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Problems of providing medical care to children
of Ukraine as a result of russian aggression

Abstract. Background. The russian aggression in Ukraine has caused numerous casualties among civilians, including
children. Military actions lead directly or indirectly to increased morbidity in adults and children and to chronic stress,
especially in children. The purpose of this research was to analyze the problems of providing medical assistance to the
children of Ukraine who are suffering from the russian invasion. Materials and methods. We have used the official
statistical and own data for 2022—2023. Results. Currently, more than 7.5 million Ukrainian children are suffering from
the war, not only due to physical injuries but also violations of their mental and psycho-emotional state. A special problem
for Ukrainian paediatricians at the beginning of 2023 was an increase in the incidence of acute respiratory diseases,
COVID- 19 and stress disorders in children due to a shortage of medical personnel and infrastructure. Also, in conditions
of limited access to medical care and medicines, it is necessary to pay attention to chronic diseases, in particular, asthma
and other allergic diseases. Paediatricians from the departments of the Bogomolets National Medical University provided
voluntary assistance to children in frontline regions. Conclusions. In the new conditions of warfare, where civilians and
life support infrastructure have become the target of armed attacks, children have become the most vulnerable group.
The issues of restoration of full medical care for children, including emergency and urgent care, provision with doctors
of certain paediatric specialties, full supply of medicines and medical devices, and restoration of destroyed medical
infrastructure remain extremely relevant to the health system in the frontline and liberated areas.
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Introduction

A full-scale russian invasion of the territory of the so-
vereign European state of Ukraine has been underway for
more than a year. Russian aggression in Ukraine has resulted
in numerous civilian casualties, including children. Military

The purpose. The main purpose of this research was
to analyze the problems of providing medical assistance to
children in Ukraine who are suffering from the past wars.

Materials and methods

actions lead directly or indirectly to increased morbidity and
chronic stress in adults and children, especially children.
Currently, more than 7.5 million Ukrainian children are
suffering from the war, not only due to physical injuries but
also violations of their mental and psycho-emotional state.
The following is an update and description of the problems
of providing medical care to children in Ukraine suffering
from the multifactorial effects of war.

We have used official statistical and own data for 2022—
2023. These data were analysed using systemic approach
and statistical epidemiological analysis.

Results

According to the Prosecutor General of Ukraine
(https://www.gp.gov.ua), since the beginning of the full-
scale invasion by russia, 467 children are reported missing,
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464 children have already been killed and 944 wounded as
a result of shelling of civilian Ukrainian towns and villages.
These figures are far from definitive, as they are still being
compiled in areas of active hostilities, temporarily occupied
and liberated areas.

In addition, official sources report the forced deporta-
tion of Ukrainian children to russia or Belarus, which has
already affected more than 13,899 children. This action is
linked to the forced change of citizenship [1].

The main challenges facing Ukrainian paediatrics today
are not only the war, but also the ongoing COVID-19 pan-
demic, the threat of outbreaks of new and known infectious
diseases, an increase in the incidence and prevalence of other
childhood illnesses, particularly behavioural and mental di-
sorders, and the consequent growing need of the child popu-
lation for affordable and quality health care [2, 3].

More than 9 million Ukrainians are already refugees in
their own country. According to the United Nations High
Commissioner for Refugees, 4.7 million Ukrainians have
gone abroad, including at least 2 million children [4, 5].
One and a half million Ukrainian citizens and children have
taken refuge in Poland [6]. The Ukrainian people will always
be grateful for help.

The physical and mental health of more than 3 mil-
lion children who have become internally displaced, lo-
sing their homes and schools, often separated from their
parents, friends and pets, is another painful issue for us
today. In winter, russia does not stop its rocket and bomb
attacks on Ukraine’s critical infrastructure, trying to de-
prive Ukrainians of light, heat and water during the cold
season. This is especially true for hospitals, which need
energy stability and autonomy to ensure uninterrupted
medical care.

During the year of aggression, russia carried out at
least 707 attacks on Ukrainian medical infrastructure, with
an average of two attacks a day on the health system since
February 24, 2022, including the bombing of hospitals, the
torture of doctors and the shelling of emergency medical
vehicles. Relevant data is provided in the study “Hospitals
under the crosshairs: how russia destroyed the health care
system of Ukraine during the year”, published on 22 Febru-
ary by eyeWitness to Atrocities, Insecurity Insight, Media
Initiative for Human Rights and the Ukrainian Healthcare
Centre [7].

According to the documents, more than a third of all re-
corded attacks on the health care system in the world in 2022
were committed in Ukraine during the russian invasion. At
the same time, the report emphasizes that the attacks by the
russian federation on the Ukrainian health care system du-
ring this period are notable for their scale and brutality.

As a result of the aggressor’s 292 attacks in Ukraine, 218
hospitals and outpatient facilities were completely damaged
or destroyed (Fig. 1). In this way, every tenth Ukrainian
health care facility was damaged. The medical infrastruc-
ture of the Luhansk, Donetsk, Kharkiv, Chernihiv and Kyiv
regions suffered the most from the aggressor’s actions [7, 8].

Eighty-six attacks on medical workers were recorded,
resulting in the deaths of at least 106 medics, 33 of whom
died on the job, and 52 injured [8]. It must be said that in the
frontline regions, an extremely difficult situation has deve-
loped with regard to the provision with medical personnel,
which, together with the above-mentioned factors, definite-
ly affects the availability and quality of medical care for chil-
dren and adults. At present, the situation in the frontline re-
gions has definitely worsened due to the transfer of medical
staff to other regions of Ukraine and their emigration. This

Figure 1. A children’s hospital in Mariupol was destroyed as a result of a russian airstrike
(www.pravda.com.ua/news/2022.03.9.7329805)
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calls for special measures to ensure medical care for children ~ Ukrainian population against COVID-19 and other infectious
in these conditions, namely volunteering and sending medi-  diseases, currently less than 80 %, and the fact that many chil-

cal staff to work in these regions on a temporary basis. dren have not received routine vaccinations due to the war, an
Paediatricians from the departments of the Bogomolets  epidemic of measles and diphtheria is expected soon.
National Medical University in Kyiv are also involved in From October 2022 to March 2023, there are signifi-

volunteer work. They travel to the frontline regions to exa-  cant power and heat disruptions caused by missiles targeting
mine and treat children whose families have not been able to  critical civilian infrastructure and energy sources. As a result
evacuate for one reason or another. An essential part of this  of the energy disruptions, online education will be denied,
work is providing humanitarian aid (food, clothing, medi-  so children will return to physical schooling. During air raid
cines, nursing supplies) in conditions of ongoing hostilities.  alerts, students are forced to stay in the basements of schools
Complex cases and work with children who have suffered that have been converted into temporary shelters. In Kyiv
as a result of russian aggression are the subject of our col- alone, we have seen that during air raids and shelling, up to
laboration with paediatricians from Medical University of  200—400 schoolchildren can be housed in such rooms for
Warsaw. 1-5 hours at a time, depending on the duration of the air

Virtual telemedicine has become an important part of  raid. As a result, we are already seeing an increase in acute
the work of Ukrainian doctors, especially in the frontline  viral respiratory infections, asthma exacerbations and panic
and liberated areas where there is no access to the usual  attacks in children.
wide range of specialists. Advice is provided on bomb in- In addition to the typical paediatrician visits at this time
juries, burns, children’s illnesses and nutritional problems.  of year in the frontline areas, associated with fever, cough
For example, the Department of Paediatrics at Bogomolets  and other symptoms of acute respiratory infection, up to a
National Medical University in Kyiv has set up a unique third of the children we interviewed complained of chronic
Telegram channel to provide online advice to sick children.  gastrointestinal symptoms and chronic abdominal pain,

According to the Ukrainian government, more than  probably related to nutritional factors, mainly lack of regu-
800,000 homes have been damaged or destroyed in the lar meals and access to hot food (Fig. 2).
country since the start of the war, and thousands of people The situation with regard to dental care for children has
are now living either in dormitories or in destroyed homes  deteriorated, resulting in an increase in the prevalence of
without the necessary protection from the harsh cold. Aswe  tooth decay (more than 70 % of cases) and allergic lesions of
have seen, the use of wood as a fuel by the population out of  the oral mucosa, which may be linked to the irrational and
necessity increases the risk of respiratory disease in children  poor quality of food in wartime conditions, hypovitaminosis
and carbon monoxide poisoning in entire families. and a polluted environment.

Another serious threat to public health is the problem We also focused on chronic diseases, particularly asthma
of immunisation. Given the low level of vaccination of the  and other allergic diseases. Among the children seen in the

Wounds, stress, post-traumatic
stress disor(_:ier, _h_ypertension,
disability Respiratory pathology,
) 1 pneumonia, infectious
Worsening of the . diarrhea, poisoning,
patient’s condition InJury, . stomatitis
and his quality of life traumatization inflammatory ,skin
lesions
Limited access to medical : .
[ care and medicines WAR Unsanitary conditions ]
Overcooling., dampness, Lack of food and water
dustiness
Respiratory pathology, asthma, Dehydration, malnutrition, anemia,
pneumonia, skin lesions inflammatory skin lesions

Figure 2. The impact of the consequences of war on children’s health
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refugee centres, we noted a significant deterioration in the
health status of those with asthma, most likely due to the
following reasons:

— internally displaced persons have difficult access to
health care and poor disease surveillance. In particular, in
many regions these children do not have access to a paedi-
atric allergist, diagnostic procedures (spirometry, peak flow-
metry, allergy testing);

— difficult access to medicines and inhalers. Younger
children receive inhalation therapy through a nebuliser at
home. With no other means of inhalation and no electri-
city, these children do not receive treatment, which is life-
threatening;

— staying in a crowded room contributes to being in-
fected with the virus;

— staying in the basement — the shelter promotes sen-
sitisation to mould and pets in people who are susceptible,
and aggravates allergies in children who are already sensi-
tised;

— exposure to combustion products, chemical emis-
sions;

— prolonged stay in cold rooms became a heavy burden
with the onset of cold, wet weather combined with russian
missile strikes on civilian infrastructure and energy supply
facilities, and lack of heating in homes.

Significant harm also occurs in the care of children with
chronic illnesses due to limited access to specialised care
and diagnostic procedures, and limited access to medicines
and inhalers. Younger children who receive inhalation the-
rapy at home with a nebuliser cannot receive it due to lack of
electricity. We have observed that children in basement shel-
ters are more likely to be exposed to unwanted allergens, and
that exposure to smoke from chemical explosions and emis-
sions aggravates symptoms of pre-existing chronic diseases.

Unfortunately, medical information about children is
often lost when families with children are evacuated from
areas of active hostilities. As a result, when working with
chronically ill children, the only information available
to make clinical decisions is the words of their parents or
guardians.

Failure to meet a child’s basic needs for food, exercise,
warmth and care leads to rapid exhaustion of their physi-
cal and mental capabilities. It slows down physical deve-
lopment while artificially accelerating the mental process of
growing up. As a result of the war, the child loses its child-
hood. And this cognitive-physical dissonance destroys the
child’s “cocoon of safety”. It leads to several negative health
consequences because the child is not ready to accept such
a cruel reality. More than 50 % of the Ukrainian children we
interviewed during the bombing visits suffer from some form
of depression and require psychological treatment.

Such exhaustion leads to both psychological disorders
(post-traumatic stress disorder, neuroses, accentuations,
impaired productive communication with the world) and
various psychosomatic disorders (reduced cognitive func-
tions, somatoform autonomic disorders, etc.).

This confirms our earlier observations in 2020 in the
eastern regions of Ukraine, where hostilities have been on-
going since 2014. We found higher rates of both prevalence
and incidence of epilepsy, infectious diseases, respiratory

diseases, bronchial asthma, pneumonia, cardiovascular di-
seases and cancer than the national rates. It should be noted
that children from the zone of armed conflict in the Donetsk
and Luhansk regions had higher rates of both prevalence
and incidence of mental and behavioural disorders than na-
tional ones (p < 0.05) [9]. Children living in the frontline
zone, suffering from constant russian shelling, lack of food,
heating, communication and education, begin to perceive
the situation as normal on a subconscious level, with a cor-
responding change in emotional reactions due to their re-
gression [10].

We believe it is a consequence of the constant stress these
children are under as a result of the ongoing war. This could
manifest itself in the form of non-psychotic mental disor-
ders, primarily disorders of psychological development, au-
tism spectrum disorders and epilepsy.

In the conditions of a shortage of medical personnel,
equipment and medicines, all of the above requires signifi-
cant efforts of the medical care system of Ukraine in order
to preserve the health of children who are suffering due to
the ongoing war.

Conclusions

In the new conditions of warfare, where civilians and life
support infrastructure have become the target of armed at-
tacks, children have become the most vulnerable group.

A rapid increase in the incidence of respiratory patholo-
gy and stress disorders at the beginning of 2023 may become
a special problem for Ukrainian paediatricians. The issues
of restoration of full medical care for children, including
emergency and urgent care by doctors of certain paediatric
specialties, full supply of medicines and medical products,
and restoration of the destroyed medical infrastructure re-
main extremely relevant for the health care system in the
frontline and liberated areas.
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Npo6AeMU HOACHHS MEAUYHOT AOMOMOTIU AITIM YKPATHU BHOCAIAOK POCIMCBKOT arpecii

Pe3iome. AkryambHicTh. Pociiichka arpecis npussena a0 4mc-
JIEHHUX XepTB cepell MUPHOTO YKPaiHChbKOTO HaceJeHHsI, 30Kpe-
Ma niteil. BificbKoBi 11ii psiMo abo orocepeKoBaHO MPU3BOASITH
JI0 3pOCTaHHS 3aXBOPIOBAHOCTI JI0POCIIOTO i AUTSYOrO HACeJIeH-
H$I, XpPOHIYHOTO CTpeCy, OCOOIMBO B [iTEl, 1110 HE MA€E PillIEHHS.
MeTo10 11bOTO AOCTIIKEHHS € aHaNi3 CTaHy Ta MPOGJIeM HaTlaHHS
MEIUYHOI JIOTIOMOTH IiTSAM YKpaiHu, SIKi HalOiIbIIIe CTPaKIal0Th
BiZ GaraToakTOpHUX HACTiAKiB BiliHu. Martepiaju Ta MeTOIH.
Bukopucrani gaHi odililiHOI cCTaTUCTUKY Ta BJIACHI JaHi CrlocTe-
pexenb 3a nepioa 2022—2023 pokis. Pesyabratu. Huni monan 7,5
MiJIbiiOHa YKpaiHCbKUX JiTel MOTepnaoTh Bill BiltHU HE JuLIe ye-
pe3 TiJIeCHi YIIKOMKEHHS i XBOPOOU, a i TOPYIIEHHSI TICUXiYHOTO
Ta ncuxoeMoliiiiHoro crany. Oco61BoI0 MPOOJEMOIO ISl YKpa-
THCBKUX IeiaTpiB Ha movatky 2023 poKy CTajlo 3pOCTaHHS 3aXBO-
PpIOBaHOCTI iTelt Ha TOoCcTpy pecriparopHy marosorito, COVID-19
Ta CTPECOBi po3nany B yMoBax AeMillUTy MEIUYHOTO MepPCoHaTy
Ta iHGpacTpykTypu. Takoxk 3a 00MeKeHO1 JOCTYMHOCTI 0 MEANY-

HOI IOTTOMOTH 1 JIiKiB HEOOXiAHO MPUALISITH yBary XpOHiYHUM 3a-
XBOPIOBAHHSIM, 30KpeMa acTMi Ta iHIIMM aJlepriyHuM 3aXBOPIO-
BaHHAM. Y BOJIOHTEPCHKIiil 1OMOMO3i IiTsIM NPUGPOHTOBUX peTi-
OHiB OepyThb yuacTh nemiaTpu Kadenp HamioHaabHOTO MEIUYHOTO
yHiBepcutery iMeHi O.0. Boromosnblisi. BHCHOBKH. Y HOBUX yMO-
Bax BEIECHHs BillHU, KOJIM 00’eKTamMu 30pOMHMX HAMaliB poCisiH
€ 1LIMBUIbHI 0co0M Ta iH(pacTpyKTypa KUTTE3a0e3MeueHHsI, JiTH
CTaJIy HaOLIbII Bpa3IuBoIO TPpyIoo. [IuTaHHs BimHOBICHHS T10-
BHOLIIHHOI MEIUYHOI JOMTOMOTH JiTSIM, Y TOMY YKCJIi €KCTPEHOI Ta
HEBIIKJIaAHOI, 3a0€3MeYeHiCTh JIiKapsiIMA MEBHUX MeAiaTpUYHUX
crieniajIbHOCTe M, TOBHOTO 3a0e3MeUeHHsI MeIMKaMeHTaMU Ta BU-
pobaMu MeIWYHOTO TIPU3HAYEHHS, BiMHOBJIEHHS 3pYHHOBAHOI
MEeIUYHOI iH(hPaCcTPYKTYPH 3aIMILIAI0THCS HaA3BUYAHO aKTyalb-
HUMM JUISI CUCTEMHU OXOPOHU 3/10pOB’sl MPUMPOHTOBOI Ta 3BiJb-
HEHOI TepuTOpii.

KouoBi ciioBa: Vpaina; nitu; pociiicbka arpecisi; MeanyHa
nioromora
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Chronic tonsillitis in adolescents:
clinical features and the role of ultrasound diagnosis
in the northern region of Ukraine

Abstract. Background. Chronic tonsillitis is the most common disease among children and adolescents in the structure
of pathology of the ENT organs. Untimely diagnosis and irrational treatment lead to decompensation of chronic tonsillitis
and the development of lesions of many organs and systems of the child’s body of tonsillogenic origin. The aim of the work
was to study the clinical features and ultrasound changes of the palatine tonsils in adolescents with chronic tonsillitis.
Materials and methods. We have examined 47 children aged 13 to 17 years suffering from chronic tonsillitis: group I —
27 patients with compensated chronic tonsillitis, group 11 — 20 patients suffering from decompensated chronic tonsillitis.
The control group consisted of 16 practically healthy children, representative in terms of age and gender. We used clinical
methods, ultrasonography of the palatine tonsils, and statistical methods. The study was approved by the Institutional
Bioethics Committee and it conforms to the principles outlined in the Declaration of Helsinki. Results. According to the
results of an ultrasound examination of the palatine tonsils in children with chronic tonsillitis, the main changes were an
increase in their transverse dimensions by more than 15 mm, deepening of lacunae, thickening of the capsule, fibrous
changes. In addition, in patients with tonsillogenic lesions of the cardiovascular system and a decompensated form of
chronic tonsillitis, the pathological signs of the disease according to ultrasound were more significant and were manifested
by unclear contours, increased echogenicity, heterogeneous hyperechoic structure, diffuse fibrous and cystic changes of
the palatine tonsils. Conclusions. Ultrasonography of the palatine tonsils is a non-invasive, painless, accessible and
informative method for studying the structure of the tonsils in normal and pathological conditions. It allows for a more
thorough assessment of their changes in compensated and decompensated forms of chronic tonsillitis.

Keywords: children; ultrasonography; tonsillitis; palatine fonsils

Introduction the palatine tonsils [3, 4]. Favorable anatomical and topo-

Chronic tonsillitis represents a significant share in the  graphical prerequisites for the chronicity of the inflam-
structure of childhood and adolescent diseases and ranges  matory process are: narrow and/or deep lacunae, slit-like
from 20 to 43 %. Despite the improvement and optimiza-  passages, cicatricial changes after inflammation, the state
tion of diagnostic and treatment algorithms for chronic ton-  of the receptor apparatus [2, 5, 6]. It should be noted that
sillitis, the frequency of this pathology among children and  the pathological process in the tonsils develops with the in-
adolescents has increased by more than 1.5 times in recent  volvement of all its structures. In addition, the replacement
years [2]. of lymphoid tissue that functions as a connective tissue and

The development of a chronic inflammatory focus in  the development of pathological microflora in the lacunae
the tonsils is facilitated by a decrease in the immunologi-  leads to the formation of a chronic focus of infection and a
cal reactivity of the body, allergic factors, disturbances in  decrease in both local and systemic immunity of the child’s
ecology and nutrition, changes in biological processes in  body [7, 8].
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The palatine tonsils have become a reservoir of infec-
tion where it can spread throughout the body. It can be the
cause of tonsillogenic damage to organs and systems, which,
in turn, suppresses immunity and leads to the development
of chronic tonsillitis decompensation. In this way, a vicious
cycle is formed [9, 10].

Chronic tonsillitis is dangerous due to complications as-
sociated with the generalization of infection and toxic effects
on the body. These include paratonsillar abscesses, lesions of
the kidneys, joints, heart and blood vessels. Thus, the inflam-
matory process in the tonsils has a toxic, allergic and reflex
effect on the organs and systems of the child’s body [11].

There are not many diagnostic methods we can use in
this case, but one of the available and informative ones is
ultrasound. The main advantages of ultrasound examina-
tion are high informativeness, non-invasiveness, safety for
children’s body, painlessness; it can be used at any age. The
use of ultrasound examination of the tonsils in children with
chronic tonsillitis is a supplement to the visual examination
and it allows to determine the condition of the tonsil tissues,
the presence of cysts or scar changes [12, 13].

Therefore, the study of ways to improve the diagnosis
of chronic tonsillitis in children is extremely relevant at the
current stage.

The purpose of the work was to study the clinical fea-
tures and ultrasound changes of the palatine tonsils in ado-
lescents with chronic tonsillitis.

Materials and methods

The study involved 47 children aged 13 to 17 years (25
girls and 22 boys) suffering from chronic tonsillitis. They
were examined to study the clinical features of the course
of chronic tonsillitis and the condition of the palatine ton-
sils according to the ultrasound examination. Patients were
divided into two groups: group I — 27 children with com-
pensated chronic tonsillitis, group I — 20 patients suffering
from decompensated chronic tonsillitis. The control group
consisted of 16 practically healthy children, representative
in terms of age and gender. The state of compensation was
assessed taking into account the child’s well-being, the pre-
sence of complaints and damage to other organs and sys-
tems of tonsillogenic origin. The state of decompensation
was estimated by the presence of not only local signs of
chronic tonsillitis, but also persistent low fever, tonsillocar-
dial syndrome, secondary cardiomyopathy, exacerbations of
chronic tonsillitis more than three times a year for two years.

All children underwent a general clinical examination
and ultrasonography of the palatine tonsils. Ultrasound exa-
mination of the palatine tonsils was performed on a Toshiba
Nemio 5500 device; a linear sensor of 7—10 MHz was used.
During the examination, the child was in a supine position.
The ultrasound sensor was placed in the middle of the angle
of the mandible, the landmarks were the submandibular
glands, m.digastricus, m.stylohyoideus. The scanning plane
was directed at an angle of 30—60° to the horizontal plane in
order to cut the tonsil as much as possible.

The standard computer system Microsoft Excel (2007),
adapted for medical and biological research, was used for
statistical processing of the results. Average values are pre-
sented as M =+ m. The Student-Fisher (t) parametric me-

thod was used to estimate the difference between the average
values of independent samples.

The study was approved by the Institutional Bioethics
Committee and it conforms to the principles outlined in the
Declaration of Helsinki.

Results

There were some clinical symptoms of chronic tonsillitis
in children of both study groups such as general weakness,
discomfort and pain when swallowing, purulent smell from
the oral cavity. In addition, patients with decompensated
chronic tonsillitis had frequent exacerbations of chronic
tonsillitis (more than three times a year for two years) in
70 % of cases, long-term low-grade fever (body tempera-
ture of 37.1-37.30 °C) in 45 %, as well as clinical signs of
secondary cardiomyopathy (pain in the area of the heart of
various nature and severity, general weakness, fatigue and
shortness of breath during physical exertion, headaches,
dizziness, palpitations, heart failure, changes in heart acti-
vity according to electrocardiography) — in 85 % patients.

During the examination, local signs of chronic inflam-
mation of the palatine tonsils were found in patients with
chronic tonsillitis of both groups. Thus, hyperemia of the
mucous membrane of the posterior pharyngeal wall and pa-
latine tonsils was found in 85 % of children of both groups,
hyperemia of the anterior palatine arches (Guise’s symp-
tom) in 55.56 + 9.75 % and 50.00 £ 11.47 % in groups |
and II, respectively, cicatricial adhesions between tonsils
and palatine arches in 44.44 +9.75 % and in 90.00 £ 6.88 %
(p <0.05), expanded and deepened lacunae with pathologi-
cal purulent content in 51.85 £ 9.80 % and 80.00 + 9.18 %
(p < 0.05), swelling of the upper corner formed by anterior
and posterior arches (Zak’s symptom) in 48.15 = 9.80 %
and 45.00 + 11.41 %, roller-like thickening of the edges of
the upper anterior and posterior arches (Preobrazhensky’s
symptom) in 29.63 £ 8.96 % and 60.00 £ 11.24 % of cases
(p <0.05), respectively. In addition, tonsil hypertrophy de-
gree I was observed in 33.33 £ 9.25 % and 15.00 = 8.19 %
(p < 0.05) of patients of groups I and II, respectively, de-
gree II — in 55.56 = 9.75 % and 60.00 + 11.24 %, and de-
gree I11 — in 40.00 + 11.24 % of patients of only group II
(p <0.05).

The ultrasound examination in practically healthy chil-
dren visualized tonsils of medium echogenicity, they had a
transverse size of up to 15 mm, an oval shape, clear con-
tours, a homogeneous structure, the lacunae were not dee-
pened, with no pathological content.

Pathological changes of the palatine tonsils, according
to ultrasound examination in chronic tonsillitis, differed in
patients of groups I and II.

Thus, in children with compensated chronic tonsillitis,
the tonsils on the echogram had an average echogenici-
ty (88.89 + 6.16 %), clear contours and a homogeneous
structure (92.59 + 5.01 %), a transverse size of 15—20 mm
(85.19 £ 6.97 %). In addition, there were isolated fibrous
changes (48.15 + 9.80 %), deepening of lacunae up to 2 mm
(85.19 £+ 6.97 %) and thickening of the tonsillar capsule
(81.48 = 7.62 %).

In patients with decompensated chronic tonsillitis, com-
pared to those with compensated tonsillitis, there were more
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pronounced changes in the palatine tonsils. They were ma-
nifested by thickening of the capsule, hyperechoic inhomo-
geneous structure in 95.00 £ 5.00 % of children (p < 0.05),
an increase in size of more than 20 mm in 80.00 = 9.18 %
of cases and a deepening of lacunae more than 2 mm in
85.00 = 8.19 % (p < 0.05). In addition, multiple diffuse
changes in the palatine tonsils (85.00 £ 8.19 %) and cysts
(30.00 £ 10.51 %) were detected in the patients of group II,
in contrast to group I (p < 0.05).

Discussion

Analyzing literary sources on chronic tonsillitis, it was
found that ultrasound diagnosis of palatine tonsils and neck is
a topical issue for scientists in recent years. However, this prob-
lem remains understudied. Thus, Haryuk O.G., Yevdokymen-
ko V.I. developed the technique of ultrasound of the palatine
tonsils and studied the role of this method in monitoring the ef-
fectiveness of cryosurgical treatment for chronic tonsillitis [ 14].

Trukhin D.V. studied the state of the palatine tonsils and
Ilymph nodes in chronic tonsillitis by ultrasound, but only
in adults. He differentiated the changes in various forms of
the disease and found that patients with the allergic-toxic
chronic tonsillitis had more pronounced changes in the ton-
sils, such as their irregular shape, unclear contours, the pre-
sence of additional inclusions, hypoechogenicity [13].

Most researchers studied the state of paratonsillar tissues
by ultrasound [9, 14] and also analyzed the size of tonsils
[10—12].

Thus, Chung D., Bandarkar A. showed that three-
dimensional ultrasound would help to assess the degree of
tonsillar hypertrophy for the potential identification and
stratification of candidates for tonsillectomy [17].

Perry J.L., Haenssler A.E. performed lateral view mag-
netic resonance imaging to analyze palatopharyngeal vari-
ables in 270 participants aged 3 months to 34 years. The au-
thors reported that qualitatively adenoid growth progresses
in an anterior and inferior direction, whereas involution oc-
curs in a posterior and superior direction [18].

Aydin S., Uner C. noted that despite the wide use and
informativeness of magnetic resonance imaging and com-
puter tomography in assessing the state of the palatine ton-
sils, these methods have some limitations. First of all, it is
high cost. The next one it is necessity to use sedatives, and
the impact of ionizing radiation. These factors are quite
important in pediatric practice. Whereas, in the absence
of these limitations, ultrasound examination is more often
used in pediatric practice [19].

However, diagnostic criteria for compensated and de-
compensated chronic tonsillitis, as well as morphological
features of the palatine tonsils in childhood according to
ultrasound data, remain understudied.

Conclusions

So, according to the results of an ultrasound examina-
tion of the palatine tonsils, the main changes in children with
chronic tonsillitis were an increase in their transverse dimen-
sions by more than 15 mm, a deepening of the lacunae, a
thickening of the capsule, and fibrous changes. Also, in pa-
tients with tonsillogenic lesions of the cardiovascular system
and a decompensated form of chronic tonsillitis, the patho-

logical signs of the disease according to ultrasound were
more significant and were manifested by unclear contours,
increased echogenicity, heterogeneous hyperechoic struc-
ture, diffuse fibrous and cystic changes of the palatine tonsils.

Thus, ultrasonography of the palatine tonsils is a non-
invasive, painless, accessible and informative method for
studying the structure of the tonsils in normal and patho-
logical conditions. It allows for a more thorough assessment
of their changes in compensated and decompensated forms
of chronic tonsillitis. Therefore, it is expedient and relevant
at the current stage to supplement the diagnosis of chronic
tonsillitis in children by conducting an ultrasound examina-
tion of the palatine tonsils.
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XPOHIYHUIM TOH3UAIT Y NIAAITKIB: KAIHIYHi OCOBAMBOCTI T POAb YABTPA3BYKOBOI AiGrHOCTUKMU
B NiBHIYHOMY perioHi YKpaiHu

Pe3iome. AkryanbHicTh. XpoHiuHMiT TOH3UIT € HaGiNbLI TT0-
LIMPEHUM 3aXBOPIOBAHHSIM cepel AiTel Ta MiIJIiTKiB Y CTPYKTYpi
maroJorii jop-opraHiB. HeByacHa niarHocTHKa it HepalioHaJbHe
JIIKyBaHHSI TPU3BOASTH 10 IEKOMIIEHCALlil XpOHIYHOTO TOH3UJIITY
Ta PO3BUTKY ypaxkeHb 6araTbox OpraHiB i CUCTEM AUTSIYOrO Opra-
Hi3MY TOH3WJIOTEHHOTO reHe3y. MeTa po0oTH: BUBYMTY KITiHIYHI
0COOJIMBOCTI Ta YJIBTPA3BYKOBi 3MiHU MiTHEOIHHUX MUTIATUKIB
y MTITKIB i3 XpOHIYHUM TOH3WJIiTOM. Marepiaju Ta MeTOAM.
Byno obcrexeno 47 miteit Bikom Bin 13 1o 17 pokiB, XBopux Ha
XPOHiIUHMI TOH3WIIT: | rpyna — 27 piteit i3 KOMIIEHCOBAHUM XPO-
HiYHUM TOH3UJiTOM, Il rpyma — 20 maiieHTiB, 5Ki CTpaXknamTh
Ha JACKOMIIEHCOBAHWI XPOHIYHWI TOH3WIIT. [pymy KOHTpoJio
CTAaHOBWJIM 16 MPaKTUYHO 3MOPOBMX IiTeil, perpe3ecHTATUBHUX
3a BIKOM Ta CTaTTi0. BUKOpHMCTOBYBaM KIJIiHIYHI METOAM, YJIb-
TpacoHorpadito migHEOIHHNX MUTIAINKIB, CTATUCTUYHI METOIU.
JlocnimkeHHs Oy10 CXBaJIeHO KOMITETOM 3 0106 TMKH YCTAHOBH Ta
BilMoBigae MpuHLMIIAM, 3a3HaYeHUM y [eIbCiHChKil neKapalii.
PesyabTaTu. 3a pesynbraTaMu yIbTpasBYKOBOTO MOCTIIKCHHS

MiIHEOIHHUX MUTAAIMKIB y IiTei, XBOPUX Ha XPOHIYHUI TOH3U-
JIiT, OCHOBHUMMU 3MiHaMu OyJIu: 30ibIIEHHS 1X MONEPEYHUX PO3-
MipiB TToHax 15 MM, TOTJIMOJIEHHSI JTaKyH, TTIOTOBILIEHHS KaTlCyJu,
¢i6posHi 3MiHu. KpiM 11p0ro, y MamieHTiB i3 TOH3UJIOTeHHUMU
YPaXXeHHSIMU CEPLEBO-CYIMHHOI CUCTEMU i1 JeKOMIEHCOBAHOIO
(hopMoOI0 XpOHIUHOTrO TOH3WIIITY MATOJOTIYHI O3HAKW 3aXBOPIO-
BaHHS 3a NAHUMM YJIBTPA3BYKOBOTO JNOCIIKEHHST OyJau Oibli
3HAYHUMU Ta TIPOSIBIISUINCS HEYITKMMU KOHTYpaMH, TiIBUIICH-
HSIM €XOT€HHOCTi, HEOTHOPITHOIO TiNepeXOreHHOIO CTPYKTYPOIO,
nudy3Humu HidOpo3HUMHU Ta KiCTOZHUMU 3MiHAMU MiAHEOIHHUX
MUTIaTUKiB. BUCHOBKH. YibrpacoHorpadist miiHeGiHHIX MUT-
NaJINKiB € HEeiHBa3UBHUM, 0€300IiCHMM, TOCTYITHUM Ta iH(Op-
MaTUBHUM METOAOM BUBYEHHS CTPYKTYpU MUTAAIMKIB y HOPMi
Ta MaToJIOTii, T03BOJISIE OibII PETEJbHO OLIHUTH iX 3MiHU MPU
KOMIIEHCOBaHiil Ta 1eKoMIeHcoBaHilt (popmax XpoHIYHOTO TOH-
SUITITY.

Ki1i04oBi cjioBa: nitu; yasrpacoHorpadis; TOH3UIIT; MiqHe6iH-
Hi MUTIATUKA
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The role of rhinomanometry in evaluating
the effectiveness of laser surgical treatment in children
with chronic hypertrophic rhinitis

Abstract. Background. Rhinomanometry is an objective way of assessing nasal patency. Due to advances in technology
and the use of microcomputers connected to measuring instruments, the use of this approach has increased. Rhinomanometry
evaluates nasal resistance by measuring airflow and transnasal pressure gradient. With the help of this examination, the
presence of a nasal respiratory obstruction is detected, and it is evaluated which nosological structure continuously causes
it, in this case the hypertrophy of the inferior nasal turbinates. The purpose of the research is to evaluate the effectiveness
of the functional examination such as the anterior rhinomanometry in monitoring the results of laser surgical treatment
in children with chronic hypertrophic rhinitis. Materials and methods. The given study was carried out in the pediatric
otorhinolaryngology clinic of the Emilian Cotaga Republican Children’s Clinical Hospital. The research involved a group
of 120 children with hypertrophic chronic rhinitis, aged between §—17 years, divided into three groups of 40 children
each, treated surgically by 3 techniques: group 1 — cauterization of the inferior nasal turbinates with bipolar forceps,
group 2 — shaver mucotomy and group 3 — diode laser surgery. In all patients, rhinomanometry was performed as an
objective preoperative and postoperative examination on the 7" day, after one month, one year and in 12 months. Results.
The analysis of the functional examination results demonstrates that the surgical interventions had a beneficial effect in
terms of the recovery of the space parameters of the nasal cavities. A more pronounced improvement of the endonasal
architectural indices is determined in group 3 where the diode laser surgical technique was used compared to group 2 — only
shaver mucotomy and group 1 where the standard surgical technique of cauterization with bipolar forceps was practiced.
Conclusions. The functional rhinomanometric results were statistically different after the surgical treatment in all study

groups that indicates an important diagnostic value of this examination in the monitoring of postoperative dynamics.
Keywords: rhinomanometry; chronic hypertrophic rhinitis; nasal permeability; nasal obstruction

Introduction

The term chronic hypertrophic rhinitis defines a state of
congestion of the mucous membranes of the nasal membrane
and the submucosal tissues of the inferior nasal turbinates,
which manifests symptoms such as unilateral, bilateral na-
sal obstruction, snoring, oral breathing, hyposmia-anosmia,
anterior or posterior rhinorrhea [5]. Chronic hypertrophic
rhinitis is one of the most common pathologies in rhinology.
Although it is a benign chronic condition, the disease has a
major impact on the patients’ quality of life.

The prevalence of chronic hypertrophic rhinitis in chil-
dren is 20—55 %, and in recent years this index has been
increasing. Epidemiological data on chronic hypertrophic
rhinitis estimate that more than 200 million people world-

wide suffer from this condition. In the pediatric population,
the disease showed a prevalence of 16.1 % by the age of 5
years and a prevalence of 42.3 % by the age of 14 years [4].

One of the perspective directions in improving medical
care for children with chronic hypertrophic rhinitis is the
establishment of risk factors that contribute to the develop-
ment of the pathology.

In this sense, the group of children predisposed to
chronic hypertrophic rhinitis can be identified, which would
contribute to early diagnosis, dispensary and timely perfor-
mance of treatment and prophylaxis actions, reducing the
possibilities of chronicity and the occurrence of complica-
tions. One of the major symptoms presented by the patient
with chronic hypertrophic rhinitis is nasal obstruction,
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which is a subjective parameter. The etiology of the obstruc-
tion and the treatment are often based on clinical, rhino-
scopic data and very rarely — on objective methods [7].

The need for objective assessment of nasal breathing in
diagnosis, treatment and its effectiveness in patients with
chronic hypertrophic rhinitis is currently supported by both
medical practitioners and scientific researchers. Along with
the development of new technologies, there are possibili-
ties to investigate the physiological processes occurring in
the nasal cavity, especially nasal breathing, and to objectify
these changes in the pre- and postoperative period [2]. In
the current conditions, the assessment of the effectiveness
of the surgical treatment by means of different methods,
including rhinomanometry, becomes an indispensable ne-
cessity. Rhinomanometric methods are increasingly used in
scientific research and allow the accumulation of informa-
tion about nasal architecture [6, 10].

Previous rhinomanometry allows us to appreciate and
study the dynamics of the nasal ventilation function, which
implies the measurement of the resistance of the nasal cavi-
ties based on the measurement of the total air volume and
the total resistance [1, 11].

Rhinomanometry provides objective and quantitative
indications regarding nasal permeability, which is depen-
dent on two parameters: differential pressure (Ap), flow rate
(V). The differential pressure (Ap) represents the pressure
difference between the atmospheric pressure measured in
the mask at the level of the nasal vestibules and the inspi-
ratory and expiratory pressure at the level of the choana.
Respiratory flow rate (V) corresponds to the volume of air
passing through the nasal passages [3, 8].

Previous rhinomanometry is a method of choice. It
confirms the nasal obstruction, objectifying the subjective
symptoms. Taking into account the etiological diagnosis,
rhinomanometry allows to detail the mechanism of nasal
obstruction from an organic aspect, that is, it plays a funda-
mental role in assessing the form of conservative or surgical
treatment. Rhinomanometry validates interventions to clear
the nasal passages and presents a secondary medico-legal
importance [9, 12].

Purpose. The purpose of the research is the evaluation of
the effectiveness of the functional examination such as the an-
terior rhinomanometry in monitoring the results of laser surgi-
cal treatment in children with chronic hypertrophic rhinitis.

Materials and methods

The given study was carried out in the pediatric clinic of
the Department of Otorhinolaryngology of USMF “Nicolae
Testemitanu™ on the basis of the Emilian Cotaga Republican
Children’s Clinical Hospital. The research was carried out
on a group of 120 children with hypertrophic chronic rhi-
nitis, aged between 8—17 years, divided into three groups of
40 (X2=0; p > 0.05). The general average age of the patients
in the study groups was 13.9 years. The analysis of the dis-
tribution by gender showed that 59 (49.2 %) of the patients
are male, and 61 (50.8 %) are female. Therefore, a statisti-
cally significant difference according to the given parameter
X2=1.73, P > 0.05 was not found. Depending on the surgi-
cal treatment applied, the patients included in the study were
divided into three groups. Group 1 consisted of 40 patients

(21 boys and 19 girls) with chronic hypertrophic rhinitis,
operated by the method of cauterization of the inferior na-
sal turbinates with bipolar forceps. Group 2 was made up of
40 patients (18 boys and 22 girls), also with the pathology
of chronic hypertrophic rhinitis, treated by the shaver mu-
cotomy method. Group 3 was made up of 40 patients (20
boys and 20 girls), homogeneous according to the nosologi-
cal structure, the patients were surgically operated with the
help of the diode laser.

The examination of nasal permeability was carried out
through the ATMOS PC 2000 rhinomanometer (Germany),
directed with the help of the simple standard menu, it also has
an integrated printer and display. The results of the examina-
tion are displayed on the rhinomanometer screen, in the form
of a rhinogram or Y/t graph. The pressure difference between
the choana and the inside of the mask is measured by the de-
vice, the values being converted into electrical signals with the
help of a differential pressure converter. Electrical signals are
processed by means of microprocessors. By simultaneously
measuring the differential pressure and the flow, a flow-pres-
sure curve is obtained that represents the nasal resistance curve.

The examination was carried out in a special room iso-
lated from external noise, under conditions of constant
temperature and humidity, the air temperature being 20—
22 °C. For accommodation, the patient was in that room for
around 20 minutes. The investigation was done in the child’s
sitting position.

