last year. K. re-
ceives ABT courses for intercurrent infections no 
more than 1–2 times a year. Further medical ob-
servation of the patient continues.

DISCUSSION
The presence of severe motor disorders on 

the background of cerebral palsy regardless of its 
cause determines the formation of chronic lung 
diseases, atypical and subclinical course of acute 
infectious bronchopulmonary infl ammation due 
to diff erent factors (Fig. 5, 6). Muscle control im-
pairment, dystonic attacks increase dysphagia 
and microaspiration [6–8]. 

In turn, gastrointestinal dysfunction appears 
due to motor and neurological problems and is 

Table 2. Antibioticogram of Elizabethkingia 
meningoseptica, 107 CFU/ml, obtained as a result of 
bacteriological culture of broncho-alveolar lavage fl uid 

Таблица 2. Антибиотикограмма Elizabethkingia 
menin goseptica, 107 КОЕ/мл, полученная в результа-
те бакте рио логического посева бронхоальвеоляр-
ной лаважной жидкости

Antimicrobial drug

Minimum 
inhibitory 
concentra-

tion, mgc/mL

Interpre-
tation

Aztreonam >32 R

Amikacin >32 R

Ampicillin/sulbactam >16/8 R

Ampicillin >16 R

Gentamicin >8 R

Imipenem >8 R

Levofl oxacin <=2 S

Meropenem >8 R

Nitrofurantoin >64 R

Piperacillin >64 R

Piperacillin/Tazobactam <=16 S

Tobramycin >8 R

Cefepime >16 R

Cefotaxime >32 R

Cefotaxime/clavulanate 4 S

Cefotetan >32 R

Cefoperazone/
sulbactam

2 S

Ceftazidime >16 R

Ceftriaxone >32 R

Cefuroxime >16 R

Cephalothin >16 R

Ciprofl oxacin <=1 S

Ertapenem >4 R

Tetracycline 8 I

Trimethoprim/
sulfometaxazole

<=2/38 S

Fig. 4.  X-ray picture on the 50th day of hospitalization 
Рис. 4.  Рентгенологическая картина на 50-е сутки госпи-
тализации
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common in both upper gastrointestinal (GI) tract 
(it manifests by hypersalivation, choking, aspira-
tion, gastric hypomotility, gastroesophageal re-
fl ux) and lower GI tract. There it is shown as chro-
nic constipation, bacterial overgrowth syndrome, 
malnutrition and malabsorption [6–8]. Moreover, 
taking medications, including anticonvulsants 
and сholinergic blocking drug, has certain classi-
cal side eff ects that increase a count of functional 
GI disorders [6–8].

All patients suff ering from CP with class V in 
motor disorders have malnutrition, associated se-
vere nutritional status disorders and severe malab-
sorption (Fig. 6). All this conditions are expressed 
not only in delayed physical development, growth 
and body weight delay, but also in the formation 
of numerous defi ciency states including disorders 
of calcium-phosphorus homeostasis with chan-
ges in bone mineral density. In turn, a patient has 
a severe chronic pain syndrome, which presented 
in children due to dystonic attacks. Disorders of 
iron metabolism aff ect the immune system, and 
the developing hypoxia due to an iron defi cien-
cy aggravates respiratory failure, associated with 

bronchopulmonary diseases [6–8]. The patient we 
observed had severe protein-energy malnutrition 
and anemia, as well as osteoporosis, which is well 
visualized by X-ray.

Patient K. had severe motor disorders on the 
background of CP, and therefore, he had all patho-
genetic and clinical factors aff ecting the onset and 
progression of respiratory and nutritional disor-
ders. Thus, it should be noted that chronic colo-
nization of atypical microbiota and/or bacterial 
overgrowth syndrome should be considered as an 
independent risk factor for severe infectious pro-
cess in this category of patients. The use of GCS 
repeatedly increases infectious complications, if a 
patient has severe diseases. The classic example is 
GCS therapy for severe bronchopulmonary dyspla-
sia to reduce the dependence on respiratory sup-
port at the stage of neonatal intensive care units 
[9]. Patient K. received pulse therapy with GCS 
for refractory seizure syndrome before the pneu-
monia, and then continued to receive GCS in the 
standard dose. In addition, treatment with predni-
solone was continued both orally and parenteral-
ly despite the detection of pneumonia after chest 

Fig. 5.  Pathogenesis of the development and progression of respiratory disorders against the background of cerebral palsy 
Рис. 5.  Патогенез развития и прогрессирования респира торных нарушений на фоне церебрального паралича
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radiography. This fact aggravated the existing 
immunosuppression, and probably played a role 
in the progression of bronchopulmonary infl am-
matory infi ltration and worsening of the patient's 
condition. Respiratory disorders were increased.

Gram-negative non-fermenting bacteria are 
frequent causative agents of chronic respiratory 
tract infection in children with severe CP [5]. Gram-
nega tive bacteria of the genus Elizabethkingia are 
actual causative agents of hospital-acquired infec-
tions and are usually associated with high mortality 
[10, 11]. Recent publications have reported several 
cases of severe infection caused by this bacterium. 
The most common variant of disease was neona-
tal meningitis with septicemia and bacteremia. In 
addition, cases of osteomyelitis [15], urinary tract 
infections [16, 17], endogenous endophthalmi-
tis [18], endocarditis [19], epididymo-orchitis [20], 
lung abscess [21], necrotizing fasciitis [22], cystic 
fi brosis [23], hydrocephalus [24], and secondary in-
fections with high mortality, especially in immuno-
compromised patients [25], have been described.  
Elizabethkingia meningoseptica infections have 

also been in patients with COVID-19 [26]. E. menin-
goseptica aff ects not only immunocompromised 
individuals but also immunocompetent people 
[27]. Historically, the fi rst report of human infection 
with E. meningoseptica was about 19 cases of me-
ningitis in infants in the United States [28].

Our report shows that E. meningoseptica is spe-
cifi c to immunocompromised patients.

Both whole genome sequence analysis and 
optical mapping, MALDI-TOF mass spectrometry, 
led to a composition revision of the genus Eliza-
bethkingia with the isolation of 8 species, named 
E. meningoseptica, E. miricola, E. anophelis, E. bru-
uniana, E. ursingii, E. occulta [29], E. argenteifl ava 
[30] and the newest E. umeracha [31]. It is neces-
sary to know that the identifi cation of Elizabethkin-
gia using traditional microbiological methods is 
diffi  cult [32]. It accounts for the low detectability 
of this pathogen.

In case of the patient K., E. meningoseptica was 
detected only in the BAL, despite abundant spu-
tum discharge. It occurred only on the 35th day 
of hospitalization, what confi rms the diffi  culty of 

Fig. 6.  Pathogenesis of the development and progression of nutritional disorders against the background of cerebral palsy 
Рис. 6.  Патогенез развития и прогрессирования нутритивных нарушений на фоне церебрального паралича
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identifi cation of this pathogen. This consists to al-
ready published data [32].

Members of the genus Elizabethkingia are resist-
ant to most β-lactams, inhibitor-protected β-lactams 
and carbapenems because of the presence of two 
unique class B metallo-β-lactamases (MBL), namely 
blaBlaB and blaGOB, and also a class A exten ded-
spectrum β-lactamase (ESBL) — blaCME [33].

 According to given recommendations "Deter-
mination of susceptibility of microorganisms to 
antimicrobial agents" version 2021-01, E. menin-
goseptica has natural resistance to the antibac-
terial drugs: ampicillin, amoxicillin, amoxicillin/
clavulanic acid, ampicillin/sulbactam, ticarcillin, 
ticarcillin/clavulanic acid, piperacillin, cefazolin, 
cephalothin, cephalexin, cefadroxil, cefuroxime, 
ceftriaxone, cefotaxime, ceftazidime, cefepime, 
aztreonam, ertapenem, imipenem, meropenem, 
and polymyxin. Elizabethkingia spp. isolates are 
often resistant to aminoglycosides, macrolides, 
tetracycline, and vancomycin, but can remain sen-
sitivity to piperacillin/tazobactam, fl uoroquinolo-
nes, minocycline, tigecycline, trimethoprim/
sulfamethoxazole [34, 35] and levofl oxacin [36]. 
Nowadays, there are no established criteria for 
assessing antimicrobial sensitivity for members of 
the genus Elizabethkingia. In our study the results 
were interpreted in terms of borderline MIC va-
lues by the EUCAST 2022 criteria for Pseudomonas 
spp. and Enterobacteriaceae, due to the lack of 
defi ned borderline values for E. meningoseptica. 

The isolate of E. meningoseptica was sensitive 
to fl uoroquinolones, piperacillin/tazobactam, cefo-
perazone/sulbactam and trimethoprim/sulfame-
thoxazole, therefore a combination of three anti-
bacterial drugs was prescribed taking into in view of 
the possible production of MBL and ESBL. The child 
was prescribed off -label ciprofl oxacin, piperacillin/
tazobactam and trimethoprim/sulfamethoxazole.

CONCLUSION
Thus, the clinical observation demonstrates a 

severe course of community-acquired pneumonia 
caused by the infrequently diagnosed pathogen 
E. meningoseptica in a patient with severe comor-
bid pathology in the form of cerebral palsy and its 
complications, as well as risk factors for genera-
lization of the infectious process associated with 
the usage of glucocorticosteroids against the 
background of active bacterial infection. This cli-
nical observation pays attention of practitioners 
to the peculiarities of microbial colonization of the 
respiratory tract in children with severe cerebral 

palsy. It shows a need for earlier usage of invasive 
diagnostic procedures (bronchoscopy) with tar-
geted microbiological diagnosis of bronchoalve-
olar lavage fl uid for identifi cation of patho gens by 
microbiological routine methods.
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Abstract. Costello syndrome belongs to RAS-pathies and is a multisystem disease based on a heterozygous 
mutation of the HRAS gene. Frequent characteristic features are a specifi c phenotype with dysmorphic facial 
features, delayed mental and psychomotor development, and a tendency to develop neoplasms. The biphasic 
growth of patients with the development of severe nutritional defi ciency after birth causes diffi  culties in 
correction of a trophological status. A large number of diseases included in the range of diff erential diagnosis 
can cause diffi  culties in early diagnosis and adequate therapy because of polymorphism of the clinical 
picture of the disease. The article provides a literature review devoted to the analysis of the mechanisms of 
development of Costello syndrome, as well as a 4-year observation of a patient whose clinical picture consisted 
of mental retardation, impaired psychomotor and physical development, severe protein-energy malnutrition, 
dermatological complications, as well as the development of embryonal rhabdomyosarcoma of the bladder.
Key words: Costello syndrome; developmental delay; embryonal rhabdomyosarcoma; nutritional status.
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Резюме. Синдром Костелло относится к RAS-патиям и представляет собой полисистемное заболевание, в 
основе которого лежит гетерозиготная мутация гена HRAS. Частыми характерными особенностями явля-
ется специфический фенотип с дисморфорическими чертами лица, задержка умственного и психомотор-
ного развития, склонность к развитию новообразований. Двухфазный рост пациентов с развитием после 
рождения выраженного нутритивного дефицита вызывает трудности в коррекции трофологического ста-
туса. Широкий спектр заболеваний, входящий в круг дифференциальной диагностики при полиморфиз-
ме клинической картины заболевания, может вызвать затруднения в ранней диагностике и проведении 
адекватной терапии. В статье приводится обзор литературы, посвященный анализу механизмов развития 
синдрома Костелло, а также 4-летнее наблюдение за пациентом, клиническая картина которого заключа-
лась в умственной отсталости, нарушении психомоторного и физического развития, выраженной белко-
во-энергетической недостаточности, дерматологических осложнениях, а также развитии эмбриональной 
рабдомиосаркомы мочевого пузыря.
Ключевые слова: синдром Костелло; задержка развития; эмбриональная рабдомиосаркома; нутритив-
ный статус.
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EPIDEMIOLOGY AND PATHOGENESIS
Costello syndrome (OMIM No. 218040) is a 

unique case of RAS-pathies (retrovirus associa-
ted sequences) and a rare polysystemic disease, 
which is caused by a heterozygous mutation in 
the HRAS gene (190020) on chromosome 11p15. 5. 
It is characterized by dysmorphic facial features, 
biphasic growth, motor and mental retardation, 
ectodermal dysplasia, papillomas. There are also 
pathological changes in the cardiovascular, en-
docrine, nervous, and digestive systems, and in-
creased susceptibility to cancer. The mutation of 
the HRAS gene, which normally encodes guano-
sine triphosphatase (GTPase), leads to changes in 
the cascade of mitogen-activated protein kinases 
(MARK), which determine fundamental biological 
functions such as cell proliferation, diff erentia-
tion, and Its survival [1–3].

Costello syndrome (CS) is a rare disease with 
autosomal dominant de novo mutations with an 
incidence in live births ranging from 1:300,000 to 
1:24,000,000 [4–6]. There is a prenatal large fetus 
development with subsequent lag in postnatal 
physical development [7]. A growth retardation 
is determined by nutritional defi ciencies due to 
feeding diffi  culties. In 1971, at fi rst, and then in 
1977 New Zealand pediatrician Jack Costello de-
scribed two unrelated children with the syndrome, 
which included short stature, mental retardation, 
skin manifestations in the form of excessive skin 
on the neck, palms, soles of feet and fi ngers with 
hyperkeratosis, curly thin hair, papillomas [8, 9].

The main pathogenetic pathways of CS are 
impaired formation of elastic fi bers due to low 
production of tropoelastin and microfi brillar pro-
teins, its inadequate secretion and extracellular 
assembly [10]. A. Hinek et al. described causes 
of CS development in 6 children with confi rmed 
diagnosis. Scientists determined that fi broblasts 
produced normal levels of soluble tropoelastin, 
but they were unable to assemble elastic fi bers 
due to secondary defi ciency of elastin-binding 
protein (EBP) [10]. Because the normal association 
between tropoelastin and EBP can be damaged 
by contact with fragments containing galactose, 
and accumulation of chondroitin sulfate-contain-
ing proteoglycans and biglycan was noted in fi -
broblasts from CS patients, it was hypothesized 
that chondroitin sulfate can induce the release of 
ESB from cells and prevent normal recycling of re-
usable tropoelastin chaperone [10, 11].