After the mandatory calibration of the device, the mask
was chosen, the adapter corresponding to the size of the nos-
tril and connected to the rhinomanometer tube. In this tech-
nique, the tube for measuring choanal pressure was sealed to
a nostril using a sponge (nasal) ampoule. To avoid sound loss,
it is important that the connection between the mask, adapter
and nostril is airtight. The investigation was carried out during
the apnea phase, in short periods of time in order not to distort
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Figure 1. Graphical representation
of the rhinomanometry examination
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Table 1. Acoustic rhinometry data in patients from the preoperative study groups

Study groups
Rhinometric values Norm
1 2 3
Total volume (150 Pa) 564 + 125 518.00 £ 0.84* 516.00 £ 0.74* 521.00 £ 0.19*
Total strength (150 Pa) 0.37 £0.17 0.480 + 0.014* 0.470 + 0.009* 0.460 + 0.001*

Note: * — statistically significant differences between groups 1, 2 and 3.

Table 2. Rhinomanometry data in the children of the postoperative remote study groups

= rl | In 7 days One month after | Six months after In a year
inometric values
M m M m M m M m
Group 1 521 *** 0.98 528*** | (0.87 B35*** 1.12 539%*** 1.32
s | Group 2 524 *** 1.05 534*** | (0.92 B42*** 1.24 B4GH** 1.82
ummary volume
(150 Pa)ycmS/sec Group 3 B39k ** 0.36 B52*** | 0.77 B560*** 1.04 563*** | 0.21
p P, ,<0.001; P, ;<0.05; P, ;<0.001; P, ;<0.001;
P, ;<0.001 P, ;<0.001 P, ;<0.001 P, ;<0.05
Group 1 0.49 0.012 0.47 0.011 0.44 0.07 0.42 0.05
Total strength Group 2 0.50** 0.007 0.45** | 0.004 | 0.40** 0.002 0.39* 0.02
(150 P?), Group 3 0.48*** 0.008 0.47* | 0.005 | 0.41*** | 0.002 | 0.38*** | 0.002
Pa/cm?3/sec . . .
p P <005 P, ,<0.05; P, ,<0.0%; P, ,<0.0%;
23 P, ;<0.05 P, ;<0.05 P, ;<0.05

Notes: *— P<0.05; **— P<0.01; ***— P<0.001 of the values of the corresponding stage compared to the

baseline; P, ,

— indicates the significance of the difference between the means of group 1 and group 2; P, , —

indicates the significance of the difference between group 1 and group 3 means; Pz’ ;—indicates the signifi-
cance of the difference between group 2 and group 3 means.

the results obtained through the influence of changes in the
pituitary mucosa caused by the nasal cycle. We avoided a hard
compression on the nostril, which can lead to the deforma-
tion of the nasal vestibule and the modification of the research
results. The sound generator was included and the examina-
tion was carried out, 2 times for each nostril. The duration of
the examination was up to 3—4 minutes. The average curve for
each nostril is displayed on the rhinomanometer monitor.

In addition to the flow-pressure curve, the rhinomano-
meter also displays the following measurements:

— FLOW R, L — respiratory flow at 75, 150, 300 Pa for
each nostril;

— FLOW INC. R, L — the flow rate increase percentage
for each pressure increase (from 75 to 150 and from 150 to
300 Pa);

— FLOW RATIO — right/left nostril flow ratio.

The graphic representation (Fig. 1) allows the rapid and
precise determination of nasal permeability. If the curves
move away from the abscissa, the breathing is good, and if
they come closer, the breathing is deficient.

Rhinomanometry allows the confirmation of nasal ob-
struction, objectifying the subjective symptoms.

Results and discussion

Objective exploration of nasal resistance revealed signs
of nasal obstruction in children with chronic hypertrophic
rhinitis. According to literature data, the normal indices
of the nasal compartments in children are: total volume at
150 Pa — 564 + 404 cm3/sec; the total resistance at 150 Pa is
0.37 £ 0.24 Pa/cm?/sec. Preoperatively, the MRI examina-
tion was performed, which revealed results that demonstrate
a decrease in the parameters studied by MRI compared to
the norm presented in Table 1.

Analyzing the presented data, we can say that in the chil-
dren with chronic hypertrophic rhinitis in the study groups,
the total volume of the nasal fossa is reduced, compared to
the established norms, and a statistical difference is present
in all children (P < 0.05). An increase in the total resistance
to 150 Pa (P < 0.05 in all three groups) compared to the con-
trol group is attested. The results of the determination of the
rhinomanometric parameters of the nasal cavity: the total
volume and the total resistance at 150 Pa in different states
of the nasal mucosa obtained by the previous rhinomano-
metry method are presented in Table 2.

In the early postoperative period, the first rhinomano-
metric examination was performed on the children from
the study groups on the 7" postoperative day. From the data
presented, we observe that the obstruction of the nasal ca-
vity is still maintained — the total volume of the nasal cavity
does not reach normal values, a statistical difference is de-
termined in order to analyze the square meter volume of the
nasal cavities between the groups (Pl‘ ,<0.001; PZ’ ,<0.001).
There is a considerable difference between the volumes as-
sessed until decongestion, and the total nasal resistance that
remains increased (P1’2< 0.05; P2’3< 0.01).

The analysis of the results of the previous rhinomanome-
try data over 6 months, attests that parallel to the increase in
the volume of the nasal cavity, the total resistance decreases
after treatment in all three groups with a true statistical dif-
ference Pl’2 <0.001; Pz,s <0.001), so an objective improve-
ment is observed.

The rhinomanometric indices in groups 1, 2 and 3 were
statistically significantly different from the data of the rhi-
nomanometric examination 12 months after the operation
(P <0.05 for group 1 and P < 0.001 for groups 2 and 3). An
increase in the volume indices of the nasal cavity is observed
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in all groups of patients with a more significant increase in
patients from group 2 and 1, but still resulting in a statisti-
cal difference between all groups during the examination of
patients (P, ;<0.01; P, ;<0.05) (Table 2).

In the patients of group 3, the investigative indices ap-
proached in their value the results of the control group.

The analysis of the results of the functional examinations
demonstrates that the surgical interventions had a beneficial
effect, in terms of the recovery of the space parameters of the
nasal cavities. A more pronounced improvement of the endo-
nasal architectural indices is determined especially in group 3
where the diode laser surgical technique was performed com-
pared to group 2 — treat only mucotomy with the shaver and
compared to group 1 where the standard surgical technique of
cauterization with bipolar forceps was practiced.

Conclusions

Rhinomanometry is an objective method of studying na-
sal permeability and can be applied to evaluate the volume
and total rhinosinusal resistance in patients with chronic
hypertrophic rhinitis. The functional rhinomanometric re-
sults performed were statistically different after performing
the surgical treatment in all study groups, a fact that denotes
an important diagnostic value of this examination in the
monitoring of postoperative dynamic results.
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PoAb pyHOMAHOMETPIT B OLHLi €pEeKTUBHOCTI AA3epPOXipypPriYHOro AiKyBOHHS B AiTen
i3 XPOHIYHUM rinepTPoPiYHNM PUHITOM

Pe3iome. Aktyanbmicth. PunomaHOMeTpii — 00’ €KTMBHMIA
Crocib OLIHKK Ha3aJbHOI MPOXiMHOCTI. 3aBASIKA PO3BUTKY TEXHO-
JIOTii i BUKOPUCTAHHIO MiKPOKOMIT'I0TepiB, MiAKIIOUYEHUX 10 BU-
MipIOBJIbHUX TIPUJIAMIB, MOMYJISIPHICT 1IOTO METOMY 3pocia. 3a
JIOITOMOT0I0 PMHOMAHOMETPil OLIIHIOIOTH HOCOBHUI OITip IIJISIXOM
BUMIpIOBaHHSI TOTOKY IIOBIiTPSI Ta TPaHCHA3aJbHOIO Tpadi€HTa
THUCKY, BUSIBIISIIOTh HAsIBHICTb HOCOBOI PECIipaTOPHOI 0OCTPYyKIil
Ta 3’SICOBYIOTb, SIKa HO30JIOTiYHA CTPYKTYpa MOCTiiHO ii BUKJIMKAE,
y LbOMY BMITAJIKy Tireptpodiss HUKHIX HOCOBUX pakoBuH. MeTa
JOCTI/DKEHHsI: OLiHUTA e(EKTUBHICTh (PYHKLIIOHATBHOIO 00-
CTEXEHHSI, TAKOTO $SIK TIEpeHS] PUHOMAHOMETPisl, Y MOHITOPUHTY
PEe3YJIbTATIB J1a3epOXipyPridYHOro JiKyBaHHS B JiTel i3 XpOHIYHUM
rineprpodiunuM punitom. MaTepiamu Ta metoau. Lle mociimkeH-
HsT OYyJ10 MMPOBEACHO B KITiHILli AUTSIY0I OTOPUHOJIAPUHTOJIOTIT Pec-
my0JIiKaHCHKO1 TUTSIYO1 KJIiHiYHOI JikapHi iM. E. Konara. Y Hpomy
B3siM ydacTb 120 miteii Bikom 8—17 pokiB i3 rineprpodiyHuM Xpo-
HIYHUM PUHITOM, PO3IiIEHUX Ha TpU IpyIH 1o 40 miteil y KOXKHiiA,
SIKUX JIIKyBaJu 3 METOAMKAMU: |-111a Tpyra — KayTepu3allisi HuX-

HiX HOCOBUX PaKOBMH OIMOJISIPHUMU ILUILSIMU, 2-Ta — HIeliBepHa
MYKOTOMisI Ta 3-TsI TpyIla — Ii0MHO-JIa3epHa Xipyprisi. YciM XBOpUM
MPOBOIWJIA PUHOMAHOMETPIIO SIK 00’ €KTUBHE IepeoIepaliiiHe Ta
micsionepauiifHe TOCHiIKeHHsI Ha 7-My 100y, yepe3 Micsup, pik
Ta yepe3 12 micsuis. Pe3yabraTi. AHami3 pe3ynbraTiB (yHKILO-
HaJIbHOTO OOCTEXKEHHS IOKa3ye, 110 ONepaTUBHI BTpyYaHHS OyaIu
e(hEeKTUBHI L1010 BiHOBJIEHHS TPOCTOPOBUX MAPaMETPiB MOPOXK-
HWH HOca. BusHaueHo Oijibill BUpaXkeHe MOKpalieHHsT eHI0Ha3aTb-
HUX apXiTeKTOHIYHMX IMOKA3HUKIB Y 3-ii IpyIIi, e BUKOPHUCTOBYBa-
JI 1I0JJHO-JIA3epHY OIEPAaTUBHY TEXHiKY, MOPIBHSHO 3 2-10 (J1M1lIe
mefiBepHa MyKOTOMisT) i 1-10 Tpymoto, e 3aCTOCOBYBaJIM CTaH-
JIapTHY XipypriyHy TeXHiKy KayTepu3allii OimoJIsIpHUMM IIUIILISIMU.
BucnoBku. Pesynsrati dyHKIIOHATBHOT PUHOMAHOMETPIi Mic/st
XipypriqHOTO JIIKyBaHHSI CTATUCTUYHO BiIpPi3HSTUCS B yCiX Tpymnax
TOCTITKEHHSI, 10 CBITUUTDh PO BAKIUBY AiaTHOCTUYHY IIiHHICTh
LIbOr0 OOCTEKEHHSI B MOHITOPUHTY TICJISIONEPALiitHOT TUHAMIKHU.
Ki104oBi €10Ba: puHoMaHOMETpisl; XpOHIUHMIA TimepTpodiu-
HUI PUHIT; Ha3aJIbHa MIPOXiAHICTh; 3aKJIaAeHICTh HOCA
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Genetically determined vitamin D reception
in metabolically unhealthy obesity in children

Abstract. Background. Genomic effects of vitamin D are determined by conformational changes in the structure of
the vitamin D receptor (VDR) determined by single nucleotide variants (SNV) of the VDR gene. The purpose is to study
the association of the SNV of the VDR gene with metabolically unhealthy obesity (MUQ) in children. Materials and
methods. Two hundred and fifty-two obese children aged 6— 18 years were examined. The main group (n = 152) was
represented by patients with MUQ. The control group (n = 100) consisted of children with metabolically healthy obesity.
Whole genome sequencing (CeGat, Germany) was performed in 31 children of the main group and 21 controls. The
level of serum 25-hydroxyvitamin D (Synevo, Ukraine) was measured in all patients. To verify the results, Spearman’s
correlation coefficient (r) and p-value for each variable were calculated. Results. Five SNVs of the VDR gene were
identified: rs2228570 (1 DNA copy number variation (CNV): ¢.2T>C in 94.23 %); rs731236 (2 CNV: ¢.11056T>C,
¢.1206T>C in 65.38 %); rs10783218 (2 CNV: ¢.296+8C>T, c. 146+8C>T in 7.69 %); rs2228572 (2 CNV: ¢.57C>T,
¢.207C>Tin 1.92 %), rs12721365 (2 CNV: c.1059C>T, ¢.909C>T in 1.92 % of patients). A correlation between SNV
VDR and MUO was observed in the following genotypes: AA rs12721365 (r = 0.21), AA rs2228572 (r = 0.21), GG
SNV rs731236 (r = —0.15) and GG rs2228570 (r = —0.31), p < 0.05. Conclusions. The genotypes AG SNV VDR
rs12721365, rs2228572 are highly associated with the development of MUO.

Keywords: vitamin D receptor gene; next generation sequencing; analysis of single nucleotide gene variants; children;

metabolically unhealthy obesity

Introduction

Vitamin D deficiency is characterized by epidemic pre-
valence in all countries of the world and is an obesogenic
factor that causes increased lipogenesis and the develop-
ment of insulin resistance [1, 10, 20]. Excessive accumula-
tion of fat in adipocytes and a change in the range of pro-
ducts produced by them, in particular a decrease in the level
of secretion of anti-inflammatory agents (adiponectin, in-
terleukin (IL) 10, transforming growth factor §); increased
synthesis of pro-inflammatory factors (C-C motif chemo-
kine ligand 2, IL-1f, IL-6, tumor necrosis factor «, resistin,
leptin), contributes to the formation of meta-inflammation
associated with the development of metabolically unhealthy
obesity (MUO) [2, 3, 53, 57].

On the other hand, given the global obesity pandemic,
most international health organizations (Endocrine Society,
Federal Commission for Nutrition (Switzerland), French

Pediatric Society) believe that obesity is an indication for
screening for vitamin D deficiency [40, 46].

Vitamin D realizes its influence through interaction with
the vitamin D receptor (VDR), and therefore conforma-
tional changes in the structure of the VDR protein, which
are determined by single nucleotide variants (SNV) of the
VDR gene, predetermine the genomic effects of calcitriol
[51]. The VDR gene is located on chromosome 12ql13.1
and is expressed in more than half of the 400 human cell
types [9]. Serum calcitriol concentration is a fundamental
element that determines the expression of the VDR gene in
visceral fat adipocytes [56] and a marker of oxidative stress
and inflammation [27].

The most studied VDR genetic variants are the following
SNVs: Apal (1s7975232) and Bsml (1rs1544410) located in
intron 8; EcoRV (rs4516035), Fokl (rs2228570), located in
exon 2 and formerly known as rs10735810; Tagl (rs731236),
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located in exon 9; Tru9I (rs757343) and CDX2 (rs11568820)
[26]. SNVs of the VDR gene, such as Apal, Bsml, Taql,
Fokl, are considered to be the most highly associated with
cardiometabolic disorders [55]. These SNVs are named
according to the restriction enzymes by which they were
identified: Apal — Acetobacter pasteurianus, BsmI — Bacil-
lus stearothermophilus, Fokl — Flavobacterium okeanokoites,
Taql — Thermus aquaticus [45].

The Fokl variant (rs2228570) is located in the second
exon of the VDR gene and is a start codon polymorphism.
This SNV of the VDR gene is characterized by a thymine-to-
cytosine nucleotide substitution (T for C or F>f) and is the
only non-synonymous SNV variant of the VDR gene. The
aforementioned SNV of the VDR gene leads to a change in
the amino acid sequence of the VDR protein — a threonine
amino acid residue is replaced by a methionine residue.
Start codon polymorphism predetermine the presence of
two potential translation initiation sites: on the C allele, a
new start codon (ATG) is located 9 bp after the common
start site. In this connection, in carriers of the T allele, a full-
length VDR protein is synthesized, consisting of 427 amino
acid residues, and in carriers of the C allele, a VDR protein
shortened by three amino acid residues, which contains 424
amino acid residues. The short isoform of the VDR protein
differs from the full-length isoform in higher transcriptional
activity [11, 13].

The Apal (rs7975232) variant of the VDR gene is an A>C
(or A>a) change, and the Bsml (rs1544410) variant of the
VDR gene is an A>G (or B>b) change. Apal (rs7975232)
and Bsml (rs1544410) variants are located at the 3’ end of
the VDR gene and are not associated with a change in the
amino acid sequence of the VDR protein [32, 50].

The Tagl variant (rs731236) of the gene is a change C>T
(or T>t), also does not cause an amino acid change in the
encoded protein, but affects the stability of mRNA [45].

It has now been demonstrated that SN'Vs of the VDR gene
are independent risk factors for the development of various
diseases, such as prostate cancer, inflammatory bowel di-
sease, osteopenia, tuberculosis [35], Parkinson’s disease [4],
diabetes mellitus [36], polycystic ovary syndrome [48], ste-
atohepatosis [8] and cardiovascular disease [28]. Also, data
from previous cross-sectional, observational studies [52]
indicate the presence of an inverse correlation between the
level of vitamin D deficiency and the degree of glycemic con-
trol. Thus, it can be assumed that SN'Vs of the VDR gene can
determine the development of a certain obesity phenotype.

The purpose of our study is to investigate the association
of the SNV of the VDR gene with metabolically unhealthy
obesity in children.

Materials and methods

All participants in our study gave written informed con-
sent. The research protocols and methods were approved in
accordance with the ethical standards of the Declaration
of Helsinki 2013 and the Human Research Ethics Com-
mittee of the Dnipro State Medical University (ethical ap-
proval DSMU/EC/19/1107). Data collection time: January
2020 — February 2023.

Design: observational, analytical, longitudinal, cohort
study.

Inclusion criteria: polygenic obesity (body mass index
(BMI) > 97" percentile), age of 6—18 years.

Exclusion criteria: monogenic and/or syndromic obe-
sity, pregnancy.

Our study involved 252 obese children aged 6—18 years.
To form the main observation group, we took into account
the presence of abdominal obesity in a child and two of the
following criteria: fasting glycemia > 5.6 mmol/I [16] and/
or, according to the recommendations of the IDEFICS
study, the level of basal insulinemia, which was higher than
90t percentile [39]; high-density lipoprotein cholesterol
< 1.03 mmol/L or less than the 10" percentile for age [17];
an increase in triglycerides > 1.7 mmol/l or more than the
90t percentile of the age norm; an increase in systolic and/
or diastolic blood pressure above the 90" percentile for age,
sex and height [21]. The abdominal type of obesity was de-
termined according to the consensus of the International
Diabetes Federation, based on the excess of the waist cir-
cumference over the 90" percentile for children [6].

Anthropometric measurements were made in a child
in underwear and without shoes. Height (cm) was mea-
sured using Heightronic Digital Stadiometer® to the nearest
0.1 cm. Weight (kg) was measured using Tefal Bodysignal
body composition analyzer (France).

Systolic and diastolic blood pressure were measured
using a digital oscillimetric device Dinamap ProCare (GE
Healthcare).

Laboratory examination for the formation of observa-
tion groups for obesity phenotypes included general clinical
methods. Blood samples were obtained after an overnight
fast by venipuncture in vacutainer gel tubes, and serum was
separated from cells by centrifugation in a certified labora-
tory Synevo (Ukraine) using an analyzer and a Cobas 6000
test system (Roche Diagnostics, Switzerland). Serum glu-
cose was studied by the hexokinase method; triglycerides
and high-density lipoproteins of blood plasma were evalu-
ated by the enzymatic colorimetric method.

The level of basal insulin was analyzed using the immu-
nochemical testing with electrochemiluminescence immu-
noassay. The level of basal insulin in the venous blood was
considered normal at 2.6—24.9 mcU/ml.

To study the level of 25-hydroxycalciferol (25(OH)D),
an immunochemical method with chemiluminescence mi-
croparticle immunoassay and an Architect 12000 analyzer
(ABBOTT, USA) were used. Reference values that indicated
the risk of vitamin D insufficiency were 21—30 ng/ml, vita-
min D deficiency — less than 20 ng/ml.

The sample population examined by whole genome se-
quencing (Illumina CSPro®, CeGat, Germany) consisted of
31 children of the main group and 21 controls and was quali-
tatively homogeneous compared to to the general popula-
tion. Average amount of DNA (ug) in samples was 0.875. Li-
brary Preparation: quantity used 50 pg. Library Preparation
Kit: Twist Human Core Exome plus Kit (Twist Bioscience).
Sequencing parameters: NovaSeq 6000; 2 x 100 bp.

Bioinformatic analysis — demultiplexing of the se-
quencing reads was performed with Illumina bcl2fastq (ver-
sion 2.20). Adapters were trimmed with Skewer, version
0.2.2[25]. DNA-Seq: trimmed raw reads were aligned to the
human reference genome (hgl9-cegat) using the Burrows-
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Wheeler Aligner (BWA-mem version 0.7.17-cegat) [29].
ABRA version 2.18 and Genotype-Harmonizer v. 1.4.20
were used for local restructuring of readings in target regions
to improve more accurate detection of indels in the genome
during mutagenesis [14, 37].

Reference sequence was obtained from the National
Center for Biotechnology Information, RefSeq database
(http://www.ncbi.nlm.nih.gov/RefSeq) [43].

Statistical analysis of the results was carried out using
a package of application programs Statistica 6.1 (No.
AGAR909E415822FA) with help a personal computer based
on an Intel Pentium 4. Depending on the test result, para-
metric and nonparametric statistical methods were used.
Correlation analysis was applied to analyze 100 indicators
of clinical, laboratory-instrumental and molecular genetic
examinations in 252 children. To assess the relationship
between quantitative traits, correlation analysis was used
according to the Pearson method, and between qualitative
traits, a non-parametric ranking method was used according
to Spearman’s analysis (r). Only essential connections were
taken into account (p < 0.05).

Results

The average age of children in the main and control
groups was 12.35 = 0.08 and 12.28 £ 0.13 years, respective-
ly. The groups did not differ by gender. In the main group,
the proportion of boys and girls was 56.14 £ 6.61 % and
43.86 £ 5.40 %; in the control group, it was 48.17 = 6.86 %
and 51.83 + 5.70 %, respectively (p > 0.05).

In obese children, the average serum level of 25(OH)D
was 21.70 = 1.78 ng/ml. At the same time, the average level of
25(OH)D in the blood serum of patients with MUQO was sig-
nificantly lower than in children with metabolically healthy
obesity (MHO): 14.57 + 1.63 ng/ml vs. 28.82 &+ 1.93 ng/ml,
t=5.64, p=0.00061.

In obese children examined by whole genome sequen-
cing, five SN'Vs of the VDR gene were identified: rs2228570

(1 DNA copy number variation (CNV): ¢.2T>C in 94.23 %;
1s731236 (2 CNV: ¢.11056T>C, ¢.1206T>C in 65.38 %);
rs10783218 (2 CNV: ¢.296+8C>T, ¢.146+8C>T in 7.69 %);
rs2228572 (2 CNV: ¢.57C>T, ¢.207C>T in 1.92 %);
rs12721365 (2 CNV: ¢.1059C>T, ¢.909C>T in 1.92 % of the
examined patients). The distribution of genotype frequen-
cies was in Hardy-Weinberg equilibrium in both groups.

Molecular genetic characteristics of the identified SN'Vs
of the VDR gene are presented in Table 1.

Vitamin D deficiency correlated with the following
SNV genotypes of the VDR gene: AA 1s12721365 (r = 0.41),
AA 152228572 (r = 0.39) and GG rs 2228570 (r = —0.27),
p <0.05.

Bioinformatic analysis of the results of whole genome
sequencing showed that patients with various obesity phe-
notypes had associations with certain SNV genotypes of the
VDR gene (Table 2, Fig. 1, 2).

The homozygous mutant genotype GG SNV 152228570
occurred with the same frequency in both groups: it was
registered in 35.5 % of children with MUO and in 38.1 %
of those with MHO (p > 0.05). At the same time, accor-
ding to the gnomAD browser, the frequency of the GG SNV
1s2228570 genotype in the human population is 62—77 %.
Among children with obesity and SNV rs2228570 of the
VDR gene, the wild AA genotype was identified in 19.4 % of
cases with MUO and in 9.5 % of cases with MHO (p < 0.05).

Among the children examined by us, no homozygous mu-
tant genotypes AA SNV rs2228572 and AA SNV 1512721365
were found. The heterozygous genotypes AG SNV 152228572
and AG SNV 1512721365 were observed in 3.2 % of children,
exclusively with MUO. According to the gnomAD browser,
the occurrence of these genotypes in the human population
is2—3 % and 0.3 % for the AG SNV rs2228572 genotype and
the AG SNV 1512721365 genotype, respectively.

The homozygous mutant genotype GG SNV rs731236
was registered in 33.3 % of children with MHO and in
16.4 % of patients with MUO, which was characterized by a

Table 1. Characteristics of SNV types of the VDR gene

e GnomAD_ Conse- Base Raw- | Clinical significance

Wl e maxPOP LT | L quence change S Score (gnomAD browser)
rs2228570 " . S
(Foki, 48272895 | AFR | A | G |IMUEtOr | CA2TEE | 938 | 309 |COnTiCinEinterpreta
331088* P~ pathogenicity
rs10783218, Splice €.296+8C>T )
332626 48272743 AFR G A region c146+8C>T 2.76 0.01 | Benign
rs2228572, Synony- c.57C>T .
869884* 48272840 AFR G A mous c.207C>T 0.78 —0.19 | Benign
rs12721365, Splice ¢.1059C>T B Conflicting interpreta-
308880* 48240233 NFE G A region €.909C>T 0.39 0.29 tions of pathogenicity
rs731236
(Taql), 48238757 NFE Al G rsny(;‘lj’:y gigggzg 0.15 | —0.43 |Benign
308887* ’

Notes: GnomAD_maxPOP — the frequency distribution of VDR mutations; AFR — African; NFE — non-Finnish
European; Ref — reference allele; Alt — alternative allele; consequence — functional consequence of the vari-
ation in relation to the transcript; the nucleotide change and position relative to the coding sequence of the
affected transcript in HGVS nomenclature: c. — CDS Position Reference Base > Alternative Base. Example:
c.223A>T (c.' — interpretation for DNA coding sequence; p.? — protein sequence interpretation) [44]. This
column is empty if the variant is intergenic; CADD — combined annotation dependent depletion; * — SNV VDR

associated with MUO.
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twofold decrease in the frequency of the GG SNV 15731236
genotype among children with MUO compared to the con-
trols and general population (38—40 %).

Among the children examined by us, the homozygous
mutant genotype AA SNV 1510783218 was not found. An
interesting fact is the absolutely identical occurrence of
the heterozygous genotype AG SNV 1510783218 (12.9 %)
and the homozygous wild genotype GG SNV rs10783218
(87.1 %) in the comparison groups.

A correlation between SNV VDR and MUO genotypes
was observed for AG SNV 1512721365 (r = 0.21), AG SNV
1s2228572 (r = 0.21), GG SNV 15731236 (r = —0.15) and
GG SNV 152228570 (r = —0.31) genotypes, p < 0.05.

Discussion

Although the relationship between SNV of the VDR gene
and metabolic disease remains poorly understood, previous
studies have identified some positive associations demon-
strating the potential impact of SNV VDR on the develop-
ment of MUO and other diseases associated with a high risk
of cardiometabolic disorders [5, 22].

Similar to X. Yan et al. [7, 55], the results of our study
demonstrated the presence of vitamin D deficiency in chil-
dren with obesity that was especially pronounced among
children with MUO [41]. According to K. Xenos et al.
[54], low vitamin D supply may be an independent pre-
dictor of obesity. Considering the results of M. Clemente-
Postigo et al. [12], which showed that 25(OH)D levels nega-

tively correlated with the homeostatic model assessment
for insulin resistance (r = —0.200; p = 0.032) and glucose
(r=—-0.295; p=0.001), but not with BMI, we suggest that
vitamin D deficiency has a more pronounced effect on car-
bohydrate metabolism than on adipogenesis.

As a result of whole genome sequencing, we have de-
monstrated for the first time a positive correlation be-
tween vitamin D deficiency and the genotypes AA SNV
rs12721365, AA SNV 152228572 of the VDR gene in obesity
in children. According to the results of our study, the wild
AA Fokl genotype (rs2228570), associated with vitamin D
deficiency in obese children, is highly associated with the
development of MUO. At the same time, the presence of
the SNV 152228570 mutant G allele is associated with a
low risk of vitamin D deficiency in children with MUO.
The GG 152228570 genotype (base change: ¢1.2T>C) is
accompanied by the production of a shorter variant of
the VDR protein, which has a higher transcriptional acti-
vity [15]. Therefore, we assume that children with the GG
SNV 152228570 (Fokl) genotype have a higher level of ac-
tivation of vitamin D-associated signaling pathways, which
reduces the risk of developing cardiometabolic disorders.
However, there are studies demonstrating both the presence
and absence of a significant relationship between the SNV
genotypes of the VDR rs2228570 gene and the high cardio-
metabolic risk phenotype [38]. Thus, when examining 215
Chinese patients with metabolic syndrome and coronary
heart disease (CHD), there was demonstrated a 2.61-fold

120
100 100 120
100 96.8 96.8
87.1 100 71
80 80
54.8
60 —=77 381 60753
35.5
40 381 28.6 40 o1
20 19.4 16.1)
20 v, I 32 3.
% | o 0 00 g 0 0
rs2228570 rs10783218 rs2228572 rs12721365 rs731236
rs2228570 rs10783218 rs2228572 rs12721365 rs731236
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|[sHOM? wHET mHOMY|
Figure 1. Genotypes of the VDR gene Figure 2. Genotypes of the VDR gene
in individuals with MHO (%) in individuals with MUO (%)
Table 2. Comparative characteristics of the AF and CNV of the VDR gene in obesity phenotypes
with AF in the world population and among non-Finnish Europeans
gnomAD browser AF (HOM?), % CNV (%)
SNV (genotypes: y 70
HOM?/HET/HOM") Popmax AF AF NFE, MHO Muo
(HOMP), % | (HOMP),% | MHO | MUO | © 1 2 0 1 2

rs2228570 (GG/AG/AA) 77 62 38.1 | 355 | 48 | 95.2 0 19.4 | 80.6 0
rs10783218 (AA/AG/GQG) 16 4 0 0 90.5 0 9.5 93.5 0 6.5
rs2228572 (AA/AG/GQG) 3 2 0] 0 100 0 0] 96.8 0 3.2
rs12721365 (AA/AG/GQG) 0.3 0.3 0 0 100 0 0 96.8 0 3.2
rs731236 (GG/AG/AA) 38 40 333 | 161 | 333 | 48 | 619 | 355 | 3.2 | 61.3

Notes: HOMP — homozygous variant (biallelic single nucleotide substitution); HET — heterozygous variant
(single allelic single nucleotide substitution), HOM" — homozygous variant (absence of nucleotide substitu-
tions); Popmax AF — maximum population allele frequency in the genome (gnomAD browser); AF NFE — allele
frequency for non-Finnish Europeans in the genome (gnomAD browser).
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increase in the risk (95% confidence interval (CI) 1.12—6.1,
p = 0.027) of developing cardiometabolic complications in
individuals with the wild AA FokI genotype [24]. The au-
thors also showed that the presence of the GG Fokl mu-
tant genotype predetermines a higher serum level of high-
density lipoprotein cholesterol in adults and reduces the risk
of CHD (p = 0.001). J. Maia et al. [33] demonstrated the
potential protective effect of the GG SNV Fokl genotype
against coronary artery disease in postmenopausal women
with type 2 diabetes mellitus (T2DM) in a recessive model.
Also L. Ma et al. [30] showed that the incidence of the GG
Fokl mutant genotype was higher among Chinese T2DM
patients without CHD, at 7 %, compared to T2DM patients
with CHD (4 %) or healthy volunteers (3 %), p < 0.0001.

At the same time, H. Fiaz et al. [19] received diametri-
cally opposite data, which indicate that the GG (95% CI
1.63—17.2, p = 0.005) and AG Fokl (95% CI 1.70-20.7,
p = 0.005) genotypes are associated with a higher risk of
arterial hypertension, by 5.29 and 5.94 times, respectively.
The absence of significant differences in the occurrence of
various Fokl genotypes between patients with T2DM and
healthy adults is shown in the works of N.A. Sattar [47], and
1. Mahjoubi [31], as well as M.T. Malecki et al. [34].

In our study, we identified SNV of the VDR Taql gene
(rs731236), but did not detect SNV Apal, Bsml in obese
children.

In contrast to the results of our work, which indicate a
protective effect of the GG Tagl genotype for the risk of car-
diometabolic disorders in children with obesity, D. Raljevi¢
et al. [42] in a study of 155 overweight Croatian patients
(BMI =28.5 + 4.0 kg/m?) after myocardial infarction proved
that the G/G Tagql genotype within the recessive model (A/
A+A/G vs. G/G: odds ratio = 0.31; 95% CI 0.11-0.83,
p = 0.0016) is associated with a significantly higher risk of
CHD and myocardial infarction.

According to other authors, the heterozygous AG Tagl
genotype was more common in the group of T2DM patients
with coronary artery disease compared to T2DM patients with-
out heart damage [30]. At the same time, L. He et al. [24, 34]
found no association between the Tagl genotype and increased
cardiometabolic risk among T2DM patients, and R. Erasmus
[18] found no relationship between vitamin D receptor SNV
Fokl and Taql with the glycemic status of the probands.

While the GG SNV 15731236 and GG SNV 152228570
genotypes of the VDR gene are associated with a low risk of
developing MUO, the AA SNV 1512721365 and rs2228572
genotypes of the VDR gene are directly associated with the
presence of MUO. For the first time, we presented data on
the association of SNVs rs12721365 and rs2228572 of the
VDR gene with MUO (there are no references to these SN'Vs
of the VDR gene in the ClinVar database).

In children with obesity, the homozygous AA SNV
rs10783218 genotype of the VDR gene was not identified.
The frequency of the heterozygous genotype AG SNV
rs10783218 of the VDR gene was the same and amounted
to 12.9 %, both in MHO and MUO. It should be noted that
the rs10783218 variant of the VDR gene is not listed in the
Human Gene Mutation Database [49] and classified solely
by an automated scoring system, according to which it is
characterized as a benign variant [23].

Conclusions

1. Obesity in children is usually accompanied by a de-
crease in the serum level of vitamin D. The degree of the
latter is associated with the risk of cardiometabolic disorders
and the development of MUO.

2. Various genotypes of some SN'Vs of the VDR gene are
associated to varying degrees with the development of obe-
sity and cardiometabolic disorders in children:

— AG genotypes of both SNV rs12721365 and rs2228572
of the VDR gene are highly associated with the development
of cardiometabolic disorders;

— GG genotypes of both SNV 152228570 and SNV
rs731236 of the VDR gene are associated with a low risk of
developing cardiometabolic disorders;

— SNV 1510783218 of the VDR gene is not associated
with the development of obesity in children.
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Abartypos O., HikyaiHa A.

AHIMPOBChKA AEPXXQABH MEANYHINM YHIBEPCUTET, M. AHIMPO, YkpaiHa

[eHeTNYHO AeTepMIHOBAHA peuenuis BiTamiHy D npy MeTaGoAiYHO HE3AOPOBOMY OXXUPIHHI B AiTen

Pe3iome. AkryanbnicTh. [eHoMHI edexTu BiTaminy D BusHa-
YaloThCsl KOH(OpMaLiitHUMU 3MiHaMU B CTPYKTYpi pelienTopa Bi-
Taminy D (vitamin D receptor — VDR), netepmiHoBaHMMU OTHO-
HYKJICOTMTHUMU BapiaHTaMu (single nucleotide variants — SNV)
reHa VDR. MeTo0 HaIroro TOCTIIKEHHS € BUBYEHHS acoliarlii
SNV rena VDR i3 metabosiyHO He3nopoBuM oxupiHHsaM (MHO)
B miteit. MaTepiaau Ta MeToau. O6¢TekeHO 252 MTUTUHU 3 OXH-
piHHSIM BikoM 6—18 pokiB. OcHOBHY Ipyity (n = 152) ctaHOBMWIM
nitu 3 MHO. KonTponsny rpyny (n = 100) mpeacraBuiu it 3
MeTa0OoJIiYHO 3M0POBUM OXUPIiHHSM. Y 31 IUTUHM OCHOBHOI Ta 21
JUTUHU KOHTPOJIBLHOI TPy MPOBEIEHO MOBHOTEHOMHE CEKBEHY-
BaHHs (CeGat, Germany). B ycix nauieHTiB BUMipioBajiu piBeHb
cupoBaTKoBOro 25-rigpokcusitaminy D (Synevo, Ukraine). s
Bepuikalii pe3yabTaTiB 3aCTOCOBYBAJIM PO3PaXyHOK Koedilli-
eHTa KopeJsiii CripMeHa (r) i p-3HauYeHHST T KOXHOI 3MiHHOI,
a Takox OioiHdopmaniitHuil aHani3. Pesyabratu. Inentudiko-

BaHO I’sIThb SNV rena VDR: 1s2228570 (1 Bapiaiist ynciia KOITiit
JHK (CNV): c.2T>Cy 94,23 %); 15731236 (2 CNV: ¢.11056T>C,
c.1206T>C y 65,38 %); 1rs10783218 (2 CNV: ¢.296+8C>T,
c.146+8C>T y 7,69 %); 1s2228572 (2 CNV: ¢.57C>T, ¢.207C>T
B 1,92 %); 1s12721365 (2 CNV: ¢.1059C>T, ¢.909C>T B 1,92 %
nauieHTiB). Kopensiist Mixx gedinurom Bitaminy D i SNV VDR
BiJI3HAYEHa JUIST TAKMX TeHOTUITIB: AA 1512721365 (r = 0,41), AA
12228572 (r = 0,39) ta GG rs 2228570 (r = —0,27), p < 0,05.
Kopensmist mixk SNV VDR ta MHO cnioctepiranacs mmpy Taknx
reHotunax: AA rs12721365 (r = 0,21), AA rs2228572 (r = 0,21),
GG 15731236 (r = —0,15) Ta GG 1rs2228570 (r = —0,31), p < 0,05.
BucHoBku. lenorunn AG SNV VDR 1s12721365, 1s2228572 Buco-
KO acouiiioBaHi 3 po3BuTkoMm MHO.

Kimo4oBi cJjioBa: ren peuentopa BiTamiHy D; ceKBeHYBaHHS
HACTYIHOTO MOKOJIIHHSI; aHali3 OJHOHYKJIECOTUAHUX BapiaHTIiB
reHa; 1iTh; MeTaboJIiuHO HEe3I0POBE OKUPIHHS
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Prediction of the chronicity of inflammatory diseases
of the urinary system in children

Abstract. Background. The purpose was stratification of factors that lead to the chronicity of inflammatory diseases
of the urinary system in children, as well as creation of a mathematical model for predicting their course. Materials and
methods. The research group consisted of 97 children (average age — 10.0 = 1.3 years). The main group was divided
into subgroups: the first one — 43 children with acute urinary tract infections (UTIs), the second one — 34 patients with
chronic UTIs. The control group consisted of 20 conditionally healthy children. The content of 1,25(0H) D, vitamin D-
binding protein, inducible nitric oxide synthase (NOS2), cystatin C, cathelicidin, hepcidin, lactoferrin, interleukins 6, 15
was investigated by immunoenzymatic analysis. The impact of factor characteristics on the process of UTI chronicity was
evaluated using factor and cluster analyses. A logistic regression equation was used to predict the probability of developing
chronic UTIs. The quality of the constructed model was assessed by its sensitivity and specificity, and receiver operator
characteristic (ROC) analysis was also used. Results. It was found that 6 factors had the greatest significance: the factor
of functional disorders of the urinary tract, the factor of comorbid conditions, the protective factor, the immune factor,
chronic foci of the disease, and the NOS2 factor. According to the results of logistic regression, the model for predicting
the probability of developing chronic UTI in children had the form of an equation that included 6 variables (early mani-
festation of the disease, vitamin D level, vesicoureteral reflux, dysmetabolic nephropathy, neurogenic bladder, UTI in the
mother in childhood). The classification ability of the model was determined based on the data of the training sample and
was 75.0 %. The sensitivity of the model was 78.3 %, and the specificity was 76.5 %. The area under the ROC curve that
corresponded to our mathematical model was equal to 0.776. The Gini index was 55.2 %, which corresponds to the good
quality of the model. Conclusions. The process of chronicity of the inflammatory process in the urinary system in children
occurs under the conditions of the interaction of some pathological factors. The leading risk factors for the chronicity of
the inflammatory process are the presence of functional disorders of the urinary tract, early manifestation of the disease,

the level of vitamin D, intestinal dysfunction, and the presence of UTI in the mother in childhood.
Keywords: children; infection of the urinary system; pyelonephritis; cystitis; vitamin D; immune system

Introduction

According to the data of the Ministry of Health of
Ukraine, namely the Center of Medical Statistics of the
Ministry of Health of Ukraine, the negative dynamics of
the primary morbidity of the population is noted, particu-
larly due to genitourinary diseases [1]. Among children aged
0—18 years, the most common microbial and inflammatory
diseases of the genitourinary system are urinary tract infec-
tions (UTIs) [2]. More than 1 million children with a di-
agnosis of UTI visit the hospital annually, 500,000 visit the
emergency department, and more than 50,000 children are

hospitalized [3]. The frequency of UTI recurrence ranges
from 8 to 30 % among children in high-income countries
[4]. Risk factors for UTI can be behavioral, anatomical, or
genetic and depend on both the population and the form
of disease. Understanding the risk factors associated with
the chronicity of UTIs can help physicians adapt preventive
strategies to effectively reduce the development of UTIs [5].
The purpose of the research was stratification of fac-
tors that lead to the chronicity of inflammatory diseases of
the urinary system in children, as well as the creation of a
mathematical model for predicting their course.
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Materials and methods

We examined 97 children aged 6 to 14 (on average
10.0 + 1.3) years who were receiving inpatient treatment
at the Zaporizhzhia Regional Clinical Children’s Hospital
of the Zaporizhzhia Regional Council in 2018—2020. The
main study group included 77 children with primary urinary
tract infections. Patients with urinary tract abnormalities,
as well as those who received antibacterial therapy prior to
the experiment, were excluded from the study. The children
were divided into groups taking into account the classifica-
tion and criteria for the diagnosis of UTI, according to the
2021 European Association of Urology guidelines (levels of
evidence I, IT) [6] and the order of the Ministry of Health of
Ukraine No. 627 dated 03.11.2008 [7].