Correlations between genotype changes and 
corresponding phenotypic features were proved 

[12]. Patients with HRAS mutation and Costello 
syndrome more often have polyuria, ulnar devi-
ation, growth hormone defi ciency and tachycar-
dia, than patients with BRAF or MEK1 mutations 
[13]. Moreover, patients with G13C alterations 
also show polymorphism (polyhydramnios, mac-
rocephaly, delayed physical and mental deve-
lopment, hypertrophic cardiomyopathy, and 
posterior fossa crowding) in clinical picture [14]. 
However, patients with p.G12A or p.G12C HRAS 
alteration have more severe phenotypic and mor-
phofunctional manifestations than patients with 
other HRAS mutations [15]. Regardless of the mu-
tation, severity did not signifi cantly increase over 
time. Almost all of literature sources shows that 
there is no specifi c therapy for CS. The sympto-
matic treatment is used in therapy of CS. The treat-
ment is aimed at nutritional support, prevention 
and therapy of emerging cardiac, gastrointestinal, 
and respiratory disorders.

The appearance of papillomas has been no-
ted in children mainly on the face (a projection of 
the nasolabial triangle) and perianal area [16–18].  
A mental retardation in various extents is an im-
portant diagnostic and sometimes prognostic 
factor in the structure of CS [19]. Children with 
CS are more susceptible to the development of 
autism spectrum disorders, especially children of 
2–4  years old [20, 21]. The cause of CS develop-
ment is associated with mutations in the HRAS 
gene, but it was found that patients may show 
signs of cardio-facio-cutaneous syndrome (CFC), 
and also referred to RAS-pathies [22, 23].

Di Rocco et al. were the fi rst who wrote about 
oral-motor apraxia and associated malnutrition in 
patients with CS [24]. The case analysis showed 
marasmus-type of growth chart changes in the 
postnatal period in the majority of SC patients [4, 
25, 26]. S. Umans et al. described a case of oro-
pharyngeal dysphagia in the structure of CS [27]. 
The concomitant cause of trophoblastic defi cien-
cy was a severe gastroesophageal refl ux disease 
in some patients [28]. In addition, a tendency to 
stomach and duodenum ulcerative process was 
described [29]. Problems of patient feeding and 
the need for artifi cial feeding with high-calorie 
formulas through a tube are posed by H. Kawame 
[30]. The dysphagia syndrome usually resolves in 
4-yaers old children with CS [9, 31].

Clinical forms of CS with cardiovascular pa-
thology, specifi cally rhythm disturbances and 
extrasystoles, as well as mitral valves thickening, 
pulmonary artery stenosis or hypertrophic cardi-
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omyopathy, were described [32–34]. Therefore, 
the routine follow-up of cardiovascular system is 
recommended for all patients with CS.

A growth retardation in these patients is often 
associated with growth hormone defi ciency [35]. 
Decreased cortisol concentrations and hypogly-
cemia also was noted [36–38].

An increased risk of malignant neoplasms, 
mainly in muscle tissues, was observed in pa-
tients with CS [39]. Thus, M. Feingold et al. re-
ported about a child with confirmed CS who had 
alveolar rhabdomyosarcoma of the right foot 
which appeared in infancy [40]. B. Kerr et al. not 
only reported about two children with CS, who 
developed retroperitoneal embryonal rhabdo-
myosarcoma in infancy, but also associated an 
increased risk of malignization as a structural 
part of Costello syndrome [41]. K.W. Gripp et al. 
in 2002 also described 5 cases of abdominal, pel-
vic or urogenital rhabdomyosarcoma in patients 
with CS [42]. The literature review shows that 
all patients with CS and p.Gly12Ser or p.Gly12Ala 
genotype variants developed cancer [14, 43]. An 
intrathoracic ganglioneuroblastoma and blad-
der carcinoma were also detected in children 
with CS [44–46].

The issues of prenatal diagnosis have not been 
developed because the syndrome is rare, as well 
as the lack of specifi c signs of fetal phenotype was 
found [47, 48].

CLINICAL CASE
We present our own 4-year observation of a pa-

tient with Costello syndrome. The typical course 
of CS included in addition to mental retardation, 
disorders of psychomotor and physical develop-
ment, marked malnutrition, and dermatologic 
manifestations, was accompanied by embryonal 
rhabdomyosarcoma of the bladder. Its surgical 
treatment leaded to recurrent vesico-uretero-re-
nal refl ux. 

Patient M., born in 2015, was observed in the 
clinic from January 2019 to November 2022. At 
fi rst he was admitted to the hospital at the age of 
3 years 11 months in a serious condition with com-
plaints of recurrent urinary tract infections, which 
have developed because of a pelvic and abdo minal 
neoplasm compressing the left ureter. It was com-
plicated with the ureterohydronephrosis on the 
left side. The accompanying diagnosis was Costel-
lo syndrome. The patient was transferred from a 
multidisciplinary hospital for left ureter stenting as 
part of preoperative preparation. 

Anamnesis vitae. The child from the fourth 
pregnancy, which was without complications, 
second childbirth at 37 weeks (1 — medical abor-
tion; 2 — healthy premature boy 3700 g, 53 cm, 
then he was a healthy child, 3 — missed abortion 
at 8/9 weeks). No fetal pathology was detected 
by prenatal testing. The birth weight was 4750 g 
(7th-centile corridor (c.c.), Z-score  — 2.55). The 
birth length was 54 cm (7th c.c., Z-score — 2.17). 
An Apgar score was 7/8 points. The child's parents 
were healthy; they did not have any chronic so-
matic or diagnosed hereditary diseases. The mar-
riage was unrelated.

A pseudobulbar syndrome and motor disor-
ders were diagnosed in the early neonatal pe-
riod. Multiple small developmental anomalies 
(keel-shaped deformation of the chest, mac-
rocephaly, wide nose bridge, face with a large 
mouth, thick lips, skin folds, large forehead) 
were revealed.

On the examination, there was a dispropor-
tionate enlargement of hands and feet to the 
 extremities. A right clavicle fracture, early neona-
tal hypoglycemia, and hepatosplenomegaly were 
diagnosed.

On the 2nd day of life, a hyperbilirubinemia 
249 μmol/L was detected (the direct fraction was 
238 μmol/L); a diff erential diagnosis was made 
with mucopolysaccharidosis and Sotos syndrome 
(subsequently excluded). At the age of 1 month, 
a routine neurosonography revealed triventricu-
lodilatation, enlargement of subarachnoid spaces, 
hypogenesis of the corpus callosum, hypoplasia 
of the cerebellar vermis, and enlargement of the 
cisterna magna.

The breastfeeding was until 2 months and 
then due to weakness of sucking and swallo wing 
refl exes he was transferred to tube feeding. Then, 
pronounced psychomotor development de-
lays were found. The child walks with help since 
2  years of age. He had a delayed psycho-verbal 
development. He cannot be sitting or standing 
independently.

In the view of the suspicion of genetic di-
sease, karyotyping and HRAS gene sequencing 
were performed. A karyotype 46XY and a partial 
de novo missense mutation in codon 12c.35G>A 
(p.Gly12Ala) in heterozygous state was detected. 
Thus, Costello syndrome was diagnosed.

During the fi rst year he grew 3 cm (57 cm  — 
1  c.c., Z-score  — –7.87), weight gain was 1.5 kg 
(6.25 kg, 1 c.c., Z-score — –3.82). A nocturnal ali-
mentation via nasogastric tube was performed 
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until 1.5 years of age on the recommendation of 
a nutritionist.

The allergoanamnesis is not aggravated. 
A  prophylactic vaccination before the debut of 
the disease according to an individual calendar 
was with a delay. Past diseases: upper respirato-
ry tract infections. Traumas were not noted. The 
main disease is not observed by a geneticist.

Anamnesis morbi 
At the age of 3 years 11 months, the mother in-

dependently noticed a mass in the lower part of 
the abdomen, and because of that the child was 
taken to a children's specialized multidisciplinary 
hospital by an ambulance. During ultrasound exa-
mination of the abdominal cavity, kidneys and 
urinary tract organs (03.01.2018): a formation in 
the pelvis, pyelectasis on the left, enlargement of 
the ureter on the left were detected. In this way, 
the child underwent multispiral computed tomo-
graphy of the abdominal cavity, retroperitoneum 
and pelvis. The results revealed a CT picture of 
space-occupying lesion with possible invasion of 
m. psoas on the left, pronounced volumetric im-
pact, signs of hydronephrosis on the left against 

the background of compression of the left ure-
ter. On 05.01.2019 laboratory determined the 
increase in the concentration of neuron-specifi c 
enolase (NSE)  — 39.8 mcg/l (normal level is less 
than 18.3 mcg/l). The excretion of catecholamine 
metabolites in the urine on 05.01.2019 — the re-
sult was normal. On 09.01.2019, for the purpose of 
diff erential diagnosis, an incisional biopsy of pel-
vic mass, bone marrow aspiration from 4 points, 
bone marrow trepanobiopsy from 2 points were 
performed. Pathomorphologically, the embryo-
nal rhabdomyosarcoma of the bladder was dia-
gnosed. There were no pathologic changes in the 
bone marrow. In the view of the compression of 
the left ureter, its stenting was recommended. In 
January 2019, the child was admitted to the surgi-
cal department of the clinic for ureter stenting on 
the left.

Objectively on admission: the patient's condi-
tion was serious due to the disease, a conscious-
ness was clear, intelligence was decreased, the 
patient was friendly, willingly made contact. In 
the neurological picture there were not any focal 
neurological signs, severe delay in psychomotor 
and verbal development, nystagmus.

Multiple developmental anomalies of the mus-
culoskeletal apparatus were revealed: deforma-
tion of the thorax and limbs, hydrocephalic form 
of the skull. The subcutaneous fat was sharply 
reduced; the patient has a muscle hypotonia. 
A nasal breathing was diffi  cult. Heart tones were 
rhythmic, loud. The patient had a tendency to 
constipations. Phenotypic changes of the palms, 
characteristic for CS patients and shown in the 
lite rature, were also noted in the patient (Fig. 1) 
[14]. Perianal papillomas were detected.

During the preoperative check-up in 2019, the 
results of ultrasound examination revealed a mass 
in pelvic and abdominal cavity, the kidney’s size 
was in accordance with the age norm (the right 
was 73.9×29.1 mm, parenchyma — 11.7 mm, pel-
vicalyceal system is not dilated; the left kidney — 
81.2×33.7 mm, an anteroposterior diameter of the 
pelvic  — 28.2×28.3 mm, parenchyma  — 9  mm), 
dilation of the left ureter in the distal 1/3 was 
7.2 mm. NSE values (15.01.2019) were 369.5 ng/mL. 
On 17.01.2019, surgical ureter stenting on the left 
was performed. The control ultrasound detected, 
that the left kidney pelvic was 18×18 mm, paren-
chyma — 8 mm, the left ureter in the distal 1/3 di-
lated to 7 mm. Then, the child was transferred to 
the urological department of the Child ren's Onco-
logy Center for treatment of oncological disease.

Fig. 1.  Patient's palms (own observation) 
Рис. 1.  Ладони пациента (собственное наблюдение)
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After 9 courses of targeted polychemother-
apy, on 24.02.2019, the child underwent radical 
surgery: laparotomy, cystotomy, bladder tumor 
removal with resection of the distal 1/3 of the left 
ureter, ureterocystoneoanastomosis, cystosto-
my; a biopsy of the subcapsular formation of the 
left kidney, drainage of the abdominal cavity was 
done. In the early postoperative period, a course of 
polychemotherapy (PCT) was started according to 
the CWS-2009 protocol. The histologic conclusion 
was: embryonal rhabdomyosarcoma with signs of 
maturation, post-therapeutic changes, fi rst degree.

On the next hospitalization on 11.09.2019, the 
removal of the internal ureteral stent on the left 
was performed. Urodynamic disorders and recur-
rent urinary tract infections were not detected.

In the period from 17.10.2019 to 26.11.2019, a 
course of proton radiation therapy was performed 
on the area of the original tumor and the postope-
rative pelvic tumor place with a margin for mi-
cro-proliferation followed by local boost on the 
area of residual tissue of the formation.

According to the results of control cystography 
on 07.06.2020, vesico-uretero refl ux (VUR) on the 
left (III degree) was still presented. Because of that 
endoscopic treatment of left VUR (endoscopic gel 
injection of the left ureterovesical junction) was 
performed on 19.06.2020. According to the results 
of a control cystography, the left VUR of III degree 
was detected, the control ultrasound of kidneys 
and bladder showed a decrease in the size of the 

left kidney with enlargement of the renal pelvis 
19.60×37.9 mm. In this regard, on 23.03.2021, 
the next endoscopic treatment of left VUR was 
performed. The laser removal of perianal papil-
lomas was performed (according to the results of 
histologic study  — keratin masses and strata of 
multilayer squamous epithelium without vacuo-
lar degeneration, with artifi cial changes without 
underlying stroma) (Fig. 2).

Immunohistochemical examination for human 
papillomaviruses did not show expression in the 
multilayer squamous epithelium. The postope-
rative period proceeded without complications. 
There were no signs of acute disturbance of uro-
dynamics at ultrasound control. On 27.10.2021 
a control cystography was performed: VRU of III 
degree on the left side was revealed. An endo-
scopic treatment of the left VRU was repeatedly 
performed.

At age of 5 years, his height was 71 cm 
(Z-score  — -8.55), weight  — 7.9 kg (Z-score  — 
–5.63), BMI — 15.7 (27.4th percentile).

On 25.11.2021 MRI of abdominal cavity organs, 
retroperitoneal organs with contrasting was per-
formed to determine further tactics: the condition 
after surgical treatment of embryonal radbomyo-
sarcoma of the bladder, PCT was noted without 
signifi cant dynamics, no active accumulation of 
contrast agent. The interpretation of changes in 
the left kidney was the same. The deformation of 
the bladder was detected.

A/A                                                                                   B/Б
Fig. 2:  Histologic study of skin biopsy: A�— magnifi cation ×40; B�— magnifi cation ×400. Hematoxylin and eosin staining 
Рис. 2.  Гистологическое исследование биоптата кожи: А� — увеличение ×40; Б� — увеличение ×400. Окраска 
гематоксилином и эозином
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The patient was re-examined by nutrition-
ists and pediatricians during routine hospitaliza-
tion at the age of 7 years. Body weight was 16 kg 
(1 c.c.). Objectively, there were also signs of severe 
malnutrition (sharp decrease in the development 
of the subcutaneous fat, decreased tissue turgor), 
multiple developmental anomalies, limb deformi-
ties, dysmorphic facial features, changes in palms, 
soles of feet and fi ngers with hyperkeratosis.

During the hospitalizations, no abnormalities 
were detected according to the data of control 
electrocardiographic and echocardiographic 
studies.

On 01.11.2022, the micturition cystography 
revealed VRU of III-IV degree on the left, roun-
ded bladder with smooth contours. According 
to the results of ultrasound of kidneys and blad-
der, there were nephrosclerosis of the left kid-
ney (57.1×26.9  mm), thinning of parenchyma  — 
9.3 mm; the right kidney has a normal size. 

During dynamic renal scintigraphy (RSG): mor-
phologicaly the parenchyma of the right kidney 
had a normal function, the left kidney had not 
any function activity. According to MRI of the ab-
dominal cavity and retroperitoneum performed 
in November 2022, the left kidney was reduced 
(27×27×59 mm), represented by multicystic struc-
tures, the contours are uneven, corticomedullar 
diff erentiation was not traced, the left renal pel-
vis was moderately dilated, the ureter had a dif-
ferent diameter, multiple small cystic inclusions 
~1–3 mm in diameter were traced in the distal 
part of the ureter wall. No zones of active patholo-
gic accumulation were noted during contras ting. 
Lymph nodes were visualized in the pararenal 
space on the left side with the size 3.5 mm. In the 
retroperitoneal space on the left, paravertebrally 
at the level of Th XI-L I, there are nodular areas 
along the course of renal vessels on the left with 
clear contours, shape and size ~22×10×44 mm, 
which enveloped the renal vessels in a “muff -like” 
way. No evidence for restriction of diff usion was 
obtained. After contrast agent injection no zones 
of active accumulation in the foci were noted. The 
bladder was deformed in the bottom area, pulled 
to the left in the projection of the deformed left 
ureter, no zones of pathologic contrasting were 
noted. The right kidney was located normally, its 
size was ~42×42×80 mm, corticomedullar diff e-
rentiation was not disturbed. The kidney contours 
were smooth. There was no evidence of the right 
kidney pelvicalyceal system enlargement. The 
pararenal space was not compacted. The adrenal 

glands were traced on both sides. Their shape and 
size were preserved. No pathologic formations in 
their structure were revealed.

DISCUSSION
This article presents a rare case of long-term 

observation of Costello syndrome caused by 
partial de novo missense mutation in codon 
12 c.35G>A (p.Gly12Ala). The leading phenotypic 
manifestations of the syndrome were mental re-
tardation, delayed psychomotor development, 
biphasic growth (large fetal size for gestational 
age followed by postnatal reduction of develop-
ment), pronounced malnutrition with dysphagia, 
macrocephaly, development of neoplasms, dys-
morphic signs on the face, typical skin signs and 
papillomas. Child's physical and neuropsychiatric 
development was delayed.

The CS of p.G12A phenotype is the second 
most common missense mutation with a high 
malignancy rate [12]. In the case, the patient had 
embryonal rhabdomyosarcoma of the bladder 
in the period of the second childhood. Surgical 
treatment of oncologic disease with partial resec-
tion of the left ureter and anastomosis resulted 
in the vesicoureteral refl ux of III-IV degree, which 
was resistant to surgical treatment, with subse-
quent nephrosclerosis and multicystic transfor-
mation of the left kidney. Early oncologic disease 
may indicate the degree of HRAS proto-onco-
gene activity.

In addition to malignant neoplasms, the pa-
tient was also found to have benign papillomas 
unrelated to human papillomavirus, which is the 
result of a mutation in the HRAS proto-oncogene 
[17, 33, 47]. Their features were perianal localiza-
tion (rarer than nasal papillomas) and later mani-
festation — at the age of 4 years (previously en-
countered from birth to 2–3 years) [8].

The long-term survival of the patient was due 
to normalization of nutrition and elemination of 
the malnutrition. A dysphagia in the structure of 
pseudobulbar syndrome was noted early. It re-
quired not only transfer to artifi cial feeding, but 
also the use of a nocturnal alimentation regimen. 
At the age of 4-5 years, the clinical picture of dys-
phagia regressed, which allowed to normalize an 
enteral nutrition.

CONCLUSION
The case report of a 4-year follow-up of Costel-

lo syndrome of the boy with embryonal rhabdo-
myosarcoma of the bladder shows the need for 
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caution in cancer in children with diagnosed CS. 
The lack of reliable criteria for prenatal ultrasound 
diagnosis determines the diffi  culties in making the 
diagnosis before birth. An elimination of malnutri-
tion, which develops in children with CS and asso-
ciated with pathology both digestive and nervous 
systems, is an important therapeutic goal.
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Abstract. Neonatal listeriosis, related to intraurine infection, has a high mortality rate, this is due to the morphology 
and physiology of the pathogen, the rate of infection and the organs that are aff ected. This article discusses the 
main characteristics of the microorganism and the clinical case of the course of this disease.
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Резюме. Неонатальный листериоз, относящийся к внутриутробным инфекциям, имеет высокий процент 
летальности, связано это с морфологией и физиологией патогена, характером течения инфекции и органа-
ми, которые поражаются. В данной статье рассмотрены основные характеристики микроорганизма и кли-
нический случай течения данного заболевания.
Ключевые слова: неонатальный листериоз; врожденный неонатальный сепсис; антибактериальная 
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Listeriosis is an infectious disease of bacterial 
etiology. The causative agent is Lysteria monocy-
togenes, a gram-positive facultative intracellular 
bacillus, stable in the environment and tempera-
tures down to –1.5 °C. Outside the cell they are ca-
pable of “tumbling” motility; when moving inside 

the cell, the actin rockets mechanism is activated. 
It is a catalase-positive microorganism.

The disease is transmitted nutritionally (by eat-
ing unpasteurized milk, raw cheeses, meat, fi sh), 
the bacterium is able to pass through the intesti-
nal barrier; invasion occurs due to the interaction 
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of internalin A (InlA) and E-cadherin (hEcad) with 
the participation of the phosphoinositide-3-ki-
nase (PI3-K), which subsequently leads to secon-
dary hematogenous dissemination [1, 2].

In addition to the nutritional route of trans-
mission, a transplacental route is possible. When 
working with experimental models, it was proven 
that transplacental transmission occurs due to 
the interaction of the proteins internalin A (InlA) 
and B (InlB) on the bacterial cell surface in com-
plex with c-Met and E-cadherin (hEcad), which 
being a transmembrane protein, is located on 
the apical and basement membranes of syncy-
tiotrophoblasts (SYN) [3], and the interaction of 
InlB with c-Met is critical for the activation of PI3-K 
in SYN and is required for InlA-mediated entry of 
L. monocytogenes across the placental barrier [4]. 
The possibility of its participation in this type of 
distribution of internalin P (InlP) is also currently 
being studied [14].

The toxin synthesized by bacteria, listerioly-
sin O (LLO), which is necessary for the exit of the 
bacterial cell from the host cell vacuole, has an 
active infl uence on the infection process; its abi-
lity to modulate signaling pathways is also consi-
dered in modern studies [5]. Phosphatidylinosi-
tol-specifi c lipase C (PICA) and lecithinase are also 
required for phagosome exit, and metalloprotei-
nase carries out post-translational modifi cation of 
lecithinase.

The ActA protein regulates actin polymeriza-
tion, mediating bacterial movement and inva-
sion [7].

Risk factors are pregnancy, immunodefi ciency, 
and old age. The incubation period ranges from 3 
to 70 days, with an average of 21 days [8, 9].

The most common form of listeriosis is neu-
rolisteriosis in pregnant women, which is ex-
tremely rare. In newborns, two forms of listeriosis 
are distinguished: with early onset with the ma-
nifestation of infection on the 1st–2nd day after 
birth, the mortality rate can reach 50%; late-onset 
listeriosis develops after 10–12 days and is associ-
ated with nosocomial infection [15, 16 ].

Infection in the fi rst half of pregnancy is accom-
panied by chorioamnionitis, fl u-like symptoms, 
with fever observed in 85% of cases, spontaneous 
abortions, and the formation of fetal malforma-
tions [10, 11].

Infection in the second half of pregnancy leads 
to premature labor, stillbirth, meningitis, sepsis, 
neonatal pneumonia, and damage to the nervous 
system [12, 13].

Infection as a result of aspiration of amniotic 
fl uid intrapartum is also possible. Such infection 
is characterized by a later development of symp-
toms, usually in the form of meningitis. With such 
an infection, transient colonization is possible, 
which will not lead to the development of the dis-
ease.

A damage to the fetus is associated both direct-
ly with an infection and decrease in the number 
or disturbances in the functioning of T-regulatory 
cells (Treg), which consists in a decrease in their 
regulatory ability, which leads to immune-medi-
ated fetal death [17].The stimulation of immune 
system cells by cytokines produced by T-lympho-
cytes leads to the formation of granulomas — lis-
teriomas, which are systemic in nature and are 
considered as granulomatous sepsis.

CLINICAL CASE
G.K. was born prematurely at 25 6/7 weeks, as 

a result of the second pregnancy, the fi rst was in 
2019, term labor. The course of pregnancy was 
unremarkable; according to ultrasound at the 25th 
week, polyhydramnios, grade III hemodynamic 
disturbances, and chronic placental insuffi  cien-
cy were revealed. The birth weight was 940  g 
(1 centile corridor), the body length was 30 cm 
(1  centile corridor), the head circumference was 
25 cm (1 centile corridor), the chest circumference 
was 23 cm (1 centile corridor). Apgar score was 
2/3 points.

The condition at birth is regarded as extreme-
ly severe due to respiratory failure, prematurity, 
morphofunctional immaturity, and severe intra-
partum asphyxia. Resuscitation measures were 
carried out and she was connected to an artifi cial 
lung ventilation device (ALV). She responded to 
the examination with increased motor activity, 
muscle tone and refl exes of the newborns were 
reduced. Respiration was weakened, crepitus was 
heard, saturation decreased to 70%, weakened 
breathing on the right  — right-sided hydrotho-
rax, according to ultrasound of the pleural cavities 
on both sides, traces of eff usion were determined, 
the lungs showed signs of interstitial infl amma-
tion. A pleural puncture and drainage were per-
formed.

A clinical blood test revealed thrombocytope-
nia and anemia. Acid-base state (ABS)  — mixed 
acidosis, lactic acidosis. EchoCG  — tricuspid re-
gurgitation of the 1st degree. Neurosonography 
(NSG) — increased periventricular echo density in 
the frontal-parietal-occipital regions. Full-blooded 
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choroid plexuses, intraventricular hemorrhages of 
degree II on the left, degree I on the right, expan-
sion of the occipital horns.

According to ultrasound of the abdominal or-
gans and kidneys, a diff use change in the renal pa-
renchyma was observed with depletion of blood 
fl ow in the periphery, a moderate amount of free 
fl uid in all parts of the abdominal cavity of an an-
echoic nature.

Examination by an ophthalmologist — the re-
tina is in the stage of vascularization (zone II).

According to the results of histology of the pla-
centa, the following were identifi ed: acute focal 
chorioamnionitis, choriodeciduitis, acute subcho-
rionitis, productive placentitis, chronic subcom-
pensated placental insuffi  ciency, acute placental 
insuffi  ciency.

Based on the totality of clinical and laborato-
ry data, a diagnosis of “early neonatal sepsis” was 
made.

According to blood and sputum cultures and 
from the ear fold, there was growth of bacteria of 
the genus Lysteria, as a result of which the child 
was diagnosed with neonatal listeriosis. An anti-
bacterial therapy was prescribed with ciprofl oxa-
cin, amikacin and meropenem.

In the fi rst two weeks, the condition was inter-
preted as extremely severe, a negative intracrani-
al clinical picture was observed with an increase 
in intracranial hemorrhages, central hemody-
namic parameters were unstable, inotropic and 
vasopressor therapy was carried out. Due to in-
suffi  cient diuresis, edema syndrome developed to 
anasarca; a laparocentesis was performed due to 
ascites. In the second week, the drainage in the 
abdominal cavity began to drain intestinal con-
tents; during the operation, it was discovered 
that the wall of the ileum in the distal section for 
15 cm was fl abby, with multiple perforations, and 
therefore a section of the small intestine was re-
sected ileocecal angle, a double enterocolostomy 
was performed, by the end of the second week 
the child’s condition worsened due to the cessa-
tion of the stoma and a change in the infection 
status with an increase in leukocytosis. A lumbar 
puncture was performed due to hydrocephalic 
syndrome.

According to neurosonography, a picture of 
slow negative dynamics of increase in ventricu-
lomegaly was observed against the background 
of persistent increased periventricular echo 
density in the frontal-parietal-occipital regions, 
full-blooded choroid plexuses, intraventricular 

hemorrhages of the second degree on the left, 
second degree on the right, and a pronounced 
expansion of the occipital horns. The hydroce-
phalic syndrome did not progress after lumbar 
puncture. According to the results of a repeat 
study, two days later there was a stabilization of 
ventriculomegaly.