The main group was divided into two subgroups. The
first one included 43 children with acute inflammatory di-
seases of the urinary system: 17 with acute pyelonephritis,
16 with acute cystitis, and 10 with unspecified urinary sys-
tem infections. The second subgroup included 34 patients
with chronic inflammatory diseases of the urinary system:
27 children were diagnosed with chronic pyelonephritis, and
7 children were diagnosed with chronic cystitis. The control
group consisted of 20 conditionally healthy children without
signs of inflammation of the urinary system.

The serum inducible nitric oxide synthase (NOS2),
cystatin C, cathelicidin, hepcidin, lactoferrin, interleukin
(IL) 6, IL-15, vitamin D-binding protein (DBP), as well as
1,25-dihydroxyvitamin D (1,25(OH),D,) concentrations
were evaluated by enzyme-linked immunosorbent assay
(ELISA) using commercial kits: ELISA Kit for Nitric Oxide
Synthase 2, Inducible (NOS2) (Cloud-Clone Corp., USA);
Cystatin C Human ELISA (BioVendor, Czech Republic);
LL-37, Human, ELISA kit (Hycult Biotech, Netherlands);
Hepcidin-25 (human) Enzyme Immunoassay Kit (H-sr,
pl): Extraction Free (USA); Human LTF/LF (Lactoferrin)
ELISA Kit (Elabscience, USA); Human IL-6 (Interleukin
6) ELISA Kit (Elabscience, USA); Human IL-15 (Inter-
leukin 15) ELISA Kit (Elabscience, USA); 1,25-Dihydroxy
Vitamin D EIA (Immunodiagnostic Systems, UK); Hu-
man DBP (Vitamin D Binding Protein) ELISA Kit (Elab-
science, USA).

Mathematical analysis and statistical processing of the
data were performed using the Statistica for Windows 13.0
(JPZ8041382130ARCN10-J) and IBM SPSS Statistics 23
licensed program. We used correlation analysis with deter-
mination of Spearman’s rank correlation coefficient. The
method of factor analysis was used to identify the signs
mostly associated with the development of urinary sys-
tem infections. Spearman’s correlation matrix was basis of
modeling for the selection of factor complexes, followed
by the determination of the factor loading of the studied
indicators. The Varimax raw orthogonal rotation method
was used to select indicators with a high factor loading on
the complex (over 0.6). Factor analysis using Varimax raw
rotation was performed taking into account the results of
the initial analysis and using the principal components to
describe the dispersion of the data array. Major factors were
determined using Kaiser test and Cattell scree plot. To
identify stable groups of factors characterized by the com-
monality of the studied parameters for the entire sample,

a cluster analysis was conducted. The object classification
procedure was carried with hierarchical clustering by the
method of centroid-based clustering whose graphic rep-
resentation was demonstrated by constructing a dendro-
gram. The Euclidean distance was used as a measure of
the distance between the formed clusters. The method of
genetic algorithm was applied to identify the factors mostly
associated with the risk of developing chronic inflammato-
ry diseases of the urinary system [8]. The logistic regression
equation was used to predict the probability of developing
chronic UTIs:

p=1/(1+exp(-2)),

where z=a0 +al - x1 +a2-x2+ ...+ an - xn, where x1, ...,
xn are independent variables, and a0, ..., an are regression
coefficients.

Ifthe calculated value of p > 0.5, then this patient should
be classified to the risk group for chronic inflammatory
diseases of the urinary system. If the calculated value of
p < 0.5, then the probability of chronicity of the inflamma-
tory process is quite low.

The quality of the constructed model was assessed by its
sensitivity and specificity [9]. To determine the quality of the
obtained predictive model, receiver operator characteristic
(ROC) analysis was used, and the area under the ROC curve
(AUC) was calculated. Value from 0.9 to 1 corresponds to
excellent model quality, 0.8—0.9 is very good, 0.7—0.8 is
good, 0.6—0.7 is average, 0.5—0.6 — unsatisfactory. To as-
sess the discriminative ability of the model, the Gini index
was calculated according to the formula:

Gini =2 - (AUC - 0.5) - 100.

Gini index > 40 % corresponds to the acceptable qua-
lity of the method, Gini > 60 % is an excellent quality
analysis.

All human studies complied with the ethical standards
of the Institutional and National Research Committee and
the 1964 Declaration of Helsinki and its subsequent amend-
ments or comparable ethical standards. Informed consent
was obtained from all individual participants included in the
study. A complete set of data on children, their parents and
physicians confirming the results of this study was not pub-
licly available due to limited initial ethics approvals.

Results

In order to study the aspects that determined the de-
velopment of the chronic process in the urinary system,
a factor analysis was conducted with the selection of the
principal components that can cause the chronicity of the
inflammation in the urinary tract. Potentially significant
factors were singled out, namely patient’s gender, UTI epi-
sodes in mother during pregnancy, frequent UTIs in mother
in childhood, the presence of vulvitis, bowel dysfunction,
neurogenic bladder, dysmetabolic nephropathy, vesicoure-
teral reflux, chronic foci of the disease, the manifestation
of the disease, erythrocyte sedimentation rate, leukocytes
in blood and urine, creatinine, urea, the etiology of the
pathogen and the levels of cystatin C, cathelicidin (LL-37),
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lactoferrin, NOS2, I1L-6, IL-15, hepcidin, DBP, as well as
vitamin D,.

According to the results of the factor analysis based on
the Kaiser test and the Cattell scree plot, 6 factors with ei-
genvalues more than 1 were determined. The obtained data
are shown in Table 1.

As can be seen from Table 1, these factors described
71.34 % of the total variance of the variables under study. It
is worth noting that the first 4 factors described the greater
part (54.926 %) of the total load, which indicated that they
determine the main pathogenetic aspects for the develop-
ment of the chronic inflammatory process in the urinary
tract of the examined patients.

Later, using the method of principal components, we
created a matrix of factor loadings. The results are shown
in Table 2.

According to the data in Table 1, the most significant
was factor 1, which described 19.342 % of the total vari-
ance, and, according to the data in Table 2, included 3
variables with the leading factor loading: neurogenic blad-
der (factor loading 0.646), vesicoureteral reflux (factor
loading —0.726), early disease manifestation (factor loa-
ding 0.795). Conditionally, we have designated this factor
as the factor of functional disorders of the urinary tract.

Early manifestation of the disease meant that the first epi-
sode of pyelonephritis occurred between the ages of 3 and
6 years.

The second factor accounted for 13.403 % of the total
variance and included vulvitis (factor loading 0.759), intes-
tinal dysfunction (factor loading 0.770), and dysmetabolic
nephropathy (factor loading 0.682). We tentatively called
this factor the factor of comorbid conditions.

Factor 3 accounted for 12.269 % of the total variance and
included cystatin C (factor loading 0.740) and 1,25(OH),D,
level (factor loading 0.632). This factor was conventionally
designated as a protective factor.

The fourth factor described 9.912 %. It included the fol-
lowing indicators: IL-6 (factor loading —0.829) and DBP
content (factor loading 0.775). Conventionally, this factor
was designated as immune factor.

The fifth factor described 8.595 % of the total variance
and included the presence of chronic disease foci (factor
loading —0.826). This indicates that untimely sanitation
of chronic foci of diseases can be one of the predictors for
chronicity of urinary tract infections.

The last sixth factor described 7.821 % of the total vari-
ance and included the level of inducible NO synthase (factor
loading 0.825).

Table 1. The total variance of the variables represented by the leading 6 factors
for chronic UTIs

Factor Eigenvalues Total variance, % Cumulative percentage

1 3.288 19.342 19.342

2 2.279 13.403 32.746

3 2.086 12.269 45.014

4 1.685 9.912 54,926

5 1.461 8.595 63.521

6 1.330 7.821 71.342

Table 2. Estimated factor loadings on the studied indicators in children
with chronic inflammatory diseases of the urinary system
T Factor loadings
1 2 8 4 5 6

Vulvitis 0.759
Intestinal dysfunction 0.770
Neurogenic bladder 0.646
Dysmetabolic nephropathy 0.682
Chronic foci of the disease -0.826
Vesicoureteral reflux -0.726
Early disease manifestation 0.795
Cystatin C 0.740
DBP 0.775
IL-6 -0.829
NOS2 0.825
Vitamin D 0.632
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Taking into account the obtained data of the factor
analysis, a cluster analysis was performed. And, based on
the results of the hierarchical cluster analysis, the interac-
tion of factors for the development of the chronic inflamma-
tory process in the urinary system of children was determined
(Fig. 1).

According to Fig. 1, 2, main clusters were formed for
children with chronic UTI. The first cluster indicates the
correlation between vulvitis and intestinal dysfunction and
dysmetabolic nephropathy and the presence of chronic di-
sease foci. As you can see, cluster 1 describes the relation-
ship between concomitant pathologies in children with
chronic inflammatory diseases of the urinary system.

Hierarchical cluster analysis data show that there is
also an associative relationship between DBP, NOS2 and
IL-6, which is quite logical, because they are all linked to
the body’s immune response. Further, we observe an as-
sociative relationship between urinary dysfunction (neu-
rogenic bladder, vesicoureteral reflux), early manifesta-

Euclidean distances

Linkage distance
=)

Figure 1. Dendrogram of the cluster analysis of the
leading pathogenetic factors in the development
of chronic inflammatory diseases of the urinary
system: 1 — vulvitis, 2 — intestinal dysfunction, 3 —
neurogenic bladder, 4 — dysmetabolic nephropathy,
5 —IL-6, 6 — chronic foci of the disease, 7 — early
manifestation of the disease, 8 — cystatin C, 9 —
NOS2, 10 — vesicoureteral reflux, 11 — DBP, 12 —
vitamin D

tion of the disease, and levels of vitamin D and cystatin
C (cluster 2).

The next stage of the work was the creation of a mathe-
matical model for predicting the development of chronic
inflammatory diseases of the urinary system in children
using the binary logistic regression. To identify the factors
mostly associated with the risk of developing chronic UTIs
in children, the most significant features were selected using
the genetic algorithm method. The obtained results are pre-
sented in Table 3.

According to the results of the logistic regression, the
model for predicting the probability of developing chronic
inflammatory diseases of the urinary system in children had
the form of an equation:

Z=1/(1+exp(-8.053 + 0.365X, + 0.280X,, +
+1.579X, + 1.243X, + 1.118X,— 0.894X ).

The classification ability of the model was determined
based on the data of the training sample and was 75.0 %
(Table 4). The sensitivity of the model was 78.3 %, and the
specificity was 76.5 %.

The diagnostic significance of the obtained mathemati-
cal model was determined by ROC analysis (Fig. 2). The
logistic regression equation is represented by the AUC. The
AUC that corresponded to our mathematical model was
equal to 0.776. The Gini index was 55.2 %, which indicated
the good quality of the model.

Discussion

The results of the study showed that the factor of func-
tional disorders of the urinary tract, the factor of comorbid
conditions, the protective factor, the immune factor, as well
as the presence of chronic foci of diseases and the level of
NOS2 played a certain role in the chronicity of inflamma-
tory diseases of the urinary system.

The presence of abnormalities in the urinary system
was ruled out in all children under observation. Accor-
dingly, the early manifestation of the disease, namely the
development of the first case of pyelonephritis at the age
of 3 to 6 years, had other causes, for example, functional
disorders of the urinary tract, disruption of intracellular
signaling cascades of innate immunity, etc. The innate
immune system plays an important role in the prevention

Table 3. Signs included in the prediction model of the probability of developing chronic inflammatory
diseases of the urinary system in children

Name of the sign Trait level Regression coefficient Standard error
Early disease manifestation X, 0.365 0.689
Vitamin D X, 0.280 0.201
Vesicoureteral reflux X, 1.579 0.906
Dysmetabolic nephropathy X, 1.243 0.986
Neurogenic bladder X, 1.118 0.840
Mother’s UTl in childhood Xs -0.894 0.785
Constant -8.053 5.176
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of recurrent UTIs, because it generates a faster response
to invading pathogens [10]. According to Godaly G. et
al. (2015), susceptibility to UTI is determined by the ef-
ficiency of the host organism’s defense, and the weakening
of innate immunity initially leads to asymptomatic bacte-
riuria [11]. Rudaitis S. et al. (2009) demonstrated that a
first urinary tract infection at the age of < 6.5 years is a risk
factor for recurrent UTIs (odds ratio 0.9; 95% confidence
interval 0.85—0.98) [12]. In our work, we showed that the
development of an acute UTI at the age of 3 to 6 yearsis a
predictor of a chronic inflammatory process in the urinary
system, which, apparently, reflected an inadequate im-
mune response in these children.

The relevance of the factor of functional disorders of
the urinary tract was confirmed by the works of several
researchers. So, Chase J. et al. (2010) indicated that the
inability to empty the bladder often leads to urinary re-
tention, urinary stasis, and ineffective elimination of
uropathogens [13], thereby increasing the risk of recur-
rent UTIs. Becknell V. et al. (2015) showed that increased
bladder pressure due to poor emptying can also cause a
secondary vesicoureteral reflux, which increases the po-
tential risk of kidney damage, namely the development of
pyelonephritis [3].

1.0

0.6

Sensitivity

0.44

0.2

0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0

1-Specificity

Figure 2. ROC curve of the logistic regression
equation for predicting the development of chronic
inflammatory diseases of the urinary system
in children

According to the literature, concomitant pathologies
can contribute to the development of UTI, complicate its
course and act as a background for the chronicity of the
process [14]. This is also confirmed in our research. Beck-
nell V. et al (2015) noted in their work that with intestinal
dysfunction, a large intestine filled with feces can make
it difficult to empty the bladder and increases the risk of
developing both primary UTI and recurrence [3]. In ad-
dition, Abaturov O.E., Vakulenko L.I. (2019) showed that
dysmetabolic nephropathy was a concomitant pathology in
chronic pyelonephritis in more than half of children [15].
During our factor analysis, the presence of dysmetabolic
nephropathy was also considered the comorbid conditions
factor.

Commenting on the role of the protective factor to
which we attributed the levels of cystatin C and vitamin D,,
it is important to emphasize that cystatin C plays a funda-
mental role in many biological processes, such as protein
metabolism, regulation of phagocytosis of innate immune
cells, activation of progenitor proteins, mediated antigen
presentation, and apoptosis [16]. Vitamin D, is an impor-
tant antimicrobial peptide that takes an active part in the
body’s defense due to its antimicrobial activity against a
wide range of pathogens [17], and is also capable of con-
trolling immune function at various levels by stimulating
autophagy, mediating the expression of the antimicrobial
peptide LL-37 [18].

According to the data obtained in our factor analysis,
the immune factor included the levels of DBP and IL-6.
Pursuant to literature data, DBP, in addition to transporting
vitamin D metabolites, performs other, no less important
functions, including influence on the functioning of the im-
mune system due to macrophage activation, participation in
chemotaxis, etc. [19]. For its part, IL-6 is a multifunctional
cytokine that regulates numerous body functions, such as
the response of the acute phase of inflammation [20]. Also,
Bikle D.D. and Schwartz J. (2019) noted in their study that
certain cytokines, such as IL-6, increase the production of
DBP [21].

According to the literature, inducible NO synthase, al-
beit in small amounts, is also present in the blood under nor-
mal physiological conditions, but is expressed in response to
the invasion of pathogens and/or inflammatory cytokines.
Once induced, NOS2 produces large, sustained amounts of
NO, which in turn can limit growth or be lethal to pathogens
[22]. In our study, NOS2 was singled out as a separate fac-
tor, which emphasizes its importance in the process of UTI
chronicity.

Table 4. Classification of the calculated probability of developing chronic inflammatory diseases
of the urinary system in children

Predicted by regression equation

Coincidence, %

Acute UTls Chronic UTIs
Acute UTls 15 6 71.4
Chronic UTls 5 18 78.3

In total

75.0
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Conclusions

1. The chronicity of the inflammatory process in the
urinary system of children occurs under the interaction of
several pathological factors. Based on the analysis, a model
was created to predict the occurrence of chronic inflam-
matory diseases of the urinary system in children with
acute UTI.

2. It has been found that a significant contribution to the
development of chronic inflammatory process in the urinary
system is made by the presence of functional disorders of
the urinary tract in combination with an inadequate, non-
specific immune response, the mediated symptom of which
is the early manifestation of the acute process. Vitamin D
level, intestinal dysfunction, and the presence of UTI in
the mother in childhood are also leading risk factors for the
chronicity of the inflammatory process.

3. The determined risk factors and the results of prog-
nostic modeling should be used in groups at high risk of
developing a chronic inflammatory process in the urinary
system.
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NexxeHko I.O., 3axapyeHko H.A.

3Qropi3bKkni AEPIKQBHMM MEANYHNN YHIBEPCUTET, M. 3aropiioks, YkpaiHa

MpOrHo3yBAHHS XPOHIi3aALii 3aNAAbHUX 30XBOPIOBAHb
CEYOBUAIABHOT CUCTEMM B AiTen

Peslome. Mera pocaimkenns: crpatudikauiss hakTopis, 110
MPU3BOIATh 10 XPOHi3allii 3arajbHUX 3aXBOPIOBaHb CEYOBM-
MITBHOI CUCTEMU B JIiTEH, 8 TAKOX CTBOPEHHS MAaTeMaTUIHOI MO-
JieJTi MPOTHO3YBaHHs iX nepe6iry. Marepiaau Ta metoau. [pymy
nociimkeHHs: ctaHoBuau 97 miteit (cepeaHiit Bik — 10,0 = 1,3
poKy). OCHOBHY TpyIy pO3IiITWIN Ha MiArpynu: nepury — 43 nu-
TUHU 3 TOCTpUMU iHbekUisgsMu ceyoBuBinHux 1sixis (ICLI) Ta
npyry — 34 mauientu 3 xpoHiuHumu [CII. KoHTpoabHY Tpymy
craHoBuin 20 yMOBHO 310poBuXx aiteii. Pisui 1,25(0H),D,, Bi-
TamiH D-3B’s13yt0uoro 6ijika, iHIyKOBaHOI CUHTAa31 OKCUIY a30-
Ty (NOS2), mucratuny C, KaTeTiUINHY, TEIICUANHY, TaKTohe-
pUHY, iHTepelKiHiB 6, 15 mocainuim MeToaoM iMyHO(DEPMEHT-
HOTrO aHaji3y. 3a 10IMOoMOrow (pakTOPHOro Ta KJIacTepHOIo aHa-
JIi3iB BUBYAJIM BIUIMB (haKTOPHUX O3HAK Ha IPOLIEC XPOHi3allil
ICLL. s mporHo3yBaHHSI HIMOBIPHOCTI PO3BUTKY XPOHIYHUX
[CIII BUKOpUCTOBYBaJIM PiBHSIHHS JIOTiCTUYHOI perpecii. SAKicTh
noOy10BaHOI MOZIeJli OLiHIOBAIX 32 11 UyTJUBICTIO Ta crienudiy-
HicTIO, TakoX BuKopuctoByBaBcst ROC-ananis. PesyabTartu.
YcTaHOBIICHO, 10 HAWOLIBITY 3HAYYIIICTh Madu 6 (hakTopiB:
daxkTop OYHKIIOHATBHUX PO3JIaliB CCUOBUBIIHMUX IUISIXiB, (pak-
TOp KOMOPOiMHUX CTaHiB, 3aXUCHUI (pakToOp, iIMyHHUIt (pakTOp,

XpOHiYHi BOrHMIIa 3axBoploBaHHS Ta ¢dakTop NOS2. 3a pe-
3yJibTaTaMU MPOBEAEHOI JIOTICTUYHOI perpecii Moiesb IPOrHo3y
iiMoBipHOCTiI po3BUTKY XpoHiunux ICLL y niteit mana Bursin
PiBHSIHHS, 1110 BKJIIOYaJIo B cebe 6 3MiHHUX (paHHS MaHidec-
Tallisi 3aXBOpIOBaHHS, piBeHb BiTaMiHy D, MixypoBo-cedoBin-
HUl pedurokc, aucMerabosiyuHa HedpomnaTisi, HeWpOreHHUI
cevoBuit Mixyp, ICL y marepi B nutuHctsi). Kiacudikariiiina
30aTHICTh MOJEJi BU3HAvYajaacs 3a JaHUMU HaBYAIbHOI BUOIpKU
i cranoBuia 75,0 %. Yyrtnusictb moneni — 78,3 %, crneundiv-
HicTe — 76,5 %. Inoma ROC-kpuBoi, 1110 BiAmnoBigansa Hawii
MaTeMaTW4Hiil Mojeni, nopiBHIoBana 0,776. [nneke Gini ctaHo-
BUB 55,2 %, wo Binmnosinae mo6piit skocti. BucHoBKu. Iporuec
XpOHi3allii 3aMajJbHOTO MPOLIECY B CEUOBUAIIBHIN CUCTEMI B Ili-
Tell BilOyBa€ThCsI B YMOBaX B3aEMO/IIT 1iJ10i HU3KM MATOJOTIYHUX
(axropis. [TpoBinHUMU PaKTOpamMu pU3MKY XPOHi3allil 3anajib-
HOTO MPOIIECY BUCTYIAIOTh HasIBHICTh (DYHKIIIOHATBHUX PO3JIa-
NIiB CEUOBUBIAHUX IIUISIXiB, paHHs MaHi(ecTallis 3aXBOPIOBaHHS,
piBeHb BitaMiHy D, nuchyHKIlisg Kuiieunnka, HasBHicTb ICLL y
MaTepi B IMTUHCTBI.

Ki104oBi cj10Ba: nitu; iHeKis ceUOBUIIIBLHOI CUCTEMU; TTiE-
JioHedpUT; UMCTUT; BiTaMiH D; iMmyHHa cuctema
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Prevalence of dental caries in pediatric patients
with atopic dermatitis

Abstract. Background. Children with atopic dermatitis may be at increased risk of developing dental caries. This
problem is poorly understood and needs attention. The aim of this study was to investigate the oral health status of
children and adolescents with atopic dermatitis. Materials and methods. One hundred children with atopic dermatitis
aged 2to 17years, median of 6 [3.5; 10], and 103 children without atopic dermatitis, median age 7[5; 12.5] years, were
included in the study. Clinical parameters included age, sex, age of onset and severity of atopic dermatitis according to
the SCORing AD index (SCORAD). Patients with at least one type of caries at any stage of progression (from white spots
to carious lesions with pulpal damage) were included in the caries group. The risk of caries in the atopic dermatitis group
and in healthy children, and the significance of the presence of asthma and allergic rhinitis for the development of caries
were evaluated using the odds ratio (OR) with a 95% confidence interval (CI). Results were considered statistically
significant at the p < 0.05 level. Results. Caries was detected in 46 % of children with atopic dermatitis and 22 %
controls (OR = 2.9630, CI 1.6131—5.4424, p = 0.0005). In the group of allergic rhinitis, 24 patients were found to have
caries, and among those without allergic rhinitis, 22 children had caries. It was found that patients with concomitant
allergic rhinitis were significantly more likely to develop caries (OR = 3.4406, CI 1.4693—8.0563, p = 0.0044). No such
significance was found depending on the presence of asthma (OR = 1.3986, CI 0.4913—3.9814, p = 0.5). Conclusions.
Children with atopic dermatitis have a significantly higher risk of dental caries than healthy children. Based on the results
of our study, clinicians should be aware of dental manifestations in patients with atopic dermatitis and recommend regular

dental examinations for early caries detection.
Keywords: atopic dermatitis; caries; children

Introduction

Atopic dermatitis (AD) has become a serious medical
and social problem because of its high prevalence, early
onset and resistance to therapy, which adversely affect the
physical and mental development of children and, in some
cases, lead to disability and reduced quality of life for their
families [1, 2].

Currently, there is a steady increase in the incidence
of AD, which is associated with: early cessation of breast-
feeding, irrational nutrition of children, especially in war-
displaced populations, exposure to chemicals and adverse
effects of the environment [3—6]. The aetiology and patho-
genesis of AD in children are multifactorial. In addition to
hereditary factors, food allergies, disturbed immune reac-

tivity, disorders of neuroendocrine regulation, metabolism
and microcirculation, the presence of worm infestations and
foci of chronic infection (caries, stomatitis, tonsillitis) are of
significant importance [1, 7, 8].

Perugia C. et al. (2017) indicate a higher prevalence of
AD in children who were patients of dental clinics com-
pared to the general population, suggesting that dental di-
seases may be a component in the pathogenesis of AD and
vice versa [8, 9]. For example, the results of a longitudinal
study by Kalhan T.A. and co-authors (2017) demonstrated
that children with AD have an increased risk of caries deve-
lopment up to the age of 3 years, which may have a common
basis in ectodermal defects in the process of tissue develop-
ment (structural defect hypothesis) [9].
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Mouth breathing is not only known to be associated with
such atopic diseases, including allergic rhinitis (AR) and
asthma bronchiale (AS), but is also recognised as one of the
common features in patients with AD [10—12]. Breathing
through the mouth alters the protective mechanisms of the
tissues of the oral cavity, as the oral mucosa is exposed to
air during breathing, leading to an increased risk of disease,
including the hard tissues of the teeth [13—15]. S.mutans was
found to be highly prevalent in 70 % of mouth breathers and
43.3 % of controls, indicating a higher propensity for cario-
genic activity [16].

As AD is a chronic, relapsing skin disease, most pa-
tients with moderate to severe AD are treated with systemic
corticosteroids, immunomodulators and antihistamines.
Long-term use of systemic corticosteroids is associated with
opportunistic oral infections due to suppression of cellular
immunity and phagocytosis. Javad et al. [17] confirmed that
Candida albicans was isolated from the oral cavity of 23 % of
patients with AD and 6 % of healthy controls (p < 0.05). An-
tihistamines cause decreased salivation and xerostomia due
to their antimuscarinic effects. As salivary secretion plays an
important role in caries prevention, antihistamines, which
are commonly used in AD, are also considered to be cario-
genic drugs [18].

The purpose of this work is to investigate the oral health
status of children and adolescents with atopic dermatitis.

Materials and methods

Patients with AD (n = 100), aged 2—17 years, median
6 years [3.5; 10], from the Allergology Department of Kyiv
City Children’s Clinical Hospital 2 were included in the
study. The control group consisted of 103 children without
AD, median age 7 years [5; 12.5]. This study was approved
by the Ethics Committee of the Bogomolets National Medi-
cal University (Protocol No. 2 dated October 21, 2020), all
patients/parents of sick children gave informed consent to
participate. The diagnosis of AD was made according to the
criteria of Hanifin & Rajka.

Clinical parameters of the patients included age, sex, age
of onset and severity of AD. The severity of AD was assessed
using the SCORing index (SCORAD). Patients with at least
one carious lesion (from white spots to a carious cavity with
pulpal damage) were included in the group of children with
carious lesions.

Inclusion criteria were age 2—17 years, duration of AD
more than 1 year. Exclusion criteria were as follows: severe
systemic disease or malignant neoplasm, mental disorder
and impaired psychomotor development.

Statistical processing of the obtained data was performed
with the statistical package IBM SPSS Statistics Base (ver-
sion 22) and the software EZR version 1.32 (graphical in-
terface of the R environment, version 2.13.0). Continuous
variables were described as median [I quartile; I1I quartile],
and qualitative variables were presented as frequencies and
percentages [n (%)]. The risk of caries in the group with AD
and in healthy children and the significance of the presence
of BA and AR for the development of caries were estimated
by the odds ratio (OR) with a 95% confidence interval (CI).
The results were considered statistically significant at the
p <0.05 level.

Results

Dental health was assessed in 100 children with AD,
aged 2 to 17 years, median age 6 [3.5; 10], and 103 children
without AD, median age 7 [5; 12.5]. There were 56 boys
(56 %) and 44 girls (44 %) among the patients, and 49 boys
(47 %) and 54 girls (53 %) among the healthy children. The
median disease duration in the patient group was 5 [3; 9]
years. The median SCORAD severity index was 30 [28; 55]
points. In this group of patients, 17 patients had BA and 37
patients had RA.

The following results were obtained: 46 (46 %) children
with AD and 23 healthy children (22 %) had carious lesions.
The difference was statistically significant (OR =2.9630, CI
1.6131—-5.4424, p = 0.0005). We compared the frequency
of caries detection in children with concomitant allergic
diseases — BA and RA — and those without. In the group
of children with AR, caries was detected in 24 children, in
the group of children without AR — in 22 children. It was
found that children with concomitant AR had significantly
more carious lesions (OR = 3.4406, CI 1.4693—8.0563,
p = 0.0044). In the group of children with concomitant AR,
caries was found in 9 children, and in the group without
AR— in 37 children. No such significance was found de-
pending on the presence of AD (OR = 1.3986, CI 0.4913—
3.9814,p =0.5).

Discussion

This study demonstrated that children with AD are
prone to the occurrence and development of carious lesions
(OR = 2.9630, CI 1.6131-5.4424, p = 0.0005). In addi-
tion, children with concomitant AR also have an increased
risk of the occurrence and development of carious lesions
(OR = 3.4406, CI 1.4693—8.0563, p = 0.0044). This may be
due to the presence of genetic abnormalities of the epitheli-
um and mouth breathing due to obstructed nasal breathing.

Among the multifactorial aetiologies of dental caries,
some risk factors, particularly genetic ones, are considered
to be common with AD-related factors. In a recent study,
polymorphisms in the keratin hair and epithelium gene
(KRT?75) contributed to increased changes in enamel struc-
ture. A possible association between hair disorders and sus-
ceptibility to the onset and development of carious lesions
has been demonstrated [19]. Similarly, barrier abnormali-
ties in Alzheimer’s disease, also caused by various genetic
mutations, may play a role in caries pathogenesis [20]. The
distal homeobox gene has been shown to play a critical role
in both enamel formation and regulation of epidermal dif-
ferentiation, and a polymorphism in the Toll-like receptor 2
gene has also been associated with both AD and dental ca-
ries [21]. The filaggrin gene, which is expressed in both skin
and oral mucosa, also influences the pathogenesis of dental
caries in AD patients [22]. Thus, the absence of filaggrin in
the oral mucosa contributes to epidermal barrier dysfunc-
tion, leading to dryness and infections caused by Streptococ-
cus mutans, Streptococcus sobrinus and Lactobacilli [9].

Diseases of the oral cavity, such as caries and gingivitis,
can have a negative impact on people’s quality of life, and
in the case of AD, the poor condition of the oral cavity may
hinder its treatment and worsen its clinical manifestations
[23]. A study of Igawa et al. showed that adults with AD who
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had focal odontogenic infections (30 %) had a significant
improvement in skin manifestations after 3 months of dental
treatment [23]. Furthermore, a longitudinal study of Kal-
han et al. (2017) found an association between early child-
hood caries and AD. They observed that children with AD
had a higher risk of carious lesions occurring and develo-
ping at the age of 3 years (35.8 %) [9]. The authors believe
that the association between these conditions is due to ecto-
dermal defects that occurred during tissue development, as
both caries and AD are associated with defects in structural
genes (TLR2). In this study, carious lesions were observed in
41.3 % of patients, with a higher frequency in the mild AD
group (45.16 %) compared to the moderate AD (40 %) and
severe AD (37.5 %) groups, although the difference was not
statistically significant (p > 0.05) [10].

In the study of Stofella Sodré C., was presented informa-
tion that the index of decayed, missing and filled teeth in
the permanent dentition (DMFT) was significantly higher
in patients with mild AD than in patients with moderate AD
(0.59; SD + 1.06 vs. 0.07; SD + 0.25; p=0.011) [7].

Scientific studies conducted with inclusion of patients
with other atopic diseases, such as AD and RA, have shown
conflicting results regarding the relationship between den-
tal disease and manifestations of allergic disease in children
and adolescents [14, 24]. A study of Shulman et al. discover
that adolescents with severe AD with permanent teeth had
lower DMFT and fewer carious lesions than systemically
healthy controls, but the same relationship was not signifi-
cant in children with primary dentition [25]. Hassanpour
et al. (2019) have found a higher mean DMFT in patients
with AD than in a healthy group (p < 0.05) [26]. This fin-
ding supports the results of the paper showing that patients
with AD who used inhaled corticosteroids were 6.4 times
(OR =6.41, 95% CI 1.88—21.08, p = 0.003) more likely to
have carious lesions than patients who did not use inhaled
corticosteroids.

So in our opinion, with is supported by the results of pre-
vious studies, there is an association between AD and poor
dental health in children. Children with AD form a risk
group for the development of dental hard tissue disease and
should be the focus of dental disease prevention efforts.

Conclusions

Children with atopic dermatitis have a significantly higher
risk of carious lesions than healthy children. Based on the re-
sults of our study, clinicians should be aware of dental manifes-
tations in patients with atopic dermatitis and recommend re-
gular dental examinations for early detection of carious lesions
and prevention of their complications. Further studies with a
prospective longitudinal design and more accurate diagnostic
systems are needed to test the direct role of atopic dermatitis in
the onset and progression of dental hard tissue lesions.
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MowmnpeHicTb Kapiecy B NeAIATPUYHUX XBOPUX HO ATOMNIYHUA A€PMOTUT

Pe3iome. AkryambHicTh. [liTh 3 aTomiuHMM IEPMaTUTOM MO-
JKyThb MaTHU TIIBUIIEHUI pU3MK PO3BUTKY Kapiecy. Lls mpobiema
€ MaJIOBUBYEHOIO Ta MOTpebye yBaru. MeTa: DoCIianTy CTaH 1o-
POXHMHM pOTa B JAiTeil Ta MiTiTKiB 3 aTOMIYHUM AEPMATHUTOM.
Marepianam Ta MeToau. Y gociimkeHHs 0yiu BKoueHi 100 marti-
€HTIB 3 aTOIMIYHUM AePMATUTOM BiKOM Bix 2 1o 17 pokiB, MemiaHa
6 [3,5; 10], Ta 103 nuTuHU Ge3 aTOIMIYHOIO AEPMATUTY, MediaHa
BiKy 7 [5; 12,5] pokiB. KiiHiuHi mapamMeTpu BKJIIOYaIX BiK, CTaTh,
BiK TIOYATKy 3aXBOPIOBaHHS W TSDKKICTh aTOIIYHOIO JepMaTu-
Ty 3a iHgekcom SCORing AD (SCORAD). INauienTu, siki Mmaaun
Xxoua 0 omHe Kapio3He ypaXkeHHs (Bim OiuX IUISIM OO0 Kapio3HOi
MOPOXHUHU 3 ypaXeHHSM MyJIblM), OyJau BKIIOYEHi A0 Tpynu
Kapiecy. PU3MK BUHUKHEHHS Kapiecy Mpu aToMivHOMY IepMaTUTi
Ta B 3IOPOBHUX JiTeii, 3HAYCHHS HasIBHOCTI OpOHXiaJIbHOI aCTMU i
aJIepriyHOrO PUHITY 1100 PO3BUTKY Kapiecy OLIHIOBAIM 3a Bil-
HoweHHsM wanciB (BL) i3 95% nosipuum intepsanom (A1). Pe-

3yJIBTATU BBaXKAJIMCSI CTATUCTUYHO 3HAYYIIMMK Ha piBHi p < 0,05.
Pe3ynbraTu. Kapiec manu 46 % naiiieHTiB, XBOPUX Ha aTOMIYHUI
nepMmatut, Ta 22 % niteit KonTposabHoi rpynu (BIL = 2,9630, 11
1,6131—-5,4424, p = 0,0005). Y rpymi anepriudoro puHiry 24 oco-
OM MaJu Kapiec, a B rpyri 0e3 ajepriuHoro puHity — 22. byso Bu-
SIBJICHO, 1110 B JIiTEH i3 CYIMyTHIM aJepriyH1M PUHITOM Kapiec po3-
BUBaBcsl BiporinHo yvacriie (BLL = 3,4406, A1 1,4693—8,0563,
p = 0,0044). He OyJ10 3apeecTpoBaHO TaKOi 3HAUMMOCTI 3aJIEXKHO
BiZl HassBHOCTI GpoHxianbHoi actmu (BLI = 1,3986, 11 0,4913—
3,9814, p = 0,5). BucHoBKmM. [liTi, XBOpi Ha aTOIIYHMI1 1epMAaTHT,
MaloTh 3HAYHO BUIIMI pU3UK PO3BUTKY Kapi€ecy, HixX 3M10poBi. Bu-
XOJISTUM 3 PE3YJIBTATiB HAILIOTO TOC/iIKeHHSI, JIikapi TOBUHHI 3Ha-
TH PO CTOMATOJIOTIUHI MPOSIBU Y XBOPUX HA aTOIIYHMIA 1epPMaTUT
i pPEKOMEH/TyBaTH PETYJISIPHI CTOMATOJIOTIUHI OTJISIIN TSI PAHHBO-
T'O BUSIBJICHHSI Kapiecy.

Ki104oBi cjioBa: aroniuHuit AepMaTUT; Kapiec; AiTu
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Scientific substantiation of approaches
to physical rehabilitation of children
with recurrent bronchial obstruction

Abstract. Background. The main objectives of the treatment of bronchopulmonary diseases in children are to control
the disease, achieve a stable remission of the process, restore the function of external respiration, the nervous system,
increase the body’s tolerance to the action of allergens. Kinesiotherapy is one of the most effective methods in non-
drug rehabilitation. The purpose of our study was the pathogenetic justification of the use of kinesiohydrotherapy by the
method of controlling the function of external respiration at the stage of rehabilitation of children with recurrent bronchial
obstruction. Results. A comparative analysis of spirometric indicators in children with recurrent bronchial obstruction
before and after kinesiohydrotherapy in the experimental and control groups showed the effectiveness of the method of
comprehensive rehabilitation with the inclusion of kinesiohydrotherapy with special breathing exercises on land and in
the pool. After a one-year rehabilitation period, violations of the ventilation capacity of the lungs by the obstructive type
maintained in mild form. Children with recurrent bronchial obstruction who did not effectively use physical rehabilitation
with additional medical recommendations and physiotherapy as in experimental group, still had violations of the function
of external respiration during the recovery period. Clinically, the children of control group continued to have frequent
relapses of bronchial obstruction on the background of acute respiratory infections. Therefore, they belong to the group
with a prolonged course of bronchial obstruction and the risk of transition to bronchial asthma. After the course of
treatment, the cough became much less frequent, there were no night attacks, and the body temperature was steadily
normal. Auscultation of wheezing was not heard, breathing had a harsh tinge. Conclusions. Thus, the use of therapeutic
water procedures and respiratory physical exercises, i.e. kinesiohydrotherapy, is an effective method in the rehabilitation

of children with recurrent bronchial obstruction.

Keywords: bronchitis; obstruction; rehabilitation; kinesiotherapy, children

Introduction

To prevent the transition of primary bronchial obstruc-
tion in children to a chronic recurrent course and the for-
mation of bronchial asthma (BA) in the future, it is neces-
sary to effectively treat the disease, i.e. timely rehabilitation
measures after discharge from the hospital in outpatient
settings. A differentiated approach and optimization of re-
habilitation measures in children with recurrent bronchial
obstruction (RBO) primarily concerns children with the
above-mentioned clinical and anamnestic and hereditary
predisposition factors to asthma [1, 2, 6, 9]. It includes the
implementation of the basic principles of medical rehabili-
tation: the earliest possible start of rehabilitation treatment,
continuity and stages; the complex nature of medical, so-

cial, psychological and other activities; an individual ap-
proach to the preparation of rehabilitation programs, taking
into account age, function of external respiration (FER)
indicators in dynamics, predisposing factors, severity of the
disease, conditions and lifestyle of the sick child. We agree
with the statement of many authors that the problem of the
widest possible use of available and necessary methods of re-
habilitation measures, prevention of exacerbations of bron-
chial obstruction and timely diagnosis of BA at the stage of
outpatient pediatric service is particularly relevant in this
aspect [2, 3, 7].

After identifying the risk groups of children with RBO,
we present effective rehabilitation measures that need to be
carried out in outpatient settings. Based on a comparative
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analysis of the above-mentioned risk factors for the develop-
ment of asthma in children of RBO, we developed and in-
troduced into the practical work of pediatricians and general
practitioners more effective measures of rehabilitation ob-
servation using various methods of full-fledged and complex
rehabilitation therapy.

The duration of rehabilitation treatment after the end of
the acute period is 3—4 weeks. Repeated courses of reha-
bilitation treatment should be carried out in the spring (2—3
weeks). Initially, treatment and rehabilitation measures for
children with recurrent bronchitis without obstruction or
with obstruction include a gentle regime and nutrition en-
riched with vitamins.