During the third and fourth weeks, the child’s 
condition was extremely severe with positive dy-
namics, the course of the disease was wavy, the 
exit of the eventrated strand of the omentum 
between the sutures at the diverting stoma was 
noted, surgical intervention was performed, in 
addition, due to anemia and hypocoagulation, a 
transfusion of erythrocyte suspension and fresh 
frozen plasma was carried out. The dynamics 
showed stabilization of the condition; due to the 
possibility of spontaneous breathing, the child 
was extubated, but respiratory support through 
nasal cannulas was maintained.

By the end of the fourth week, the condition 
worsened against the background of progression 
of the neurological clinical picture with manifes-
tations in the form of apnea.

Subsequently, the condition stabilized, po-
sitive dynamics were observed during the treat-
ment, there were no signs of increasing respirato-
ry failure, the patient needed respiratory support 
through nasal cannulas. Central hemodynamic 
parameters were compensated.

According to echocardiography, left ventricu-
lar hypertrophy was observed, minimal without 
dynamic obstruction of the left ventricular out-
fl ow tract (LVOT). A tricuspid regurgitation of the 
I degree was noted.

The child was transferred to the neonatal pa-
thology department, where he remained until the 
operation to close the enterocolostomy; four days 
later, a repeat operation was performed due to 
anastomotic failure; relaparatomy, resection of the 
anastomotic area, and enterocolostomy were per-
formed. Taking into account the data of cultures of 
the contents of the abdominal cavity with seeding 
of K. pneumonia and S. maltophilia, as well as the 
failure of the anastomosis, which could be caused 
by the course of the infectious process, a change in 
antibacterial therapy was carried out according to 
sensitivity, ciprofl oxacin was prescribed, and ami-
kacin, meropenem were canceled.

Two weeks after the operation, the condition 
worsened: pronounced retraction of the upper 
aperture of the chest and intercostal spaces du-
ring inspiration, pronounced stridor, an attempt 
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was made to relieve swelling of the larynx and 
upper respiratory tract by inhalation with adrena-
line and dexazone. Intubation was performed due 
to persistent decompensated respiratory acidosis 
according to ABS data and severe disturbances in 
respiratory mechanics such as inspiratory dysp-
nea. A moderate amount of white sputum was 
sanitized from the tracheobronchial tree; accor-
ding to its culture, a fungal infection was detec-
ted, and therapy with amphotericin B was started. 
After stabilization of the condition, a T-shaped 
ileo coloanastomosis was performed.

The repeated neurosonography was without 
changes, dynamic ultrasonographic (US) moni-
toring revealed an increase in the dorsal horns 
and the cisterna magna, a retrocerebellar cyst/
cerebellar hypoplasia was suspecte. An magne tic 
resonance imaging of the brain was performed 
there were signs of cortical-subcortical subatro-
phy of the cerebral hemispheres and cerebellum, 
normotonic occlusion at the level of the midbrain 
aqueduct, triventricular hydrocephalus due to 
subarachnoid hemorrhage and bilateral intraven-
tricular hemorrhage due to prematurity.

According to US monitoring, the hydrocepha-
lic syndrome did not progress. The Observation 
was continued by a neurologist together with 
surgeons due to the need for surgery to close the 
colostomy. According to US monitoring, it was es-
tablished that the hydrocephalic syndrome does 
not progress, there is a developmental delay, and 
torticollis.

In the postoperative period, the condition was 
assessed as severe; subsegmental atelectasis was 
detected in the right lung, for which X-ray control 
was carried out. Considering the positive X-ray 
picture and the absence of respiratory failure, no 
further therapy was needed. A Dynamic observa-
tion by an ophthalmologist for retinopathy of pre-
maturity was continued, stabilization was noted.

At the moment, the child’s condition has been 
stabilized due to previous treatment; the girl is 
under constant observation by pediatricians, neu-
rologists and ophthalmologists.

There is a severe delay in psychomotor deve-
lopment, organic damage to the central nervous 
system (CNS) as a consequence of hemorrhage in 
the germinal matrix of both hemispheres of the 
cerebrum, the vermis and the right hemisphere of 
the cerebellum, in the lateral and fourth ventricles, 
the pontocerebellar cistern, right-sided chronic 
subdural hematoma, stenosis of the aqueduct, 
expansion of the lateral and third ventricle of the 

brain, atrophy of the corpus callosum, decrease in 
the volume of white matter of the brain, atrophy 
of the vermis, cerebellar hemispheres, pons, me-
dulla oblongata. The Hydrocephalic syndrome is 
compensated. A Movement disorders syndrome, 
pyramidal insuffi  ciency, and muscular dystonia 
syndrome are noted.

CONCLUSION
The described clinical case demonstrates the 

severity of congenital listeriosis, with the neu-
rological clinical picture manifested by multiple 
brain injuries. In addition to the central nervous 
system, other organs and systems are also nega-
tively aff ected. Stabilization of the condition was 
achieved through antibacterial, vasopressor and 
symptomatic therapy, as well as through timely 
surgical treatment of manifestations of sepsis.
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Abstract. Rhabdomyolysis remains a major diagnostic and therapeutic and preventive problem for clinicians, 
especially when working with athletes of child and adolescent age. A diverse etiology, the absence of specifi c 
symptoms, late diagnosis, the development of systemic complications worsen the prognosis of the disease and 
complicate treatment. Rhabdomyolysis associated with physical activity in children and adolescents is non-
traumatic in origin, is often caused by hereditary causes and is provoked against the background of infectious 
diseases and metabolic disorders. Timely implementation of correct infusion therapy remains the cornerstone 
of the treatment of rhabdomyolysis. A clinical case of successful treatment of a teenager with rhabdomyolysis 
complicated by acute kidney injury is presented.
Key words: non-traumatic rhabdomyolysis; children and adolescents; acute kidney injury; literature review; clinical 
case.
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Резюме. Рабдомиолиз остается большой диагностической и лечебно-профилактической проблемой для 
клиницистов, особенно при работе со спортсменами детского и подросткового возраста. Разнообразная 
этиология, отсутствие специфических симптомов, поздняя диагностика, развитие системных осложнений 
ухудшают прогноз заболевания и затрудняют лечение. Рабдомиолиз, связанный с физической нагрузкой, у 
детей и подростков по своему происхождению относится к нетравматическому, часто обусловлен наслед-
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INTRODUCTION
Rhabdomyolysis (ICD-10 code: M60–M63 

Muscle diseases) is a clinical and laboratory syn-
drome of damage and destruction of myocytes 
of stria ted muscles, manifested by myalgia, mus-
cle weakness, swelling of the aff ected muscles, a 
decrease in volume and the appearance of dark 
brown urine due to the release and entry into the 
systemic circulation of myolysis products, primari-
ly myoglobin (MG), as well as creatine phosphoki-
nase (CPK), lysosomal and mitochondrial enzymes, 
histamine, serotonin, oligo- and polypeptides and 
others, with the subsequent manifestation of en-
dogenous intoxication. There are traumatic and 
non-traumatic rhabdomyolysis [1, 2]. In general 
medical practice, rhabdomyolysis is more often as-
sociated with traumatic damage to muscle tissue 
[3]. The lack of alertness of pediatricians regarding 
the possibility of developing non-traumatic rhab-
domyolysis in children and adolescents can lead to 
diagnostic errors and an increase in adverse out-
comes [4]. Among the many causes of non-trau-
matic rhabdomyolysis, one should remember the 
reality of the threat of muscle tissue damage due 
to high-intensity phy sical activity [5, 6].

In severe cases, rhabdomyolysis is an extreme 
degree of myopathy with the subsequent deve-
lopment of acute kidney injury (AKI), severe dis-
turbances of homeostasis, disseminated intra-
vascular coagulation syndrome, multiple organ 
failure with a threat to the patient’s life [7, 8]. An 
Acute pigmented nephropathy, or myoglobinu-
ria-induced AKI, myoglobinuric nephrosis, myo-
renal syndrome arethe most common systemic 
complications of rhabdomyolysis.

The occurrence of non-traumatic rhabdomy-
olysis in adult and pediatric population has not 
been precisely established, but the frequency of 
AKI in this pathology is known and, according to 
various sources, ranges from 10 to 55%, which 
indicates the relevance of studying this problem 
[9]. Among the causes of AKI, the share of rhab-
domyolysis reaches 25%, and the mortality rate in 
patients with rhabdomyolysis complicated by AKI 
exceeds 10% [3, 10]. 

ETIOLOGY OF RHABDOMYOLYSIS
The incidence of non-traumatic rhabdomy-

olysis depends on the etiology (sporadic and re-
current forms) [4, 11, 12]. In childhood, adoles-
cence and young adulthood, the development 
of non-traumatic rhabdomyolysis is facilitated by 
hereditary metabolic disorders, and the disease is 
characterized by a relapsing course [13–15]. An 
autosomal recessively inherited disease from the 
group of genetic disorders of fatty acids transport, 
namely the myopathic form of carnitine palmito-
yltransferase II defi ciency (CPT II), is one of the 
common causes of myoglobinuria [16, 17]. Other 
hereditary causes of rhabdomyolysis may include 
very long chain acyl-CoA dehydrogenase defi -
ciency, congenital muscular dystrophy, and idio-
pathic paroxysmal rhabdomyolysis (Meyer–Betz 
syndrome) [12, 14, 18].

Triggers of non-traumatic rhabdomyolysis in 
childhood and adolescence, in addition to pro-
longed heavy physical activity, are infectious dis-
eases of viral (infl uenza, COVID-19, enteroviruses 
and other agents) [19–21] and bacterial etiolo-
gy (rickettsiosis, legionellosis, salmonellosis, tu-
laremia, malaria, etc) [22], convulsions, hypother-
mia, overheating, stressful situations, metabolic 
disorders (water intoxication, dehydration, hypo-
kalemia, hypo- and hypercalcemia, fasting) [23, 
24], some drugs [4, 5, 25, 26 ], as well as idiopathic 
infl ammatory myopathies (dermatomyositis, po-
lymyositis or antisynthetase syndrome) [27].

PATHOGENESIS OF RHABDOMYOLYSIS
In traumatic rhabdomyolysis destruction of ske-

letal muscles occurs as a result of direct impact on 
them, damage or compression (compression syn-
drome), ischemia of the limbs due to disturbances 
in the main blood fl ow and increased tissue pres-
sure inside the fascial spaces. The Disruption of ar-
terial blood fl ow lasting more than 4 hours leads 
to muscle changes, the entry of myolysis products 
into the systemic circulation and the occurrence 
of multiple organ disorders. A type of long-term 
compression syndrome is positional ischemia syn-
drome, in which muscle compression is carried out 

ственными причинами и провоцируется на фоне инфекционных заболеваний и нарушений метаболизма. 
Своевременное проведение корректной инфузионной терапии остается краеугольным камнем лечения 
рабдомиолиза. Представлен клинический случай успешного лечения подростка с рабдомиолизом, ослож-
ненным острым поражение почек.
Ключевые слова: нетравматический рабдомиолиз; дети и подростки; острое повреждение почек; 
обзор литературы; клинический случай.
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by the weight of one’s own body while the patient 
is unconscious [28]. A  Long-term immobilization 
of a limb with a plaster cast can also cause an in-
crease in MG levels and CPK activity in the blood 
serum [29]. It should be noted that some authors 
incorrectly classify rhabdomyolysis due to exces-
sive physical activity as traumatic [30].

The pathophysiological mechanisms of the 
development of non-traumatic rhabdomyolysis 
are diff erent and in most cases are assumed [29]. 
Rhabdomyolysis during very strenuous exercise is 
caused by insuffi  cient oxygenation of the skeletal 
muscles, as well as dehydration due to excessive 
sweating. 

As a result of muscle breakdown, ATP synthesis 
switches from the aerobic to anaerobic pathway, 
in which ATP reserves are quickly depleted; a sub-
sequent accumulation of lactic acid leads to intra-
cellular acidosis. Due to hypoxia and a decrease in 
pH, the functioning of K+-Na+-ATPase is disrup ted, 
while K+ ions leave the cells into the vascular bed, 
and Ca2+ and Na+ ions move in the opposite direc-
tion, which contributes to an increase in osmotic 
pressure in the myocyte, edema and disruption 
of its integrity, increased lipid peroxidation in cell 
membranes with the formation of peroxyl radi-
cals. The peroxyl radicals, during interaction with 
the structural units of cell membranes, cause frag-
mentation of proteins, damage to DNA and  lipids, 
which inhibits bioenergetic processes in myocytes, 
leading to their death, this is accompanied by an 
increase in the content of CPK and MG in the blood. 
The MG as an oxygen transporter ensures oxyge-
nation of muscles during their contraction. A hy-
permyoglobinemia is a consequence of muscle 
damage and a marker of endotoxemia, since there 
is a direct relationship between serum MG levels 
and the severity of tissue hypoxia. An oxidative 
stress is a leading factor in the development of AKI 
in rhabdomyolysis [31]. The CPK is a component of 
muscle cells and one of the key enzymes of ener-
gy metabolism. The level of CPK, as a rule, corre-
lates with the content of MG, but its peak content 
is reached much later. The MG is able to penetrate 
the glomerular basement membrane, bind to the 
Tamm–Horsfall protein and cause tubular ob-
struction, forming a sediment in the lumen of the 
distal tubules in the form of pigmented cylinders. 
Against the background of existing hypovolemia, 
the MG causes renal vasoconstriction and additio-
nal activation of the renin-angiotensin-aldosterone 
system. The pathogenesis of AKI due to rhabdomy-
olysis includes a hypovolemia, decreased renal per-

fusion, obstruction of the renal tubules by myoglo-
bin casts, and myoglobinuric nephrosis [32]. At the 
same time, if rhabdomyolysis is immediately identi-
fi ed and adequately treated with ample hydration, 
the condition of most patients soon improves and 
no complications are observed [6].

CLINICAL PICTURE OF RHABDOMYOLYSIS
Clinical manifestations of exercise-related rhab-

domyolysis are characterized by a triad of symp-
toms: muscle pain, weakness, change in urine color 
(reddish-brown, brown). Proximal muscle groups 
(shoulders, hips, lower back, calves) are most of-
ten aff ected. In severe cases nausea, vomiting, 
disturbances of consciousness of varying severity 
and decreased diuresis up to anuria are observed 
[5, 33]. The subclinical form of rhabdomyolysis is 
characterized by “tenderness” of certain muscle 
groups and mild pain during movement, felt 1-2 
days after exercise, which is called delayed onset 
muscle soreness syndrome. Sometimes patients 
do not present any complaints; in these cases the 
disease is diagnosed by changes in biochemical 
blood parameters [34].

LABORATORY METHODS 
FOR DIAGNOSTICS OF RHABDOMYOLYSIS

Biochemical blood test. The rhabdomyolysis 
(myoglobinuria) is diagnosed when the serum 
myo globin level exceeds 80 ng/ml and the cre-
atine kinase level increases 5 times the upper limit 
of normal, exceeding 1000 U/L [6, 7]. The concen-
tration of MG reaches a maximum on the 1st day 
of the disease, CPK  — on the 3rd–5th day, which 
is explained by the low rate of elimination of CPK 
from the bloodstream. The increase in MG in the 
blood outpaces the increase in the activity of the 
enzymes lactate dehydrogenase (LDH), aspartate 
aminotransferase (AST) and alanine aminotrans-
ferase (ALT). CPK indicators are diff erent depend 
on the gender, age, race, and level of physical 
development of patients. The level of CPK increa-
ses during periods of intensive growth in children 
[35]. Characteristic changes for this pathology are 
acidosis, increased creatinine, uric acid, C-reactive 
protein, hyperkalemia, hyperphosphatemia, hy-
pocalcemia [5].

Assessment of diuresis. A decrease in urine out-
put by 8–10% indicates the onset of AKI deve-
lopment. With further development of the patho-
logical process, the diuresis decreases by 25% or 
more; an anuria may develop. During the recovery 
period, the daily diuresis increases signifi cantly.
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Urine analysis. The most typical changes in 
urine color from dark brown to black, impaired 
urine density, proteinuria, acetonuria, and the 
presence of pigmented casts [5, 16, 27]. The he-
maturia may occur [6].

Genetic research. Molecular genetic studies are 
usually carried out (next generation sequencing 
(NGS), fl uorescence in situ hybridization (FISH test), 
polymerase chain reaction (PCR), Sanger sequen-
cing, etc.) to detect hereditary causes of rhabdo-
myolysis, these studies are aimed at identifi cation 
of gene polymorphisms aff ecting the activity of 
enzymes regulating lipid metabolism [5, 13, 15].

With the advent of tandem mass spectrometry 
(TMS), early diagnosis of a large number of here-
ditary metabolic diseases, the age of manifestation 
and the range of clinical manifestations of which 
is very variable, has become possible [36]. Cer-
tain variants of defects in mitochondrial β-oxida-
tion of fatty acids determine the development of 
non-traumatic rhabdomyolysis. Thus, myopathy, 
manifested by exercise intolerance, is caused by a 
defi ciency of carnitine palmitoyltransferase type 2 
(CPT 2). This disease typically begins in adolescence 
or adulthood. Episodes of rhabdomyolysis may oc-
cur with an associated risk of developing AKI. The 
TMS method detects an increase in long-chain 
acylcarnitines (C16, C18), and determines a muta-
tion in the CPT2 gene, which is mapped to 1p32.3.

The another inherited cause of rhabdomyo-
lysis may be very long-chain fatty acid acyl-CoA 
dehydrogenase (VLCAD) defi ciency. Complete 
defi ciency manifests itself in the neonatal period 
with severe cardiomyopathy and is often fatal. 
A  partial failure begins in adolescence or adult-
hood with hypoketotic hypoglycemia, myopathy, 
and rhabdomyolysis. The ACADVL gene is located 
on 17p13.1 [37]. During TMS, an increase in acyl-
carnitine (C14) in the blood is detected.

Mitochondrial trifunctional protein (TFP) de-
fi ciency and long-chain 3-hydroxyacyl-CoA de-
hydrogenase (LCHAD) defi ciency have similar 
clinical manifestations, but TFP is more severe. 
Patients have cardiomyopathy, hypoketotic hy-
poglycemia, liver dysfunction (Reye's syndrome), 
cholestasis, and rhabdomyolysis. The half of pa-
tients have pigmentary retinopathy. In LCHAD a 
mutation in the HADHA gene (2p23.3) is detected 
[37], in TFP  — HADHA (2p23.3), HADHB (2p23.3). 
When performing TMS, patients with TFP show an 
increase in C16OH acylcarnitine, and in patients 
with LCHAD, an increase in C16OH and C18OH 
acylcarnitines [37]. To accurately verify the dia-

gnosis after TMS, a molecular genetic study is per-
formed to detect pathogenic nucleotide variants, 
structural rearrangements and variations in the 
copy number of relevant genes [36].

INSTRUMENTAL METHODS 
FOR DIAGNOSTICS OF RHABDOMYOLYSIS

Ultrasound. In the early stages of skeletal mus-
cle necrosis, ultrasound signs of edema and dest-
ruction of muscle tissue are detected: a diff use 
increase or decrease in the echogenicity of the 
muscles and their thickening are determined. 
There is a decrease in structure and erasure of the 
muscle pattern, arch-like bulges of the muscle 
fascia, and the appearance of intermuscular fl uid 
inclusions are detected. The formation of calcifi -
cations indicates a late stage of the disease. How-
ever, changes detected in the gray scale mode 
are not specifi c to rhabdomyolysis and can be ob-
served in other pathological muscle conditions. 
A Skeletal muscle ultrasound is more often used 
when the patient’s condition is severe and mag-
netic resonance imaging is unavailable [38].

Compression sonoelastography and shear wave 
sonoelastography. These methods are used for a 
more accurate assessment of structural changes 
in muscles, since they allow the assessment of not 
only qualitative, but also quantitative indicators 
of muscle density [32, 39].

Magnetic resonance imaging (MRI). The MRI 
is a highly informative and sensitive method for 
diagnosing rhabdomyolysis, especially in cases 
of atypical distribution of damage, involvement 
of small muscle groups and a high probability of 
compressive eff ects on the neurovascular bun-
dles. According to the MRI, muscles aff ected by 
rhabdomyolysis have increased signal intensity in 
T2-weighted and STIR modes, as well as reduced 
intensity in T1-weighted modes. The T2-weight-
ed examination allows to identify areas of muscle 
necrosis. An improved muscle MRI technique with 
quantitative assessment of T2 relaxation time 
has high sensitivity and specifi city (94 and 82%, 
respectively) in the diagnosis of rhabdomyolysis 
[40, 41].

Morphological diagnosis of skeletal muscle ne-
crosis. In some cases, if rhabdomyolysis is suspec-
ted, a biopsy and histomorphological examination 
of the muscle tissue involved in the pathological 
process are performed [41].

In forensic medical expert practice, there are 
cases when diff erential diagnosis of rhabdomyo-
lysis of a traumatic and non-traumatic nature is 
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necessary, which is achieved based on the results 
of a histological examination of autopsy material 
of skeletal muscles [28].

DIFFERENTIAL DIAGNOSTICS
The clinical picture of non-traumatic rhabdo-

myolysis is quite nonspecifi c, and requires addi-
tional research, including the exclusion of glome-
rulonephritis and a number of infectious diseases 
(viral hepatitis, leptospirosis, etc.).

TREATMENT OF RHABDOMYOLYSIS
Patients with rhabdomyolysis need the earliest 

possible appointment of adequate rehydration 
infusion therapy, prescribed in the fi rst 6 hours 
from the moment of muscle damage, correction 
of electrolyte disturbances (hypo- and hyper-
kalemia, hyperphosphatemia). A diet limited in 
protein and potassium-containing foods is pre-
scribed. The volume of drug therapy depends 
on the severity of the patient’s condition and is 
aimed at preventing the development of AKI. 
 Extracorporeal detoxifi cation methods, elimina-
ting myolysis products from the systemic circula-
tion, are the most eff ective methods for treating 
complications of rhabdomyolysis [1, 4, 8, 32].

PROGNOSIS
The prognosis of rhabdomyolysis is deter-

mined by the risk of developing life-threatening 
conditions. The AKI, hyperkalemia accompanied 
by severe arrhythmias, hypovolemic shock and 
disseminated intravascular coagulation syndrome 
can be the causes of death in patients.

Severe rhabdomyolysis is accompanied by the 
development of a secondary immunodefi ciency 
state, which promotes the activation of an oppor-
tunistic microbiome with a high risk of develo ping 
the manifestation of sepsis [8, 19, 28].

To illustrate the above, we present one of the 
clinical cases of typical non-traumatic rhabdomyo-
lysis in a teenager, caused by intense physical ac-
tivity and complicated by impaired renal function 
in the acute period of the disease.

CLINICAL CASE
Patient M., 14 years old, was urgently admitted 

by ambulance to the emergency department of 
St. Petersburg State Budgetary Institution Chil-
dren's City Hospital № 2 of St. Mary Magdalene, 
accompanied by his mother, with a diagnosis of 
closed injury of the lumbar spine dated 08.11. 
Macrohematuria? Myositis of the back and thighs.

At the time of admission to the hospital, there 
were complaints of severe back pain, change in 
the color of urine (the color of “dark beer”). 

Anamnesis morbi. On November 7th, during 
classes in the volleyball section, the patient per-
formed the same type of exercises on the hyper-
extension trainer for a long time. He limited his 
water load during classes. By the evening a pain 
appeared in the back and calf muscles, the mus-
cles of the back of the thigh. Over the next two 
days the pain increased without any eff ect on oral 
Nurofen. On November 9th severe weakness ap-
peared, the urine darkened to the color of “dark 
beer”. The body temperature increased to 37.3 °C.

Anamnesis vitae. He grew and developed with-
out signs of lag. The vaccination history corres-
ponds to the vaccination calendar by age. He is 
not registered at the dispensary for diseases. 
There is no allergic history. There were no injuries 
or operations. A heredity is not burdened. An Epi-
demiological history is unremarkable. Periodically 
over the last year, a myalgia has been observed 
after prolonged physical exertion, which resolves 
within two days.

Objective examination data upon admission to 
the hospital. The general condition is moderate. 
A consciousness is clear. The food is satisfactory. 
Height — 182 cm (7 points; high physical develop-
ment). Weight — 65 kg (4 points; harmonious deve-
lopment). BMI — 19.7 (within normal values). Heart 
rate  — 66 per minute. Blood pressure  — 120/80–
110/70 mm Hg. The body temperature is 37.0 °C. 
A consciousness is clear. The physique is correct. The 
skin is pink, without rash. Visible mucous membranes 
are pink. The tongue is clean and moist. The boun-
daries of relative cardiac dullness are not expanded. 
Heart sounds are clear and rhythmic. The percus-
sion sound above the lungs is clear. The breathing 
is vesicular, carried out in all fi elds, without wheezes. 
The abdomen is symmetrical, participates in the act 
of breat hing, is accessible to deep palpation, is not 
swollen, soft, painless, pathological formations are 
not palpable. Symptoms of peritoneal irritation are 
ne gative. The liver is not enlarged. The spleen is not 
palpable. The chair is decorated. The urination is not 
diffi  cult. A urine is the color of «dark-beer». 

Local status. A percussion of the spinous pro-
cesses of the spine is painless. The back muscles 
are swollen paravertebrally, their palpation is 
sharply painful; the muscles of the back of the 
thighs are painful on palpation.

Data from laboratory research methods. Blood 
test: 10.11  — hemoglobin  — 142 g/l; erythro-
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cytes  — 4.84×1012/l; hematocrit  — 0.39; ave-
rage hemoglobin concentration  — 366 g/l; 
average hemoglobin content  — 29.9 pg; plate-
lets  — 238.1×109/l; leukocytes  — 7.7×109/l 
(11.14  — 5.3×109/l; 24.11  — 5.0×109/l); neu-
trophils  — 70.7%; neutrophils abs. quantity  — 
5.47×109/l (24.11  — 2.29×109/l); eosinophils  — 
3.8%; basophils  — 0.38%; lymphocytes 19% 
(11.11  — 27.1%); lymphocytes abs. quantity  — 
1.47×109/l; monocytes  — 10% (24.11  — 9.1%); 
ESR — 5 mm/h. Changes in the blood test on 10.11 
indicated the presence of indirect signs of hypo-
xia (increased average hemoglobin concentration; 
norm 346–354 g/l) [42] and infl ammatory mani-
festations in the form of neutrophilia (relative and 
absolute), lymphocytopenia (relative and abso-
lute), monocytosis. In the dynamics of observation 
(11.11, 14.11, 24.11) the appearance of leukopenia, 
neutropenia, and persistence of monocytosis was 
noted, which, along with low-grade fever, did not 
exclude the course of an infectious disease.