Early rehabilitation of children with RBO includes the
appointment of interferogenic anti-inflammatory drugs,
bronchodilators, secretolytics, expectorants against the
background of etiological treatment. In children with pre-
served bronchial obstruction, b-adrenomimetics are used
via a spacer (salbutamol, fenoterol (1—2 doses)), combined
drugs, for example, aerosol for inhalation pefsal (salmeterol
fluticasone), berodual via a nebulizer. Among mucolytics,
ambroxol is widely used, which also has a moderate anti-
inflammatory effect [4, 7].

During the recovery period of RBO, the use of drugs
with an anti-inflammatory effect is recommended, which
includes singlon, L-montus, brisezi (montelukast), which
also has an anti-bronchospastic effect and is anti-leuko-
triene receptor blocker [8]. During remission, it is recom-
mended to continue 1 course of treatment (from 10 days to
1 month) with desensitizing drugs (cetirizine, loranex, and
others).

In the period of late rehabilitation, immunocorrective
therapy is planned in full and is performed during rehabilita-
tion treatment. The appointment of immunocorrecting and
immunomodulatory agents should always be justified by both
clinical and laboratory data of the patient’s examination. It
depends on the severity of the disease and its course — acute
or chronic. Immunocorrection of children with RB can be
performed with the following preparations: immunal, bron-
chomunal, ribomunil, sodium nucleinate, polyoxidonium
(children from 3 years). At the same time, vaccination of
such children is carried out according to the conclusion of
an immunologist. In order to increase the immunological
stability, we prescribe 2 courses of an immunomodulator
with an interval of 6 months (bronchomunal, imudon) or 3
courses (ismizhen) with an interval of 4 months.

Non-medicinal physiotherapeutic methods of treatment
are becoming increasingly widespread due to the drug over-
saturation of the body of a sick child, the emergence of drug
resistance, the development of toxic and allergic reactions
(Antonyuk M.V., Gvozdenko T.A., 2016). The main tasks of
treating bronchopulmonary diseases in children are to con-
trol the disease, achieve a stable remission of the process,
restore the function of external respiration, the nervous sys-
tem, and increase the body’s tolerance to allergens. Unde-
servedly little attention is paid in world practice to methods
of physical rehabilitation of children with chronic broncho-
pulmonary pathology.

Kinesiotherapy is one of the most effective methods in
non-drug rehabilitation. Kinesiohydrotherapy (KHT) is

based on the use of physical therapy in the pool and on land
[5,6,9, 10].

The KHT program includes: 1) general respiratory
morning exercises in the open air (or in a well-ventilated
area); 2) special exercises for the respiratory system 2—3
times a week physical therapy in the form of; 3) swimming
2—3 times a week with special exercises that strengthen the
muscles of the respiratory system. So, exercises over and un-
der water with breath holding, butterfly and other breathing
exercises. It is necessary to conduct classes for 6 months up
to 1 year 2—3 times a week for 1—1. 5 hours. Kinesiohydro-
therapy increases the body’s adaptation to hypoxia and the
hardening effect that is necessary for inflammatory diseases
of the bronchi. A set of physical exercises on the water and
in physical therapy classes affect the nervous sphere of the
child, the endocrine and humoral system. At the same time,
physical therapy and swimming positively provides an infu-
sion of protective functions of the body. When performing
KHT, it is necessary to take into account the level of health
and training of children, so there are relatively healthy
children who are previously hardened and children with
RBO — previously not hardened, others — children who are
convalescent after diseases. Therefore, physical therapy and
swimming classes should be gradual, because children with
a severe form of RBO need a gentle method of hardening.

The purpose of our study was to provide a pathogenetic
justification for the use of kinesiohydrotherapy by monito-
ring the FER at the stage of rehabilitation of children with
RBO.

Material and methods

The material for observation was 76 children aged 6 to
15 years who were admitted to hospital treatment with a di-
agnosis of recurrent bronchitis with SBO. Upon admission
to the hospital during the acute period on day 2, spirometric
parameters were studied in patients. During the acute pe-
riod, patients received traditional medical treatment and
physiotherapy, drug electrophoresis, inhalation in the hos-
pital. The study cohort of children with RBO was divided
into 3 groups, of which I experimental group (EG) consisted
of 42 patients with RBO and II comparison group (CG) —
30 children with RBO who received standard recommenda-
tions at discharge and 3 practically healthy children — con-
trol group of 45 children of the same age. Upon discharge
from the hospital, EG children were given recommendations
for comprehensive rehabilitation with KHT. At discharge, a
group of children with RBO was given recommendations for
conducting medical and physical rehabilitation measures
using the KHT. The kinesiohydrotherapy program included
the above-mentioned program. Upon discharge, parents of
EG and CG were notified about the arrival of children in
6 and 12 months for spirometric and clinical anamnestic
studies. Comprehensive rehabilitation of children with RB
includes medical supervision, medical recommendations,
and physical therapy.

Results

Analysis of clinical and functional parameters in the
examined patients was performed by spirometry using a
computer spirograph type Spiro-spector “Neurosoft” (Rus-
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sia) and Spirolab (Italy) for 1—2 days of hospital stay from
5—6 years of age. Technique of spirometry according to
the standard method. The main indicators obtained during
spirometry were: 1) vital capacity; 2) forced vital capacity
(FVC); 3) forced expiratory volume in 1 second (FEV1);
4) spirometry indicators, including flows measured at diffe-
rent levels of FVC (MOS25, MOS50, MOS75, SOS25-75);
5) maximum ventilation of the lungs (MVL); 6) peak expi-
ratory velocity (PSV) [5, 10].

The method for determining the effectiveness of CGT in
children with RBO in rehabilitation was the study of FER
initially on the 2" day of hospital stay (study 1) and after
6 (study 2) and 12 months (study 3). During spirometry,
the following main indicators were analyzed: FEVI1; FVC;
Tiffeneau index — the ratio of FEV1/FVC; PSV; MOS25,
MOS50 and MOS75; MVL.

Children with RBO initially showed signs of impaired
respiratory function, which is characteristic of SBO, during
the acute period (Fig. 1).

It was manifested by a decrease in respiratory indica-
tors — forced expiratory volume in 1 s (FEV1 decrease be-
low 80 % of the required value), maximum expiratory ve-
locity and maximum volumetric velocities, FEV1/FVC. At
the same time, moderate violations of MOS50 and MOS25
were found in more than 80 % of patients, MVL in 40 %,
FVC in 1/3 of patients, PSV in 1/4 of patients, IT in 14.7
and 16.7 %, respectively, MOS75 in 17.6 and 20.0 % of sub-
jects, respectively.

The results of observations in children with RBO on day
2 of the disease showed that the initial FER data were lower
than the expected values from the norm. In all the exami-
ned children, PSV was initially lower than normal and had
different degrees of severity, which in 36.8 % of children
this indicator was more than 80 % of the proper values, in

23.6 % — more than 70 %, in 17 % — more than 60 %,
and in 2 % of cases — less than 60 %. These results indi-
cate that patients with acute RB have moderate, and some
patients have pronounced, manifestations of obstruction in
medium and large-caliber bronchi. It is caused by edema of
the bronchial mucosa, hypersecretion of mucus, violation of
the rheological properties of bronchial secretions and des-
quamation of bronchial epithelial cells. It was found that in
42 (54.2 %) of children, FER was within the normal range,
mild obstructive ventilation oocTpyktuBHOMYydisorders were
observed in 18 (23.6 %) of patients, moderate disorders were
observed in 12 (15.7 %), and significant disorders were ob-
served in 4 (5.2 %).

We analyzed the results of a study of EG children with
RBO at 6 and 12 months after treatment and rehabilitation
measures, including effective KHT. During the recovery pe-
riod, positive clinical dynamics were observed against the
background of KHT — a decrease in cough, its produc-
tive nature, the disappearance of shortness of breath during
exercise, and a decrease in the number of wheezes over the
pulmonary fields were recorded in parallel with an improve-
ment in FER indicators.

Table 1 shows the average values of spirometric para-
meters from the proper values before and after KHT in chil-
dren of RB, proceeding with SBO. After a 1-year rehabilita-
tion course, a significant positive effect was revealed in both
the experimental and control groups. As can be seen from
Table 1, in children with RBO after 6 months of rehabilita-
tion, there is a gradual recovery of FVD, while the indicators
of FEV1 (68.1 = 4.1 %), FEV1/FVC (70.2 + 3.2 %) and
PIC (68.7 + 2.4 %) did not yet correspond to the official
values. When performing complex differentiated rehabilita-
tion of annual KHT in 76.5 + 4.6 % of children with RB,
spirometry indicators approached the proper values. Re-

TAWKEHTCKAA MEAVNUMHCKAR AKAQEMWA unoronmm
KNIMHWKA OTAENEHME ©YHKUWOHANBHON ANArHOCTHKH
OBCNEAOBANME

OOCcrasyornsi; Toralwaaepon LU A/anop § Aoy PocT: 120 O Boc: 25 ar NOA: seymOnod VMT: 174
Tesneparypa: 21 *C faanesss 736 ww pr ov

AOCE b KD

TOCT XMINONMOR OMEOCTH Norumx OKEMN)

Teor npceages 14 |7msou
B OMmen0 NOMMTOC 3. SOCTANWYTE SOCHDOMMORMMOCT
Crmmyo—s

g — T ———T
- ‘ I I '}

o H

§ o deir‘?

“a J»—o | W - |
U . ... | . - -
L . ’ > - . . r . . - " 2 B w

Dowws

I B S Y e yee—

[ - i i

[rom = lor !

[~oew, o joz ! — }

| POwy PO o 18 1

[N O — ]

Toor nposades 11 12 2020 10 19 Banonmeed nonutos. 3 S0CTIOYTE BOCADORISOLMAOC T
-t

2 + "
A . .- e I

Jaxmonenme
110 T0CTY QOPEHPORIOr0 Sautons 07 11 12 2020 10 19 40
D QU T POOERR TP WODM
APy TIOArY Ty DRI (I BiDEB

Tecr "On

Tear nposane= 1112 2020 1020

....................

VINegemence wpemne MBA « 246 A
NACTOTE S « 067

Bpare 6‘0/&", Paxmcns M X

Figure 1. Spirography results of a patient with RBO
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Table 1. Comparative analysis of spirometric parameters in children with RB before and after KHT, % (M = m)

Spirometric parameters Baseline (n = 85) After 6 months After 1 year
WEL 76.4+4.2 825+1.4 98.7 £ 3.4%

FGEL 51.4+28 76.8 + 3.0* 82.3+5.4*

FEV1 52.3+23 68.1+4.1* 76.1 £ 4.3*
FEV1/FVC 645+5.1 70.2 £3.2* 89.4 £ 3.7*

PIC 542+21 68.7+2.4 74.1+1.6%*

MOS25 53.5+24 70.2 £ 3.0* 79.4 £ 4.3*

MOS50 58.1+28 75.2 £ 2.5* 81.7 £ 3.2%

MOS75 65.9+5.2 78.4+4.3 80.2+4.1%

Note: * — p < 0.05 — significant differences in indicators relative to the baseline values.

sults of the annual KG program in children with RBO, only
3.9 % of cases had moderate obstructive FER disorders, in
19.7 % — mild disorders, in the remaining 76.3 % of patients
with RBO, lung ventilation and bronchial patency were de-
termined within the age norm.

As can be seen from the Table 1, in children of RBO af-
ter 6 months of rehabilitation, there is a gradual recovery of
FER. In the control group of children, spirometry indica-
tors showed a statistically increased number of patients with
standard values of FVC from 57.3 to 76.2 % (p < 0.001),
FEVI from 58 to 78.4 % (p < 0.001), PIC from 48.8 to
75.6 % (p < 0.001), MOS75 from 61.2 to 80.3 % (p < 0.001)
and MVL on average from 23.6 to 42.1 L (p < 0.05). In the
CG of patients with RBO, it was noted that after 6 months of
rehabilitation, the indicators of FVC, FEV1, and the ratio of
FEV1/FVC increased slightly. A comparative analysis of spi-
rometric parameters in children with RBO before and after
KHT in the EG and control groups showed the effectiveness
of the method of complex rehabilitation with the inclusion
of KHT with special breathing exercises in the sun and in
the pool. In some patients of both groups, changes in the
PIC did not have a stable trend, which can be explained by
violations of the regularity of training. Spirometry showed
that for children with RBO, the greatest number of cases be-
longed to the obstructive type of ventilation disorders.

After carrying out rehabilitation measures, it is neces-
sary to conduct a thorough and reliable assessment of the
effectiveness of the manipulations performed. A correct
analysis of the results of the measures carried out makes
it possible to assess the significance of the rehabilitation
methods used, their application in the future, and the need
to improve and introduce modern rehabilitation technolo-
gies in outpatient settings. Thus, the analysis of spirometric
data in children of the RBO comparison group, who were
given standard recommendations at discharge with the use
of only drug rehabilitation, showed low indicators of an in-
crease in FER (Table 1). In the CG of patients with RBO,
it was noted that after 6 months of rehabilitation, the indi-
cators of FVC, FEV1, and the FEV1/FVC ratio increased
slightly. After a one-year rehabilitation period, the general
hospital maintained a violation of the ventilation capacity of
the lungs by the obstructive type of mild form. It follows that
children with RBO who did not effectively use physical re-
habilitation with additional medical recommendations and

physiotherapy as in EG, retain violations of FER during the
recovery period. Clinically, the children of HS continued to
have frequent relapses of bronchial obstruction on the back-
ground of ARI. Therefore, this group of children belongs to
the group with a prolonged course of bronchial obstruction
on and the risk of transition to BA.

Conclusions

After a one-year rehabilitation period, the general hos-
pital maintained a violation of the ventilation capacity of the
lungs by the obstructive type of mild form. It follows that
children with RBO who did not effectively use physical re-
habilitation with additional medical recommendations and
physiotherapy as in EG, retain violations of FER during
the recovery period. Clinically, the children of CG conti-
nued to have frequent relapses of bronchial obstruction on
the background of ARI. Therefore, this group of children
belongs to the group with a prolonged course of bronchial
obstruction and the possibility of transition to BA. After the
course of treatment, the cough became much less frequent,
there were no night attacks, and the body temperature was
steadily normal. Auscultation of wheezing was not heard,
breathing had a hard tinge. Against this background, it was
recommended to cancel budesonide with the continuation
of montelukast. As an immunorehabilitation, the use of
polyoxidonium in complex therapy in children with RBO is
recommended, which makes it possible to effectively reduce
the clinical symptoms of the disease in a shorter time and
significantly improve the indicators of external respiratory
function (FEV1) in comparison with children who received
only standard anti-relapse therapy.

Thus, the use in rehabilitation therapy of a complex of
necessary medical rehabilitation and physical training in the
form of therapeutic water procedures and respiratory physi-
cal education, i.e. kinesiohydrotherapy is an effective me-
thod in the rehabilitation of children with recurrent bron-
chial obstruction.
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TQLLKEHTCHKQ MEANYHA QKQAEMISI, M. TaLLKEHT, Pecriybaika Y36eKkmucTaH

HaykoBe o6r'pyHTYBCOHHS NIAXOAIB A0 Qi3NYHOT pedabiAiTauii Aiten i3 peunaAnBHOIO GPOHXO06CTPYKLIEID

Pesiome. AxkryanbHicTh. OCHOBHMMM 3aBIAHHSAMU JIIKYBaHHS
OPOHXOJIETEHEBUX 3aXBOPIOBAaHb Yy JIiTEil € KOHTPOJIb XBOPOOH,
JMOCSITHEHHSI CTiliKOi pemicii, BimHOBICHHS (DYHKIIil 30BHILIHbO-
ro IWXaHHS, HEPBOBOI CHUCTEMHU, ITiABUIIEHHSI TOJIEPAHTHOCTI
oprasi3my mo nii aneprenis. KiHe3oTepariist € omHUM 3 Haliehek-
TUBHIIIMX METOMNIB HEMeIUKAMEHTO3HOI peabGimitauii. Memoro
HAIOTrO MOCTiIKEHHs OyJ0 MaToreHeTUYHe OOIPYHTYBAHHS 3a-
CTOCYBaHHsI KiHe30riapoTrepariii MeToIoM KOHTPOJIIO (PyHKIi 30-
BHIIIHBOTO IUXaHHS Ha eTari peadimirTaiii giTeit i3 pelMInBHOIO
6ponxoo0cTpyKitieio. PesyabraTu. [TopiBHSIBHMIT aHATI3 CITIPO-
METPUYHUX MTOKA3HMKIB y AiTEH i3 peLIUIMBHOK OPOHXOOOCTPYK-
Li€10 10 Ta MicIst KiHe3orinpoTeparii B JOCTiAHI Ta KOHTPOJIbHIl
rpyIax 1moxkasaB e(heKTUBHICTh METOAY KOMITJIEKCHOI peadimiTaltii
3 BKJIIOUEHHSIM KiHe30rigpoTepalrii 3i creliaJbHOI AUXaJbHOIO
riMHacCTUKOIO Ha cylli Ta B Oacelini. Ilicist piuHoro peabinita-
LiiTHOTO Tepioxy MOPYUIEHHSI BEHTWISILIHOI 3MaTHOCTI JieTeHb
3a OOCTPYKTUBHUM THUITOM 30epiraaucs B JIeTKiil opmi. ¥ miTeit

i3 peLIMANBHOIO OPOHXOOOCTPYKIII€IO, SIKi Hee(heKTUBHO 3aCTOCO-
ByBaiu (pizuuHy peabisiTalliio 3 JOOaTKOBUMU JIKAPCHhKUMHU pe-
KOMeHallisiMU Ta ¢izioTeparnieto, sIK y JOCinHIN rpymi, 30epira-
I0ThCSl TOPYLIEHHS (PYHKIIiT 30BHIILIHBOTO TUXaHHS Y BiTHOBHUI
nepion. KiiHiuHO B aiTelf KOHTPOJIBHOI TPYITM 30epirajamcs 9acTi
peluanuBU OPOHXOOOCTPYKIII Ha (hOHI TOCTPUX PECHipaTOPHUX
3axBopioBaHb. OTXKe, 1i TiTH HaJIeXaTh 0 IPYIH i3 3aTSKHUM Tie-
pebirom 6pOHXO0O0OCTPYKIIii Ta PU3NKOM TIEpPEeX0Iy B OpOHXiaIbHy
actmy. [Ticist Kypcey JiKyBaHHSI 3HAYHO ITOPIAIIaB KalleIb, HIYTHUX
HamaziB He OyJi0, TeMIepaTypa Tija cTabiIbHO HOpMaJli3yBajacs.
IIpu ayckynbraliii XpuIliB HE BUCIYXOBYETbCS, AUXaHHS Majo
SKOPCTKUI BiaTiHOK. BUCHOBKM. TakuM 4MHOM, BUKOPHMCTaHHS
KOMILIEKCY JIiKYBaJIbHUX BOTHMX MPOLEAYD i IMXaIbHOI (Di3KyIb-
TypH, TOOTO KiHe3oTiapoTeparlii, € e()eKTMBHUM METOIOM peadi-
JlTallil aiTei i3 peuuaruBHOI0 OPOHXO0OCTPYKILIEIO.

Ki1104oBi ¢J10Ba: GponxiT; 06cTpyKILis; peabitiTallis; KiHe30Te-
parist; oiti
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Serum VEGF-A as a marker of endothelial dysfunction
in children with acute lymphoblastic leukemia
and pulmonary complications

Abstract. Background. Endothelial dysfunction (ED) is common in acute leukemia patients. The study of ED can
provide more information about pathological processes in lungs of children with acute lymphoblastic leukemia (ALL).
The purpose of the study is to assess the levels of vascular endothelial growth factor A (VEGF-A) and its prognostic value
Sor pulmonary complications in children with ALL. Materials and methods. We examined 40 children with ALL aged
6—17 years. Group 1 included children with newly diagnosed ALL (n = 18), group 2 involved ALL survivors, who had
completed the total course of chemotherapy (n = 22). The control group consisted of 15 healthy children. The level of
VEGF-A in serum was assessed by enzyme-linked immunosorbent assay. Results. Pulmonary complications were com-
mon in the examined children with ALL, among them: acute bronchitis (23), recurrent episodes of acute bronchitis (35),
pneumonia (18), wheezing (9), bronchial asthma (3), interstitial pneumonia (1), pleurisy (1), pneumothorax (3), lung
fibrosis (2), respiratory failure (6). The frequency of pulmonary complications was 82.5 % during chemotherapy proto-
cols and 20.0 % in ALL survivors after a complete course of chemotherapy. Statistically significant increase in VEGF-A
level in groups 1 (180.41 (158.16; 200.00) pg/ml) and 2 (165.61 (131.65; 198.45) pg/ml) compared to controls (130.65
(129.45; 132.15) pg/ml) has been detected (p, . = 0.000011; p, . = 0.007009). There were no significant differences in
VEGF-A levels between children from experimental groups (p, , = 0.338394). According fo receiver operator charac-
teristic (ROC) analysis, the level of VEGF-A > 198.34 pg/ml after the complete course of chemotherapy can predict the
presence of pulmonary complication in ALL survivors (area under the ROC curve 0.965; sensitivity 100.00 %, specifi-
city 89.47 %). Conclusions. Children with ALL have significant ED. The level of serum VEGF-A can be predictive for
pulmonary complications in ALL survivors.

Keywords: endothelial dysfunction; vascular endothelial growth factor; pulmonary complications; leukemia; children

Introduction

Acute lymphoblastic leukemia (ALL) occupies a lea-
ding position among all types of childhood cancer [1, 2].
Recently, there has been an improvement in the quality of
treatment for this pathology [3]. However, leukemia survi-
vors have higher mortality rates than the general population
which persists for decades after diagnosis [4]. The course
of the disease itself and the treatment of leukemia with the
use of chemotherapeutic drugs cause serious complications
and can limit the survival rates in children with ALL [5].
Hough R. and Vora A. (2017) noted that the mortality rate

from complications of ALL in children and its therapy re-
main high and exceeds the mortality rate from relapse of
leukemia [6].

According to previous studies, pulmonary complications
are common in pediatric hematological malignancies [7].
Lung involvement in children with acute leukemia is typical
during the acute phase of chemotherapy [5, 6]. Among the
main causes of these complications, there are immunosup-
pression and cytopenia [8, 9], caused both by the underlying
disease and myelosuppressive effects of chemotherapy, di-
rect cytotoxic effect of drugs on lung tissue [10], blast infil-
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tration of the lungs on the background of hyperleukocytosis
[11]. Among documented infection episodes, the respira-
tory system was the most common site [12, 13]. In addition,
pulmonary complications can also occur even in the period
of remission [14—16].

Up to date, endothelial dysfunction (ED) is common for
patients with acute leukemia. It can be defined as inappro-
priate (increased or decreased) formation in the endothe-
lium of vessels and changes in various biomarkers. In leu-
kemic patients, endothelial cells can be affected by various
damage factors, such as cytostatic agents, high-dose irradia-
tion, hematopoietic stem cell transplantation, bacterial in-
fections, and immune reactions [17]. Endothelial dysfunc-
tion is a common feature of various early complications of
chemotherapy and can influence the prognosis of leukemia
despite the optimization of treatment protocols [18—20].
Researchers of Wroclaw Medical University (2018) declare
ED in childhood ALL in the acute phase by studying such
biomarkers, as selectins E and P, plasminogen activator in-
hibitor type 1, soluble intercellular adhesion molecule 1,
soluble vascular adhesion molecule 1 and vascular endo-
thelial growth factor (VEGF) concentrations. They declare
that levels of ED can be indicative of poorer short-term
prognosis in children with ALL [18]. The study conducted
by Hagag A.A., Abdel-Lateef A.E. et al. (2013) found in-
creased serum thrombomodulin and von Willebrand factor
levels as a marker of significant endothelial dysfunction du-
ring the acute period of ALL, which can be considered as
an additional prognostic factor for unfavorable outcome in
childhood ALL [19]. A study held in our institution con-
firmed significant ED in children with ALL by measuring
nitric oxide levels and declared that the level of nitric oxide
can be predictive for the development of multiple organ fai-
lure with fatal outcomes in these patients [20].

ED is present not only in the acute period of leukemia,
but it is still persisting in the remission period. The study of
Masopustova A., Jehlicka P. et al. (2018) considers ED in ALL
survivors; significantly decreased reactive hyperemia index,
elevated levels of high-sensitivity C-reactive protein and E-se-
lectin in plasma prove the presence of endothelial dysfunction
in patients with ALL in remission at least 2 years after success-
ful chemotherapy [21]. Sadurska E., Zaucha-Prazmo A. et al.
(2018) detected increased circulatory levels of intercellular ad-
hesion molecule 1 and mean carotid intima-media thickness
in the remission period of ALL that demonstrates the presence
of endothelial damage in blood vessels [22]. Most studies of
ED in leukemic survivors deal with the relationship between
endothelial damage markers and a higher risk of developing
cardiovascular complications [23—25].

The barrier between air and blood consists of an alveo-
lar epithelium (type I and type II), a continuous capillary
endothelium, and connective tissue [26]. There are studies
on a damage to the endothelial layer of the blood-air barrier
in children with acute and chronic respiratory diseases. Se-
veral studies prove the presence of endothelial dysfunction
in patients with respiratory distress syndrome and pneumo-
nia [27, 28], and bronchial asthma [29, 30]. This indicates
that the formation of chronic inflammation of the respira-
tory system is related to the functioning of the endothelial
layer of the blood-air barrier.

However, there is a lack of studies on the status of the
blood-air barrier and its endothelial layer in leukemic chil-
dren. The study of ED and its damage markers can be use-
ful for a more detailed understanding of the development
of pathological processes in the lungs and its connection
with pulmonary complications in children with ALL. In this
study, we determined the levels of VEGF-A to find correla-
tion with blood-air barrier damage and potential prognostic
value for the formation of pulmonary complications in chil-
dren with ALL.

Material and methods

General information. We examined 40 children (26 boys
and 14 girls) with ALL aged 6—17 years. All patients were
treated in the hematological department of the Kharkiv Mu-
nicipal Clinical Children’s Hospital 16 (Ukraine). The con-
trol group consisted of 15 healthy demographically matched
children, who visited Kharkiv City Outpatient Hospital 16
(Ukraine) for routine health control or vaccination. None
of the children in the control group had chronic respiratory
diseases or any diagnosed disorders that affect endothelial
function.

The inclusion criteria were verified diagnosis of ALL,
age of 6—17 years, signed consent from parents, and/or
patients. The exclusion criteria were refusal of the parents
and/or patients to sign the consent, relapsed or secondary
ALL, diagnosed chronic pulmonary diseases or disorders
of endothelial function before the onset of ALL; any he-
reditary diseases that lead to changes in the structure or the
functioning of the respiratory system, including cystic fibro-
sis; proven hereditary immune deficiency.

Forty examined children with ALL were divided into
2 groups: the first one included children with newly diag-
nosed ALL (n = 18); the second group involved ALL survi-
vors, who had completed the total course of chemotherapy
and had a remission for at least two years (n = 22). Neither
patients with relapsed ALL nor with secondary ALL were
included in the study due to differences in treatment pro-
tocols. To study ED in ALL patients, the level of VEGF-A
was assessed. In children with newly diagnosed ALL, blood
samples were collected during induction remission (proto-
col 1) in a period without signs of pulmonary complications
and cytopenia between the 7" and 14" day of chemotherapy.
In ALL survivors, the level of VEGF-A was evaluated du-
ring their planned visit to the hematological department for
observations after a complete course of chemotherapy.

Presence of pulmonary complications in patients with
newly diagnosed ALL (group 1) was reordered by clinical
observation from the manifestation of the main disease till
completion of the chemotherapy course. Information about
the diagnosis and pulmonary complication of ALL survivors
(group 2) have been received retrospectively by studying
case histories.

Diagnosis and treatment of children with ALL. The di-
agnosis and treatment of children were carried out in accor-
dance with the Acute Lymphoblastic Leukaemia Intensive
Chemotherapy Berlin Frankfurt Munich (ALL IC-BFM)
2009 protocol [31]. The diagnosis of ALL was verified if the
blast count in bone marrow was 25 % or more. Peripheral
blood and bone marrow smears were evaluated according to
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Table 1. General characteristics of studied patients with ALL

Parameter Total (n = 40) Group 1 (n=18) Group 2 (n = 22)

Age, Me (Lg; Uqg), years 9(7;14) 7 (6; 15) 9.5(7;13)

Gender, n (%)

Male 26 (65.0) 11 (61.1) 15 (68.2)

Female 14 (35.0) 7 (38.9) 7(31.8)

Immunophenotype, n (%)

B-lineage 36 (90.0) 15 (83.3) 21 (95.5)

T-lineage 4 (10.0) 3(16.7) 1(4.5)

FAB classification, n (%)

L1 31(77.5) 11 (61.1) 20(90.9)

L2 9(22.5) 7(38.9) 2(9.1)

Risk group, n (%)

Standard 29 (72.5) 12 (66.7) 17 (77.3)

High 11 (27.5) 6(33.3) 5(22.7)
French-American-British criteria; immunophenotyping, and Results

chromosomal analyses were performed. Patients were clas-
sified into risk groups according to the ALL IC-BFM 2009
protocol. Independently of risk group, all children with ALL
started treatment with induction (protocol I, phase A and
phase B) with the only difference of a doubled dose of dau-
norubicin in intermediate- and high-risk groups of patients.
Then the therapy is followed by consolidation (protocol M)
for the low- and intermediate-risk children or by the HR pro-
tocol for children with high risk. After that re-induction (pro-
tocol I1, phase 1 and phase 2) was used in all the ALL children
independently of the baseline risk. Maintenance treatment is
started 14 days after the end of re-induction.

Assessment of VEGF-A in serum. Venous blood (4 ml)
was taken in the morning in the fasting state, and centri-
fuged at 2,300 g for 10 min. After that serum samples were
immediately frozen at —20 °C until assays. VEGF-A le-
vels in the exhaled breath condensate were analyzed by the
enzyme-linked immunosorbent assay using commercial kits
(Human VEGF-A, eBioscience (Bender MedSystems),
catalog number: BMS277, USA) according to the manufac-
turer’s instructions.

Statistical analysis. For statistical analyses of data, Sta-
tistica 8 (Tulsa, OK, USA) has been used. Shapiro-Wilk test
has been applied for verification of the distribution accor-
ding to the Gauss law. Given the fact that the samples had
a non-normal distribution, the median (Me), and inter-
quartile range (Lq — lower quartile; Uq — upper quartile)
were determined for the statistical analysis. To compare two
independent samples, a non-parametric Mann-Whitney
U-test has been used. The difference in the parameters has
been considered significant at p < 0.05. Receiver operating
characteristic (ROC) curves were drawn for variables to de-
termine the optimal cut-off values to predict an endpoint.

Ethics approval and consent to participate. Each study
participant and his/her parents were informed about the na-
ture of the study. Informed consent for participation in the
study was obtained from the parents of all patients and from
patients aged 14—18. The study was approved by the Ethics
and Bioethics Committee of Kharkiv National Medical Uni-
versity, Ukraine (Protocol No. 8 dated October 5, 2016) and
was conducted according to the Declaration of Helsinki 1975.

Forty children with ALL took part in this study. General
characteristics of patients are highlighted in Table 1. There
was a significant prevalence of boys over girls (p = 0.0385).
Patients age was from 6 to 17 years. All the patients were
Caucasians.

Bone marrow examination detected that B-cell lineage
ALL was prevalent (p = 0.0002) and most children had the
standard risk group (p = 0.067). In group 1, two children die
due to the progression of the underlying disease.

We recorded pulmonary complications that occur in
different periods of ALL in children of both groups. Some
patients had more than one lung complication. The fre-
quency of detected pulmonary complications is presented
in Table 2.

It was found that pulmonary complications were com-
mon and presented in 82.5 % of the children with ALL
during different periods of the disease. The most frequent
complications were acute bronchitis (57.5 %), pneumonia
(45.0 %), and wheezing (22.5 %). Among 23 children with
acute bronchitis, 5 had recurrent episodes. Pneumonias

Table 2. Pulmonary complications

in children with ALL
Total (40 patients)
Complications

n %
Acute bronchitis 23 57.5
Es)cnugrr]?tril; episodes of acute 5 125
Wheezing 9 225
Bronchial asthma 3 7.5
Pneumonia 18 45.0
Interstitial pneumonia 1 2.5
Pleurisy 1 2.5
Pneumothorax 3 7.5
Lung fibrosis 2 5.0
Respiratory failure 6 15.0
Total 33 82.5
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were complicated by pleurisy in 1 case, and by pneumotho-
rax in 3 cases. Also, there was one case of interstitial pneu-
monia. Respiratory failure was present in 6 patients. Among
9 children with wheezing, bronchial asthma was diagnosed
in 3 cases. None of these children had wheezing episodes
before the onset of ALL.

Acute complications were common when using che-
motherapy protocols ALL IC-BFM 2009 and presented in
82.5 % of patients. The frequency of most common com-
plications and their distribution according to the treatment
protocols are presented in Fig. 1.

Some ALL survivors in remission, even after a complete
course of chemotherapy protocols, still had respiratory
complaints. The frequency of pulmonary complications was
20.0 % in all examined children after a completed course
of chemotherapy. These complications included 2 cases of
lung fibrosis, 3 cases of bronchial asthma, and 3 cases of re-
current episodes of acute bronchitis.

According to obtained results, a statistically signifi-
cant increase in VEGF-A level in group 1 (180.41 (158.16;
200.00) pg/ml) and group 2 (165.61 (131.65; 198.45) pg/
ml) compared with the control group (130.65 (129.45;
132.15) pg/ml) has been detected (p,_. = 0.000011;
p = 0.007009). There were no significant differences in
VEGF-A between groups 1 and 2 (p, , = 0.338394). There-
fore, in children with ALL in remission, even after the
complete course of chemotherapy, the increased level of
VEGF-A is still persisting.

We have not found any significant difference in VEGF-A
levels in patients of the group 1 with and without pulmo-
nary complications during the acute phase of chemotherapy
(p = 0.470588). Among ALL survivors in the group 2, chil-
dren with persistent pulmonary complications had signifi-
cantly higher levels of VEGF-A (p = 0.005195). To study the
relationship between levels of VEGF-A and the formation
of lung complications in the intense phase of chemotherapy
and in ALL survivors, we performed ROC-analyses.

ROC-analysis demonstrates the lack of ability to pre-
dict acute pulmonary complications during chemotherapy
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Figure 1. Most common pulmonary complications
in children with ALL (n = 40) in different stages
of ALL IC-BFM 2009 protocol, which consists
of induction (protocol I), consolidation (protocol
M for standard risk group, HR for high risk group),
re-induction (protocol 2) periods and maintenance
treatment

in the group 1. According to the conducted ROC-analyses
(Fig. 2), the level of VEGF-A > 198.34 pg/ml in samples
collected after the completion of chemotherapy protocols
can predict the presence of pulmonary complication in
ALL survivors (AUC 0.965; sensitivity 100.00 % (95% CI
29.2—100.0); specificity 89.47 % (95% CI 66.9—-98.7); +LR
9.50; —LR 0.00).

Discussion

Since ALL was firstly described in children in the 1920s,
the prognosis has improved from a totally fatal disease to one
with event-free survival rates of 73—87 % in a 5-year period
[3, 6]. However, despite the success in the treatment of leu-
kemia, its complication is still a significant problem in he-
matological practice [5, 6]. Therefore, more and more stu-
dies deal with complications of acute leukemia. Our study
is focused on pulmonary complications of ALL in children.

Based on the dynamic management and analysis of
medical documents, the prevalence of clinically significant
pulmonary complications was confirmed. Their frequency
was 82.5 % that is higher than in other studies [7, 10]. Most
of these complications manifested in the acute phase of che-
motherapy protocol, which corresponds to literature data
[10, 12, 13].

Acute bronchitis, pneumonia, interstitial pneumo-
nia, wheezing episodes, the formation of asthma, pleurisy,
and pneumothorax were noted among the complications
we identified. Most of them are triggered by infections.
These statistics corresponds to the literature data. Erdur B.,
Yilmaz S. et al. (2008) noted that infectious lesions were the
most frequent pulmonary complications — 92.4 % [32].

The prevalence of delayed pulmonary complications
of varying severity in pediatric convalescents of cancers
according to previous studies ranges from 45.5 to 84.1 %,
among them only 8 % are clinically detected [16, 33]. Ac-

VEGF
100 |-
80|
> 60
= 5
= B
OC) -
» 40 Sensitivity: 100.0
- Specificity: 89.5
20 |- Criterion: > 198.45
i AUC = 0.965
- P < 0.001
0 [ 11 1 I 11 1 I L1 1 1 1 1 I 11 1
0 20 40 60 80 100
100-Specificity

Figure 2. ROC-curve for predicting the presence
of pulmonary complications in ALL survivors by
VEGF-A level in serum collected after completed
course of chemotherapy
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cording to our data, pulmonary complications were present
in 20.0 % convalescent children after completing the course
of protocol chemotherapy. Differences in this frequency can
be explained by patient samples. Both mentioned studies as-
sess the level of lung complications in all types of childhood
cancer survivors, while our study concerns only pediatric
leukemia cases.

Previous studies confirm that ED is a typical pathologi-
cal process in children with ALL both in the acute phase of
the disease [18—20] and during remission [21—25]. The re-
sults of our study and detected increased levels of VEGF-A
in children with ALL compared to controls support a hy-
pothesis of the existence of endothelial dysfunction during
chemotherapy and the remission period.

The vascular endothelial growth factor is considered the
ED marker and the main factor of normal and pathological
angiogenesis. Its high secretion can be induced by hypoxia,
endothelial cell injury and is typical for cancer, diabetes,
macular degeneration, and other pathological conditions
[34]. It should be noted that VEGF level depends on plate-
let count [35]. Therefore, we collected clinical material
(blood serum) during a period without thrombocytopenia to
exclude possible differences in the level of VEGF-A due to
this factor.

Up to date, there are several studies that consider a
damage to the endothelial layer of the blood-air barrier in
children and respiratory diseases such as respiratory distress
syndrome, pneumonia [27, 28], and bronchial asthma [29,
30]. However, there is a lack of research on the relationship
between ED and lung involvement in children with acute
leukemia.

In contrast to previous studies, we firstly assess endothe-
lial dysfunction and its relation to pulmonary complications
in different periods of pediatric ALL. The combination of
high levels of damage marker VEGF-A and high incidence
of pulmonary complications in ALL children allows us to
suggest the relationship between the dysfunction of the en-
dothelial layer of the blood-air barrier and the formation
of chronic inflammation process in the lungs. Our study
and conducted statistical analyses revealed that the level of
VEGF-A can be predictive for delayed pulmonary compli-
cations in ALL survivors.

Our study has several limitations. We could not detect
whether recorded pulmonary complications are associated
with the course of underlying disease or toxic effects of cy-
tostatic therapy, because these factors influence at the same
period of time and most of them are not specific. Another
limitation is a small sample of patients, due to the fact that
acute leukemia is a comparatively rare disease. Additionally,
as our study sample included only Caucasians, our results
may not be generalizable to other ethnic groups. There-
fore, further research with larger samples, including multi-
central ones, can be useful for a more in-depth study of the
problem.

Conclusions

Children with ALL have significantly increased levels
of VEGF-A and a high incidence of lung complications
(82.5 %). Even during remission, the damage marker of en-
dothelial dysfunction is increased. Serum concentration of

VEGF-A above 198.34 pg/ml after the total course of che-
motherapy can be predictive for pulmonary complications
in ALL survivors with a sensitivity 100 % and a specificity
89.5 %.
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TXQPKIBCbK HALIOHQABHUI MEANYHWV YHiBepCUTET, M. XQpKiB, YkpaiHa

2Maccauycercbka 3aranbHa AiKkapHsi, M. bocTtoH, CLLA

VEGF-A 9K MapKep eHAOTEAIOAbHOT ANCHYHKLT B AiTEN i3 rOCTPOIO AIMPOOACCTHOKO AeMKEMIEID
TA A€T€HEeBUMUN YCKAOAHEHHIMU

Pesiome. Akryanbnicth. Enporemianbha mucdynkuig (E)
€ XapaKTepHUM IaTOJOTiYHMM CTAaHOM Y TAIiEHTIB i3 TOCTPOIO
neiikeMiero. Ouinka crtany EJl Mae 3HaueHHST U1 OLTbIII AeTallb-
HOT'O PO3YMiHHS MMaTOJOTIYHUX MPOLIECIB Y JIETeHsIX AiTelt i3 ro-
ctpoto JimbobiaactHoto eiikemieto (IJIJT). MeTta: ouinuTi piBHi
CyIMHHOTO eHaoTefiaabHoro ¢gakropa pocty A (VEGF-A) y cu-
pOBaTILi KPOBi Ta HOTO MPOrHOCTUYHE 3HAYECHHSI LLIOJI0 JIETEeHEBUX
yckiIaaHeHb y aiteit i3 [J1J1. MaTepiaau Ta meToau. OGCTeXeHO
40 mauienTis i3 I'JIJI Bikom 6—17 pokis. Ilepiua rpymna BKiroua-
Ja giteit 3 ynepiue aiarHoctoBaHolo I[JIJI (n = 18), mo 2-1 yBiii-
1y namieHTn 3 [JIJ1, sIKi 3akiHYMIM MOBHUI Kypc XiMioTeparii
(n = 22). KoHTposibHY IpyIly cTaHOBWIM 15 310poBUX Jditeit. Pi-
BeHb VEGF-A ormiHoBasin MeTom0oM iMyHO(EPMEHTHOTO aHaTi-
3y. PesyabraTu. B o6ctexxenux aireit i3 IJ1J1 Gyau mommpeHUMM
JIETeHEeBI YCKJIaIHEHHSI: TOCTPUiA OpoHXiT (23), MOBTOPHI emizoaun
rocTporo OpoHXiTy (5), mHeBMOHIs (18), 00CTPYKTUBHUIT OPOH-
xiT (9), 6ponxianbHa act™a (3), iHTepcTULiaThHA TTHEBMOHIs (1),
mieBput (1), mHeBMoTOpakc (3), ¢ibpo3 nereHp (2), AuxaabHa
HemocTaTHiCcTh (6). YacToTa JiereHeBUX YCKIaTHEHb CTAaHOBMJIA

82,5 % min yac ximioreparii Ta 20,0 % y nepioa peMicii micst mo-
BHOTO Kypcy XimioTepartii. BUsiBieHO cTaTUCTUYHO BipOTiaHe Iif-
BuieHHs piBHsg VEGF-A B 1-ii (180,41 (158,16; 200,00) rir/mur)
ta 2-it tpymax (165,61 (131,65; 198,45) nr/mi) TOpiBHSIHO 3
KoHTponbHOMW (130,65 (129,45; 132,15) nr/mn) (p, = 0,000011;
p,.«= 0,007009). Biporinuux BinminHocTeit y piBHsax VEGF-A mix
1-10 Ta 2-10 rpynamu He BU3Ha4YeHo (p, , = 0,338394). 3a nanu-
mu niposesieHoro ROC-ananisy, pisenb VEGF-A > 198,34 nir/min
ITiCJIST TIOBHOTO 3aBEepIICHHS KypCy XiMioTepalrii IpOTHOCTUYHO
3HAYYIIMI 111010 OPMYBaHHSI JIETEHEBUX YCKIAAHEHDb y JiTei
i3 TJIJ1 y tpuBaniit pemicii (AUC 0,965; yymiuBicts 100,00 %;
crienundivHicTb 89,47 %). BucHoBku. ity 3 [J1J1 MaioTh 3HaYHY
El. PiBenn cupoBatkoBoro VEGF-A mMoxe OyTH MpOTHOCTUY-
HUM (HaKTOPOM ILIOJ0 PO3BUTKY JIETEHEBUX YCKIAIHEHb Y AiTei
y niepion pewmicii I'JIJI micist 3aBepliieHHsI TOBHOIO Kypcy XiMio-
Tepartii.