Biochemical blood test: 10.11 — increased 
ALT  — 267 units/l (24.11  — 39 units/l); AST  — 
1218  units/l (11.11  — 1316 units/l; 24.11  — 
23 units/l); LDH — 2156 units/l (24.11 — 436 units/l); 
CPK — 107,990 units/l (24.11 — 238 units/l); CPK-
MB  — 3762 units/l; myoglobin  — 1801.1 μg/l; 
total bilirubin  — 31.3 μmol/l; direct bilirubin  — 
12.1  μmol/l; glucose  — 5.8 mmol/l (24.11  — 
4.9  mmol/l); low-density lipoprotein cholester-
ol  — 1.9  mmol/l; phosphorus  — 1.48 mmol/l; 
chlorine  — 109 mmol/l (24.11  — 105  mmol/l) 
with normal troponin levels  — 0.02 ng/ml; C-re-
active protein — 2 mg/l; creatinine — 86 mmol/l; 
urea — 3.9 mmol/l; rheumatoid factor — 3 IU/ml; 
gamma-glutamate transferase — 18.2 units/l; total 
protein — 66 g/l; albumin — 44 g/l; total choleste-
rol — 3.5 mmol/l; high-density lipoprotein choles-
terol — 1.21 mmol/l; uric acid — 293 mmol/l; total 
calcium — 2.45 mmol/l; potassium — 4.1 mmol/l; 
sodium — 146 mmol/l; iron — 24.6 μmol/ml. A glo-
merular fi ltration rate (GFR) accor ding to the Schwartz 
formula at admission was 83 ml/min/1.73 m2, at dis-
charge  — 130.4 ml/min/1.73 m2. The values and 
dynamics of AST, ALT, LDH, CPK, CPK-MB, myoglo-
bin, electrolytes (phosphorus, chlorine), GFR indi-
cated rhabdomyolysis with AKI without a decrease 
in nitrogen excretory function, toxic hepatitis and 
the pre sence of cholestasis. A dyslipidemia refl ec-
ted the patient's underlying lipid metabolism dis-
order.

A study of humoral immunity factors in the 
blood revealed a decrease in IgG (10.11  — 

621 mg/dl; 24.11 — 663 mg/dl) with normal levels 
of IgA and IgM — 117 and 76 mg/dl, respectively, 
complement components C3  — 117 mg/dl and 
C4 — 29 mg/dl.

Urine examination: 09.11 — quantity — 40 ml 
(24.11  — 80 ml); color brown (24.11  — straw 
yellow); transparency  — slightly turbid; relative 
density  — 1.030 (24.11  — 1.018); the reaction is 
slightly acidic; protein  — 0 g/l; glucose  — 0 g/l; 
hemoglobin 10.11  — 3+. A microscopy of urine 
sediment: 09.11  — squamous epithelium  — 0–1 
in the fi eld of view (n/z); leukocytes — 3–5 in p/zr; 
unchanged erythrocytes — 1–2 in p/zr (10.11 — 
15–20 in p/zr); changed erythrocytes — 1–3 in p/zr; 
mucus — 2–3; oxalate salts — 1–2; urate salts — 
0–1. A daily diuresis 11.11  — 950 ml; daily pro-
tein — 0.170 g. An urine culture is sterile. A study 
of urine test data revealed signs characteristic of 
rhabdomyolysis: discoloration, hematuria, pro-
teinuria [6].

Coagulogram parameters are within normal 
limits. A blood test for RNGA with salmonellosis, 
pseudotuberculosis, dysentery (Sonne, Flexner, 
Newcastle), yersinia (O3 and O9) diagnosticums is 
negative. Nasopharyngeal swab  — rapid antigen 
test for COVID-19 — negative. A serum antistrep-
tolysin-O was slightly elevated  — 211 IU/ml. The 
study of antibodies to helminthiasis (ascariasis, 
toxocariasis, anisakiasis) in the blood is negative. 
The study of IgG and IgM to cytomegalovirus, IgG 
to herpes virus type 6, IgM to capsid, nuclear and 
early antigens of the Epstein-Barr virus  — nega-
tive, IgG to herpes viruses types 1 and 2  — titer 
1:1600 (positive ) with normal IgM values. The data 
obtained excluded the presence of current infec-
tious diseases and helminthiasis in the patient.

Results of instrumental research methods. An 
ECG: heart rate  — 65 beats/min; ectopic atrial 
rhythm, incomplete blockade of the right bun-
dle branch, impaired repolarization (the detected 
changes were regarded as functional). An X-ray 
of the lumbar spine in two projections: a lumbar 
lordosis is preserved, the height of the interverte-
bral discs is not changed; the ratio of the posterior 
parts of the vertebrae and the shape of the verte-
bral bodies are not disturbed; At the lower con-
tour of the spinous process of LIII, an additional 
shadow of bone density measuring 5×3 mm with 
clear contours and a homogeneous structure (un-
fused ossifi cation core) is determined. An ultra-
sound of the kidneys revealed hyperechogenicity 
of the cortical layer, characteristic of kidney dis-
ease. A bladder data without pathology.
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For the fi rst two days, the patient received 
treatment in the intensive care unit, where intra-
venous infusion of glucose-saline solutions was 
carried out, then he was transferred to the neph-
rology department, where detoxifi cation therapy 
continued. Discharged on the 14th day of hospi-
talization with improvement in clinical and labo-
ratory parameters under the supervision of a local 
pediatrician and nephrologist, genetic consulta-
tion was recommended, planned hospitalization 
in the nephrology department in a year, exemp-
tion from physical education for a month, then 
classes are possible after monitoring kidney func-
tion and permission from a sports doctor .

This example demonstrates a typical clinical 
picture of rhabdomyolysis, complicated by AKI, in 
a teenager of high physical development, which 
arose as a result of excessive physical activity dur-
ing sports activities. Considering the anamnestic 
data on previously observed long-term myalgia af-
ter heavy physical activity, hereditary causes of the 
disease cannot be excluded. The triggers for rhab-
domyolysis could be the asymptomatic course of 
the infectious disease and the presence of dyslipi-
demia. A feature of the developed AKI was the ab-
sence of a decrease in nitrogen excretion function 
and the rapid recovery of GFR against the back-
ground of detoxifi cation and rehydration therapy. 
Laboratory manifestations of hypoxia, toxic hepa-
titis and cholestasis refl ected the severity of endo-
toxemia caused by rhabdomyolysis.

CONCLUSION
Rhabdomyolysis associated with physical ac-

tivity (post-exercise) in children and adolescents 
is non-traumatic in origin, often due to hereditary 
causes and provoked against the background 
of infectious diseases and metabolic disorders. 
The acute kidney damage is a typical potentially 
reversible complication of rhabdomyolysis and 
requires diff erential diagnosis, timely adequate 
treatment and subsequent follow-up of patients 
to prevent the development of chronic kidney pa-
thology [43].
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November 11, 2023 marks the 70th anniver-
sary of Ruslan Abdullaevich Nasyrov, one of the 
leading modern scientists in the fi eld of patholog-
ical anatomy of childhood diseases and infectious 
pathology, professor, doctor of medical sciences, 
head of the department of pathological anatomy 
with a course of forensic medicine named after. 
Professor D.D. Lokhov, vice-rector for scientifi c 
work of the St. Petersburg State Pediatric Medical 
University of the Ministry of Healthcare of the Rus-
sian Federation (SPbSPMU).

Ruslan Abdullaevich devoted more than 
50 years to scientifi c activity in pathomorpholo-
gy, an interest in which arose while still a student 
under the leadership of the head of the Depart-
ment of Human Anatomy of the Semipalatinsk 
State Medical Institute, Professor E.P. Tsvetova. 
The main development of Ruslan Abdullaevich as 
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a specialist and scientist was in the department of 
pathological anatomy of the Institute of Experi-
mental Me dicine of the USSR Academy of Medical 
Sciences, which was headed by Professor V.E. Piga-
revsky. In 1984, Ruslan Abdullaevich successfully 
defended his Ph.D. thesis on the topic “The state 
of neurons of the spinal nodes and spinal cord 
during hypokinesia” (scientifi c advisor Professor 
G.V.  Konovalov), in 1995  — his doctoral disser-
tation on the topic “Patomorphology and issues 
of the pathogenesis of herpetic infection brain" 
(scientifi c consultant Professor V.P. Tumanov). 
While still working on his doctoral dissertation, in 
1989 R.A.  Nasyrov headed the pathomorpholo-
gical group of the Scientifi c Research Institute of 
Childhood Infections.

The pediatric profi le of scientifi c interests natu-
rally continued when in 2007 Ruslan Abdullaevich 
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moved to the St. Petersburg State Pediatric Med-
ical Academy to the position of head of the de-
partment of pathological anatomy (since 2009 — 
the department of pathological anatomy with a 
course of forensic medicine). In 2010, R.A. Nasy-
rov was appointed vice-rector for scientifi c work. 
Ruslan Abdullaevich is a member of the Presidium 
of the Russian Society of Pathologists, a member 
of the certifi cation commission on pathological 
anatomy, and deputy editor-in-chief of the Pedi-
atrician magazine, which is included in the list of 
scientifi c journals and publications of the High-
er Attestation Commission. During the period 
2009–2019, R.A. Nasyrov was the chief specialist 
in pathomorphology of childhood diseases of the 
Healthcare Committee of St. Petersburg.

Ruslan Abdullaevich honors his teachers and 
carefully preserves the traditions of his predeces-
sors. On the initiative of R.A. Nasyrov at the end 
of 2022, the Department of Pathological Anatomy 
with a course of Forensic Medicine was named af-
ter its founder, the founder of the St. Petersburg 
School of Children's Pathologists, Professor Dmi-
try Dmitrievich Lokhov. R.A. Nasyrov is sincerely 
devoted to science; he is a talented leader, tea-
cher and doctor. Ruslan Abdullaevich raised mor-
phological research at the university to a new le-
vel by organizing an immunohistochemical (IHC) 
laboratory at his department.

Professor R.A. Nasyrov created a modern sci-
entifi c and practical school of pathological ana-
tomy, perinatal pathology and childhood disea-
ses, which provides advisory assistance to doctors 
and patients in all regions of the Russian Federa-
tion. Under the leadership of Ruslan Abdullaevich, 
meetings of the section of pediatric pathology of 
the St. Petersburg Society of Pathologists are held; 
since 2018, within the framework of the congress 
“Healthy Children  — the Future of the Country”, 
conferences of pediatric pathologists have been 
organized, in which pathologists and forensic ex-
perts participate with scientifi c reports from vari-
ous regions of Russia and foreign countries.

Ruslan Abdullaevich Nasyrov makes a great 
contribution to the training of medical, tea-
ching and research personnel for the whole of 
Russia, to the development of domestic patho-
logical anatomy. R.A. Nasyrov opened the way 
to science and practical medicine to many of 
his students, who continue his work in different 
parts of the world. He and his students identified 
immunohistochemical markers for the diagno-
sis and prognosis of diphtheria, chronic tonsil-

litis, infectious mononucleosis, viral hepatitis, 
tuberculosis, HIV infection, erythroderma, sud-
den death syndrome in children, and pathology 
of the gastrointestinal tract. For the first time 
R.A. Nasyrov, during an immunohistochemical 
study, discovered the bovine leukemia virus 
 antigen in certain forms of breast cancer, and 
obtained original data on the significance of 
the infectious factor in ovarian cancer. Based on 
the study of a wide range of immunohistoche-
mical markers of chronic endometritis, effec-
tive tactics for restoring reproductive function 
in women with a burdened obstetric and gyne-
cological history have been developed, which 
can significantly affect the increase in the total 
fertility rate in Russia. The research by Professor 
R.A. Nasyrov and his students showed that the 
structures of the microvasculature vessel wall 
are the earliest target of the influence of pat-
hogenicity factors during herpetic neuroviral 
infection. Subsequently, the dominant role of 
the vascular factor was shown using examples 
of bacterial (Haemophilus influenzae, pneumo-
coccal) and fungal (cryptococcal) infections. 
The results obtained were of fundamental 
importance and determined a new scientific 
direction in the study of the role of the micro-
vasculature vessel wall in the pathogenesis of 
infectious diseases. These data brought new 
insights into the understanding of the genesis 
and treatment tactics of infectious diseases, as 
well as into the further development of the the-
ory of pathology.
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Ruslan Abdullaevich, having a wealth of clini-
cal experience, is directly involved in the diag-
nostic work of the pathology department of the 
university, conducting clinical and anatomical 
analyzes of each fatal case, which contributes to 
the solution of an urgent problem — the study of 
the causes and mechanisms of death in perinatal 
pathology and pathology of childhood.

The results of Ruslan Abdullaevich’s work are 
refl ected in monographs, guidlines and manuals, 
among them “Diphtheria in Children” (2000), “Vi-
ral meningitis and meningoencephalitis in chil-
dren” (2008), “Purulent meningitis in children” 
(2017), “Pathoanatomical diagnosis in perinatolo-
gy "(2019), "Pathomorphological studies in perina-
tology" (2020), etc. The total number of scientifi c 
works exceeds 300 publications, of which more 
than 100 were published over the past fi ve years, 
with 32 works in journals from the Scopus list. 
With the participation and guidance of R.A.  Na-
syrov, over the past three years, published the 
textbook “Pathological Anatomy. General part" 
(2021), 6 manuals (one of them published in Ger-
many), 12 teaching aids. Professor R.A. Nasyrov is 

a co-author of 14 patents for inventions. Under his 
leadership, 14 candidate and 3 doctoral disserta-
tions were defended. Currently, 4 candidate and 
1 doctoral dissertations are being carried out.

For achievements in the fi eld of higher edu-
cation, Professor R.A. Nasyrov in 2020 was awar-
ded the gratitude of the Legislative Assembly of 
St.  Petersburg. In 2022, at the Congress of Rus-
sian Pathologists he was awarded a diploma for 
his signifi cant contribution to the development 
of pathological anatomy and active participation 
in the work of the Russian Society of Pathologists, 
in 2023 he became a laureate of the national award 
of the Russian Professorial Assembly “Vice-Rector 
of the Year for Research” in the category of medi-
cal universities.

The staff  of the Department of Pathological Anat-
omy with the Course of Forensic Medicine named af-
ter. Professor D.D. Lokhov, the editorial board of the 
journal "Children's Medicine of the North-West", stu-
dents and colleagues cordially congratulate Ruslan 
Abdullaevich on his anniversary and wish him good 
health, successful creative search, new scientifi c dis-
coveries and professional achievements.
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On the last day of the outgoing year, Evgenia 
Viktorovna Boytsova, a professor at the Depart-
ment of Propaedeutics of Children’s Diseases with 
a course in general child care, celebrates her an-
niversary.