KiouoBi cioBa: enporenianbHa AuchyHKIUIA; CyIMHHWIA €H-
noTeTiaNlbHUi (haKTOp pOCTY; JereHeBi YCKIIaAHEeHHS; JeKeMist;
IUTH
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Acouidauis OAHOHYKA€OTUAHUX BAPICHTIB reHd
OPCOMYKOiA-1-noAibHoro 6inka 3
3 deHOTUNAMM ATOMIYHOro MAPLLY B AiTEU

Pe3iome. Axmyaavnicmo. IIpobaema amoniunozo mapuy (AM), a came npozpecysanusi MOHOOPeAHHUX (heHO-
munie amoniunoeo depmamumy (AJl), arepeiunoeo punimy/purnoxon tonkmusimy (AP/APK), 6ponxiarvnoi acmmu
(bA) 0o ix noniopeannux komobinauiil, € 00Hi€r0 3 HAUbiNbWUX Y cyuacHill nediampuurit npakmuyi. O0Hiero 3 Hall-
B8ANCAUBTUUX NPUHUH PO3BUMKY 3A3HAYEHUX NAMOA0RIl € 00HOHYKAeomuoHi éapianmu (single nucleotide variants —
SNV) npuuunnux eemie, opcomykoio-1-nodiénoeo 6irka 3 (ORMDL3), 30xpema rs_7216389 ORMDL3. Poai T- i
C-aneneil 6i0HOCHO MOHOOpeaHHUX | noaiopeannux genomunie AM eusueni nedocmamuvo. Memoro danozo docai-
Odocenns 6yno eusuens acoyiauii SNV rs7216389 eena ORMDL3 3 pozeumiom piznux gpenomunie AM y oimeii. Ma-
mepiaau ma memoou. Y docnioxcenni 293 dumunu 6yno 3anyueno 0o ochognoi epynu, 105 dimeii — 0o KoHmMpPoAbHOT
epynu, ik dimeii — 6id 3 do 18 pokis. Jlimu ocHoeHoI epynu xeopinu Ha MOHOOpeanHi i noaiopeanti henomunu AM:
All, AP/APK, bA, Al+AP/APK, bA+AP/APK, A[+AP/APK+bA. Jlimu konmpoavHoi epynu Xeopinu Ha opeaniuny
il pyHKUIOHANbHY namoa02iio mpasnoi cucmemu 6e3 KaAiHiMHUX ab0 NApaKAiHiuHux o3HaK xeopob AM. Ycim dimam
6y10 npogedero eenomunysanns Ha eapiaumu C/C, T/T, C/T SNV rs_7216389 ORMDL3 memodom duckpumina-
YIlHO020 aNeabHO020 AHANIZY HA OCHOBI NOAIMepA3HOI NaHUI020801 peaKuii 3 pecmpUKmMuGHOW 008ICUHOI ppazmeHma
noaimopghismy (qPCR) y peanvromy uaci mamepiany 6ykaibHo2o 3ckpioka, aKuii 0y8 ompumManuii 8i0 K0JCH020 na-
uieuma. J[ns eusnauenns acoyiayiit 0ye euxopucmanuti Koegiyienm xopeasayii Cnipmena (r), pusuxu i npomexmop-
HULl 6NAUB BU3HAUANUCA 3a OONOMO20I N02ICIMUYHO20 Pe2PeciliH020 AHANI3Y 3 00UUCAICHHAM CRIGEIOHOUeHHS WAHCIE
i 95% oosipuoeo inmepeany (CII, 95% JI1). Bipoeionicme ompumanux pesyasmamie eusnauanracs npu p < 0,05 3a
kpumepiem Cmorodenma. Pesyavmamu. Puzuxu ma acoyiauii oas monoopeannozo gpenomuny AP/APK: C/C SNV
rs_7216389 ORMDL3: r, = 0,197, ClI = 0,33 (95% 1 0,14—0,78; p < 0,05); T/T SNV rs_7216389 ORMDL?3:
r.=0,246; CIII = 3,21 (95% JI 1,57—6,59; p < 0,05). [asa monoopeanioeo penomuny bA: T/T SNV rs_7216389
ORMDL3: r, = 0,192; ClI = 2,97 (95% JAI 1,08—8,14; p < 0,05). Jas noaiopeantoeo geromuny AI+AP/APK:
C/CSNVrs_7216389 ORMDL3: v, = 0,146; CIIl = 0,42 (95% 1 0,16—1,11; p = 0,05=0,1); T/T SNVrs_7216389
ORMDL3: r, = 0,265; CILlI = 3,64 (95% A1 1,62—8,18; p < 0,05). laa noaiopeannoeo gpernomuny bA+AP/APK:
C/C SNV rs_7216389 ORMDL3: r, = 0,163; CIll = 0,42 (95% A1 0,19—0,93; p < 0,05); T/T SNV rs_7216389
ORMDL3: r, = 0,255; CII = 3,34 (95% A1 1,63—6,82; p < 0,01). Tenomun C/T SNV rs7216389 ORMDL3 ne
8us6U6 8ipo2ioHux acoyiayit 3 wcoonum gpenomunom AM y dimeit abo enaugy na po3gumok maxkux gpenomunis. Bu-
cnoexu. T-aneav SNV rs7216389 ORMDL3 mae indykmuenuii énaue na pozsumox AM y dimeti — eomozueomuuil
eenomun T/T SNV rs7216389 ORMDL3 gipociono acouiiioganuii 3 monoopeannumu gpenomunamu AP/APK i BA i
noniopeannumu penomunamu AL+AP/APK i bBA+AP/APK i nidsuwye pusuk ix pozeumky. C-asens SNV rs7216389
ORMDL3 mae npomexmopHuii énausé na posgumok AM y dimeii — eomosueomnuii eenomun C/C SNV rs7216389
ORMDLS3 gipoeiono acoyiiiosanuii 3 monoopeantum enomunom AP/APK i nosiopeannumu gpenomunamu AA+AP/
APK i BA+AP/APK i 3nuscye pusuk ix pozeumxy.

KimouoBi cnoBa: amoniunuii mapwi; dimu; SNV rs7216389 ORMDL3; monoopeanni gpenomunu; nosiopeanti ge-
Homunu
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Bctyn

IIpo6nema aToniyHux XBopoO (AX) i iX JIiHilTHOTO MPO-
rpecyBaHHSI y BUIISIAI atoriyHoro Mapiny (AM) crae Bce
Oi7IbIII aKTYaJIbHOIO B CYYaCHil MeAUIIMHI. Y OUTbIIOCTI MTi-
Teit AM MOYMHAETHCS 3 MOHOOPTAaHHOTO (hEHOTUITY Y BU-
misiai atomnivHoro nepMatuty (AJl), 1o SIKOTo TOTiM TIpu-
€JIHYIOTbCSl aJlepriyHuil pUHIT/PUHOKOH IOHKTUBIT (AP/
APK) i/abo 6ponxianbHa actMa (BA) [1]. V neskux miteit
GOopMy€ETHCS MOIIOpraHHUI (DeHOTUI Y BUTJISIAI KOMOiHA-
wii BumiesasHaueHux AX. B ocHoBi Ginbiocti (80—90 %)
AX nexxath OMHOHYKJICOTHAHI BapiaHTu (single nucleotide
variants — SNV) nIpUUYMHHUX Te€HiB, OPYILIEHHS METUIIO-
BaHHs JIHK [2]. OnHuM 3 reHiB, sIKi NOB’s13aHi 3 PO3BUTKOM
AX, € reH opcoMykoin-1-noaioHoro 6inka 3 (ORMDL3),
abo perynsTopa 6iocuHTesy chinronininiB. [Ten ORMDL3
po3TalloBaHuUit Ha AOBromy ruieui xpomocomu 17 (17g21)
i koaye 153-aMiHOKHCIIOTHMIA GiJIOK HOBXUHOIO 6560 bps,
SIKUI Ha €HIO0TIa3MaTUIHOMY PETUKYJIyMi Oepe yyacTb y
HEraTMBHOMY PETYJIIOBaHHI ToMeocTasy c(iHTomimmiaiB [3].
HesBaxatoun Ha Te, 1110 e€KCIepUMEHTaIbHI MOJETIoYi
MOCTIIKEHHST He THATBEPAUIN MiABUIIIEHHSI CXUIBHOCTI B
MUIIIeH, SIKi Manu rirepexcrpeciio rena ORMDL3, no po3-
BUTKY BA mpu excro3uliii ajJepreHiB KIIiIliB JOMAaIIHbOTO
nuiaKy abo rpubka Alternaria alternata [4], MHOXWHHI Te-
HOMHIi TOCJiKEHHSI Ha JTIOACHKMX KOTOpTaXx MiATPUMYIOTh
rinoTe3y npo NpuYMHHY pojib reHa ORMDL3 y po3BUTKY
BA. Tak, BeMKUIA OIS JOCHIIXKEHb XPOMOCOMHOTO JIO-
Kycy 17q12-21 Bka3ye Ha BruiiB SNV reHiB JaHOTO perioHy,
3okpema SNV rena ORMDL3, Ha po3BuToK BA B paHHbBO-
MY OUTSYOMY Billi, pUHOBipyC-aco11iiiloBaHOTO Bi3UHTY [5].
Tak, Oysio MminTBEepIKEHO MiABUILEHUN PU3MK PO3BUTKY
BA B mutsiuomy Billi, 00OMexkKeHUI BiKOM ii ITo4aTKy — 10 1
poky [6] i micns 7 pokiB [7]. Y mocaimkenni COPSAC 2000
OyJ10 TTOKa3aHO 3B’ 130K MiXK piBHEM €KCITO3UIlii aJlepreHiB
KIillIK1 1 pyu3uKOM po3BUTKY BA y miteit 3 renoturniom T/T
SNV 157216389 rena ORMDL3, sixi npoxuBaioth y laHil
[8]. OmuH 3 ocTaHHIX MeTaaHai3iB, y IKOMY OyJIO MepeBi-
peHo 55 nocaimkKeHb MOJeli «BUITaJl0K — KOHTPOJIb», 110
Bkitovanu 17 971 nutuny 3 BA Ta 17 500 310poBux nai-
€HTIB KOHTPOJIbHOI Tpymnu, BUABHUB, 10 SNV rs7216389
reHa ORMDL3 acouiiioBaHMi 3 TiABUILIEHUM DPU3UKOM
po3BUTKY AX y AiTeil KUTAChKUX TMOMYJISILii i moTpedye
oA bIINX JOCIIKEHb Ha TMalli€HTaX iHITOro €THIYHOTO
noxomxkeHHs [9]. BomHovyac octaTouHo He 3’sicoBaHa pojib
XPOMOCOMHOTO peTioHy 17q y po3Butky iHmmx AX. Tak,
OJTHE 3 TOCTIIKeHb OCTAHHBOTO NECATUPIUYS TiATBEPIKYE
poab reHa ORM DL 3y niatodi3ionoriyHuX 3MiHaxX eImiTesio
IUXaJbHUX IUISIXiB MpU €KCHO3ullii ajepreHiB Alfernaria
alternata [10]. ¥ Benukomy MeTaaHasi3i, IpOBEeIEHOMY
Ha 23 948 nauienrtax, xsopux Ha BA, i 118 538 mauieHTax
KOHTPOJIBHUX I'PYIT, OYJ10, 30KpeMa, BCTAHOBJIEHO, 1110 BA-
acollifioBaHi TeHU eKCITPECYIOThCSl He TUTbKU B KIIITMHAX
KPOBi, 3ay4eHUX Y TiCTOXiMIYHY JIJAaHKY 3aIllaJICHHSI, aje 1
Ha emiTelialbHUX KJITUHAX AMXaTbHUX HUIsIXiB [11].

BuiieHnaBeneHi 1aHi BKa3yloTh Ha HEIOCTAHIO BUBYE-
HICTbh POJIi TeHIiB JaHOTO XPOMOCOMHOTI'O PETiOHY B PO3BHU-
TKy ¢eHOTUIB AM Yy miTei.

MeTo10 JAHOr0 JOCTIIKEHHSA OYyJI0 BU3HAYEHHSI aco-
mianii SNV rs7216389 rena ORMDL3 3 pO3BUTKOM Pi3HUX
¢deHoTumniB AM y miTeii.

Martepiaau Ta metoAun

[lepen moyaTkoM IOCTiIKEeHHS 0aTbKK a00 iHIIi 3aKOH-
Hi MpeICTaBHUKM [iTel Mianucanu 100poBiIbHY iHHOPMO-
BaHY 3rojly Ha MPOBEIEHHS 1iarHOCTUYHOTO OOCTEXEHHS i
JIIKYBaJILHUX MTPOLIEAYP Y paMKax 3axXMCTy IpaB AiTel i maiti-
€HTIB 3riHO 3 [ebCiHChKOIO AeKIapalli€lo 3 MpaB JIIOIUHU,
TPUIHATOIO B OCTaHHIl penakilii Ha [eHepabHiit acamOel
Ne 64 BcecBiTHBOI MemU4IHOI acoriarii B xkoBTHi 2013 poky
B M. @opranesa (bpasuis), i YHiBepcanbHOIO AeKIapalli-
€10 3 0i0eTHKM Ta MpaB JIOAUHU, IIPUITHITOIO Ha 3acimaHHi
IOHECKO B xoBtHi 2005 poky B M. [Tapuxi (Ppanuis).
JlocnimkeHHs, TIoAaHi B AaHii ctaTTi, yxBajaeHo KomiteTom
3 0ioMennuHoi eTuku J13 «/IHimpoBchbKa MeaMYHA aKaaeMist
MO3 VYkpainu» (3apa3 — JIHINpOBCbKUIA AepxKaBHUI Me-
nuuHuit yHiBepcuteT) — Ne 7 Big 28.10.2020.

VY nocnimkeHHi Opanu ydactb 398 miteit Bikom Bif 3 10
18 pokiB. OCHOBHY Ipyrna CTaHOBUJIU 293 TUTUHU, XBOPi Ha
AX, KOHTposIbHY TpyIty — 105 3m0poBUX IiTeit.

[MTarieHT OCHOBHOI Ipynu Oyau MopaijieHi Ha 6 AM-
KiacTepiB 3anexHo Bin denorumny: AJl, AP/APK, BA,
AJl+AP/APK, BA+AP/APK, AlI+AP/APK+BA. Habip
JIAaHUX TIALIIEHTIB MPOBOAMBCS Ha 0as3i AUTIYOTO CTallio-
HapHoro BigmieHHst anerpoueHtpy KHIT «Kniniuna -
KapHsI IIBUAKOI MEAWYHOI 1oroMoru JIHimpoBChbKOiI MiCh-
Koi panu» (M. JAHinpo, Ykpaina). [lamieHTH KOHTPOIbHOI
IpyIy HAOUPAJIMCh Y TOCIiIKEHHS Ha 0a3i BiAAiJIeHHS 11~
Ts14oi ractpoeHTepoJorii KHIT «Micbka KiliHiuHa JliKapHsI
Ne 1 THinpoBchKoi Micbkoi pagu» (M. JIHinpo, YkpaiHa).

YciM maiieHTaM OyJio TpOBeNeHO OYyKaJIbHUN 3CKpi-
00K 3i CIM30BOi OOOJIOHKM, MaTepiall SIKOro 30epiraBcs
npu Temrepatypi —32 °C, micisi yoro OyB TpaHCIIOPTO-
BaHWi1 0 jabopaTopii Bifmiay 3arajJbHOi Ta MOJEKYISIP-
Hoi maro@isionorii HamionanpHOro iHCTUTYTY (hiziosorii
iMm. O.0. boroMobis1. ¥ BKazaHOMY Miclli BiH OyB ITimma-
HUI TIoJIiMepa3Hili IAHIIOTOBIl peakllii B peaJbHOMY 4aci
3 PeCTPUKTUBHOIO JOBXMHOIO (pparMeHTa IMoJiiMopdizmy
(gPCR) Ha mpunani Applied Biosystems 7500 Fast Real
Time PCR System — Tak1M YMHOM MPOBEICHUIA TUCKPU-
MiHaUiHMI alelbHU aHasli3 Ha BU3HAYEHHS TOMO3M-
rotHux i rereposurotrHux reHorunis C/T, C/C i T/T SNV
1s7216389 rena ORMDL3 3a 1ooMoroo cepTudikoBaHo-
ro Habopy C_31152869 10.

Hani posrnofiny 3a BiKOM i CTaTTio, 3YCTPiYaJIbHICTh
rerorurniB C/T, C/C i T/T SNV rs7216389 rena ORMDL3
MoJaHi y BUNISAAI BigHOCHUX BeauuuH (%). BiporigHicTh
BMILIE3TA]aHNX JaHUX PO3paxoByBaJlacs 3a JIOITOMOTOIO
KpuTepito xi-kBaapar IlipcoHa (y?) WIst KOropT Mali€HTiB
rnmoHan 5 oci6 i TouHoro kputepiro Dimepa — a1t KOropT
Mali€eHTiB, MEHIIMX 3a 5 oci0. Acolialii MiXk TreHOTUITO-
BUMU BapiaHTamu 1s7216389 ORMDL3 Bu3HaveHi 3 BUKO-
puctaHHaMm KoedilieHTa kopessuii CriipMena (), pUsuKu
PO3BUTKY BianoBigHux peHoTuriB AX i AM BU3HaueHi Me-
TOJOM JIOTiCTUUHOTO PErpeciiiHOro aHali3y 3 BU3BHAUYCHHSIM
criBBimHomeHHs 1ranciB (CL) 3 95% mosipunwm iHTEpBa-
JoM (95% J11). 3a mopir BiporigHOCTi pi3HUILI OTPUMaHUX
JMAHUX OyJI0 TpUIHATE 3HaYeHHsI Kputepito CTblomeHTa
p < 0,05, TeHmeHIi€0 IO BipOTiMHOCTI BBaxKajaoCs 3Ha-
yeHHs p = 0,05—0,1. Yci ctaTucTuaHi orepailii mpoBene-
Hi B mporpaMHOMY MpOIyKTi Statistica v.6.1 (riteH3iiHmi
Noe AGAR909E415822FA, Statsoft Inc., CIIIA).
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PesyAbTaTH

Bynu oTpumaHi naHi po3noaiay 3a CTaTTiO B KOropTax
OCHOBHOI TpYIM Ta KOHTPOJBHIlA Tpymi, $Ki 3acBimuu-
JI BipOTiJHY Pi3HUILIIO 32 CTATTIO TIBKM MiX MallieHTa-
mu 3 peHotunom BA+AP/APK i KOHTpOJIbHOIO TpyIMowo
(puc. 1).

AHaji3 po3Momiay 3a BiKOM IOKa3aB BipOTigHI Bi-
MIiHHOCTI MiX KOTOpTaMM MOHOOPraHHUX (EHOTHIIB i
AJlI+AP/APK i KOHTpOJIbHOIO TpyrMoOw; BiAMIHHOCTI B
CepeIHbOMY Billi MK ITalliEHTaMH IIOJIIOpraHHUX (EeHO-
TUIiB 3 BA i KOHTpPOJIbHOIO TPYMHOIO BUSBIEHO HE OYyJI0
(puc. 2).

Pesynbrati mpoBeneHoro nociakeHHs noaaHi BTao. 1,
2. IMo-niepiie, O6y10 BUBYEHO acoliallii MOHOOpraHHUX (e-
HOTHUITIB AM 3 HOciiicTBOM pi3HuX BapiaHTiB SNV rs7216389
reHa ORMDL3 i pu3uku ix po3BUTKY (TaoJ1. 1).

3 T1ab6a. 1 BumHo, mo redHortun T/T SNV rs7216389
ORMDL3 BiporinHo npsiMO acolliloBaHU1 3 MOHOOpTaH-
Humu deHotunaMmu AP/APK i BA i 306inbliye pusuk ix
po3Butky. [enotun C/C SNV rs7216389 ORM DL 3 Biporin-
HO acolliiioBaHuit 3 MOHOOpraHHUM (heHoTunom AP/APK
i 3HMKY€E PU3UK MOTO PO3BUTKY.

[ mpoekiiii reHoTUII-acolialliii Ha po3BUTOK AM
Oy/IU MPOBeNeHi MOCTIIKEHHS BiIMOBITHMX acolialliii 3
noyiopraHHUMU (peHoTunamMmu AM i puU3UKy iX PO3BUTKY
(Tabn. 2).

Tabs. 2 HaoOYHO AEMOHCTPYE BipOTriIHi MpsIMi acolriallii
redotury T/T SNV 157216389 ORMDL3 3 noniopraHHH-
mu (enorunamu AJ+AP/APK i BA+AP/APK i migsu-
IIEHHS PU3KKY iX po3BUTKY. [eHoTum C/C SNV rs7216389
ORMDL3 onHaKoBO acCOLIIOETHCSI 31 3HUXKEHHSIM PU3U-
KiB pO3BUTKY TMojiopraHHux ¢geHotunis AI+AP/APK (3
TeHIeH1lieto 1o BiporinHocTi) i BA+AP/APK (BiporigHo).
Tenorumnosunit Bapiant C/T SNV 157216389 ORMDL3 He
BUSIBUB BipOTiZHMX acollialiifi 3 MOHOOPTraHHUMU i IIOJIi-
opranHUMU ¢eHoTunaMu AM abo BIUIMBY Ha PU3UKH iX
DPO3BUTKY.

O6roeopeHHs

OTpuMaHi B MpoLeci JOCIIiIXEHHS pe3yJbTaTh OJ-
HO3HAYHO CBigyaTh MpO BUpillalbHY posib T-anenmi Ta
B3aeMo3B’si30K reHotuny T/T SNV r1s7216389 reHna
ORMDL3 3 po3BuTKOoM ycix ¢eHotuniB AM y nmireii. Bu-
1e3a3HaYeHUI TEHOTUIT MaB HABMII BipoOTimHiI mpsiMi
acomuiailii 3 sk MoHoopranHHumu (eHorunamu AP/APK i
BA, Tak i 3 momiopranuumu deHorunamu AJl+AP/APK
i BA+AP/APK. I BiH enuHuMi1 BipoTimHO MiABUIILYBaB PU-
3UK PO3BUTKY BCixX 3a3HaueHux deHotunis: AP/APK, BA,
AlI+AP/APK i BA+AP/APK no 3,21 (95% A1 1,57—6,59),
2,97 (95%/1 1,08—8,14), 3,64 (95% 11 1,62—8,18) i 3,34
(95% 11 1,63—6,82) BignosigHo. C-anenb, HaBIaKu, IMPO-
JNIEMOHCTpYBaja MPOTEKTUBHI BJIACTUBOCTI IIIOJAO0 MOHO-

KoHTponbHa rpyna
ALL+AP /APK+BA***
BA+AP/APK*
ALL+AP/APK***
BA**

AP/APK**x

Aﬂ'***

PEeHOTUNM OCHOBHOI rpynu

|Elﬂ,iB‘-IaTKa lXJ'IOI'I'-IVIKVIl

PucyHok 1. CTpykTypa po3noainy nauieHTiB

3a CcTaTTIO B OCHOBHIl i KOHTPOJIbHIN rpyrnax
Mpumitkn: * — p < 0,05; ** — p = 0,05-0,1; *** —
p > 0,05 3a kputepiem y>.
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PucyHok 2. CTpykTypa po3rnoainy nayieHTis
3a BiKOM B OCHOBHIV i KOHTPOJIbHIN rpynax
Mpumitkn: * — p < 0,05; ** — p > 0,05 3a kpurepi-
em 2.

Ta6nuus 1. Acouiauis mix BapiaHtamu reHotuny SNV rs7216389 reHa ORMDL3
i MoHoopranHumu ¢peHoTunamm AP/APK i BA i pu3nk po3BuTky unx ¢peHoTunis

lfeHoTunu SNV rs7216389 reHa ORMDL3
deHoTUN NMoKa3HUKM BigHOLWEHb
c/C* C/T*** T/T*
KO.ed)ILl,IeHT Kopensau,i 0,197 0,050 0.246
CniipmeHa
AP/APK CniBBigHOLLIEHHS LWAHCIB 0,33 0,82 3,21
95% poBipynm iHTepBan 0,14-0,78 0,45-1,49 1,57-6,59
Ko.ed)ILI,IeHT Kopensau,i 0,090 0,072 0,192
CnipmeHa
BA CniBBigHOLIEHHS WaHCIB 0,55 0,69 2,97
95% poBipynm iHTEpBan 0,17-1,76 0,28-1,70 1,08-8,14

Mpumitkn: *— p<0,01; ** — p<0,05; ***— p > 0,05 3a kputepiem ¥ llipcoHa.
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Tabnuuys 2. Acouiauis mix Bapiautamu reHotuny rs7216389 rena ORMDL3 i noniopraHHummn ¢geHoTunamm
AL+AP/APK i BA+AP/APK i pnank po3BuUTKy umx ¢peHoTunis

feHotunu SNV rs7216389 reHa ORMDL3
®deHoTUN MoKa3HUKHM BigHOLWEHDb
c/C* G /T
KoediuieHT kopensuii Cnip- 0.146 0,097 0.265
MeHa
ALL+AP/APK CniBBiAHOLIEHHS LLIAHCIB 0,42 0,65 3,64
95% [oBipyni iHTEpBan 0,16-1,11 0,32-1,33 1,62-8,18
KoediuieHT Kopensuii Cnip- 0.163 0,084 0.255
MeHa
BA+AP/APK CniBBiAHOLIEHHS LIAHCIB 0,42 0,71 3,34
95% poBipynn iHTepBan 0,19-0,93 0,39-1,30 1,63-6,82

Mpumitkn: * — p <0,05; **—p<0,01; ***— p=0,05-0,1; **** — p > 0,05 3a kputepiem y? lMipcoHa.

opraHHux i nomiopranaux ¢eHorunis AM. Tenorun C/C
SNV 157216389 rena ORMDL3 BiporigHo 3HMIKYBaB 10 3
paziB (CII = 0,33; 95% 1 0,14—0,78) pu3nK po3BUTKY
MoHoopranHoro ¢eHorurny AP/APK i no 2 paziB — pu-
3UK PO3BUTKY TomiopraHHoro deHorumy BA+AP/APK
(CII = 0,42; 95% A1 0,19—0,93). HaBeneHi Buie maHi
YaCTKOBO ITATBEPIXKYIOTbCS Oararbma JIOCJiIKEHHSI-
MM OCTaHHBbOro aecsaTupiuusi. Tak, B orssai M.M. Stein
icmiBaBT. [5] BctaHOBJIEHO, o T-aneab SNV rs7216389 rena
ORMDL3 BipoTiJHO KOpEJIoE 3 MiABUIIIEHUMU PiBHIMU
MPHK ORMDL3 i raznepminy b (GSDMB). K. Tomita ta
criBaBT. [12] mokazanu, mo SNV rs7216389 rena ORMDL3
Y XpOMOCOMHOMY JIOKYCi 17921 € onHUMM 3 HalGiIbII aco-
uitoBanux 3 AP i BA, a Takox 3 rineprnpoaykiii€eto 6iika
ORMDL3 y nazanpHOMYy emitermii. H. Kitazawa ta criiBaBT.
[13] y cBoEMY HOCTIIKeHHI TPHOX SIMOHCHKUX KOTOPT J0-
pocnux monei, y akux BA mogamacs B auTsSdOMy Billi,
BcTaHOBMIH, 1110 T-aneab SNV rs7216389 rena ORMDL3
YacTillle 3yCTPiYaeThCsl B MAlli€HTIB 3 BikoM 1e010Ty BA mo
10 pokis (CII = 1,61; p = 0,00021). OaHe 3 gOCTiIKEHD
Jokycy 17q21 nokasaso Oisblil YacTuii po3BUTOK BA 'y miteit
3 reHotumnioM T/T SNV 187216389 rena ORMDL3 mipu tie-
peHeceHHI pMHOBIpYCHOI iH(pEKIIii BITPOIOBX 3 POKIB ITiCJIst
HapomkeHHd [14]. JocnimkenHs E.A. Schwantes i criBaBT.
[15] moka3zaiio BipoTigHy IIpsIMy acoLiallilo MiX KiJIbKiCTIO
T-aneneit SNV 157216389 rena ORMDL3 i migBUILIEHUM
piBHeM BuanxyBaHoro okcuay a3oty (FeNO) i eosnHodiniB
nepudeprnyHoOi KpoBi B IOPOCIMX MalieHTiB 3 BA. OoMe-
JKEHHSIMM i BJIACHOTO, i OCTAHHBOTO 3TaJJaHOT0 JOCJIiIKEH-
HsI € BUKOpHUCTaHHs juiie ogHoro SNV rs7216389 rena
ORMDL3 nnsg nipenukiiii po3BuTKy (eHoturis AM. Iepe-
BArolo X BJIACHOTO JTOC/IKEHHS € BU3HAYEHHS acouialliit
i PU3UKiB PO3BUTKY HE TiIbBKM MOHOOPIaHHOTO (DeHOTH-
ny bA, ane it AP/APK, i noniopranuux AJI+AP/APK i
BA+AP/APK. Jlsist ycyHeHHST 0OMeXXKeHb 000X TOCTiKEeHb
Tpeba MPOBOAUTU TTOBHOTGHOMHE CEKBEHYBaHHS 3a BCima
SNV-kannunatamu renHa ORMDLS3.

IlepeBaroto BIACHOTO AOCTIMKEHHSI € BU3HAUEHHS i
acolianiit, i pu3uKiB Mix yciMa BapiantTamu SNV rs7216389
reHa ORMDL3 i naityactimmumu KomOiHauissmu AM 3 nu-
(bepeHIIiIOBaHHSIM i IPOTHO30M PO3BUTKY MOHOOPTaHHUX
200 nostiopraHHux peHoTuriB AM y miTeid.

[lepcnieKTUBHUMM HampssMKaMy BUBYEHHST pe3yJibTa-
TiB JAaHOTO JOCTIIKEHHSI € KOMIUIEKCHUI aHaIi3 acollia-
11i#1 i pu3KKiB pO3BUTKY pi3HUX deHoTunis AM (A, AP/
APK, BA, AI+AP/APK, BA+AP/APK, AJl+BA+AP/
APK) i3 SNV reniB, nokycu sskux nos’si3aHi 3 ORMDL3,
110 OyJI0O BCTAaHOBJIEHO B OAHOMY 3 OCTaHHIX MeTaaHaJli-
3iB MAHT€HOMHUX JOCHiIKeHb OaraTomaKepesJbHOro I10-
xomkeHHs: BA 2018 poky (Demenias F. Ta cmiBast. [11]).
Lle reHu pi3HUX XPOMOCOMHMX PETiOHIB: iIHTEPJIECHKIHIB 5 i
33, nextuHy C-TuIy, IO BMiIllye TOMeH 16 A, TeCTHC-eKC-
rpecoBaHOTo 6a30BoOro nMpoTteiny. Po30ynoBa KoMruieKCHOT
TeHOTUIT-aCcOLIii0BaHOI MOJIeJTi TOXOMKEeHHSI pi3HUX (heHO-
tunis AM/AX 103BOJIUThH MEPCOHANI3YBaTU TTPEANKTUBHY
IaTHOCTUKY MOHOOPIaHHUX i IOJiopraHHuX (PeHOTUIIIB
AM y miTeii.

BucHoOBKMK

SNV rs7216389 rena ORMDL3 BiporiaHo acoliiioBaHi
sIK 3 MOHOOPIraHHUMMU, TaK i 3 TTOJiOpraHHUMU (PeHOoTUIIa-
Mu AM y niTeil i MalOTh pi3HOBEKTOPHMI BIUIMB Ha iX pO3-
BUTOK.

T-anenb Bimirpae iHAYKTUBHY POJib Y PO3BUTKY (he-
HotumiB AM vy miteitr. Terotun T/T SNV 1s7216389 rena
ORMDL3 BiporimHo acolliloBaHUii 3 BUCOKUM PU3UKOM
PO3BUTKY sIK MOHOOpraHHUX ¢eHoturniB AP/APK, BA, Tak
i noniopranHux AJI+AP/APK i BA+AP/APK.

C-anenp Bimirpa€ MpPOTEKTUBHY POJIb IIOAO PO3BHUTKY
dbenoruni AM y niteit. [enotun C/C SNV rs7216389 rena
ORMDL3 BiporigHO acoliiioBaHMII 3 HU3BKUM PU3UKOM
pO3BUTKY MOHOopraHHoro ¢geHotuny AP/APK i momxiop-
ranHoro BA+AP/APK.

Tenotun C/T SNV rs7216389 rena ORMDL3 He mae
BiporinHuX acoiliauiii 3 po3BUTKOM (eHoTUIiB AM y
niTei.

JIs1 BU3HAYE€HHSI TOYHOI MOMENi IepCcOHai30BaHOl
MPEAUKTUBHOI MiarHOCTUKW TMOTPIOHI JOCHIIKEHHS Ha
OiNBIIMX KOTOPTaX IMAIliEHTIB i3 3alydeHHSIM HOBMX T€HiB-
KaHaunaTiB AX y IiTei.

Konduikr inTepeciB. ABTop 3asBjsie TIPO BiACYTHICTH
KOH(DIIIKTY iHTepeciB i B1acHOi (piHAaHCOBOI 3alliKaBIeHOC-
Ti IIpM MiATOTOBLI JaHOI CTATTi.
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Indopmanisa npo dinancyBanns. JaHa poGora € dpar-
MEHTOM OOCIiIXeHHs1 Kadeapu memiaTpii 1 Ta MeauuHO1
reHeTukd JIHIMpOBCHKOTO AEP>KABHOTO MEAMYHOTO YHi-
BepcuTeTy «I1porHo3yBaHHSI PO3BUTKY IUTSYMX 3aXBOPIO-
BaHb, acOLiOBaHUX 3 LIMBLTI3alli€l0» (Iep>KaBHUI pee-
crpauiitnuit Ne 0120U101324) BinnoBinHo A0 010 KETHOT
nporpamu (KITTBK 2301020 — «HaykoBa Ta HayKoBO-TeX-
HiYHa AiSTTbHICTD Y Taly3i OXOPOHU 310POB’sI»), 1110 (hiHAH-
CYETBHCS 3 Iep:KaBHOTO 0I0mKeTy MiHICTEpCTBOM OXOPOHM
310pOB’sI YKpaiHu.
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Association of single-nucleotide variants of the orsomucoid-1-like protein 3 gene
with phenotypes of atopic march in children

Abstract. Background. The problem of atopic march (AM),
namely its progression from monoorganic phenotypes of atopic
dermatitis (AD), allergic rhinitis/rhinoconjunctivitis (AR/ARC),
bronchial asthma (BA) to their multiorgan combinations, is one
of the biggest in the modern pediatrics. One of the most impor-
tant causes for the development of these pathologies are single

nucleotide variants (SNV) of the causative genes, orsomucoid-
1-like protein 3 (ORMDL3), in particularrs_7216389 ORMDLS3.
The roles of T- and C-alleles in relation to monoorganic and
polyorganic AM phenotypes have not been sufficiently studied.
The objective was to study associations of the SNVs rs_7216389
ORMDL3 in the development of different AM phenotypes in
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children. Materials and methods. There were 293 children re-
cruited into the main group and 105 controls aged 3 to 18 years.
Children of the main group had monoorganic and polyorganic
phenotypes of AM: AD, AR/ARC, BA, AD+AR/ARC, BA+AR/
ARC, AD+AR/ARC+BA. Children of the control group suf-
fered from organic and functional digestive pathology without
clinical or paraclinical signs of AM. All children were genotyped
for C/C, T/T, C/T variants of SNV rs_7216389 ORMDL3 by al-
lelic discrimination method based on real time polymerase chain
reaction with restriction fragment length polymorphism of the
buccal swab obtained from each patient. Spearman’s correla-
tion coefficient (r) was used to determine associations; risks
and protective effects were determined using logistic regression
analysis by calculating odds ratios (OR) and 95% confidence
intervals (CI). The results obtained were significant at p < 0.05
according to the Student’s test. Results. Risks and associations
for the monoorganic AR/ARC phenotype: C/C SNV rs_7216389
ORMDL3: r;=0.197, OR = 0.33 (95% C1 0.14—0.78, p < 0.05);
T/T SNV rs_7216389 ORMDL3: r = 0.246, OR = 3.21 (95% CI
1.57-6.59, p < 0.05). For the monoorganic BA phenotype: T/T
SNV rs_7216389 ORMDL3:r =0.192, CI=2.97 (95% CI 1.08—
8.14, p < 0.05). For the polyorganic AD+AR/ARC phenotype:

C/C SNV rs_7216389 ORMDL3: r_ = 0.146, OR = 0.42 (95%
CI 0.16—1.11, p = 0.05—0.1); T/T SNV rs_7216389 ORMDL3:
r.= 0.265, OR = 3.64 (95% CI 1.62-8.18, p < 0.05). For the
polyorganic BA+AR/ARC phenotype: C/C SNV rs 7216389
ORMDL3:r,=0.163, OR = 0.42 (95% CI1 0.19-0.93, p < 0.05);
T/T SNV 1s_7216389 ORMDL3: r, = 0.255, OR = 3.34 (95%
CI 1.63—-6.82, p < 0.01). The C/T SNV 1s7216389 ORMDL3
genotype did not reveal significant associations or impact on the
development of any AM phenotypes in children. Conclusions.
The T-allele SNV 157216389 ORMDL3 has an inductive impact
on the development of AM in children — the homozygous T/T
genotype of SNV rs7216389 ORMDL3 is significantly associated
with and increases the risk of developing the monoorganic AR/
ARC and BA phenotypes, as well as polyorganic AD+AR/ARC
and BA+AR/ARC phenotypes. The C-allele SNV rs7216389
ORMDL3 has a protective impact on the development of AM in
children — the homozygous genotype C/C of SNV rs7216389
ORMDL3 is significantly associated with and reduces the risk of
developing the monoorganic AR/AR phenotype, as well as poly-
organic AD+AR/AR and BA+AR/ARC phenotypes.
Keywords: atopic march; children0; SNV rs7216389 ORMD L3,
monoorganic phenotypes; polyorganic phenotypes
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The value of the $S1008 marker in patients with COVID-19

Abstract. Background. The purpose of the work was to determine the level of S 100 protein in children with COVID-19
and to investigate the correlation of this neurobiomarker with the severity of COVID-19 and the age of the patients.
Materials and methods. We conducted a retrospective, cohort, observational, post-registration study. We examined 88
children aged 1 month to 17 years with laboratory-confirmed COVID- 19 who underwent inpatient treatment at the Kyiv
City Children’s Clinical Infectious Diseases Hospital (Kyiv, Ukraine) in 2021—2022. Children were divided according
to the course of the disease into two groups: the control group, which had a complicated course of COVID-19, and
the main group without complications. We also made a division by age groups: 0— 12 months, 1—6, 6—10 and 10—17
years. The main laboratory indicators, data of anamnesis and objective examination were taken into account. During
the comprehensive routine examination of the patients on the first day of their stay in the hospital, the blood serum was
collected for further examination for the level of S100B neurobiomarker by enzyme immunoassay. CanAg S100 EIA kit
(Fujirebio) with a working measurement range of 1—3500 ng/L for S100p marker was used. The research was carried
out in accordance with the Declaration of Helsinki principles. The research protocol was approved by the Local Ethics
Committee of the institution mentioned in the work. Informed consent of parents and children was obtained. In the study,
we used statistical research, analytical methods, and the method of empirical research. Results. When comparing the
main and control groups by age, the age of patients from birth to 12 months was a significant indicator (44.8 % in the
main group vs. 23.3 % in controls), p = 0.049. When conducting a study on S1000 correlation with D-dimer, a linear
correlation was found (r = 0.141; 95% CI —1... 0.311; p < 0.1), as well as a negative linear correlation with prothrombin
index (r=—0.204; 95% CI—1... 0.0131; p = 0.03) and age (r =—0.184; 95% CI —1... 0.0077; p = 0.04). Conclusions.
A correlation between S100p neurobiomarker, age and severity of COVID- 19 was revealed. Higher indicators were noted
in the group of patients with a complicated course of the disease. A tendency towards a higher level of protein S100 at a

younger age was revealed, as well as a linear relationship of neuromarkers with prothrombin index and D-dimer.
Keywords: coronavirus infection; COVID- 19; neuromarker; S1008; biomarker; children

Introduction

The long course of the pandemic, the frequency of
deaths and complications of the coronavirus infection
(COVID-19) have become a real challenge for scientists in
finding approaches to timely diagnosis and avoiding possible
consequences. As of the beginning of February 2023, there
are 672 million laboratory-confirmed cases of COVID-19
worldwide, of which 6.85 million have been fatal. In Ukraine
during this period, there were 5.68 million laboratory-con-
firmed cases and 119 thousand — fatal [1].