She was born on December 31, 1953 in Penza 
in the family of an engineer and a military man. 
In 1970 she graduated from high school in Pet-
ropavlovsk-Kamchatsky, in 1977 she graduated 
from the Leningrad Pediatric Institute with a de-
gree in Pediatrics. In 1977–1978 she studied as an 
internship, then she worked as a local doctor in a 
children's clinic. In 1980–1982 she studied in cli-
nical residency in the specialty “Pulmonology” at 

the Leningrad Research Institute of Pulmonology 
under the guidance of professors A.V. Bogdanova 
and K.F. Shiryaeva.

After residency, Evgeniya Viktorovna worked 
as a pediatric pulmonologist in the children's 
pulmonology department of the Pulmonology 
Research Institute. In 1987 she was elected to the 
position of junior researcher at the laboratory of 
pediatric pulmonology at the Research Institute 
of Pulmonology. In 1993 she defended her candi-
date’s thesis on the topic “Underdevelopment of 
the lungs in children”, in 2003 she defended her 
doctoral dissertation on the topic “Bronchiolitis 
obliterans in children (clinical, functional and ra-
diological features)” under the scientifi c advice of 
Professor A.V. Bogdanova. In her dissertation, for 
the fi rst time in our country, the clinical and func-
tional features of the disease were studied in de-
tail and diagnostic criteria were developed based 
on modern radiological and functional methods. 
Until 2019 Evgenia Viktorovna worked at the Re-
search Institute of Pulmonology of the St. Peters-
burg State Medical University named after aca-
demician I.P. Pavlov as a leading researcher and 
part-time at St. Petersburg State Pediatric Medical 
University she works as a professor in the depart-
ment of propaedeutics of children’s diseases with 
a course of general child care. Evgenia Viktorovna 
has valid certifi cates in the specialty “Pulmono-
logy” and “Pediatrics”. Since 2012 she has been 
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a  pediatric pulmonologist in the Leningrad re-
gion, a consultant at the Children's Regional Clin-
ical Hospital. She observes all complex patients in 
the regional hospital, conducts clinical analyzes 
and medical examinations. Her opinion is always 
authoritative; the staff  of the regional hospital 
treat her with great respect and love.

Evgenia Viktorovna is the author and co-author 
of more than 350 publications, including co-au-
thor of 4 monographs (“Interstitial lung di seases 
in infants”, “Bronchopulmonary dysplasia: from 
Norsway to the present day”, “Pharmacot herapy 
of chronic obstructive pulmonary diseases in chil-
dren”, “Chronic obstructive pathology lungs in 
adults and children. A guide for doctors"), 10 edu-
cational and teaching aids, more than 50 articles 
in leading peer-reviewed journals. Hirsch index 
RSCI  — 16. Evgenia Viktorovna took an active 
part in the preparation of Federal clinical recom-
mendations on bronchopulmonary dysplasia, the 
scientifi c and practical program "Bronchopul-
monary dysplasia" of the Russian Respiratory So-
ciety (RRS), the Russian Association of Perinatal 
Medicine Specialists (RASPM), the Federation of 
Pediatricians of the CIS Countries, the Pediatric 
respiratory society. Currently, an updated clinical 
guideline on bronchopulmonary dysplasia with 
her participation is being prepared for publica-
tion. Evgenia Viktorovna is also actively involved 
in creating a national register of patients with 
cystic fi brosis, and is a member of the RRS, the Eu-
ropean Respiratory Society.

Under the guidance of Evgenia Viktorovna, 
2  candidate dissertations were completed: “Pre-

valence and clinical features of bronchial asthma in 
children of the Leningrad region” (Arestova N.Ya.) 
and “Outcomes of bronchopulmonary dysplasia 
in children and adolescents” (Zapevalova E.U.).

Thus, the sphere of scientific interests of Pro-
fessor E.V. Boitsova's areas of expertise include 
chronic obstructive pulmonary diseases in chil-
dren, neonatal pulmonology, neonatology, in-
terstitial diseases of childhood, and cystic fibro-
sis. Together with other specialists, based on her 
research, she created and clinically tested a sys-
tem of staged management of children suffering 
from bronchopulmonary dysplasia and its com-
plications, established the outcomes of bron-
chopulmonary dysplasia in older childhood and 
adolescence, developed an algorithm for diag-
nosing the consequences of this pathology, and 
determined its significance for respiratory health 
in children. older age. For the first time in our 
country, with the participation of Evgenia Vik-
torovna, observations of rare diseases, including 
interstitial lung diseases and genetic syndromes, 
were published.

An excellent teacher, methodologist, thought-
ful and erudite doctor, excellent lecturer, Evgenia 
Viktorovna enjoys love and respect in the team. 
She is a comprehensively educated person, knows 
domestic and foreign literature well, loves to trav-
el, and enjoys gardening. Evgenia Viktorovna has 
a wonderful, friendly family: a husband, a daugh-
ter and an adult grandson. Both colleagues and 
relatives congratulate Evgenia Viktorovna on her 
anniversary, wish her health, creative success, and 
new bright impressions.
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ПРАВИЛА ДЛЯ АВТОРОВ

Утв. приказом ректора
ФГБОУ ВО СПбГПМУ Минздрава России от 15.03.2021 г.

НАСТОЯЩИЕ ПРАВИЛА ДЛЯ АВТОРОВ
ЯВЛЯЮТСЯ ИЗДАТЕЛЬСКИМ ДОГОВОРОМ

Условия настоящего Договора (далее «До-
говор») являются публичной офертой в соот-
ветствии с п. 2 ст. 437 Гражданского кодекса 
Российской Федерации. Данный Договор опре-
деляет взаимоотношения между редакцией 
журнала «Children's medicine of the North-West 
(Детская медицина Северо-Запада)» (далее по 
тексту «Журнал»), зарегистрированного Феде-
ральной службой по надзору в сфере связи, ин-
формационных технологий и массовых комму-
никаций (РОСКОМНАДЗОР), Пи № ФС77-805334 
от 1 марта 2021 г., именуемой в дальнейшем 
«Редакция» и являющейся структурным под-
разделением ФГБОУ ВО СПбГПМУ Минздрава 
России, и автором и/или авторским коллекти-
вом (или иным правообладателем), именуемым 
в дальнейшем «Автор», принявшим публичное 
предложение (оферту) о заключении Договора. 

Автор передает Редакции для издания автор-
ский оригинал или рукопись. Указанный автор-
ский оригинал должен соответствовать требо-
ваниям, указанным в разделах «Представление 
рукописи в журнал», «Оформление рукописи». 
При рассмотрении полученных авторских ма-
териалов Журнал руководствуется «Едиными 
требованиями к рукописям, представляемым в 
биомедицинские журналы» (Intern. committee of 
medical journal editors. Uniform requirements for 
manuscripts submitted to biomedical journals  // 
Ann. Intern. Med. 1997; 126: 36–47).

В Журнале печатаются ранее не опублико-
ванные работы по профилю Журнала. 

Журнал не рассматривает работы, результаты 
которых по большей части уже были опублико-
ваны или описаны в статьях, представленных или 
принятых для публикации в другие печатные или 
электронные средства массовой информации. 
Представляя статью, автор всегда должен ставить 
редакцию в известность обо всех направлениях 
этой статьи в печать и о предыдущих публикаци-
ях, которые могут рассматриваться как множе-
ственные или дублирующие публикации той же 
самой или очень близкой работы. Автор должен 

уведомить редакцию о том, содержит ли статья 
уже опубликованные материалы и предоставить 
ссылки на предыдущую, чтобы дать редакции 
возможность принять решение, как поступить в 
данной ситуации. Не принимаются к печати ста-
тьи, представляющие собой отдельные этапы не-
завершенных исследований, а также статьи с на-
рушением «Правил и норм гуманного обращения 
с биообъектами исследований».

Размещение публикаций возможно только 
после получения положительной рецензии. 

Все статьи, в том числе статьи аспирантов и 
докторантов, публикуются бесплатно.

ПРЕДСТАВЛЕНИЕ РУКОПИСИ В ЖУРНАЛ
Авторский оригинал принимает редакция. 

Подписанная Автором рукопись должна быть 
отправлена в адрес редакции по электронной 
почте на адрес lt2007@inbox.ru. Автор должен 
отправить конечную версию рукописи и дать 
файлу название, состоящее из фамилии перво-
го автора и первых 2–3 сокращенных слов из 
названия статьи. Информацию об оформлении 
можно уточнить на сайте: http://ojs3.gpmu.org/
index.php/childmed/index.

СОПРОВОДИТЕЛЬНЫЕ ДОКУМЕНТЫ
К авторскому оригиналу необходимо при-

ложить экспертное заключение о возможно-
сти опубликования в открытой печати (бланк 
можно скачать на сайте https://www.gpmu.org/
science/pediatrics-magazine/).

Рукопись считается поступившей в Редак-
цию, если она представлена комплектно и 
оформлена в соответствии с описанными тре-
бованиями. Предварительное рассмотрение 
рукописи, не заказанной Редакцией, не являет-
ся фактом заключения между сторонами изда-
тельского Договора.

Для публикации в Журнале необходимо пре-
доставить рукопись и направление на публика-
цию от учреждения с разрешением на публика-
цию в открытой печати.
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При представлении рукописи в Журнал 
Авторы несут ответственность за раскрытие 
своих финансовых и других конфликтных ин-
тересов, способных оказать влияние на их ра-
боту. В рукописи должны быть упомянуты все 
лица и организации, оказавшие финансовую 
поддержку (в виде грантов, оборудования, ле-
карств или всего этого вместе), а также другое 
финансовое или личное участие.

АВТОРСКОЕ ПРАВО
Редакция отбирает, готовит к публикации и 

публикует переданные Авторами материалы. 
Авторское право на конкретную статью при-
надлежит авторам статьи. Авторский гонорар 
за публикации статей в Журнале не выплачи-
вается. Автор передает, а Редакция принимает 
авторские материалы на следующих условиях:
1) Редакции передается право на оформление, изда-

ние, передачу Журнала с опубликованным мате-
риалом Автора для целей реферирования статей 
из него в Реферативном журнале ВИНИТИ, РНИЦ 
и базах данных, распространение Журнала/ав-
торских материалов в печатных и электронных 
изданиях, включая размещение на выбранных 
либо созданных Редакцией сайтах в сети Интер-
нет в целях доступа к публикации в интерактив-
ном режиме любого заинтересованного лица из 
любого места и в любое время, а также на рас-
пространение Журнала с опубликованным мате-
риалом Автора по подписке;

2) территория, на которой разрешается использо-
вать авторский материал,  — Российская Феде-
рация и сеть Интернет;

3) срок действия Договора — 5 лет. По истечении 
указанного срока Редакция оставляет за собой, 
а Автор подтверждает бессрочное право Редак-
ции на продолжение размещения авторского 
материала в сети Интернет;

4) Редакция вправе по своему усмотрению без 
каких-либо согласований с Автором заключать 
договоры и соглашения с третьими лицами, на-
правленные на дополнительные меры по защи-
те авторских и издательских прав;

5) Автор гарантирует, что использование Редак-
цией предоставленного им по настоящему До-
говору авторского материала не нарушит прав 
третьих лиц;

6) Автор оставляет за собой право использовать 
предоставленный по настоящему Договору ав-
торский материал самостоятельно, передавать 
права на него по договору третьим лицам, если 
это не противоречит настоящему Дого вору;

7) Редакция предоставляет Автору возможность 
безвозмездного получения справки с электрон-
ными адресами его официальной публикации в 
сети Интернет;

8) при перепечатке статьи или ее части ссылка на 
первую публикацию в Журнале обязательна.

ПОРЯДОК ЗАКЛЮЧЕНИЯ ДОГОВОРА 
И ИЗМЕНЕНИЯ ЕГО УСЛОВИЙ

Заключением Договора со стороны Редак-
ции является опубликование рукописи данно-
го Автора в журнале «Children’s medicine of the 
North-West» и размещение его текста в сети Ин-
тернет. Заключением Договора со стороны Ав-
тора, т. е. полным и безоговорочным принятием 
Автором условий Договора, является передача 
Автором рукописи и экспертного заключения.

ОФОРМЛЕНИЕ РУКОПИСИ
Редакция журнала приветствует полностью 

двуязычные статьи.
Статья должна иметь (НА РУССКОМ И АН-

ГЛИЙСКОМ ЯЗЫКАХ): 
1. Заглавие (Title) должно быть кратким (не 

более 120 знаков), точно отражающим содер-
жание статьи. 

2. Сведения об авторах (публикуются). Для 
каждого автора указываются: фамилия, имя и 
отчество, место работы, почтовый адрес места 
работы, e-mail, ORCID. Фамилии авторов ре-
комендуется транслитерировать так же, как в 
предыдущих публикациях или по системе BGN 
(Board of Geographic Names), см. сайт http://www.
translit.ru. 

3. Резюме (Summary) (1500–2000 знаков, 
или 200–250 слов) помещают перед текстом 
статьи. Резюме не требуется при публикации 
рецензий, отчетов о конференциях, информа-
ционных писем. 

Авторское резюме к статье является основ-
ным источником информации в отечественных 
и зарубежных информационных системах и ба-
зах данных, индексирующих журнал. Резюме 
доступно на сайте журнала «Children’s medicine 
of the North-West» и индексируется сетевыми 
поисковыми системами. Из аннотации долж-
на быть понятна суть исследования, нужно ли 
обращаться к полному тексту статьи для по-
лучения более подробной, интересующей его 
информации. Резюме должно излагать только 
существенные факты работы.

Рекомендуемая структура аннотации: вве-
дение (Background), цели и задачи (Purposes 
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and tasks), методы (Materials and methods), 
результаты (Results), выводы (Conclusion). 
Предмет, тему, цель работы нужно указывать, 
если они не ясны из заглавия статьи; метод 
или методологию проведения работы целе-
сообразно описывать, если они отличаются 
новизной или представляют интерес с точки 
зрения данной работы. Объем текста автор-
ского резюме определяется содержанием 
публикации (объемом сведений, их научной 
ценностью и/или практическим значени-
ем) и  должен быть в пределах 200–250 слов 
(1500–2000 знаков). 

4. Ключевые слова (Key words) от 3 до 10 
ключевых слов или словосочетаний, которые 
будут способствовать правильному перекрест-
ному индексированию статьи, помещаются 
под резюме с подзаголовком «ключевые сло-
ва». Используйте термины из списка медицин-
ских предметных заголовков (Medical Subject 
Headings), приведенного в Index Medicus (если 
в этом списке еще отсутствуют подходящие 
обозначения для недавно введенных терми-
нов, подберите наиболее близкие из имеющих-
ся). Ключевые слова разделяются точкой с за-
пятой.

5. Заголовки таблиц, подписи к рисункам, 
а также все тексты на рисунках и в таблицах 
должны быть на русском и английском языках.

6. Литература (References). Список ли-
тературы должен представлять полное би-
блиографическое описание цитируемых ра-
бот в соответствии с NLM (National Library of 
Medicine) Author A.A., Author B.B., Author C.C. 
Title of article. Title of Journal. 2005;10(2):49–53. 
Список формируется в порядке упоминания 
источников (если источник упоминается не-
сколько раз, то используется номер ссылки 
первого упоминания). В описании указываются 
ВСЕ авторы публикации. Библиографические 
ссылки в тексте статьи даются цифрой в ква-
дратных скобках. Ссылки на неопубликован-
ные работы не допускаются.

Книга: Автор(ы) название книги (знак точка) 
место издания (двоеточие) название издатель-
ства (знак точка с запятой) год издания. 

Если в качестве автора книги выступает ре-
дактор, то после фамилии следует ред.

Преображенский Б.С., Тёмкин Я.С., Лиха-
чёв А.Г. Болезни уха, горла и носа. М.: Медици-
на; 1968.

Радзинский В.Е., ред. Перинеология: учеб-
ное пособие. М.: РУДН; 2008.

Brandenburg J.H., Ponti G.S., Worring A.F. eds. 
Vo cal cord injection with autogenous fat. 3 rd ed. 
NY: Mosby; 1998.

Глава из книги: Автор (ы) название главы 
(знак точка) В кн.: или In: далее описание кни-
ги [Автор (ы) название книги (знак точка) место 
издания (двоеточие) название издательства 
(знак точка с запятой) год издания] (двоеточие) 
стр. от и до.

Коробков Г.А. Темп речи. В кн.: Современные 
проблемы физиологии и патологии речи: сб. тр. 
Т. 23. М.; 1989: 107–11.

Статья из журнала
Автор (ы) название статьи (знак точка) на-

звание журнала (знак точка) год издания (знак 
точка с запятой) том (если есть в круглых скоб-
ках номер журнала) затем знак (двоеточие) 
страницы от и до.

Кирющенков А.П., Совчи М.Г., Иванова П.С. 
Поликистозные яичники. Акушерство и гинеко-
логия. 1994; N 1: 11–4.

Brandenburg J.H., Ponti G.S., Worring A.F. Vocal 
cord injection with autogenous fat: a long-term 
magnetic resona. Laryngoscope. 1996; l06 (2, pt l): 
174–80.

Тезисы докладов, материалы научных 
конф.

Бабий А. И., Левашов М. М. Новый алгоритм 
нахождения кульминации экспериментально-
го нистагма (миниметрия). III съезд оторино-
ларингологов Респ. Беларусь: тез. докл. Минск; 
1992: 68–70.

Салов И.А., Маринушкин Д.Н. Акушерская 
тактика при внутриутробной гибели плода. 
В кн.: Материалы IV Российского форума «Мать 
и дитя». М.; 2000; ч. 1: 516–9.

Авторефераты
Петров С.М. Время реакции и слуховая адап-

тация в норме и при периферических пора-
жениях слуха. Автореф. дис… канд. мед. наук. 
СПб.; 1993.

Описание Интернет-ресурса
Щеглов И. Насколько велика роль микро-

флоры в биологии вида-хозяина? Живые систе-
мы: научный электронный журнал. Доступен по: 
http://www.biorf.ru/catalog.aspx?cat_id=396&d_
no=3576 (дата обращения 02.07.2012).

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).
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Для всех статей, имеющих DOI, индекс необ-
ходимо указывать в конце библиографическо-
го описания.

По новым правилам, учитывающим требо-
вания международных систем цитирования, 
библиографические списки (References) вхо-
дят в англоязычный блок статьи и, соответ-
ственно, должны даваться не только на языке 
оригинала, но и в латинице (романским алфа-
витом). Поэтому авторы статей должны давать 
список литературы в двух вариантах: один на 
языке оригинала (русскоязычные источники 
кириллицей, англо язычные латиницей), как 
было принято ранее, и отдельным блоком 
тот же список литературы (References) в ро-
манском алфавите для Scopus и других меж-
дународных баз данных, повторяя в нем все 
источники литературы, независимо от того, 
имеются ли среди них иностранные. Если в 
списке есть ссылки на иностранные публика-
ции, они полностью повторяются в списке, го-
товящемся в романском алфавите.

В романском алфавите для русскоязычных ис-
точников требуется следующая структура библи-
ографической ссылки: автор(ы) (транслитерация), 
перевод названия книги или статьи на английский 
язык, название источника (транслитерация), выход-
ные данные в цифровом формате, указание на язык 
статьи в скобках (in Russian). 

Технология подготовки ссылок с использо-
ванием системы автоматической транслитера-
ции и переводчика.

На сайте http://www.translit.ru можно бес-
платно воспользоваться программой трансли-
терации русского текста в латиницу. Програм-
ма очень простая.

1. Входим в программу Translit.ru. В окошке 
«варианты» выбираем систему транслитерации 
BGN (Board of Geographic Names). Вставляем в 
специальное поле весь текст библиографии на 
русском языке и нажимаем кнопку «в транс-
лит».

2. Копируем транслитерированный текст в 
готовящийся список References.

3. Переводим с помощью автоматического 
переводчика  название книги, статьи, поста-
новления и т.д. на английский язык, переносим 
его в готовящийся список. Перевод, безуслов-
но, требует редактирования, поэтому данную 
часть необходимо готовить человеку, понима-
ющему английский язык.

4. Объединяем описания  в соответствии с 
принятыми правилами  и редактируем список. 

5. В конце ссылки в круглых скобках указы-
вается (in Russian). Ссылка готова.

Примеры транслитерации русскоязычных 
источников литературы для англоязычного 
блока статьи

Книга: Avtor (y) Nazvanie knigi (znak tochka) 
[The title of the book in english] (znak tochka)  
Mesto izdaniya (dvoetochie) Nazvanie izdatel’stva 
(znak tochka s zapyatoy) god izdaniya.

Preobrazhenskiy B. S., Temkin Ya. S., 
Likhachev A. G. Bolezni ukha, gorla i nosa. [Diseases 
of the ear, nose and throat]. M.: Meditsina; 1968. 
(in Russian).

Radzinskiy V.E., ed. Perioneologiya: uchebnoe 
posobie. [Perineology tutorial]. M.: RUDN; 2008. 
(in Russian).

Глава из книги: Avtor (y) Nazvanie glavy (znak 
tochka) [The title of the article in english] (znak 
tochka) In: Avtor (y) Nazvanie knigi (znak tochka) 
Mesto izdaniya (dvoetochie) Nazvanie izdatel’stva 
(znak tochka s zapyatoy) god izdaniya]. 
(dvoetochie) stranisi ot i do.

Korobkov G. A. Temp rechi. [Rate of speech]. 
In.: Sovremennye problemy fi ziologii i patologii 
rechi: sb. tr. T. 23. M.; 1989: 107–11. (in Russian).

Cтатья из журнала: Avtor (y) Nazvanie stat’I 
(znak tochka)  [The title of the article in english] 
(znak tochka) Nazvanie zhurnala (znak tochka) 
god izdaniya (znak tochka s zapyatoy) tom (esli 
est’ v kruglykh skobkakh nomer zhurnala) zatem 
(znak dvoetochie) stranitsy ot i do.

Kiryushchenkov A. P., Sovchi M. G., Ivanova P. 
S. Polikistoznye yaichniki. [Polycystic ovary]. 
Akusherstvo i ginekologiya. 1994; N 1: 11–4. (in 
Russian).

Тезисы докладов, материалы научных 
конф.

Babiy A. I., Levashov M. M. Novyy algoritm 
nakhozhdeniya kul’minatsii eksperimental’nogo 
nistagma (minimetriya). [New algorithm of fi nding 
of the culmination experimental nystagmus 
(minimetriya)]. III s’ezd otorinolaringologov Resp. 
Belarus’: tez. dokl. Minsk; 1992: 68–70. (in Russian).

Salov I. A., Marinushkin D. N. Akusherskaya 
taktika pri vnutriutrobnoy gibeli ploda. [Obstetric 
tactics in intrauterine fetal death]. In: Materialy 
IV Rossiyskogo foruma «Mat’ i ditya». M.; 2000; 
ch.1:516–9. (in Russian).

Авторефераты
Petrov S. M. Vremya reaktsii i slukhovaya 

adaptatsiya v norme i pri perifericheskikh 
porazheniyakh slukha. [Time of reaction and 
acoustical adaptation in norm and at peripheral 
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defeats of hearing]. PhD thesis. SPb.; 1993. (in 
Russian).

Описание Интернет-ресурса
Shcheglov I. Naskol’ko velika rol’ mikrofl ory 

v biologii vida-khozyaina? [How great is the 
microfl ora role in type-owner biology?]. Zhivye 
sistemy: nauchnyy elektronnyy zhurnal. Available at: 
http://www.biorf.ru/catalog.aspx?cat_id=396&d_
no=3576 (accessed 02.07.2012). (in Russian).

ОТВЕТСТВЕННОСТЬ ЗА ПРАВИЛЬНОСТЬ БИ-
БЛИОГРАФИЧЕСКИХ ДАННЫХ НЕСЕТ АВТОР.

Остальные материалы предоставляются либо на 
русском, либо на английском языке, либо на обоих 
языках по желанию.

СТРУКТУРА ОСНОВНОГО ТЕКСТА СТАТЬИ
Введение, изложение основного материала, 

заключение, литература. Для оригинальных ис-
следований  — введение, методика, результаты 
исследования, обсуждение результатов, литера-
тура (IMRAD).

В разделе «методика» обязательно указыва-
ются сведения о статистической обработке экс-
периментального или клинического материа-
ла. Единицы измерения даются в соответствии 
с Международной системой единиц — СИ. 
Фамилии иностранных авторов, цитируемые в 
тексте рукописи, приводятся в оригинальной 
транскрипции. 

Объем рукописей. 
Объем рукописи обзора не должен превы-

шать 25 стр. машинописного текста через два 
интервала, 12 кеглем (включая таблицы, спи-
сок литературы, подписи к рисункам и резюме 
на английском языке), поля не менее 25  мм. Ну-
меруйте страницы последовательно, начиная 
с титульной. Объем рукописи статьи экспери-
ментального характера не должен превышать 
15 стр. машинописного текста; кратких сооб-
щений (писем в редакцию) — 7 стр.; отчетов о 
конференциях — 3 стр.; рецензий на книги — 3 
стр. Используйте колонтитул — сокращенный 
заголовок и нумерацию страниц, для помеще-
ния вверху или внизу всех страниц статьи.

Иллюстрации и таблицы. Число рисунков 
рекомендуется не более 5. В подписях под ри-

сунками должны быть сделаны объяснения зна-
чений всех кривых, букв, цифр и прочих услов-
ных обозначений. Все графы в таблицах должны 
иметь заголовки. Повторять одни и те же данные 
в тексте, на рисунках и в таблицах не следует. 
Все надписи на рисунках и в таблицахпри-
водятся на русском и английском языках. 
Рисунки, схемы, фотографии должны быть пред-
ставлены в точечных форматах tif, bmp (300–
600  dpi), или в векторных форматах pdf, ai, eps, 
cdr. При оформлении графических материалов 
учитывайте размеры печатного поля Журнала 
(ширина иллюстрации в одну колонку  — 90 мм, 
в 2 — 180 мм). Масштаб 1:1. 

В конце каждой статьи обязательно ука-
зываются вклад авторов в написание статьи, 
источники финансирования (если имеются), 
отсутствие конфликта интересов, наличие со-
гласия на публикацию со стороны пациентов.

РЕЦЕНЗИРОВАНИЕ
Статьи, поступившие в редакцию, обязатель-

но рецензируются. Если у рецензента возникают 
вопросы, то статья с комментариями рецензента 
возвращается Автору. Датой поступления статьи 
считается дата получения Редакцией оконча-
тельного варианта статьи. Редакция оставляет за 
собой право внесения редакторских изменений 
в текст, не искажающих смысла статьи (литера-
турная и технологическая правка). 

АВТОРСКИЕ ЭКЗЕМПЛЯРЫ ЖУРНАЛА
Редакция обязуется выдать Автору 1 экзем-

пляр Журнала на каждую опубликованную ста-
тью вне зависимости от числа авторов. Авторы, 
проживающие в Санкт-Петербурге, получают 
авторский экземпляр Журнала непосредствен-
но в Редакции. Иногородним Авторам автор-
ский экземпляр Журнала высылается на адрес 
автора по запросу от автора. Экземпляры спец-
выпусков не отправляются авторам.

АДРЕС РЕДАКЦИИ
194100, Санкт-Петербург, Литовская ул., 2 
e-mail: lt2007@inbox.ru. 
Сайт журнала: http://ojs3.gpmu.org/index.

php/childmed/index.
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