In the structure of COVID-19, the incidence in chil-
dren occupies a significant place and with the years of the
pandemic, the frequency of their morbidity continues to

grow. It was found that in young children, COVID-19 be-
gins acutely (90.0 %) with intoxication (75.0 %), fever
(65.0 %), nasal congestion (25.0 %), rhinorrhea (20.0 %),
dry cough (60.0 %), increased erythrocyte sedimentation
rate (ESR) and C-reactive protein (55.0 %). In older chil-
dren, the disease is manifested by fever (73.33 %), pharyn-
gitis (66.67 %), dry cough (73.33 %), anosmia (20.0 %),
leukopenia (20.0 %), acceleration of ESR (20.0 %) and
reduction of prothrombin (13.33 %) without pulmonary le-
sions (73.33 %) [2].

Damage to the nervous system is one of the most fre-
quent complications of the disease. The frequency of neu-
rological complications due to COVID-19, according to the
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literature, varies from 15 to 80 % in adults and children and
is characterized in the acute period by delirium and seizures
(34 %), fatigue (32 %), myalgia (20 %), impaired smell or
taste and headache (13 %). Guillain-Barré syndrome is also
registered in 10 % of cases and stroke in 2 % of cases |3,
4]. Published meta-analyses indicate that 16.7 % of children
with COVID-19 have nonspecific neurological symptoms
such as headache, myalgia, fatigue, and specific neurologi-
cal deficits occur in 1 % of pediatric patients in the form
of encephalopathies, seizures, or meningeal signs [5, 6].
Multisystem inflammatory syndrome, considered a post-
infectious hyperinflammatory state associated with SARS-
CoV-2 infection, is also associated with a high incidence
of neurological involvement, ranging from 12 to 50 % de-
pending on disease severity and including status epilepticus,
focal deficit, headache, hallucinations and encephalopathy
[7-9].

For the purpose of in-depth diagnosis of neurological
manifestations, neuron-specific proteins are widely used
as markers of damage to the nervous system. An example
of such proteins are S100 proteins. This is a group of spe-
cific calcium-binding proteins of astrocytic neuroglia. Their
concentration in the brain is almost 90 % of all soluble
protein fractions of nerve cells. About 90 % of S100 pro-
teins are contained in astrocytes, 10 % in neurons, and a
minimal amount in oligodendrocytes. In cells, they are lo-
calized mainly in the cytoplasm, as well as in the synaptic
membrane and chromatin. To date, 25 S100 complexes have
been described, which include 16 S100A proteins (S100A1-
S100A16) as well as others (e.g., S100B, S100G, S100P, and
S100Z) [10]. Among S100B, two types of proteins are dis-
tinguished — S100 (BP) and S100 (af), which are present
in high concentration in glial cells and neurolemmocytes.
They are one of the leading molecular components of intra-
cellular systems that ensure functional homeostasis of brain
cells and are regulators of extracellular signals [11].

Numerous published studies indicate an extremely wide
range of applications of S100 marker. Determining the level
of biomarkers in plasma and assessing the state of the coagu-
lation system is one of the methods for differentiating stroke
subtypes [12, 13]; S1008 can help in the early assessment
of the risk of cerebral ischemia in patients. In the study of
Y. Tanaka et al. (2009), a correlation was found between the
level of S100B in the plasma, hematoma volume, and the
severity of brain edema after simulating intracranial hemor-
rhage against the background of hypertensive disease [14].
In the pathology of the central nervous system, the level of
S100B positively correlates with the degree of dysfunction
of the blood-brain barrier (BBB). In case of subarachnoid
hemorrhage, the level of S1008 in the cerebrospinal fluid
was significantly increased [15]. The value of biomarkers
of brain damage is also used to predict the consequences
of brain injury [16, 17]. In patients with depression, studies
have shown increased levels of S100 in serum and cerebro-
spinal fluid [18—20]. Changes in the level of the biomarker
were also detected in Alzheimer’s disease [15, 21], migraine
[22] and schizophrenia [23]. In experimental studies, an
increase in the concentration of S1008 was also found in
the presence of intracranial oligodendroglioma, pituitary
adenoma and neuroblastoma [24, 25]. Serial studies of the

protein allow monitoring the effectiveness of treatment and
detecting relapses in the early stages [25, 26].

An increase in the level of S100 is detected in newborns
with asphyxia, ischemic brain damage, ischemia-reperfusion
syndrome, perfusion, in pregnant women in amniotic fluid
with an increased risk of fetus hypoxia. The protein content
test is used to diagnose perinatal brain damage in newborns
of different gestational ages. In children of 48—72 h of life,
elevated S100 is an unfavorable prognostic factor. An in-
crease in the level of S100p was observed in children with
neuroinfections, in particular, encephalitis [27, 28].

In addition, the researchers found a correlation of
the biomarker level with the severity of bilirubin-induced
neurotoxic encephalopathy in newborns. A significantly
increased level of S100p was detected in newborns with
pathological changes in the encephalogram and neurologi-
cal disorders [29].

Abnormalities of BBB in response to brain damage can
increase the concentration of specific molecules in the
blood circulation, and the assessment of the concentration
of these molecules in the serum can contribute to the diag-
nosis of the lesion. Astrocyte-specific proteins such as S1003
are found in high amounts in the brain, and their presence in
the blood may indicate loss of BBB function or injury. The
presence of serum albumin, which is detected at high levels
in the blood, in the cerebrospinal fluid also indicates a lesion
of the BBB [30].

In addition, there are studies that describe the deve-
lopment of lung pathologies in case of dysregulation of the
responses of certain types of S100 proteins. In particular,
the authors mentioned such diseases as asthma, chronic ob-
structive pulmonary disease, idiopathic pulmonary fibrosis,
cystic fibrosis, pulmonary hypertension and lung cancer,
described their mechanism of occurrence and determined
the role of proteins in the pathogenesis [31].

With the emergence of the new SARS-CoV-2 and the
spread of the pandemic, scientists began to study the role
of S100 proteins in the development of COVID-19. In pre-
clinical animal models and patients infected with SARS-
CoV-2, elevated levels of immature neutrophils and dra-
matically increased levels of S100 proteins were observed.
In addition, multivariate analysis of patient samples demon-
strated that elevated S100 levels were independently associ-
ated with mortality [32]. Serum S100 levels in patients with
COVID-19 have been associated with severity and increased
in-hospital mortality [33] and an early indicator of respira-
tory failure [34].

Considering the lack of similar local studies of this
marker in COVID-19, we decided to evaluate the level of
S100pB protein in children with COVID-19 and determine
the presence of relationships.

The purpose of the work was to determine the level of
S100pB protein in children with COVID-19 and to investi-
gate the correlation of this neurobiomarker with the severity
of COVID-19 and the age of the patients.

Materials and methods

We conducted a retrospective, cohort, observational,
post-registration study. We examined 88 children aged 1
month to 17 years with laboratory-confirmed COVID-19

Tom 18, N2 3, 2023

www.mif-ua.com, http://childshealth.zaslavsky.com.ua 59



OpwuriHaAbHI AOCAIAXeHHS / Original Researches

who underwent inpatient treatment at the Kyiv City Chil-
dren’s Clinical Infectious Diseases Hospital (Kyiv, Ukraine)
in 2021-2022. Children were divided into two groups ac-
cording to the course of the disease: the control group,
which had a complicated course of COVID-19, and the
main group without complications. We also made a division
by age groups: 0—12 months, 1—6, 6—10 and 10—17 years.
The main laboratory indicators, data of anamnesis and ob-
jective examination were taken into account. During the
comprehensive routine examination of the patients at the
first day of their stay in the hospital, the blood serum was
collected for the purpose of its further examination for the
level of S100B neurobiomarker by enzyme immunoassay.
CanAg S100 EIA kit (Fujirebio) with a working measure-
ment range of 1—-3500 ng/L for S100 marker was used. The
research was carried out in accordance with the Declaration
of Helsinki principles. The research protocol was approved
by the Local Ethics Committee of the institution mentioned
in the work. Informed consent of parents and children was
obtained for conducting research. In the study, we used sta-
tistical research, analytical methods, and the method of em-
pirical research.

To perform statistical calculations, we used the statistical
software EZR v. 1.54 package using methods of descriptive
statistics. The median (Me) and standard deviation (SD)
were determined. The reliability of the difference between
non-parametric indicators was determined using the chi-
square test. The difference is accepted as significant when
the error value is p < 0.05. We also conducted an interval
assessment of the distribution, multiple comparisons, and
calculated the Pearson correlation coefficient.

Results

Table 1 shows the age and sex indicators of the study
groups.

According to the results of the cohort study (Table 1),
no significant difference was found in the gender of the
children between the main and control groups (p > 0.18),
however, boys predominated in the structure of both groups.
Regarding age, the main group consisted mostly of patients
under 12 months: 26 (44.8 %), p < 0.001. In the control
group, children of 1—6 years prevailed, accounting for 12
(40 %) cases, p < 0.001. The age category of children from 6
to 10 years was the least numerous in both groups: 5 (8.6 %)

patients in the main group and 5 (16.7 %) in the control one.
When comparing the main and control groups, the age of
patients from birth to 12 months was a significant indicator
(44.8 % in the main versus 23.3 % in the control group),
p = 0.049.

Children were divided into two groups depending on the
severity of condition and the presence of complications: an
uncomplicated course was observed in 58 (65 %), and a se-
vere COVID-19 with complications — in 30 (34 %) cases,
p <0.001. Detailed characteristics are shown in Fig. 1.

Complications were confirmed by the data of instru-
mental and laboratory examinations and were represented
by interstitial pneumonia in 22 (73.4 %) cases, which was
accompanied by respiratory failure stage 1—2, broncho-
pneumonia in 1 (3.3 %), acute stenotic laryngotracheitis
in 6 (20 %) and purulent tubootitis in 1 (3.3 %) patient
(Fig. 1).

When conducting a statistical analysis, we calculated
S100p intervals in patients with COVID-19 of the main and
control groups. The results are presented in Table 2.

The range of reference values for S100p is less than
105 ng/L, but the manufacturers of this kit emphasize that
all values are individual and should be considered in con-
junction with other laboratory and instrumental indica-
tors.

According to the calculations, in the patients of the main
group, S100p was observed at the level of 161.2 £ 7.6, while

%
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20.0
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20

3.3 3.3
— —

Purulent
tubootitis
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pneumonia

Broncho-  Acute stenosing
pneumonia laryngotracheitis

Figure 1. Characteristics of the complicated course
in children of the control group

Table 1. Age and gender characteristics of the groups, abs. (%)

Criteria Main group Control group P
Age
0-12 months 26 (44.8) 7(23.3) 0.049
1-6 years 20 (34.5) 12 (40) 0.6
6-10 years 5 (8.6) 5(16.7) 0.26
10-17 years 7(12.1) 6 (20) 0.32
Gender
Boys 30 (52) 20 (67) 0.18
Girls 28 (48) 10 (33) 0.18
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in the children of the control group, the indicator was higher,
168.2 & 7.6. These data are also demonstrated in Fig. 2.

According to the interval assessment of the biomarker
level, higher S100f values were observed in patients of the
control group than in patients of the main group (Fig. 2).

We also conducted a study on the correlation of S1003
biomarker level with the age of patients and some laboratory
parameters. The results are shown in Fig. 3—5.

According to the results of the statistical analysis, there
was no linear correlation between the indicators of neuro-
markers with platelets, hemoglobin, leukocytes and fibrino-
gen, p > 0.1.

When conducting a study on the correlation of S1003
neurobiomarker with D-dimer (Fig. 3), a linear correlation
was found (p < 0.1). The value of the correlation coefficient

178
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168|
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164
162 . —
160/ T
158 L
156
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152
150
148
Main group Control group

Figure 2. Interval evaluation of the mean S10003
value in the blood serum of children with COVID-19
(median, standard deviation, 95% CI)

for S100 r = 0.141 (95% CI —1... 0.311) is statistically sig-
nificantly different from 0.

A negative linear correlation was found (p = 0.03) be-
tween S1008 neurobiomarker and the prothrombin index
(PTI) (Fig. 4). An increase in S100f indicator was signifi-
cantly more often observed with a decrease in PTI. The va-
lue of the correlation coefficient for S1I008 r = —0.204 (95%
CI —1...0.0131) is statistically significantly different from 0.

Correlation with the age of S100p indicator (Fig. 5) ac-
cording to the Pearson test was found (p = 0.04). Elevation
of the studied protein was significantly more common in
younger patients. The value of the correlation coefficient

=—0.184 (95% CI —1... 0.0077) is statistically significantly
different from 0.

Discussion

S100 is a large family of small-molecule calcium-bin-
ding proteins composed of numerous isoforms with struc-
tural similarities and functional differences. This protein was
named S100 in 1965 by the researcher Moore B.W. due to
its solubility in 100% ammonium sulfate at neutral pH [35].

As for today, S100 protein is quite common in the diag-
nosis of cancer, so in most domestic laboratories, it is pre-
sented precisely as a tumor marker. However, foreign literary
sources indicate the detection of this protein in case of da-
mage to the nervous system [12—14, 16, 17, 36].

Singh P. and Ali S.A. (2022) described the multifunc-
tional role of the S100 protein family in the human immune
system. Researchers found that S100 isoforms serve as an
alarm signal, an antimicrobial peptide, a proinflammatory
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Figure 3. Correlation of S100p with D-dimer
according to the Pearson test
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Figure 4. Correlation of S1000 with PTI according
to the Pearson test
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Table 2. Interval evaluation of S1000 marker in patients with COVID-19

Indicator Group Me £ SD I quartile Il quartile Left (95% CI) | Right (95% CI)
5100 Main group 161.2+7.6 133.7 180.8 148 173.14
Control group 168.2+ 7.6 148.3 190.8 158.03 179
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Figure 5. Correlation of S100p with the age
of patients according to the Pearson test

stimulator, a chemoattractant, and a metal scavenger during
the innate immune response. Therefore, they are of crucial
importance in the treatment of autoimmune diseases. In
their work, the authors presented and described a number of
unique characteristics of S100 protein: the ability to control
immunological processes, regulate inflammation, the ability
of the extracellular protein S100 to regulate cell death, dif-
ferentiation, proliferation and migration in different types
of cells, and possessing antimicrobial properties. The resear-
chers also claim that elevated levels of S100p are associated
with a severe course of COVID-19 and suggest its use as a
potential biomarker for predicting severity in patients with
COVID-19 [37]. This statement correlates with our study, as
we also observed higher levels of S100p protein in children
with severe COVID-19.

A study by Bagheri-Hosseinabadi Z. et al. (2022) also
analyzed the prognostic value of S100 protein in predicting
severity of COVID-19. The authors found a positive cor-
relation with D-dimer and confirmed a significant increase
in proteins with a severe course of COVID-19 compared
to patients with a mild course of the disease [38]. Like-
wise, in the publication by Antonio Aceti et al. (2020), the
concentration of S100f in blood serum correlated with the
severity of COVID-19, as indicated by clinical and labora-
tory parameters. The researchers pointed to correlations of
S100p8 with indicators of distress, including ALT, D-dimer,
prothrombin index, platelets, and inflammatory markers
procalcitonin and C-reactive protein [39]. In other studies,
scientists also suggest S100 marker as a reliable predictor
of clinical severity. Serum S100f showed significantly higher
mean values in the cohorts with severe COVID-19 than in
the mildly symptomatic group [40].

Conclusions

A correlation between neurobiomarker S10083, age and
severity of COVID-19 was revealed. Higher indicators were
noted in the group of patients with a complicated course of

the disease. A trend towards a higher level of S100 protein at
a younger age of patients (p = 0.04) was revealed, as well as a
linear correlation of neuromarkers with PTI (p = 0.03) and
D-dimer (p <0.1).

S100pB protein is a promising neurobiomarker that may
be useful in the diagnosis of COVID-19. Conducting further
studies on the role of this marker will help predict the long-
term neurological consequences and possible complications
of COVID-19.
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HauioHaAbHM MeandH yHiBepcuteT imeHi O.O. boromMonbLsl, M. Kni, YkpaQiHa

3HayeHHsa mapkepa $1000 y airen i3 COVID-19

Pe3rome. Mera: BusHauutu piseHb nporeiny S100B y nireii i3
COVID-19 i nocainutu KopesiuiiHuii 38 5130K 1IbOT0 Heipo0io-
Mapkepa 3 Tskkictio COVID-19 Ta BikoM nanientis. Marepiaan
Ta MeToau. [IpoBeneHo peTpoCeKTUBHE KOTOPTHE o0cepBalliiiHe
mocTpeecTpalliliHe nocaimkeHHs. O0cTexxeHo 88 miTeli BiKOoM Bif
1 micsiust no 17 pokiB i3 1aboparopHo niarsepmkenum COVID-19,
sIKi ipoxoauuiu ctauioHapHe JjikyBaHHs B KHIT «KuiBcbka Michb-
Ka AUTSI9a KITiHivHa iHbekiliHa JikapHs» y 2021—-2022 pp. 3a nie-
pebirom 3axBOpIOBaHHS MALlIEHTIB PO3AUIMINA HA ABi TPYIN: KOHT-
POJIbHY, ¥ sIKiii criocTepiraBcst yekiaaHeHuit nepedir COVID-19,
Ta OCHOBHY IpyIy 0e3 yCKJIaJHEeHb. TaKoX MU MIPOBEJIU PO3MOALT
3a Bikopumu rpynamu: 0—12 micauis, 1—6, 6—10 ta 10—17 poxis.
BpaxoByBajii OCHOBHI JJaOOPaTOpPHi MOKa3HUKM, AaHi aHAMHE3y
Ta 00’€eKTUBHOTO 00cTexkeHHs. [1in yac KOMITJIEKCHOTO PyTMHHO-
ro OOCTEXXEeHHSI XBOPUX MPOTATOM IepIIoi 100U repedyBaHHS B
craiioHapi Oyma 3i0paHa cpoBaTKa KpOBi 3 METOIO ii ITOaJIBIIIO-
ro JOCTIKEHHS 100 PiBHs HeiipobGiomapkepa S100f meTomom
iMyHO(bepMeHTHOTO aHali3y. 3acTocoByBaiu Habip CanAg S100
EIA kit komnanii Fujirebio 3 po6ouum jiarna3oHOM BUMiplOBaHb
1—-3500 ur/a mist mapkepa S1008. JocmimkeHHsI BAKOHAHO Bimo-
BimHO 1o mpuHIUMIB [enbciHehbKoi nekapaii. [TpoTokoa gocii-

JOKEHHST YXBAJICHO JIOKAJIbHUM €TMYHUM KOMITETOM 3a3Ha4yeHOi B
poboti yctaHoBU. OTprMaHO iH(GOPMOBaHY 3roay 0aTbKiB Ta Ji-
teid. [1ig yac po6oTH Oy BUKOPUCTAaHI CTATUCTUYHI i1 aHATITHY-
Hi METOIIM, METOJI eMITipUYHOTO nociimkeHHs. PesyabraTu. [1pu
MOPiBHSHHI OCHOBHOI Ta KOHTPOJIbHOI I'PYT 3a BiKOM 3HAUMMUM
IMOKa3HUKOM BUSIBUBCS BiK TALIIEHTIB Bill HAPOIKEHHS 10 12 Mi-
cauiB (44,8 % B ocHOBHili Tpymi ipotn 23,3 % Y KOHTPOJIbHIIA),
p = 0,049. ITpu npoBeaeHHI TOCTIIKEHHS KOPEJSIIii Heiipobio-
mapkepa S100p 3 D-aumepom OyB BUSIBICHMIA JTIHIHHUI KOpeIsi-
niHuii 38’130k (r = 0,141; 95% A1 —1... 0,311; p < 0,1), a Takox
HETaTUBHMI JTHIMHWI KOPESIiTHNII 3B’130K — 3 TIPOTPOMOIHO-
BUM iHgekcoMm (r = —0,204; 95% A1 —1... 0,0131; p = 0,03) Ta Bi-
KoM (r=—0,184; 95% 1 —1... 0,0077; p = 0,04). BucHoBKH. Bu-
SIBICHO KOPENSLIHUI 3B’30K MiX Heilpobiomapkepom S100[,
BikoM Ta TskKicTio COVID-19. Buiii moka3HUKY BigMidaauch y
TPy TMALIEHTIB 3 YCKJIATHEHUM IIepebiroM 3axBopioBaHHs. Bu-
SIBJIEHO TEHIEHILiIO 10 BUILIOTO piBHS mpoTeiny S100 mpu MeHIo-
My Billi MAIliEHTIB, a TAaKOX JIHIMHUI 3B’SI30K HeiipoMapKepiB i3
MPOTPOMOIHOBUM iHIIEKCOM Ta D-armepoM.

KiouoBi ciioBa: xoponasipycHa indekuis; COVID-19; neii-
pomapkep; S1000; 6iomapkep; miTu
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/\bBIBCbKW HALIOHAABHWU MEANYHN YHIBEPCUTET iIMEHI AQHUAQ [QAMLIbKOrO, M. /AbBIB, YKpQiHO

IHPeKLUiT, NOB’430HI 3 HAAQHHIM MeANYHOI AONOMOrHN,
y Aiten B YKpaiHi npotsarom 2009-2021 pokis

Pesiome. Axmyaavnicmo. Ingexuii, nos’azani 3 nadannam meduuroi donomoeu (IITHMI]): yeii mepmin 3apaz exaro-
uqe 6 cebe po36UMOK IHPEeKYIIHUX NPOYecie Yy PI3HUX CUCMeMAaX 0peaHie NAYIEHMI [ y Wwnumansax pisHoi cneyianizauyii.
Beaxcaecmucs, wo IITHMJI] — ue ingexuii, axi enepue sunuxaroms uepes 48 eodun uu nisHiuie nicas eocnimanizauii
abo e uepes 30 Ouis nicas ompumanus meduyuroi oniku. Mema 00CAiONCeHHA: pempoCcneKMUHULI AHANI3 3aX60PIO-
sarocmi ceped dimeii ¢ Ykpaini na IITHMI[ npomszom 2009—2021 pp. Mamepiaau ma memoodu. Cmamucmuuruil
ananiz nowuperocmi sapeccmposanux eunaoxie IIMTHMI ¢ Yxpaini y 2009—2021 pp. 3a danumu [[I'3 MO3 Ykpainu.
Pezyavmamu. Y cepeonvomy wopoky 6 Ypaini peccmpysanru 966 + 489 eunadkie I[ITTHMJ] ceped dimeii pizHoeo 8IKy.
3a sikoeum po3nodinom ceped nauienmie dumsuoi kameeopii 3 [IITHMJII é cepednvomy wopoky Ha HOBOHAPOOICEHUX
dimeii do 1 micsiys ncumms npunadano 65,8 %, 6id 1 micays do 1 poxy — 5,9 %, 6id 1 do 17 poxie — 28,3 %. 3a noso-
noeiunoro empykmypoio IITHMJT y dimeti npesantosanu inghekuii oxpemux cmamia, uio 6UHUKAOMb 8 NEPUHAMANLHOMY
nepiodi. Y cepednvomy sidcomox makux xeopo6 3a 2010—2021 pp. cmanosug 49,5 + 7,5 % (ceped dimeii 0— 17 pokie)
ma 13,8 % 6i0 3aeanvhoi kinvkocmi eunadkie ITTHM/ ¢ Ykpaini. Bucnoexu. Ocmannimu pokamu 6 Ykpaini cnocme-
pieascs Hedoobnik eunadkie ITTHMJ] ax ceped dopocaux nayienmie, mak i ceped dimeii. [lokaznuku, nadawni ycma-
Hosamu oxpemux peeiotie (Odecvka ma Kuiscvka obaacmi), daroms 3mo2y 3 Ne8HOK Miporo 8ipociOHOCmI ompumamu
yaeaeHHs npo cmpykmypy 3axeoprosanocmi Ha IITHMJ] 6 uinomy y kpaini. 3a sikoeoro cmpykmyporo IITHMJ] y dimeii
(0—17 pokis) 3a 2009—2021 pp. cmanosunu 22,06 % 6id 3aeanvhoi kinvkocmi [IITHMJ]. Haiibiavuy kinvkicms eunao-
Ki6 3a 6Kazanuil nepiod 3aghikcosano ceped HO8OHapoOIceHux dimel, wjo cmanosums 65,8 % 6id ycix dimeii 3 IITHMJ].
Toxc ocHo6HI 3ycunns nosunni 6ymu cnpsamosari Ha 3nudxcerns piens IITHMJ] ceped manrokis.

KiouoBi cioBa: ingexyii, noe’azani 3 nadanusm meduunoi donomoau; Ho30KoMianbHi iHexyii; dimu; nepuna-

manvruil nepiod

Bcrtyn

CBOroIHi HalTOCTPIlIOI0 TTPOOIEMOIO B HAILIOMY CyC-
MiJIbCTBI € CTaH 300POB’Sl HACEJIECHHSI, AUTSYOTO 30KpemMa.
Mertoto pecdopmMu OXOPOHU 300POB’ST B YKpaiHi, sKa Mpo-
JIOBXKYETHCSI HE3BAXKAIOUM Ha POCIHChKY arpecito, € OnTu-
Mi3allist HalaHHS METUYHOI TOTIOMOTH i MEIUYHUX TTOCTYT
HaCeJICHHIO, MiABUIIEHHS e(eKTUBHOCTI pOOOTU CUCTEMU
OXOpPOHU 3I0POB’A.

Xoya IMUTOMa Bara CyTo MeIUYHUX IIpoodieM y (hopMy-
BaHHi 3010poB’st ocodu, 3a nanumu BOO3, He nepeBulye
12 %, MeanuHi acTieKTH 30epeXXKEHHS 310POB’sl B PAHHBOMY
JNUATSYOMY Billi MalOTh 3HAYHO OiJibIlie 3HAYEHHS, HiXX Y Ha-
CTYITHUX BiKOBUX TPYIIaX, OCKiIbKY ABi TPETUHM (PaKTOPiB,
1o (opMyIOTh CTaH 3[0POB’S JIIOAMHU B MaiiOyTHHOMY,
3yMOBJIEHI YMUHHUKAMMU, sIKi BIUTMBAIOTh came B Tiepioj Ba-
TITHOCTI Ta Ha MepuIoMy polli XUTTs TUTUHU. Came ToMy

npobiemMa iH(DeKIIi, MoB’sI3aHUX 3 HaJTaHHSIM MEIUYHOT
noromoru (ITTHM/I), oco6auBO akTyaJlbHOIO € Y TIMTaH-
HSIX 3aXBOPIOBAHOCTI Cepe TiTeit.

BcranoneHo, 1110 HecrpusTAMBa AeMorpadiuyHa cutya-
1Iist B YKpaiHi CyIIpOBOKYETHCS BCe 11Ie BUCOKMM (X04a i 3a
IMO3UTUBHOI TEHIEHIIii) piBHEM CMEPTHOCTI IiTei MEPIIOTO
poky kutTs — 12,8 %y 1990 p. 17,0 % y 2019 p. (Temrt 3HU-
xeHHsT — 30,9 %), BUsIBJIeHa TpsiMa 3aJIeXXHICTb Koedilli-
€HTIB MaJIIOKOBOI CMEPTHOCTI (IiTeii MepIIOro POKY >KUTTSI)
BiJl MOKA3HUKIB 3arajbHoi HapomKyBaHocTi (r = 0,340) Ta
3aXBOPIOBAHOCTI [IiTeit repioro poky xutts (r = 0,888) [1].

VY uisoMy, He3BaXKaluyd Ha MO3UTUBHY IMHAMIKY BCiX
CKJIAJIOBUX MAaJIIOKOBOi CMEPTHOCTI, PiBEHb ii XapakTepu-
3y€ BUpaXEHE BiJCTaBaHHsS BiJ MOKAa3HUKIB y KpaiHax 3
BUCOKMM PiBHEM JIOXO/AY TpoMalsiH. 3a JaHUMU PEHUTHUH-
Ty KpaiH cBiTy ctanoMm Ha 2018 p., YkpaiHa mocinae 61-1e
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Mmicue cepen 193 kpaiH CBiTy i aAMiHICTPaTUBHUX TEPUTO-
piii 6e3 nepxxaBHOro crarycy [1].

AHaui3 3axBoproBaHocTi cepen aiteit Ha ITTHM/I Buma-
ra€e BpaxyBaHHS TUITy 3aKJiaay UM BillIiJIEeHHS 3aJIe3KHO Bif
BiKY IUTUHU, OCKIJIbKY €IiZIeMioJIOTiuHi (hakTopH il Mexa-
Hi3Mu iH(]iKyBaHHS 3HAYHOIO MipOIO BiIPIZHSIOTHCS IS
NiTell HOBOHAPOMKEeHUX (1o 1 Micslst XUTTS), TPYAHOTO
BiKy (10 1 poKy XUTT$) i AiTei OiIbII CTAPIIOTO BiKY.

Ha nepiromy Miciii xBopoou oprasiB quxaHHus — 47 %,
Ha IPYyroMy CTaHU, sIKi BAHUKJIMA B MIEpUHATATLHOMY Tepi-
oni, — 18 %, Ha TpeTbOMY XBOPOOU KPOBi Ta KPOBOTBOPHMX
opranis — 8,0 %.

Ileniatpuuna nonynsuis, y axii INHMJI BuBuanucs
HaWOLIbII IMUPOKO, — 1Ie MALEHTHU Y BiIIiIIEHHSIX iHTEH-
CHUBHOI Teparii HOBOHAPO/KEHUX. 3a TaHUMU 3apyOiKHUX
aBTOPiB, MPOJEMOHCTPOBAHO BHMCOKMI DPiBEHb BHYTpIllI-
HbOTIKApHSIHUX iH(eKLii (24,6 %) y perioHalbHOMY BijI-
NiJIEHHI iIHTEHCUBHOI Teparlii HOBOHAPOKEHUX ISl HEMOB-

JISIT OAHOTO 3 HakOibmuX MenuuyHux neHTpis CLLUA. s
MOPiBHSIHHS: PiBeHb HO30KOMiaJlbHOI iH(eKIIil A BCiel
JlikapHi craHoBUB 7,3 %, y 3araJlbHOMY TieiaTpMIHOMY Bill-
ninenni — 5,4 %, y sicnmax — 0,6 %.

ITTHM/L, sKi paHillle Ha3WBaJIM HO30KOMiaTbHUMMU iH-
(exiisiMu, BHYTPILTHBOMIKAPDHAHUMM YU IITTUTAIBHUMU,
3a manuMu BOO3, BuSBIISIIOTH ¥ 15 % maltieHTiB. Y KpaiHax
3 BUCOKUM PiBHEM J0XOLy 'poMajsiH Big 3,5 no 12,0 % roc-
IiTaji30BaHMX MalieHTiB xBopitoTh Ha ITTHMJI, mpu 1po-
My TTOKa3HUK 3axBopioBaHocTi Ha ITTHM/I y BimmineHHSIX
inteHcuBHoI Teparnii (BIT) cranoButh 61m3bko 30,0 %. ¥V
KpaiHax 3 HU3bKUM a00 cepemaHiM piBHEM TOXOMY, 10 SIKHUX
HaJIeXXUTh YKpaiHa, yactota IITHM/I craHoBuTh Bin 5,7 1o
19,1 %, ay BIT BoHa y 2—3 pa3u Bullla, HiX y KpaiHax 3 BU-
COKUM pPiBHEM J0XOMY, TOOTO MOe csiratut 88,9 % rocmita-
JIi30BaHUX MAIli€eHTIB [2—4].

BinnosigHo 10 JaHKMX HAIIMX MTOTNEePEAHIX TOCTiIKEHb |5,
6] Ta odiliitHOI CTATUCTUKM, B YKpaiHi B CEpeIHbOMY pee-
crpyetbest 7000 Bumankis ITTHMJI,
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HIOPOKY, IO CTAaHOBUTH MCHILIC HIK

1 % rocriiTanizoBaHUX TALIEHTIB, a

3a po3paxyHkamu LIeHTpy rpoman-
cekoro 3mopoB’st (LII3) VYkpainm
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ta BOO3, uyucio 3apeecTpoBaHUX
ITTHM/I Majo 6 cTaHOBUTH HE MEH-
e Hixk 1 000 000 BUMaaKiB 1LIOPOKY.
MeTo10 HalIMX JOCTiIKEHb OYB
PETPOCIIEKTUBHUI aHaIi3 3aXBOPIO-
BaHOCTI cepel niTeil B YKpaiHi Ha
ITTHM/ npotsirom 2009—2021 pp.

MartepiaAu Ta meToamn
CTaTUCTUYHUI aHaJI3 TIOUIN-
PEHOCTI 3apeecTpPOBaHMX BMITAIKIB
IMTHMI, B VYkpaini y 2009—2021
pp. 3a ganumu I3 MO3 Vkpai-
HU. 30KpeMa, 3i «3BiTiB PO OKpeMi
iH(eK1ii Ta mapa3uTapHi 3aXBOPIO-

3a 2009-2021 pp.
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MapHi CTaTUCTUYHI aHi o YKpaiHi
3a ocTaHHi 13 pokiB Mpo BHYTpillI-
HBOJIIKApHSIHI iHDeKI1i1, BKIIIOYHO 3
PO3IIOIIJIOM 3a BiKOM Ta HO30JIOTIsI-
MU, HagaHi Jlep:kaBHOIO YCTaHOBOIO
«lleHTp TpPOMAACHKOTO 3HOPOB’S
MiHictepcTBa OXOpOHM 3HOpPOB’SI
VYKpaiHu» 1151 BUKOPUCTaHHS 3 Ha-
YKOBOIO METOIO.

Pe3yAbTaTU

3rinHo 3 odiliiHUM  3BiTOM
MO3 VkpaiHu, 3arajbHa KiJib-
KIiCTb  3apeecTpOBaHUX BUIIAJIKIB
3aXBOPIOBAHOCTI Ha iHeKIii, sKi
MOB’g3aHi 3 HaJaHHSIM MeINYHOIL

m HoBoHapomxeHi (1o 1 micauq) — m itv Big 1 micaus ao 1 poky

[itn 1-17 pokis

nornomoru, 3a 2009—2021 pp. cra-
| HoBUTBL 56 905, 3 HUX cepen miTeit

PucyHok 2. BikoBa cTpykTypa 3apeecTpoBaHux Bunaakis IMHM/ B YkpaiHi

3a 2009-2021 pp. cepen gpitei

(0—17 pokiB) Oyn0 3apeecTpoBaHO
12 555 BumnazkiB. 3a aHali3oBaHU
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nepion B cepenHboMy Ha aiTeit y Billi 0—17 pokiB npunanae
22,06 % Bin 3araabHOI KibKocTi Bumaakis ITTHM/I.
Haiieummit pieens ITTHMJ cepen miteit (0—17 po-
KiB) 6yno 3acikcoBano y 2009 p. — 33,6 % npotu 13,0 % y
2016 p., Kou OyJ10 3apeeCTPOBAHO HAMEHIITY KiJIbKICTh BU-
naakis. Y 2021 p. Lieit mokasHUK 3HOBY 3pic i gocsr 33,3 %.
3a BIKOBUM PO3IO/IiJIOM Cepe/I MalliEHTIB IUTSAYOI KaTe-
ropii 3 INHM/I y cepenHbOMy IIIOPOKY Ha HOBOHAPOIXKE-
HUX giteit 1o 1 Micsug kuTTs npunanaio 65,8 %, Bix 1 mi-
csmgt 1o 1 poky — 5,9 %, Bin 1 poky o 17 pokiB — 28,3 %.
¥ 2009 p., Konu 3aikcoBaHO HAllBULIMIA PiBEHb 3aXBO-
proBaHocti Ha ITTHM/I, KinbKicTh 3aXBopianx Oysia O4iKy-
BaHO OLJIBIIIOIO cepel HOBOHAPOIKEHMX, 10 CTaHOBUJIO
84,42 % Bin ycix miteii Ta 28,4 % Bin ycix 3apeecTpoBaHUX
IITHM, BKJ110YHO 3 10pOCauMU (puc. 2).
3HaYHO MEHIIOIO € KibKicTh Bumanakis ITTHMJI, 3a me-
pion 2009—2021 pp. cepen aiteit BikoM Bin 1 micsiust 1o 1
POKY, 1110 CTAHOBUTh B cepeaHboMy 1,45 £ 0,64 %, a cepen
niteit BikoMm Bin 1 1o 17 pokis 3apeectpoBano 6,15+ 1,55 %
Bim 3aranmpHOi Kimbkocti BumankiB IITHMJI B VYkpaiHi.
Ockinbku 3 2009 mo 2016 p. MOKa3HUKM KiJIBKOCTi 3aXBO-
pimnx Ha ITTHM/I mmocTynmoBO 3HMKYBaJauCs, BiIIIOBITHO
3MEHIIyBajacs B aOCOJIOTHMUX

Jluiile mMpo MOOAMHOKI BUMNAIKW ITOBIIOMJISLIA BilMOBiTHI
MeIWYHI CTpYKTYpH y BonuHcbkiii, 3akapratchkiii, IBaHo-
®pankiBebkiii, TepHoninbebKiit, KipoBorpanchbkiit ooaacTsix.

[Tounnaroun 3 2014 poky Maiixe BABIYI 3HUBWIMUCS
nokasHuKku peectpailii Bunankis I[TTHMJI cepen miteii.
3a 2010—2013 pp. B YKpaiHi y cepeaHbOMY pEECTpYBaIU
1574 £ 229 BumankiB ITTHM/I cepen miteil Ha pik, a 3a
2014—2021 pp. B cepenHboMy 3apeecTpoBaHo 656 £ 181
pumanok ITTHM/I cepen miteit Ha pik.

V JIpBiBCchKilt ob6nmacti B crpykrypi ITTHM] mutsdoro
BiKy OUIBLIICTh MAlliEHTIB OyJM HOBOHAPOMIXEHi, i 1Ie CTa-
HoBWJIO 88,9 % Bin ycix 3apeecrpoBanux ITTHM/I y nenia-
TpUYHUX 3akaagax Brpomosxk 2010—2021 pp. y JIbBiBChbKiit
obsacti (puc. 4), HABUILIMIA MOKA3HUK OYJIO 3aiKCOBAaHO
y 2010 p. — 35,7 % Bin ycix BUITAIKiB 3a I Mepioa cepen
punankiB ITTHMJI y HoBoHapokeHux aiteid. Sxio tomi (y
2010 p.) 6y710 3apeectpoBaHo 22 Bunaaku INHM/I cepen mi-
teit (0—17 pokiB), To y nepion 2019—2021 pp. — XomHOTO
BUIIAJIKY.

[lono HO30/0TiYHOI CTPYKTYpU, TO 3TiIHO 3 JTaHUMU
peecrpaii Bumankis ITTHMJI 3a 2010—2021 pp. Haii6inb-
1a KUTbKICTh BUTIAAKIB mpunanaia Ha «IHdexkiil, mo Bu-

1udpax i KiIbKiCTh 3apeecTpoBa-

HUX BUMAIKIB cepen aiteit. [Tpore % 7000 égo
y BiICOTKaX 3aKOHOMipHiCTb PO3- g 600,0 20
MOAUTY AUTAYOI 3aXBOPIOBAHOCTI = 500,0 70
Ha IIMUTabHY iHGEKIo 3a Bi- g 400.0 60
KoM 30epiranacsi. Crioctepirajio- = ' 50 %
cs1y 2020 p. mesike 3poctaHHs (Y E 3000 40
BiICOTKAX BiJl 3araJbHOI KiJIbKOC- § 2000 g’g
1i BumnaakiB INTHM/I) cepen Biko- \g 100,0 10
Boi Kateropii 1—17 poxis 3 4,3 mo = 0.0 .-- 0
3aXBOPUIMX HOBOHAPOIXKCHUX O1- %% =2 _g ‘g_g E =a a T %_g g5 ;% © g_% _g 3 E == E g
Teit 10 8,7 %. = §55i<E055535859525° 88558

Y  cepeaHbOMY IIOPOKY B o §3 & & 8% é < & g 278
Vkpaini peectpyBaiu 966 + 489 g{ %:E . =

punaakis I[[THM/J] cepen ni-
Teil pi3Horo Biky. [eorpadiuHuii

O6nacTi Yupainu

pO3MOIiaA  3acBiIUMB, WO HaM-
OUIBIIY KiJIBKICTh 3aXBOPUIMX Ha
IITHM/JI miteit Oymo 3apeecTpo-

PucyHok 3. Po3nopain cepeaHbOi KinbKOCTi 3apeecTpoBaHux BUNaaKis
IMHMA y piteii B Ykpaini 3a 2010-2021 pp.

BaHO B OjechKiil obmacti — 912

Bumankis (2012 p.) 3i 3HIKSHHSIM =] »
y 2016 p. — 254 Bumagku Ta Imo- £ 2
JAJIbIIIM 3DOCTAHHSIM Y HACTYITHI §
poku. 3a 2010—2021 pp. B Onech- o 15
Kiif o6nacTi B cepeqHbOMy 3ape- &
ectpoBaHo 596 + 232 Bunamku g 10
ITTHM]1 y niteii 3a pik (puc. 3). g 5
Ho 2014 p. cyrreBi mudpu npo é
HO30KOMiaJIbHy ~ 3aXBOPIOBaHICThb £ 9

JTel NEMOHCTPYBAJIM TaKOX iHIII
perionn, 30kpema M. Kui — 197
BunazakiB y 2010 p., KuiBcbka 00-

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2010-

2021

Poku

nactb — 216 Bunankis y 2012 p.,
JoHenpka oOymacte — 160 Bu-

| m 0-1 Micaub

1 micAub — 1 pik ™ 1-17 pokie |

nankiB y 2011 p., XapkiBcbka 00-
nacte — 154 Bumanku y 2010 p.

PucyHok 4. BikoBa cTpykTypa 3apeecTpoBaHux sunaakis INMHM/L
y JIbBiBCBKIVi o6nacTti 3a 2010—- 2021 pp. cepen aiteri (a6¢cooTHIi yncna)
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HUKaIOTh BHACJIAOK XipypriuHUX Ta TepaneBTUUYHUX BTPY-
yaHb» — 25,2 %, cepell HUX Ha [IiTeil — B cepeHboMy 5,6 %.
JHpyre micie nocinu «IHdekllii, 1110 BUHMKAIOTh BHACTIIOK
BariTHOCTI, ITOJIOTIB Ta MicsirmoioroBoro nepioay» — 13,0 %
Bin ycix 3apeectpoBaHux ITTHMJI, BoHu Oyiu mpUYMHOIO
PO3BUTKY iHGEKIIiT Y HOBOHApOXEHUX aiTeit. 3aragom «IH-
eIl OKpeMUX CTaHiB, 1110 BUHUKAIOTh B TIepUHATAILHO-
My Tiepiofi» B cepeqHboMy cTaHOBUIM 13,8 % y cTpyKTypi
ITTHMJ 3a nepion 2010—2021 pp.

Cepen nmiteil mipeBatioBaiy iHMEKIIil OKpeMUX CTaHiB,
1110 BUHUKAIOTh B ME€pUHATAJIbHOMY IIepiodi. ¥ cepemaHbo-
MY BiZcOTOK Takux XBopo0O 3a 2010—2021 pp. cTaHOBUB
49,5+ 7,5 % (38,3 % y 2010 p. — HaAWHMXKXYUIT TOKA3HUK,
63 %y 2021 p.). Apyre Mmicue mocinanu iHdeKIil mKipu ta
MiAIIKIpHOI KIITKOBUHU, Ha SIKi y Pi3Hi pOKU MPUITAaaio y
mexax 9,0 % (2011 p.) — 18,6 % (2015 p.).

O6roBopeHHs

Cnig 3ayBaxkuUTH, 110 HE KOXHOTO POKY BITPOIOBX
2009—-2021 pp. cepen miTeit peecTpyBaaud BipyCHUIA Tema-
TUT, SIK 3 TIapeHTepaJbHUM MeXaHi3MOM Tiepeiadi, Tak i
rermatuT A. 30Kpema, OCTaHHIMM pOKaMU MaliKe He pee-
CTpPYEThCS cepen miteit xopoda bortkina, rematur C 1a mmo-
BiIOMJISIETBCS JIUIIIE TIPO TTOOAMHOKI BUMAAKKU renaTtury B.
IIpoTe 3pocTae KiIbKiCTh 3apeeCTpOBaHUX iH(EKIIN pec-
miparopHoro Tpakrty:y 2011 p. — 2,9 %, y 2021 p. — 7,8 %
Ha TJi CepeaHbOro MOKa3HMKa 3a JOCIIIKyBaHUU Iepi-
on — 3,3 %. 3a manumu Indah K. Murni [7], 3 2612 maiti-
€HTIB, rocmitanizoBanux y BIT nemgiatpruHoro BimminieHHs
y 2022 p., BUsIBI€HO 3,6 % HO30KOMiaJIbHUX ITHEBMOHIIA i
1 % nHeBMOHIi1, MOB’sI3aHUX 31 IITYYHOIO BEHTUIISIIEIO JIe-
TeHb, 1110 KOPEJIIOE 3 TaHUMHU BiiHOCHO posnofiny [TTHMJI
cepen miTeil 3a HO30JI0TiYHMM MIPUHIIMIIOM B YKpaiHi.

INokaznuku 3axBopioBaHocti Ha ITTHM/]I y BIT, Hana-
Hi K. Nagaraj, Dr. D. Sudhir [8], cBiguarh mpo 3pocTaH-
HsI rocniTanbHUX iHDekii y BIT ronoBHUM 4ynHOM Yepe3
30ibIIEHHST KiJTbKOCTI iHBAa3WBHUX IPOLEAYp, SIKi BU-
KOHYIOTbCSI Y TAKMX BilIUIEHHSIX. YCKJIaAHEHHSI BUHMKA-
IOTh Yepe3 BUKOPUCTAHHS TTOCTIHHUX CEYOBUX KaTeTepiB,
CKJIaIHUX CUCTEM TiATPUMKU KUTTEMISITBHOCTI, TOBEHHOT
pIAMHHOI Tepariii, cepleBO-CYyIMHHUX MPOTE3iB, iMILIaH-
TOBaHUX OPTOTEINIHUX TTPOTE3iB, IMyHOCYIIPECUBHOI Te-
partii Ta iHIIMX 3aXO0IiB.

Haituacrinie ocepeakoM HO30KOMialbHUX iH(EKIIii
OyB KpoBOTiKk — 62,1 %, yacTka MHEBMOHIii1 — 6,9 %,
MHEBMOHI, NOB’3aHMX i3 BEHTWIALIEIO JIETEHIB,
17,2 %, mkipHoi iHdexiii — 6,9 %, indexiiii cedyoBUBi-
HUX IUISXiB — 6,9 %, iHdeKIii Miclist XipyprigyHoro BTpYy-
yaHHa — 6,9 %.

BucHoBku

OcTtaHHIMM poKaMu B YKpaiHi criocTepiraBcst Hen000-
qik Buraakis ITTHM/JI sik cepen mopociux Mmaiti€eHTiB, Tak
i cepen miteit. [lokazHUKU, HalaHi yCTAHOBAMM OKPEMUX
perioniB (Omechka Ta KuiBchbka oGiacTi), 1aioTh 3MOTy 3
TIEBHOIO MipOI0 BipOTiTHOCTI OTpUMATHU YSIBJICHHS IIPO
CTPYKTYpy 3axBoproBaHocTi Ha ITTHMJI B uitoMy y KpaiHi.

3a BikoBo1o crpykrypoto ITTHM/1 y miteit (0—17 pokiB) 3a
2009—2021 pp. craHoBwiu 22,06 % Bix 3araJbHOI KiJIbKOCTI
ITTHM/I. Haif6inbiny KiTbKiCTh BUTIQAKiB 32 BKa3aHUI Mepi-
o1 3a(hikcoBaHO cepell HOBOHAPOMKEHUX aiTeit — 65,8 % Bin
yeix gireit 3 ITHM/I. Otke, OCHOBHI 3yCHILIsI TOBUHHI OyTH
cripsiMoBaHi Ha 3HWXXeHHs piBHs ITTHMJI cepen maokiB.

BripoBapkeHHSI mepuHaTaIbHUX TEXHOJIOTIi SIK y JTiKy-
BaHHI, TaK i B Mpo@disiakTHIIi MaTOJOTIYHUX CTAHIB Y XiHOK
Ta HEMOBJISIT aCTh 3MOTY 3HU3UTH PiBEeHb 3aXBOPIOBAHOCTI
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PucyHok 5. Ho3onoriyHa cTtpykrypa INTHM/A cepepa giteii sBikom 0—17 pokiBy 2010-2021 pp.
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Ha ITTHM/I cepen HOBOHApOIKEHUX AiTel, IIbOMY CIIPUSI-
TUME TaKOX PO3LIMPEHHSI MOXJIMBOCTE MepUHATATbHUX
3aKJIaJIiB, YOTO BUMAraloTh Cy4yacHi KJIiHiYHi MPOTOKOJIU.

Peaunizauist initiatusu MO3 Ykpainu 111010 opraHizantii
BiIIiiB iHGEKLIiITHOr0 KOHTPOJIIO, YOro BUMarae pedopma
MEIUYHOI CJIy>KOM, JacTh 3MOTY OMEPATUBHO OJEPKYBaTU
HeoOXiaHy iH(opMallito SIK TATPYHTS U151 3HVXKEHHS PiB-
Hs1 3axBoptoBaHocTi Ha ITTHM] y MmennuHux 3akianax, 30-
KpeMma BiIIiJIeHHSIX TIeiaTpUIHOTO IIPOodiTio.

IMonaka. Asropu crarri BosuHi 30pOMHMM CHJIaM
VYKpainu 3a MOXJIMBICTh 3alIMaTHCSI HAYKOBOIO HisTIbHICTIO
HaBITh MiJ Yac BiliHU.

KonduikT inTepeciB. ABropu 3asBJIsIIOTH PO BiACYT-
HICTb KOHGMJIIKTY iHTepeciB Ta BjacHOi (hiHaHCOBOI 3alli-
KaBJICHOCTI IPU MiATOTOBII JaHOI CTATTi.

Indopmanias npo dinancyBannsa. Lle mocmimkeHHs
Oys10 npodiHaHcoBaHe MiHICTepCTBOM OXOPOHU 3I0POB’sI
Ykpainu [0123U100153] Ta HauionanbHuM oHmoOM n10-
cJlipKeHb YKpaiHu, 3a HomepoM rpoekTty: 2020.02/0035.

Buecok aBTopiB. Kopriiiuyk O.I1. — HaTTMCaHHS TEKCTY;
Tumuyk I.B. — aHani3 otpuMaHux nanux; IHaeaiii C.H. —
HaIMCaHHSI, 00ToBopeHHs naHux; Koxeunuii 10.T. — 30u1-
paHHS 11 00poOKa MaTepialiB.
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O.P. Korniychuk, I.V. Tymchuk, S.Y. Pavliy, Y.T. Konechnyi
Danylo Halytsky Lviv National Medical University, Lviv, Ukraine

Healthcare-associated infections in children in Ukraine during 2009-2021

Abstract. Background.  Healthcare-associated  infections
(HCAIs) now include the development of infectious processes in
various organ systems of patients and at hospitals of different work
directions. It is believed that HCAIs are infections that first oc-
cur 48 hours or later after hospitalization or 30 days after receiving
medical care. The aim of our research was a retrospective analy-
sis of the incidence of HCAIs among children in Ukraine during
2009—2021. Materials and methods. Statistical analysis of the
prevalence of registered cases of HCAIs in Ukraine for 2009—2021,
according to the Center for Public Health of the Ministry of Health
of Ukraine. Results. On average, 966 + 489 cases of HCAIs were
registered annually in Ukraine among children of various ages.
According to the age distribution, the number of annual cases of
HCAIs among newborns of up to 1 month of age averaged 65.8 %,
for those aged 1 month to 1 year — 5.9 %, from 1 to 17 years —
28.3 %. According to the nosological structure of HCAIs, infec-

tions of certain conditions occurring in the perinatal period pre-
vailed among children. On average, the number of such diseases
for 2010—2021 was 49.5 £ 7.5 % (among children 0—17 years old)
and 13.8 % of the total cases of HCAIs in Ukraine. Conclusions.
In recent years, there has been an underestimation of HCAI cases
in Ukraine among adult patients and children. Nevertheless, in-
dicators provided by institutions of some regions (Odesa and Kyiv
regions) make it possible, with a certain degree of probability, to
get an idea of the structure of HCAI incidence in the country. Ac-
cording to the age structure, HCAIs in children (0—17 years) for
2009—2021 accounted for 22.06 % of the total number of HCAIs.
Most cases during the specified period were recorded among new-
borns, 65.8 % of all children with HCAIs. Therefore, the primary
efforts should be aimed at reducing HCAIs among newborns.
Keywords: healthcare-associated infections; nosocomial infec-
tions; children; perinatal period
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AAEpPriYHUN PUHIT Y AiTeun:
LLLO NOTPIOGHO 3HATU NeAiIaTPy?

Pestome. Y cmammi nodani cyuacni pexomendauii ujodo diacnocmuiu il Aikyeanns asepeiuno2o punimy 6 dimelii, u-
3HA4YEHO Micye aHMuUICMamIiHH020 npenapamy H08020 NOKOAIHHA N1€60UeMUPU3UHY 8 mepanii 3axX60PHEAHHS.
KiouoBi cioBa: anepeiunuii punim; dimu; anmueicmaminni npenapamu; aeeouemupusun; Llempusee Heo

Anepriuauii puHit (AP) — HaiOiIbII TOIIMpeHe Xpo-
HiuHe ajiepriuHe 3aXBOPIOBAHHSI B IiTeil. 3riIHO 3 TaHUMM
eMiIeMiOIOTIYHIX TOCHiIKeHb BcecBiTHBOI opranizalii
OXOpPOHU 3I0pOB’s 3arajoM y cCBiTi AP MaioTh OJM3bKO
1 mapn oci6. IMomupenicts AP y auTsdiii momyJsiiii cra-
HoBuTh 40 %, y gopocmiit — 10—30 %. i cratuctuuni
JaHi TEeMOHCTPYIOTh, 110 B 3HAYHOI YaCTKM TMeIiaTPUIHUX
MMALi€HTIB CUMITOMU AP IpOSBISTUMYTBCS IIPOTSTOM
YChOT'O MTOJANTBIIIONO JKUTTSI.

AJIepTiuHUI PUHIT HE 3aTPOXKYE XUTTIO MAIliEHTA, TIPO-
T€ Ti HEraTMBHI HACJIiAKMU, 110 BUHUKAIOTh Ha (oHi AP,
CTBOPIOIOTH MEPEIYMOBU [UISl PO3BUTKY i MPOTrpeCyBaHHs
OUTBIII CepiiO3HMX 3aXBOPIOBaHb, 30KpeMa OpOHXiaJTbHOL
actmMu (BA). AxTyanbHOwO TpoOJeMol0 MeaiaTpii € mia-
rHoctuka AP, ajxke moMuUiikoBa iHTepripeTallis AiarHosy i
MPU3HAYEHHSI HEKOPEKTHOTO JIiKyBaHHS MOXKE IPU3BECTU
JIO BAHUKHEHHSI CYIYTHIX 3aXBOPIOBaHb.

17 TpaBus 2023 poky 3a mintpumkun 'O «Ykpain-
cbKa acouiamiss MeAMYHOI OCBiTH», BumaBHmyoro aomy
«3acIaBChKHii», KypHATY «3I0pOB’S AUTHHH», Ta3eTH
«HoBunu Memumund ta (papmanii», MeIUYHOro MOpTAa-
ay http://www.mif-ua.com BinOyBcs memwunuii ¢opym
«UkrainePediatricGlobal-2023. Session 4». ¥ pamkax
OO0 3aXO0Ay PO3NIANAINCA HAWBAXKIMBIIN NMUTAHHA:
KJIiHIYHI 0COOIMBOCTI Ta MiXXOIM 10 AIarHOCTUKHU Ta Ji-
KyBaHHs xBopoou KpoHa, mykpoBoro miadery, MeTado-
JII'YHO-ACOMii0BAHOI KMPOBOI XBOPOOM NMEYiHKH B JiTeil 3
OXKHMPiHHAM, aJIEPriYHOro PUHITY Ta iHIIi.

3 nmomoBimm0 <«AjepriuHmii pUHIT y OiTeii: MmO Mo-
TPiOHO 3HATH memiaTpy?» BHUCTYMMJIA JAOKTOP MeIUYHHX
HAYK, I.H.C. BiljileHHs1 3aXBOPIOBAHb OPraHiB JWXaH-
HA Ta pecmipaTopHux ajeprosiB y nitei /LY «Incturyr
nexiaTpii, akymepcTBa i riHekoJorii iMeHi akamemika
O.M. JIyk’snoBoi HAMH VYkpainn» Tersina Pynosib-
¢disHa YManensp.

AJepriuauii puHIT y JiTe#l € HaNIIOIMPEHIIIo0 11aTo-
JIOTI€I0 cepel yCiX ajlepriyHuX 3axXxBoproBaHb. Bin ce3oHHO-
ro AP crpaxnators 20—40 %, Big winopiuHoro — 1—13 %
niteil y BcboMy cBiTi. IlomupeHicTh IbOro 3aXBOPIOBAHHS
nepeBakae B AiTel LIKiJIbHOIO i MiJJIiITKOBOTO BiKY, TO/i SIK
y Billi 1o 2 pokiB AP 3ycTpiuaeTbest BKpait pinko. OCKiTbKI
0aThbKM HEpilKO BBaXaloTb, L0 PUHIT iHdeKuiiiHuit, AP
JIOBTUIA Yac 3aJIMILIAEThCSl HEMiarHOCTOBAHUM 1 HeJliKoBa-
HUM. | 1uie Koayu cUMMITOMUA HAOYyBalOTh MEPCUCTYIOUOTO
XapakTepy i TSKKOTO mepediry, 6aTbKu 3BepTaloThCs 110 Jii-
KapiB.

Xoua AP He € TSKKUM 3aXBOPIOBAaHHSAM, BiH MiIBUIILYE
PU3UK PO3BUTKY CEPEIHBOTO OTUTY 3 mepdopali€o, pe-
LIMIMBYIOUOTO i/a00 XpOHIYHOTO CUHYCUTY i OpOHXiaJIbHOT
act™Mu. Y miteii i3 cumnromamu AP crioctepiraetbest 1o-
PYILIEHHS SIKOCTi MOBCSIKIASHHOIO XUTTSI Ta CHY — IIpo0Jie-
MM i3 3aCUHAHHSIM, €ITi3011 MPOOYIKEHHS BHOY1, BITUYTTSI
HEIOCUITAaHHS i BTOMAa Micsa BimmoumHKy. AP moripirye
collialbHE XXUTTS XBOPUX, 3HMKYE X Mpale3aaTHICTb i He-
raTMBHO BIUIMBAE HA HABYAHHSI AiTei y IIKOJII.

B VYkpaiHni 3a octaHHi 24 poKU CIIOCTEPIra€Tbes 3poc-
TaHHA Ha 288,3 % mommpeHocti Ta Ha 280,3 % — piBHS
3axBOpIOBaHOCTI Ha AP 3 mepeBaxkaHHSIM BUSIBICHHS 1Ii€l
MaToJIOril B NiTEl LIKIIBHOTO BiKy 3 BEJIMKUX MPOMHUCIIO-
BUX Ta arpolpOMUCIIOBUX 00JIacTell KpaiHu 31 3HAUHUMU
o0csraMy BUKUAIB 3a0pyIHIOIOUMX PEYOBUH B aTMOChep-
He TIOBITps1. Y 1ijoMy 3pocTaHHsI noiunpeHocTi APy miteit
VYKpainu 3a ocTaHHi 24 poKU MEPEBUIIIO Y § pa3iB TEMIIU
pPOCTY TIOKa3HMKa 3arajbHOi MOUIMPEHOCTI 3aXBOPIOBaHb
JIUTSIYOTO HAaCeJIeHHs YKpaiHu.

PuHiT — 1€ 3ananbHe 3aXBOPIOBAHHS CIM30BOI 000-
JIOHKM HOCa, 110 XapaKTepU3YEThCSl HASIBHICTIO HE MEH-
1lIe HiXK 2 Ha3aJIbHUX CUMIITOMIB (pUHOpes, 3aKI1aleHiCTh
HOCa, YXaHHS i cBepOiXK). Yci puHiTH Ki1acudikyoTbest Ha
ajiepriuxi, iHdexuiitHi Ta HealepriuHi, HeiHeKIiiHi.
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AP — IgE-onocepenkoBaHe 3anajibHe 3aXBOPIOBAHHS
C/IM30BO1 000JIOHKHM HOCA, 1110 BUHUKAE TTiJ1 BIJIMBOM aJiep-
reHiB. Y ceHcUOIiNi30BaHOTO MallieHTa Tl Ti€10 ajJepreHiB
y paHHIO a3y BinOyBa€eThCs AeTpaHyJIsILisl TYYHUX KIITUH
i 6a3o(iniB 3 BUKUIOM MeJiaTOpiB 3arajeHHs] HeraitHoi
azu, 1110 KJIiHIYHO CYTTPOBOIXKYETHCSI PUHOPEEIO, Haraa-
MU UXaHHS 1 TTOSIBOIO CBepOeXy B HOCI. Y Ti3HIO a3y, Ko
cm3oBa 000J0HKA HOca iHQIIBTPYEThCS e(hEeKTOPHUMU
KJIITUHAMU 1 BimOYBa€eTbCsl BUKU[ MENiaTOPiB 3armajieHHs
Mi3HBOI (ha3u, MOCUITIOETHCS PUHOPES | BAHMKAE Ha3aJIbHA
0OCTPYKIIis.

3rimHo i3 cydyacHoo Kitacuikalli€ro, 3a BapiaHTOM I1e-
pebiry BUIISIIOTh:

— inTepMityiounii AP, Ipu SIKOMy CUMIITOMU CITOCTE-
piraloThbcsI eMi30QUYHO, MEHIIE Bil 4 THIB Ha TIKIEHb a00
MEHIIIE Bisl 4 TTOC/TiIOBHUX TUXHIB;

— TIepCUCTyIounii AP — CUMIITOMU CIIOCTEPIiraroThes
noHas 4 1Hi Ha TUXXAEHDb 200 TTOHA 4 MOCTiAOBHUX THXXHI.

3a TskkicTio nepebiry AP kimacudikyoTh TaKuM 4M-
HOM:

— JIETKU, TIPU SIKOMY B TIALIIEHTIB PEECTPYETHCSI HOP-
MaJIbHUI COH, BiICYTHICTb TPYIHOIIIB MPU MOBCIKICHHII
aKTHUBHOCTI Ta 3aHSTTSIX CIIOPTOM, HOPMaJIbHUI CTaH Ha
pOOOTI Ta B IIKOJIi, HEMA€E HECTEPITHUX CUMIITOMIB;

— CepPEeMHbOTSIKKUMN /TSDKKUI — HASIBHICTD TTOPYIIEHHSI
CHY, TPYIHOIII ITiJI 9ac IMOBCIKIEHHOI aKTUBHOCTI, 3aHATH
CcropToM, MpobsieMu B poboumrii yac abo B IIKOJIi, HasiB-
HIiCTb 0OJIICHUX CUMIITOMIB.

KpiMm Toro, 3rimHO 3 eTioJIOriYHUMU YNHHUKAMU BU/Li-
JISTIOTh LijTopiyHuit AP (excrosuiiist KiiliiB J0MalrHboro
MUy, TPUOKOBUX aJIepreHiB, ajJlepreHiB JOMalllHiX TBapuH
(TIpu MeIIKaHHI B JOMAIIHIX YMOBax)) i ce3o0HHUI AP gk
nposiB nojiinogy. [lepinii mik 3aXBOprOBAaHOCTI HA CE30H-
HUI TIOJiHO3 — BECHSIHWM, BiH BUKJIMKAETHCS TUIIKOM
NepeB, IPYrUil — BECHSIHO-JIITHIN, OOyMOBJICHUI TTUJIKOM
3J1aKOBUX TpaB, 3 MAaKCUMaJIbHOK BUPAXEHICTIO y TpaB-
Hi — YepBHi, TpeTiii — MWIKOM Oyp’sIHiB, 3 HAHOLIbIIOW
BUPAXEHICTIO B CEPITHI — BEPECHI.

AP nyxe yacto Mae KOMOPOiIHICTh 3 iHIIMMU ajiepriv-
HUMM 3aXBOPIOBAaHHSIMM, HaiyacTile — 3 OpOHXiaJIbHOIO
actMoro. CUMIITOMMA pUHITY MaroTh 98,9 % mallieHTiB 3
anepriunoto bA i 78,4 % — 3 Heanepriunor. Kpim Toro,
HasIBHICTh cymyTHboro AP y niteil cyTTeBO BIUIMBae Ha
TSDKKIiCTh Tiepebiry BA, piBeHb 1 KOHTPOJIIO i 3HAYHO MO-
TipIIIYE SIKICTh XUTTSI XBOPUX JIITEH.

HoBeneno, mo AP e npenukropom ¢opmyBaHHS BA,
a oro HEKOpEeKTHe JiKyBaHHs 30iibllye puU3WK ii 3a-
roctpeHHs B 3 pasu. Y xBopux 3 AP yacto peectpyeTrbest
rineppeakTUBHICTh IMXAJIbHUX HUISIXiB. TaKoX BiH MoOXke

CYIIPOBOKYBATUCSI OpOHXiaJJbHUM  3amajicHHIM 0e3
CHUMIITOMIB a00 Ha3aJIbHUM 3allaJIeHHSIM 03 CUMIITOMIB
AP y nartienriB 3 BA.

Axuo AP cBoeuacHO He JKYEThCSI, MOKJIMBE BUHUK-
HEHHSI TaKWUX YCKJIAJHEHb, SIK TinepTpodis MUTIAIuKIB,
yacrTille TJIOTKOBOTO MMTAQJIMKa, OOCTPYKTUBHE arHoe
CHY, XpOHiIUHU iH(MEKIIHHUI PUHOCUHYCHUT, MOJIMKU HOoca
i Ha3aJIBHUX Ta3yX y AiTeil CTapIIoro BiKy.

OcHoBHUMU cuMniToMamu AP € HazasbHi: BUTIJICHHS 3
HOCa, YMXaHHSI, CBEpOiX y HOCI i1 3akaneHicTs Hoca. Of-
Hak 110 90 % maiienTiB 3 AP cTpaxkmaloTh Bill OUHUX CHMII-
TOMIB: CJIb030Teua 3 oucit — 88 %, cBepOik B ouax — 88 %,
ix mouepBoHiHHST — 78 %, OomicHicTh — 75 %, HAOPSIK y
IiasHLi oueit — 72 %, nediHHg B oyax — 65 %.

JHiarHo3 AP ckitamaeTnbcs 3 mTaHNX XapaKTepHOTO aHaM-
Hesy (arorrist B 0aTbKiB) i MPOSIBIB 3aXBOPIOBAHHSI — T10-
BTOPIOBAHICTh CUMIMTOMIB y TIEBHUIA TIepio yacy, 1o 30i-
Ta€ETHCS 3 TEPioJIoM TIOJiHALIT TTPOTSTOM HEe MEHIIe HixX
2 Ce30HiB; OOTsSKEeHa CITaJKOBICTh 3 aTOIlii; MMO3UTUBHUI
edekT aHTUricTaMiHHUX TIpernapartiB, KpOMOHIB i/a00 TO-
MYHUX TJTIOKOKOPTUKOCTEPOIiB.

JlaboparopHuMU i iHCTPYMEHTaIbHUMU HiaTHOCTUY-
HUMU 03HakKaMu AP € Bu3HaueHHSs ajepreHcrneniyHnx
IgE (prick-test, in vitro) i npoBoOKauiitHUi TECT i3 Mimo3pto-
BaHWM ajiepreHoM. /o 1omaTkoBUX METOIB, SIKi Joroma-
ratoTh jaiarHoctyBat AP, BiTHOCSITb METOM, JTOCTiIKEHHS
Ma3KiB-BiIOMTKIB 3i CJIM30BOI OOOJOHKM TIOPOXKHUHU
HOCa 3 €03UHOMIUIBHUM XapaKTepoM IUTOTpaMu (TOHaJ
10 % eo3uHOMINIB); MPOBEAEHHST TIEPEIHBOT PUHOCKOITIT
3 BUSIBJICHHSIM XapaKTepHUX 3MiH: HaOpsSIK CIIM30BOi 000-
JIOHKM TIOPOXXHUHM HOCA Pi3HOTO CTYIEHSI BUPAXKEHOCTI,
KOJIip CJIM30BOI 000JIOHKM — OiNiA, iHOI i3 CUHIOIIHUM
BiITIHKOM; BOASIHUCTI a00 IMHUCTI BUAiIeHHs. IHOOi BuU-
3HAYAlOThCs TIOJIIMO3HI PO3pOCTaHHSI. TakoOX MOXJIMBE
MPOBEJICHHS HAa3aJIbHOI iHCTIipaTOpHOI MiKhIyoMeTpii, pu-
HOMaHOMETpil; OlliHKa 3a Bi3yaJbHOI aHAJIOTOBOIO IIKa-
soto (BAII); BU3HaAUeHHSI HA3aJIbHOTO OKCUJY a30Ty; BU-
KOpUCTaHHS 0a30(iJI-aKTUBALIIITHOTO TECTY.

OCHOBHMMU TIpMHIIMNAMU JIiKyBaHHSI AP € HaBYaHHS
TMalieHTIB, YHUKAHHS KOHTAKTY 3 IPUYMHHUM aJIepreHOM,
dapmakoTepariis Ta ajepreHcreur@ivHa Teparris.

Sk dapmakorepariio nalieHTaM MOKPOKOBO TpU3HAa-
YaloTh:

— T1 — necenatusni H -anturicraminHi (nepopajibHi,
iHTpaHa3aJbHi i1 OUHI) MpernapaTy, aHTaroHiCTH JIEMKOTPi-
€HOBUX pellenTopiB a00 KpoMOHM (iHTpaHa3aJIbHi i1 O4YHi);

— T2 — inTpaHa3ajibHi KOPTUKOCTEPOIIH;

— T3 — inrpanazanbHi Koptukoctepoinu (IHKC) +
iHTpaHa3aabHUI a3ejacTuH (3 12 pokiB);

— T4 — nepopaibHi KOPTUKOCTEPOIiA KOPOTKUM Kyp-
COM i $IK TOTIOBHEHHSI J10 JIiKyBaHHS (y IUTSIYiil TpaKTUIL
He TTPU3HAYAETHC);

— TS5 — posrnsiHyTH HanipaBJeHHS 10 (daxiBLiB, iIMyHO-
Teparist aiepreHaMu.

Excneprhna rpyma ARIA mns BubGopy dapmaxorepa-
nii maiieHtaM 3 AP i mocuieHHs 200 3MEHIIEHHST 00CsTY
JIIKyBaHHS 3aJIEXKHO BiJl KOHTPOJIIO pO3po0uiIa alropuTM
JIIKyBaHHS Ha OCHOBI Bi3yasibHO1 aHaI0roBoi mkaiau. Cro-
yatky 3a BAILLI omiHioeThes TSLKKiCTh cuMmnToMiB — BAILL
< 5 cm abo BAILL > 5 em. BAILL < 5 cM mopiBHIOE JIeTKOMY
repediry 3axBOpIOBaHHS, i TOMi BUKOPUCTOBYIOTBCS IIpe-
napatu 1-i JiiHil — aHTUTiCTaMiHHI 3acoOu abo iHTpaHa-
3asibHi kKopTUKoctepoinu abo IHKC + azenactun. Konu
BAIII > 5 cm — 11e cepenHboTskKuii riepedir AP, [pu iH-
TepMitytouomy AP mpusHavaeTbcsi Oynb-sike JiKyBaHHSI,
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npu niepcuctyrouomy — IHKC a6o IHKC + azenactuH.
Jlani OLiHIOETHCS BiAIOBIAb Ha JIIKyBaHHSI KOXHi 3 JHI.
Axuro BAILL < 5 cM i € HasiBHI CUMIITOMM, CJTifl IPOIOBXY-
BaTH JIIKyBaHHS, SIKIIIO CUMITOMIB HEMAE — PO3IJISTHYTH
JMOLITBHICTh KPOKY BHU3 y Teparii. [Ipu BAILl > 5 cm —
KpOK Bropy i mosropHa oiiinka BALLI monHst 1o 7-ro aHs.
Konu 36epiraerbest BALLL > 5 ¢cMm, HEOOXiTHO PO3IJISTHYTH
MpU3HAYeHHS criennivyHOi iMyHOTepartii.

st miTeii BUKOPUCTOBYETHCS CTYIIHYACTUM MiAXim
0 Teparii, 3alporoHoBaHuil €BponeiicbkuM (popymMom
3 nikyBaHHs AP. 3a HassBHOCTI IBOX i Oijbllle Ha3aJbHUX
CUMIITOMIB PEKOMEHIYEThCS TMPU3HAUYEHHSI IpernapaTiB
1-i niHii — HecemaTMBHUX aHTUTICTAMiHHMX TIperapaTiB
(repopaibHi, Ha3anabHi). [IpemapaTamu 2-1 JiHii € Ha3alb-
Hi kopTtukoctepoinu. [Ipu HeedeKTMBHOCTI TpernapariB
1-11 2-1 ;iHii caim po3rJIIHYTUA Ha3aJdbHi KOPTUKOCTEPOian
+ HasajbHi aHTUTICTAMiIHHI ITpenapaTy B IiTeil > 6 poKiB,
i/abo momaTKoBa Teparisi, i/abo anepreHcnieuudiuHa Te-
partis.

MixxHapogHUM KOHCEHCYCOM IIOAO JiKyBaHHS AP
(2023) gk teparmis 1-i 1iHii peKOMEHIYETHCS MPU3HAYECH-
Hs aHTUTICTaMiHHMX IIperapaTiB, SIKi 31aTHi 3MEHIITyBa-
1 cumnToMu AP. [Ipy 1boMy IOSICHIOETHCSI HEOOXim-
HICTb BUKOPUCTAaHHSI HOBOI IreHepallii aHTUTiCTaMiHHUX
npemnapartiB a1 jgikyBaHHs AP, Toni sk aHTUTicTaMiHHI
npenapatu | mokojiHHS He peKoMeHAyloThes. Lle o0y-
MOBJIEHO BEJIMKOIO KiJIbKICTIO 1X MOOIUHUX edeKTiB, Ta-
KMX SIK XOJIHOJITUYHUM (CyXiCTh CIM30BHX pOTa, HOCA,
ropJia, OpOHXiB; 3aTpUMKa CEUOBUITYCKAHHSI; MOTipILICH-
Hs 30py; MiABUINEHHS BHYTPIIIHHOOYHOTO THCKY); Ta-
Xiilakcisi — 3HMKEHHS €(eKTUBHOCTI MPU TPUBAJIOMY
3aCTOCYBaHHi; XiHiHOMOMiIOHA Aist (Taxikap[isi, apuTMis,
apTepialibHa TilepTeH3is); po3Jiaau IUTYHKOBO-KUIIIKO-
BOrO TpakTy (OiJIb y XKUBOTIi, HYI0Ta, OJIOBaHHS, Aiapes,
BTpaTa a0o0 MiABUILEHHS alleTUTY, HEIIPUEMHI BiTIyTTS B
emiracTpii); MPOHUKHEHHS 4yepe3 remMaTocHIehalTiuHnit
Oap’ep i BIUIMB Ha LIEHTpaJbHY HEPBOBY cuctemy (Iif-
BUILEHHS CeAaTUBHOTO e(heKTY, 3HUXKEHHS KOTHITUBHUX
i mCUXoMOTOpHUX (BYHKIIi, TOJJOBHUI Oilb, CIabKiCTh,
TpeMoOp, CYAOMHM, MiaJrii, mapecTtesii, IopyIlIeHHs KOOp-
NUHAaLii pyXiB).

Tomy mrst mikyBanHsS AP mpu3HavyaoThCs HecemaTUB-
Hi aHTUricTaMiHHi npernapatu 11 i HOBoro MokoJiHHSI, 10
SIKUX HaJIEXXUTh JIEBOLIETUPU3UH — JIiIBOOOEPTAIbHUIA aK-
TUBHUI i30Mep LEeTUPU3UHY. ADiHHICTh (CIOPIAHEHICTD)
10 H -ricramMiHOBUX pELENTOPiB y JE€BOLETUPU3UHY Y 2
pa3u BUIA, HiX y ueTupu3uny, i B 30 pasiB Buia, HIK y
nekcTpoueTupusuHy. KpiM Toro, JeBOLIETUPU3UH Ma€ y
600 pasiB OLTbIT BUCOKY CEJIEKTUBHICTh (BUOGIPKOBICTH) 10

T. Chistyk

H -ricramiHOBUX pelLlenTOpiB, 0~ i B-ampeHOpelenTopin
TOWIO.

Takox noBemeHoO, IO cepel YyCiX aHTUTiICTaMiHHUX
npemapatiB 11l mokominHsg Halikpaiie OJIOKyBaHHSI pe-
LIENTOPiB 3a0€e3Ievye JIeBOLETUPU3UH, KUt 3aiimMae 57 %
PEIeTITOPiB, TOMI SK Ae3nopaTanuH — 43 %, dekcodeHa-
IuH — 24 %.

Y mongiitHOMy ciinmomy I11a1e00-KOHTPOJIHOBAHOMY
pangomizoBaHomy nociimkeHHi EPAAC (Early Prevention
of Asthma in Atopic Children) B3suiu yyactb 2500 piteit i3
74 xpain cBity, 500 i3 HUX — 3 aTOMIYHUM OEPMATUTOM,
CeHCMOiTi30BaHMX A0 MUJIKOBUX aJlepreHiB i KIIilliB 10-
MallHbOTO THJTY, BikoM 1—2 poku. TpuBanicTs 3acTOCYyBaH-
Hs cTaHoBwWiIA 18 MicsuiB. Y mociimkeHHi He OyJIO BUSB-
JIEHO CTaTUCTUYHO BipOTiTHOI Pi3HUIII B YACTOTi IMMOOIYHUX
e(eKTiB MiXK KOHTPOJILHOIO Ta OCHOBHOIO IpyIrioo. Tomy
BBaXAETHCS, 1110 JICBOUUTUPU3UH — L€ MeaiaTpuuHa MO-
JIeKyJa, sSIka MOXe TPUBaJIO 3aCTOCOBYBATUCH Y JiTEH.

OnHuM i3 mpenapariB, SIKMA MiCTUTb JIEBOLIETUPU3UH,
e Lerpunes Heo (Euro Lifecare), skuit Binnmosinae BciMm
BUMOTaM [0 <«igeaJbHOTO» aHTUTICTAMIHHOIO IIpemapa-
Ty. 3rigHo 3 pekoMmeHaauismu BOO3 «igeanbHUit» aHTU-
ricTaMiHHUIA 3aci0 MOBUHEH CeNeKTUBHO Onokysatu H -
peLenTopu, MaTh JOAATKOBY MPOTHAIEPTiUHY aKTUBHICTb,
BiJICYTHICTb B3a€EMO/Iii 3 iIHIIMMU JIIKAPCHKUMU peYOBHUHA-
MU 1 IPOAyKTaMM XapuyyBaHHS, a TAKOX BiICyTHICTh B3a-
emomii i3 mmroxpomoM P450, BimcyTHIiCTH cegaTHBHOTO
eeKTy i TOKCMIHUX peakiliil, MOXJINBICTh MPU3HAYCHHS
Mpernapary 3a HasgBHOCTI CYIYTHiX 3aXBOPIOBaHb, IIBU/I-
KiCTh PO3BUTKY KJIiHIYHOTO eheKTy il TpuBajy Aito (TIpoTsi-
roM 24 roauH), HU3bKY MMOBIpHICTh PO3BUTKY TOJIEPAHT-
HOCTI 1o Tipemnapaty (Taxidinakcis).

JleBolLleTMPU3UH IIBUIKO BCMOKTYETHCS B KUILIEUHUKY,
JIOCSATAl0YM MaKCMMAaJIbHOI KOHLEHTpAILlii B MJIa3Mi KpPOBI
yepe3 0,5—1 romuHy micis npuiiomy. biomocTymHicTh TTpe-
naparty 6;1u3bKa 10 100 %. ByBiuu KiHLIeBUM MeTabOJIiTOM,
JIEBOLICTUPU3UH HE TPOXOIUTH TMEYiHKOBUN MeTabOoJIi3M,
1100 CTaTH aKTUBHUM, He B3aEMOJII€ 3 LIUuToXxpoMoM P450,
TOMY MOe IMPU3HAYaTUCS MalliEHTaM 3 aTOJIOTiEO MeYiH-
k1. BiH He Mae KapaioTOKCUYHOTO eeKTy, He IPU3BOIUTH
10 KOHKYPEHTHOI JIiIKapChKOi B3a€EMOJil, TOMy MOXE 3a-
CTOCOBYBATUCSI 3 aHTUOIOTMKAMU, TTPOTUTPUOKOBUMM Ta
IHIIMMU IpernapaTaMu.

Otxe, LletpuneB Heo (JieBolieTUPpU3NH) — 1€ «ificaib-
HUIi» aHTUTICTaMiHHUM IIpenapar, K1l Ma€ BUCOKY e(eK-
TUBHICTb i O€3MEeYHUI U1 3aCTOCYBaHHS B MeAiaTpUYHII
MIPaKTUIII.

lMigrotyBana TersHa Yuctuk M

Allergic rhinitis in children:
what does a pediatrician need to know?

Abstract. The article presents modern recommendations for the
diagnosis and treatment of allergic rhinitis in children, and defines
the place of the new generation antihistamine levocetirizine in the
treatment of this disease.

Keywords: allergic rhinitis; children; antihistamines; levocetiri-
zine; Cetrilev Neo
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MpPUCYTHICTb 6ATLKIB Y NEAIOTPUYHOMY BIAAIAEHHI
IHTEHCUBHOI Tepanii

Pesiome. Axmyaavnicmo. Ipucymuicmo 6amokie 6ins aixcka maxckoxeopux dimeil y nediampuunomy eiodinenni
inmencueroi mepanii (I1BIT) cb0200Hi € He0OXIOHO YMOBOH, W0 OpiEHMOBAHA HA cim t0. B onybaikoeanux dxcepenax
HasedeHo docmamHubo 00Ka3i8, AKi NOKA3YHMb 0CO0AUBUL eMOYIUHUL cThaH 6ambKig, ix ckaaoHi 83aEmo0ii 3 MeduuHumM
nepconanom [IBIT, a makoyc cmasrenns aikapie ma medcecmep 00 npucymnocmi 6amokis y 8iddinenti, 0cobaugo nio
uac nposedenHs MaHinyaayii nauienmam. B Ykpaini auue 6 okpemux meOuuHux nediampuunux yeHmpax 003604s31u
bamoram siosidysamu ceoix dimeii y I1BIT, ane nocmiiine nepebysanns 0ins nijcka xeopoeo e 0036oasnrocs. Y 2016
poui y Haxasi Minicmepcmea oxopouu 300pog’s Yipainu Ne 592 «Ilpo 3ameeposcenns [lopsdky donycky 6iosidysauie
do nauicumis, sKi nepebysaomv Ha CMAYIOHAPHOMY AIKY8AHHI y 8i00ineHHI iHMeHCUBHOI mepanii> 0Y10 8U3HAYEHO
nops0dok ma npasuaa 0onycky giogidyeauie do nayicuma, axuii nepedysas y BPIT. Oonak yeii [lopsdox ecmanoento-
6ae auule npasuia 0onycky eidgioyeauie 0o dopocaux nayicumie, ki nepe@yearomo Ha CMAYIOHAPHOMY NIKYBAHHI Y
8i00inennax inmencusHoi mepanii. Mema pobomu: pozeasHymu pizHi cmpameziuni HaNPAMuU 3a0e3neveHHs 00Cmyny
b6amokis 0o ixuix xeopux dimei y [IBIT i namacamucs adanmysamu 0eski RUmManHs 00 NOMOYHO20 CIMAHY HAWLoi nedi-
ampuunoi inmencueHoi mepanii. Pesyabmamu. Y cmammi 062060perni maxi nUmanHs, K emUuMHUL ma RPaKmu4HUL
cman wjodo 8i0sidysanHs ma npucymuocmi bamokie 6ins aiyncka maxckoxeopoi oumunu y [IBIT. Pozensnymi nonsam-
ms «Bi08I0Y8aHHS» Ma «NPUCYMHICMb» MA GU3HAYEH] YMOBU, KOAU OAMbKU MOJICYyMb MinbKu 8idgioysamu, a Koau i
do6eo nepedysamu 6ins AidHCKA X60POIi OUMUHU, MONCAUBICMb X NPUCYMHOCMI Ni0 4ac NpoB8edeHHs MAaHInyAauill ma
npouedyp; poav Aikapie ma meouuHux cecmep y CniAKyeauHi 3 bamokamu y 6iddinenui inmencugHoi mepanii ma éniue
Ha ix emouiiinuii cman. Bucnoexu. Ipuiimarouu 3a peanvry neobxionicms npucymuicmo ma 6i0sidyeanns 6amokamu
Ixnix dimeii y i00ineHHi iHmeHCcU8HOI mepanii, Mu NOBUHHI OYyMU 00EPENCHUMU MA PO3BANCAUGUMU Y NPUUHAMMI b0~
20 piwenns. Moxcna cmukHymucs 3 Macoio npobaem i Heapyunocmeli, ase Heo6XiOHO npasHymu 00 3MiHU YCMAaneHux
NPUHUUNIB, OCKIAbKU NPUCYMHICMb YAeHi6 ciM T, iX yuacmb y HadaHHi donomoeu 0imsam 003604UMb NOATNUUMU NCUXO-
JN0eiHull Kaimam y 6i00ineHni iHmeHCcU8HOi mepanii ma nidguwumu eyMaHHicms pooomu {1020 MeOU4H020 NEPCOHANY.
KiouoBi ciioBa: npucymmuicmo; 6amoku; maxckoxeopi dimu; nediampuune 6iodinenns inmencusnoi mepanii

BCTYI'I [1], B YkpaiHi CTiliKO CTOSITM Ha BapTi, HE MPOITyCKalOUn

Ille 15 pokiB TOMy IMTaHHS PO MPUCYTHICTh OATHKiB
y IeiaTpUYHUX BigmiieHHsIX iHTeHcuBHOI Teparrii (I1IBIT)
HaBiTh HEe 00roBoproBasiocs. IcCTOpUYHO CKIanI0Cs Tak, 110
BiIiIEHHS TUTAYOl peaHiMallii Oys10 3aKpUTUM IS BiBi-
IyBaHHS, i 11€ MOSICHIOBAJIOCSI OCOOJIMBUM HOr0 pexkXuMOM
Ta BUMOTaMU 11010 OOMEXEHHSI MPUCYTHOCTI CTOPOHHIX.
Y roii yac, ko B AMepulli Ta €BpOIli TUIBKU CKOPOUY-
BaJIM 4Yac BifBiyBaHHSI poauvyaMy BKpail XBOPOI AUTUHU

0aTbKiB y BiImieHHs iHTeHCUBHOI Teparrii. Jlikapi ynHUINI
OITip IMPUCYTHOCTI YIEHIB CiM’1 Oi/IsI JIixKKa XBOPOI TUTUHU
yepe3 3aHEMOKOEHHS 111010 HACTYITHUX CKapr, MOXJIMBOTO
BIUIMBY Ha TEXHIYHY SIKiCTb MpOLEAYP, MOPYLIEHHS CTe-
PUJIBHOCTI, CYI0BO-MEAMYHUX HACiaKiB [2]. Xoya po3y-
MiJIM, IO JJIS1 OiTel y KpUTUYHOMY CTaHi, sIKi HamidALIn
y IIBIT, npucyTHicTh 6aTbKiB 0iJ1 JliXkKa XBOPOTO € JIXKe-
pesioM KoMopty [3] Ta, 10 TOro X, 110 1€ BU3HAHE MPABO
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MaTepi UM 0aTbKa — 3HAXOAUTHUCS TTOPYY 3i CBOEIO TSIKKO-
XBOPOIO JUTUHOIO [4].

V JitepaTypi IIMPOKO OOrOBOPIOETHCSI MUTAHHS, IO
cTOCY€ETbCsl (hi3MUHOI MPUCYTHOCTI OATBKIB i3 AiTbMU (Bif
HapoKeHHs 10 18 poKiB) y BifliIeHHSIX iIHTEHCUBHOI Te-
pamii. Tak, Lauren Miller et al. y cBoeMy oIIsifi, III0 CTO-
cyetbes wiel Temu 3 1960 mo 2020 pik, BusiBuiu 204 my-
Onikartii, 3 skux 114 npucBsyYeHi KiJIbKicHill abo SIKiCHiit
cropoHni nmpucytHocTti pogunu (I1P), y 152 mxepenax po3-
msgaavcs 6ap’epu Ta pakTOpH peanisailii, a B 134 mxepe-
nax — BB 1P [5].

B Vkpaini n1uiiie B oKpeMUX MEAUYHUX MeAiaTpUIHUX
LIEHTpax J03BOJIsIM OaThbKaM BiABioAyBaTHM CBOIX diTelt y
IIBIT, ane mocriiiHe mepeOyBaHHsSI Ois JiKKa XBOPOTO
He nmosBoJjisuiocs. Ta it He OyJlo 3aKoHOAaBYOiI 6a3u, siKa
0 103BOJIsJIa TIPUCYTHICTh POAMYIB Ta YYaCTh iX Y JOTJISAAI
3a cBo€lo guTuHOW0. | nnie y 2016 poui B Hakasi Minic-
TepcTBa OXOPOHU 310poB’st Ykpainu Ne 592 «I1po 3atBep-
mxeHHs [Topsiaky morycky BinBiqyBauiB 10 TAli€EHTIB, SIKi
nepeOyBalOTh Ha CTalliOHApHOMY JIIKyBaHHi y BifliIeHHI
iIHTEHCUBHOI Tepallii» 0yJI0 BU3HAYEHO ITOPSIIOK Ta IIpaBU-
JIa JOITyCKYy BiABiOyBauiB IO MAalli€HTa, SIKUI mepeOyBaB y
BPIT [6]. Onnak ueit [Topsiiok BCTAHOBITIOBAB JIMIIIE TTpa-
BUJIA JOITYCKY BiABimyBadiB OO MOPOCIUX IAlli€EHTIB, SKi
nepeOyBarOTh Ha CTallioHApHOMY JIiKyBaHHI Y BilIiIeHHSIX
iHTEHCUBHOI Teparii. [1po mocTiiiHy NpucyTHICTh OaTbKiB
OiJ1s1 JIiKKa TSKKOXBOPOI TMTUHU B IIbOMY Hakasi B3araii
He inerbesi. OcoOIMBO MPO iX 3HAXOMKEHHS TaM il yac
MPOBEAEHHS OyIb-KUX MPOoLeayp a00 MaHIMyJIS L.

ITpucyTtHicTh MaTepi it HOBOHAPOIXKEHOI AUTUHM, ii
y4acTh Y BUXO/IKYBaHHI, 0COOJIMBO HETOHOIIIEHOI TUTUHH,
€ 3BUYATHOIO MPAKTUKOIO Y Bi/UTIJIEHHSIX HEOHATAJIbHOI iH-
TeHCHBHOI Teparlii Ta peaHimairii. Y negiarprmunux BIT me
30epiraeTbes aeske nudepeHiiiioBaHe cTaBieHH [7].

CporonHi y c¢epi 0XOpOHH 3I0POB’S, 110 PO3BUBAETh-
csl, Minxim, OiIbII OpiEHTOBAHUI Ha CiM’10, TO3BOJIUB IIe-
PETJISIHYTU JesKi MO3Ullii i TpobaeMu B MeAiaTpuyHii iH-
TEHCUBHIli Tepartii, 1110 JO3BOJIUJIO 3a0XOTUTU ITPUCYTHICTh
0aThKiB 1 yuacThb iX y Aorjisiai 3a autuHoto [8, 9]. Briposa-
JIKEHHST CYYaCHMX METOJiB iHTEHCUBHOTIO JIIKyBaHHSI, 10-
Opa OCHaIIEHICTh BiIiJIeHb Cy4acHOIO araparyporo, Iij-
BUIIEHHS SIKOCTi Ta CTEPWIHHOCTI iHBAa3MBHUX IMPOLIEIYD
CTBOPWJIY TIEBHI YMOBM, 1110 JO3BOJMIN 3HSTU OOMEXKEH-
HS IIOJI0 BiIBiIyBaHHSI Ta 3HAXOMXKEHHsI OaTbKiB OIS
nmixxka gutuHu 'y T1BIT Ta mo6oioBaHHS mepcoOHaIy IIOI0
iX BIUIMBY Ha SIKiCTh JIiIKyBaHHS maui€eHTiB. Lle 3miHmio i
CTaBJICHHS A0 MPUCYTHOCTI CiM’i Mif 4yac MpoBeAeHHS A1~
TUHI JeSIKUX MpouLeayp, KOJIU LIbOro OaxaloTh 0aThbKU, 3a
YMOBH BiJlITIOBITHOCTi CaHiTapHO-TiriEHIYHUM BUMOTaM J10-
JISIAY TallieHTa.

Hacer Kobya Bulut ta Kiymet Yesilcicek Calik npoBenu
aHKeTyBaHHS 95 JlikapiB Ta MEIWYHMX cecTep TeaiaTpud-
Horo BIT i mokazanu, 1110 MeauyHi MpaliBHUKU B OCHO-
BHOMY He TIATPUMYIOTbD i/Iet0 MPUCYTHOCTI CiM’i, OCKIIBKM
BBaXkaloTh, 1110 iHBa3MBHi MPOLEAYPU TOJi CTAlOTh OibIIT
cxiagaumu [10].

OpHak MU TIPOAOBXKYEMO CTBEPKYBATH, IO TiTbKY BU-
COKMII piBeHb HaJaHHS MEIMYHOI JOIIOMOTH IiTSIM Yy Bim-
IiJIEHHI iHTEeHCUBHOI Teparii Ta 1o0pe 10ro OCHAILEeHHS €
O/IHUMMU 3 OCHOBHUX BUMOT, 110 JO3BOJISIIOTh 3HAXOKEHHS

ciM’i 6e3 30iIbIIeHHS] PU3UKY CYIOBUX PO3IJISIIiB a00 CTpe-
Cy JJI1 MEOUYHOTo MepcoHaiy. TakuM 4YMHOM, YCYHEHHS
HaBiTh MiHiMaJbHUX 0OMeXXeHb Ha BilBiMyBaHHS MiABUIILYE
3a/10BOJIEHICTh 0aTbKiB [11]. TuM He MeHIl, He3BaXauu
Ha 3pocTarouy Jidepaiizaliiio B LiboMy nmuTaHHi, 90 % nemi-
aTpUYHUX BimaiieHb iHTeHcuBHOI Teparii CLLA, ax i paHi-
111e, TTOBIIOMJISLIA TIPO JesiKi 0OMeKeHHS Ha BiJBiyBaHHSI,
Xo4a i 3 yacTuMU HeodilliitHUMK BUHSITKaMHu [12].

O6roBopeHHs eTU4HUX
TA NPAKTUYHUX MTOHDb

Jlo3Bia BimBimyBaHHSI OaThbKaMU IXHiX OiTell 06e3 oOMme-
JK€Hb IMTOBUHEH PO3IJISIIATUCS K OJMH i3 TOJIOBHUX MOMEH-
TiB TyMaHi3aliii oxopoHu 310poB’st [13]. Lleit akT € Ge3rie-
PEYHUM i 3BUYAliHO BU3HAYAETHCS JIKYBAIbHO-TEXHIYHUM
OCHAILEHHSIM BiIJIEHHS iIHTEHCUBHOI Teparii, 1110 MOJiM-
LIWJIO BEIEHHS MAIiEHTIB Y KPUTUYHOMY CTaHi B KiJIbKiC-
HOMY BUpa3i, ajie TAaKOX 30UIbIINIIO JIOIChKE Ta eMOLIiliHe
HaBaHTaXXeHHsI cimeil [14]. OmpHaxk 11e moTpiOHO 0OroBOpPIO-
BaTU Ta MOPIiBHIOBATHU 3 TEPUTOPiIAIbBHUMU MOKJIMBOCTSIMU
BiImilIeHb, 3 piBHEM HagaHHS iHTEHCUBHOI IOIIOMOTH, TIPO-
(¢ecioHaM3MOM JTiKapChKOTO MepCoHaTy. Y Liii CTaTTi MU
XOUEMO PO3MNISHYTH Pi3Hi CTpaTeridyHi HampsiMy 3abe3Iie-
YeHHs JOCTYITy OaTbKiB o ixHix xBopux aiteit y [1BIT i Ha-
MaraTucs afanTyBaTu AesiKi MUTaHHS 10 TOTOYHOIO CTaHy
HallIoi MeAiaTpUYHOI iHTEHCUMBHOI Tepaltii.

BiABiAYBOHHS UM MPUCYTHICTb

Sk yxe itnutocs Buiie, Hakaz MO3 Ykpainu No 592
«[Tpo 3arBepmxeHHst [lopsinKy MOMYCKY BiJBiAyBadiB 10
TMallieHTIB, SIKi TepeOyBalOTh Ha CTalliOHAPHOMY JIIKyBaHHi
B BiJUIiJICHHI iIHTEHCUBHOI Teparlii» BU3HAYMB JIMIIIE ITOPSI-
IIOK Ta IpaBWIa OOITyCKY BiIBimyBauiB HO MAalli€HTa, SIKWIA
nepedyBae y BPIT, ane He cTocyeTbcsa TMTaHHS 1X TTOCTii-
HOI IIPUCYTHOCTI. 3BUYAHO 1Ieii HaKa3 He CTOCYEThCS TIe-
IiaTpMYHUX Ta HEOHATaJbHUX BiIiIeHb iHTEHCHUBHOI Te-
parmii, aje BXe Ha3pijia HEOOXiMHICTh BUBHAYUTH MpaBuia
Ta yMOBHU 3Haxo>keHHs1 6aTbKiB y I1BIT.

HeoOxigHo oKpeMo po3IJISHYTH 11i 1Ba MOHSTTS Ta BU-
3HAYUTU YMOBU, KOJIM OATbKKU MOXYTh TiJIbKU BilBiTyBaTH,
a KOJIM i JOBro mnepedyBaTu Oijisl JiXkKKa XBOpPOI JUTHUHMU.
OTtxe, 3rinHo 3 HakazoM M O3 Ykpainu Ne 592 My moBUHHI
«3a0e3IeYnTy TallieHTaM, sIKi repedyBaloTh Ha JIiKyBaHHi
y BIT, mpaBo BigBizyBauaM Ha JOITYCK 10 HUX 24 TOIMHM Ha
o0y y OyIb-SIKMIA OeHb THKHS 3TiTHO 3 IIpaBUJIaMU, BU-
3HAYEHUMU LIUM Haka3oM» [6]. Yu 1ie o3Hauae, 1110 6aTbKK1
MOXYTb BiBiOyBaTH y OyIb-SIKMIA 4ac CBOIO AUTHUHY abo
11i1I01000BO MepedyBaTH Mopsia 3 Heto? SKIo MaeThesl Ha
yBa3i TiUIbKY BiBimyBaHHS, TO MpaBUJIbHO Oyl10 O BU3HA-
4YaTu TOAMHM, KOJIM MEAUYHUI NIEPCOHAT MOXE CIIKYBa-
THCS 3 6aTbKaMu Ta pogudyamu. OnHIEO 3 yMOB opraHizariii
BUIBHOTO AocTyny A0 TskkoxBopoi nutuHu y TIBIT € ix
iH(OPMOBaHICTb MPO MpaBWia Ta CAHITApHI BUMOTH BilTi-
JIEHHS.

J1o Toro X ujieHU ciM’1 TTOBUHHI BpaxoBYBaTH i PO3KJIa
poo6otu [1BIT [15], a 11e paHKOBi 00X0a1, IIPOBEICHHS JTia-
THOCTUYHUX IIPOLEAYpP, OOCTeXKeHb TOIIO. Xo4a i He BU-
KJTIOUAETHCS IIPUCYTHICTH a00 HABITh y4acTh Y HUX OATbKiB,
SIKUX HacamIiepesl 1[iKaBUTUMe THUHAMiKa 3aXBOPIOBaHHS
nuTuHU. OOroBOpeHHSI TSKKOCTI CTaHiB, €(eKTUBHOCTI
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JIiKyBaHHS 0axkaHO MPOBOAUTU HE B iX mpucyTHocTi. On-
HaK MOXJIMBO 3aJI0BOJIbHUTH IXHIO 1iKaBiCTh, BAKOPUCTO-
BYIOUM OCTYIHE MOSICHEHHS 3 YpaxyBaHHSM iX CiIMEMHUX
ocobauBocteii [16].

MpucyTHiCTb 6ATLKIB Mip YOC
npoeeAeHHs MCIHiI1YA9|L|,i171 TA npoueAyp

J.K. Kuzin i3 ciiBaBT. 3a3Havasu, 110 Jlikapi negaiarpud-
HUX BiJiJIeHb iIHTEHCUBHOI Teparii 3a3BU4ail JOMyCKaloTh
MPUCYTHICTh CiM’1 I 9ac MpoBeNeHHST OUTUHI IIPOLEAYDP
Ta MaHimmysii [ 17], Bu3Ha0uUn 3HKEHHSI 3aHeTIOKOEHH ST
0OaTbKiB Ta miteii [18].

Mu Takox He BUKJIIOYAEMO MOXKJIUBICTH MPUCYTHOC-
Ti pOAMYIB IpU MPOBEACHHI JIiKyBaJbHO-AiarHOCTUYHMX
MaHIMyJgUiid MamieHTaMm, 32 YMOBM iX BUKOHaHHS OiIg
Jixkka xBoporo. OgHaK TON MCUXOJIOTIYHUI CTpecC, SIKOro
3a3HalTh 0aTbKU, NepedyBarouu Oijsg TUTUHU, OCOOJUBO
SIKIIIO TIPOBOJIUTHCS IITyYHa BeHTW SIS JereHiB (LLIBJI),
He 3aBXXJ/I1 JTO3BOJISIE IM eMOIIifHO CITOKIIHO criocTepiratn
3a UMM. MU BUKJIIOYAEMO TMPUCYTHICTh WICHIB CiM’i mpu
TaKUX MaHIMyJsIisIX, SIK BCTAHOBJICHHS LIEHTPAJIbHUX Ta
apTepiayibHUX KaTeTepiB, EHA0TpaxealbHUX TPYOOK, TJIeB-
paJIbHUX APEeHaxXiB, CepleBO-JIereHeBa peaHiMallisl, ITyHK-
11is1 CMMHHOMO3KoBoro KaHany [19]. [TpoBeneHHs myHKIIii1
nepudepuyHUX BeH, caHallili BEpXHIiX IUXaJIbHUX IILJISIXIB,
ronyBaHHS 4yepe3 30H[ Ta iHIe — 1€ HEMOBHUI Mepesik
TUX MaHIMyJSUiiA Ta NpoLenyp, sIKi MOXYTb BUKOHYBaTH-
cs y IPUCYTHOCTI O0aThKiB. He MOXHa BUKIIIOYATH i TpoO-
BeneHHs nposjoHrosaHoi [ BJI, meputoHeanbHOTO miaisy,
remMoyasTpaniadinabrpallii, Mpu KX 0aTbKU MOXYTh 3Ha-
xonuTtucs nopyd. [1pu 11boMy MM He TTOBUHHI pO3TJIsiIaTH
X IPUCYTHICTh SIK KOHTPOJIb 32 HALIUMU AisIMU Ta JKepe-
JI0 momaTKoBuX ckapr. Ilpum xopomriit opraHizamii po6oTu
TIBIT 1e moBHIiCTIO BUKJTIOYAEThed. BaxkimBo, 11106 maTtn,
0alycsl, iHIII YieH! ciM’i 3HaJIX Ta PO3YMIJIU, SIKa MaHiIy-
JISILiST BUKOHYETBCS IXHill IUTUHI Ta HaBIIIIO.

YMOBU BiABiAYBAHHS Q60 NPUCYTHOCTI
6aTbKiB 6iAS ADKKO AUTUHM

[ToBepratourich 10 Hakazy MO3 Ykpainu Ne 592, 3a-
YBaXXMMO, 1110 OaThbKHU MalLi€HTIB OyayTh JOMYILEHI 10 IM-
TUHMU TIPOTATOM Bci€ei noou. Lle o3Havae, o Mmatu, 6aTbKO
a00 BOHM 00O€ MOXYTb 3aJIUIIATUCS OISl JIiKKa XBOPOTO
SIK y IEHHU, TaK i y HiuHuii yac. HeBinmosinHicTh HasiB-
HUM pEeKOMEHIAIlisSIM Ta iCHYIOUMM YMOBaM ITOCTiifHOTO
3HaxomkeHHs1 ponuau B [IBIT i € mpuunHoio Toro, 1o
OLIBLIICTh BiAAiJIeHb iHTEHCHBHOI Tepallii IIpOmZOBXKYIOTh
JOTPUMYBATHUCS TIOMipHO 00OMEXKyBaJIbHOI MOJITUKHU 1100
BiIBimyBaHHS CiM 1.

IIpu posrnsai Hamux negiatpuunux BIT crae 3po3y-
MILJIOIO HEBIAMOBIAHICTD, SIKA iICHYE MiXX PEKOMEHIOBAHOIO
MOJIITUKOIO IIOJI0 BiIBiyBaHHS Ta peaJibHOK MPAKTUKOIO.
I 11e € onHi€IO 3 UMOBIPHUX MTPUYMH HETaTUBHOTO CTaBJICH-
Hs nmikapiB, meacectep [1BIT mo «BinkpurToro» BimmineHHs
200 MeHIII 0OMEXyBaJIbHOTO BilBiTyBaHHSI B HUX XBOPHUX.
Tomy 10 24-romrHHOrO TepedyBaHHs OaTbKiB Oisisl JlixkKa
XBOPOI IUTUHM CJTif TiAXOAUTH, Y TIEPIITY YePTY BUXOISIUHN 3
YMOB MOXJIMBOCTI X cTallioHapHOTo IepedyBaHHs. SIKIIIo
iH(opMallis PO CTaH AUTUHU ITOBHICTIO 1X 3aJ0BOJILHSIE,
a YMOBM Y BilIiJIEHHi HE JO3BOJISIIOTH MOCTIMHOI MPUCYT-

HOCTi, TO MOXHa PEKOMEHIyBaTh OaTbKaM OOMEXKUThCS
JIMLIE BilBiAyBaHHSIM i HE CTBOPIOBATU HE3PYYHOCTEM SIK
co0i, Tak i MEMMYHOMY MepCOHAITY. Ajle MU HE MOXEMO Te-
pelIKoIKaTh X GaXkKaHHIO 3HAXOAUTHUCS TPUBAJIUIL 4yac y
JIiKKA IXHbOI XBOPOi IUTUHU.

By Mini Jacob et al. y cBoiit crtaTTi, mpucBsUeHilt 6e3-
nepepBHOMY BinBimyBaHHt0 xBopux y [1BIT, akuenryBanu
yBary Ha TOMY, 10 SIKIIIO BCi WiIEHU CiM’1 MarOThb MOXJI-
BIiCTb BiIBiZyBaTH XBOPOIO Yy BilIiJIeHHi iHTEHCUBHOI Tepa-
ITi1 y Be4ipHiii yac abo Mi3Hille, TO 1Ie JO3BOJSIETHCS TiTbKI
ImicIsl HamaHHS mocBigueHHs1 ocobu [20]. Lle nauire peko-
MeHallil aBTOpiB, ajie HeOOXiAHO OpaTu iX IO yBaru, oco-
OJIMBO SIKIIO B JIiIKapHi BiZICYTHi OXOPOHHI 3aXOU.

[loBepTaouuch 10 MUTAHHS MPO AOMYCK OaThbKiB 10
mutuau y TIBIT, ciig ckazaTtu, 1110 11e Ma€ I'PyHTYBaTUCS
Ha THYYKiil MOJiTUILII BiABiAyBaHb. BaxxnuBo, 1mo6 Meany-
HUI MepcoHaJl KOXHOTO BiIiJIeHHS iHTEHCHUBHOI Tepa-
Iii BU3HAYaB TMOPSIIOK MPUCYTHOCTI Ta yac, KOJIU O0aTbKU
OyHOyTh 3HAXOMUTHUCS OiJig JiXKKa XBOpoi MUTUHU. | Ko
neniatpuuHe BIT He mMae ymoB mis 1inogo6oBoro ix rme-
peOyBaHHsI, TO 1€ HE € IiACTaBOIO IJIsSI IIOBHOI 3a00pOHM
IOMyIIeHHsT OaThKiB mo ixHix miteit. HeoOximHO oOpaTu
HaONTUMAIbHIIIIMK BapiaHT BUPIlIEHHs 1Ii€i mpobiemMu,
SIKMIi 3aJ0BOJIbHUB OM MEIUYHMX CIiBPOOITHUKIB, POINYiB
i He MOPYIIUB pexKuMy POOOTH BildiIeHHSI.

3 iHmoro 60Ky, 3aHaaTO JibepaibHe CTaBJICHHS 10 1li-
JI01000BOTO 3HAXOMXKEHHS 0aTbhKiB OIS JIiXkKa XBOPOI TH-
TUHU, OCOOJIMBO TaM, JIe HEMA€E MOXJIMBOCTI 3a0€3MEUUTH
iX BiIITOYMHOK, TPU3BOAUTH 10 CEPHO3HUX JJISI HUX He-
3pYYHOCTEi i 3aBaxkae poOOTi IepcoHaty. BaxkiuBo, 11100
repes J03BOJIOM BilBimyBaTu abo mepeOyBaTu Oiist JTixkKa
xBopoi nutuHu y BIT 6atbku o3HaiioMuincs 3 IpaBuia-
MU Ta MOPSIAKOM iX 3HAXOMKEHHS, CaHITApHO-TIiri€HIiYHN-
MU BUMOTaMM IIOAO iX mepeOyBaHHs y BinmineHHi. Komn
0aTbKM XOUYTh TIIbKM BiBiAYBaTH CBOIO TUTHHY, OaxkaHO
BCTAHOBUTU YacCOBi iHTepBaau, 110 OymyTh 3py4dHi JiKa-
psSIM Ta MEAWYHUM cecTpaM. TaKuM YMHOM, BiIBiTyBaHHSI
IIBIT Mae OyTu rHydykuM i gaBaTu OaTbKam Oijlblle 4yacy
IUJISI CIIJIKYBAHHS 3 TOCITITaIi30BAaHUMM JiTbMU.

EmMouinHmnm ctaH 6aTbKiB,
AiTU KX nepebysatoTtb y BPIT

CbOToIHi TOCTiIKEHHST cTpecy 0aThKiB, ITH SIKUX Te-
pebyBaloTh Yy BillliJIeHHI iHTEHCUBHOI Teparlii, mepeBaXXHO
30CepemKeHi Ha BUSBIICHHI ioro mkepen. Haiibinpin gac-
THUMH CTPECOpaMU, IIPO SIKi MOBIIOMIISIIIOCS B TOCIIIKEH-
HSIX, Oy/Iu: mpurHidyBaHe (izmuHe cepemonuiie [21—23],
HEBIEBHEHICTh Y BUXKMBAHHI ITUTUHU Ta HACJiIKaX XBOPO-
6u [24—26], CTOCYHKHM Ta CIJIKYBaHHS 3 epcoHanom [21,
27, 28] i mouyTTs 6e3mopagHocTi [24, 26]. BogHouac XUTTS
0aTbKiB 3aJIMILIAETHCS 32 MEXAaMU BiIIJIEHHS] iIHTEHCUBHOI
Teparii, BKJIIIOYHO 3 iX 3BUYaHUM PO3MOPSIAKOM OHS, Ci-
MEWHHUM Ta OCOOMCTHUM TOBCAKIEHHUM XXUTTSM, CiMeil-
HUMMU POJISIMU Ta 00OB’si3KaMu. BrBUarouM BIUIMB CTpecy
Ha XUTTsI 0aTbKiB M03a BiIiJIEHHSIM iIHTEHCUBHOI Tepartii,
Zainab Alzawad et al. moka3anu, 110 IXHE XWUTTSI KUHYTE
HaIpu3BoJisiie. batbku Oynm po30UTi TUM, IO PO3pUBa-
JIMCSI MiX JTiKapHeto, OynnHKOM Ta podoToro. He3Baxkaroun
Ha Te, 110 0aThKM (Pi3MYHO Ta €MOLIHHO OyJIM IMPUCYTHIi-
MM 3i CBOEIO XBOPOIO IUTHUHOIO Y BilAiJIieHHi iHTeHCUBHOI
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Teparii, BOHU BiquyBaJIu ce0e BUCHAXXEHUMM i HE 3HAJIM,
SIK TOITOMOITH XBOPill AUTUHI, 0COOIMBO KOJIU BOHU OJHO-
YacHO 3HAXOAMIKCS (hi3MYHO AMCTAHIIIHOBAHO Bifl iHILIMX
niteit ynoma. Lle Hanpy>XeHHs XXUTTS y ABOX CBiTaX BUKJIU-
KaJio MOoYyTTsI HealleKBaTHOCTI Ta HE3MaTHOCTI BAKOHYBATH
CBOI 0aTBKIiBCBKi poii [29].

TNcuxonoriyHi HaCTiAKM y 0aThKiB TSKKOXBOPUX IOCTi-
TaJli30BaHMUX JiTell BUBUaIM Takox i Robyn Stremler et al.
[30]. ¥V mocnimkeHHi BUKOPHUCTOBYBAaBCSI OIMCOBUIL TIepe-
XpEeCHU TU3aiiH i BUBUEHHS TICUXOJOTIYHOTO CTaTyCy
118 6arbkiB 91 autunu (74 matepi Ta 44 GaTbka), sIKi Ha-
OIMIIUIM Yy BiOOiieHHs IHTEHCUBHOI Teparlii, 3 BUKOPHUC-
TaHHSIM IMOKA3HUKIiB TPUBOTHU, AeIpecii Ta KOHGJIKTY Mpu
OPUUHATTI pilieHb. Pe3yabraTy HOCHiIKeHHs IoKa3aju,
o 24 % 6aThKiB TOCSTIIM ITOKa3HUKIB, IPUTAMAHHUX BH-
paxeHiil TpuBOXHOCTI. YacTka 0aTbKiB i3 CUMIITOMaMM,
IO BKA3yIOTh Ha BEJIUKY ACIpecilo Ta 3HAYHUN KOHMIIKT
MpY TPUAHSATTI pillleHb, cTaHoBMaa 51 Ta 26 % Bignosin-
Ho [30]. o Toro X 0aThbKU AiTell y KPUTUIHOMY CTaHi, SIKi
nepeOyBaOTh y TeAiaTpUUHOMY BiliJIieHHI iHTEeHCUBHOI
Teparlii, BiT4yBalOTh TPUBOTY, IO MOCUIIOETHCS Ta MOXKE
MPU3BECTH JI0 JIOBTOCTPOKOBUX HACIINKIB Y BUTJISIII MOCT-
TpaBMaTUYHOTO CTpecoBoro posiany [31]. OnHak TpuBora
oatpkiB y [1BIT He KopenroBaiia 3 TSXKKICTIO 3aXBOPIOBaH-
H$I iIXHbOI IMTUHU, IIPOTHO30M, 1110 Mepeay€e rocIiTatizaliii
y BiJUIiJIEHHST iHTEHCUBHOI Teparlii, a00 MCUX0oCcoliaJbHUM
TJIOM. K110 roBopuTH npo MenuuHuit nepconan I1BIT, To
S. Aljabari et al. moka3sau, 1110 y TTOJIOBMHI BUMAIKiB JIiKapi
Ta MEACECTPU HE 3MOTJIM TOYHO OLIIHUTH PiBEHb €MOLIIITHO-
ro crany 0artbKiB. Jlikapi Ta MeacecTpu JacTille HeJoOIli-
HIOBAJIM CTYITiHb iX HECIIOKOIO, HixX IOTO TIepeOIiHIOBAJIN.
I1pu upomy Bci MmeamuHi mpaniBHuku [1BIT nmpumentryBa-
JIA CTYIiHb TPUBOXHOCTI B IiATpyIli 6aThKiB, Y akuxy 80 %
BUMAAKiB BOHa OyJia myxe BUCOKOIO [31].

Takum yunHOM, MenuuHuM npauiBHuKaM [1BIT, y siko-
MY 3HaXOIMTbHCS TSKKOXBOpa AUTHMHA, HEOOXiTHO Bpaxo-
BYBAaTHU 110 OCOOJMBICTb 0aThKiB, SIKi MalOTh JyXKe BUCO-
KM TTOKa3HUK TPMBOXHOCTI i € HaliOiIbII Bpa3auBUMU
Ta CXWIBHUMM JO PU3UKY [TOBFOCTPOKOBUX HACIiAKiB
cTpecy.

CnRiAKYBOHHS AiKApPIB TO M@ AUYHUX
cecrtep 3 6aTbKAMU Y BiAAIAEHHI
IHTEHCUBHOI Tepanii

Lleit po3min XOTiocsa po3modaTd 3 BHUCHOBKY, SKOTO
nmivinoim Vivian Frank Saria et al. y cBoeMy mocitimkeHHi Ta
MOKa3aJIv 3HAYCHHS 1JIs1 0aThKiB AOIJISIAY 3a IXHIMU JiTbMU
B YMOBaXx JikapHi. MencecTpu, siki 6e3mocepeHb0 0epyTh
y4acTb y JIiKyBaHHI TaKMX Malli€HTiB, IIOBMHHI PO3YMITU
noTpedu mMaTepi uu 6aTbKa i1 iHTEerpyBaTH ix y IIOJeHHUMA
JOTJISI 32 NiTbMU. MeacecTpu TaKoX MOBMHHI MOCTIHO
MiATpUMYBaTU 0aTbKiB, iHDOPMYBATH IX PO CTaH TUTUHU
Ta 3aJy4yaTu 10 JOMOMOTHU il Yyac MPOBENEHHSI HECKJIa-
Hux npouenyp [32]. HeobxigHo HaBuaTu GaThKiB MeTOIaM
JOTJISITY 3a NITbMM, SiKi JlikytoTbes y [1BIT.

Ilepconan, 110 npaitoe y BifliJieHHi iHTEHCUBHOI Te-
parii, Moxe 3pOOMTH CBilf BHECOK y 3MEHIIICHHSI CTPECy Y
0aThKiB Ta iX amamnTalliio 40 YMOB BiIiIEeHHS iHTEHCUBHOI
Tepamnii. Aximo meauuni npauiBHuku [1BIT HagaioTs MOX-
JIMBICTh CiM’1 mepeOyBaT Oisl JIixKKa XBOPOI AUTUHU, TO

HaA3BUYAHO BaXJIMBO 3a0€3MEYMTH i ONTHUMAJbHY ITif-
TpUMKY OaTbKaMm [33].

barato cniBpoOITHUKIB BiLiJIEHHSI IHTEHCUBHOI Te-
parii B Mpoleci Harpy>XeHoro podo4yoro IHS MOXYTb HE
MoMivaTy 3a CO00I0 BUKOPUCTAHHSI TYMODPY, CMiXy, IroJio-
cHoro 3arepedyeHHsI. OcoOJMBO KOJIM 1Ie 3KapTH 3 IPUBOIY
namieHTiB. HeoOxigHo maMm’aTaTu, 110 IIbOTO He MOXKHA 10~
MyCKaTH, OCKIJIbKA HAaC OTOUYIOTh CiM’1, sIKi OOJTICHO BCe 11€
crpuiiMaoTb. My He MoxkeMo OyTh co0oro abo BTpayaTu
MMUJIBHICTS [33].

HanzBuuaitHo BaxJiMBO, 1100 OaTbKM Maid MOXKJIM-
BICTb LLIOJHS CIIJIKYBaTHUCS 3 JiKapeM a0o 3aBigyBaueM Bil-
nineHHs. I1in yac nux 6ecin gaaeko Bif JixkKa TSKKOXBOPOiL
IUTUHU CiM’S MOBUMHHA Ai3HATUCSI HOBMHU TIpO 1i CTaH,
0COOJIMBOCTI JIiKyBaHHS i, MOXXJIMBO, HaBiTb MEPCIIEKTUBY
XBOpOOU. 3ycTpidi MOAHS MOXYTb OYyTH IO THUX TIip, TTOKHU
HE CTa€ SICHO, 1110 IUTUHI CTa€ Kpaliie. AJie SKIIO TepCrieK-
THBa 3aXBOPIOBaHHSI HECTIPUSTINUBA, OATbKM MOXYTb BU-
CJIOBUTH CBOI IMOYYTTS JAJIeKO Bill IEpCOHay, iHIINUX CiMeit
Ta CBOET MUTUHU, siKa JTikyeThest y [TBIT [34].

Han3BruaitHo BaxKJIMBO [Jis OLIBIIOCTI OATHKiB, IIOO
JIiKapi OyJIu TOCTYIIHI Ta HamaBaju YeCHY i ITOBHY iHdOp-
Mallil0 MPO TSDKKICThb iXHIX MiTeil, YHMKAIYu MEIUIHOTO
2KaproHY i BUKOPUCTaHHS HelpodeciiiHOI MOBU, SIKY BOHU
He 37aTHi po3yMmiTu. IH(opMallisg moBMHHA OyTH ITOCTYII-
HOI0, 3 YECHUM PO3KPUTTIM C(POPMYJIbOBAHUX MPOTHO3iB.
IMpuxoByBaHHSI TTPOTHOCTUYHOI iH(OpMaLii Big OaTbKiB
4acTo MPU3BOIUTH A0 XMOHUX HaJiil, TTOYYTTS HE3alI0BO-
JIeHOCTI Ta HefoBipu [35].

BucHoBku

TakumM YWMHOM, MNpUKMAOUYM peajbHy HEOOXiTHICTh
YCBOTO TOTO, PO IO MIIIOCS Yy Lilf CTaTTi, MU MTOBUHHI
OyTH 00epPEeXXHNMHU Ta PO3BAXKINBUMU Y IPUIHATTI pillleHb
LIOAO0 MPMCYTHOCTI Ta BilBimyBaHHS OaTbKaMM iXHIiX OiTel
y BiIiJIeHHI iHTEeHCUBHOI Tepalrii. M1 MOXeMO CTUKHY-
THUCS 3 MAacOIO MPo0IeM i HE3PYUHOCTIMU, ajleé HEOOXimHO
MParHyTy A0 3MiHU YCTaJCHUX MPUHIIUITIB, OCKIJIbKY MPU-
CYTHICTh WIEHIB ciM’i, X yJacTb y HaJaHHi JOIIOMOTH [i-
TSIM J103BOJIUTH MOJIIMIIUTH MICUXOJOTIYHUIA KJIiMaT y Bin-
JIiJIEHHI iHTEHCUBHOI Teparii Ta TyMaHi3yBaTu poOoTy iioro
MEIUYHOTO TIEPCOHATY.

KondaikT inTepeciB. ABTOpU 3asiBISIOTh TIPO BiACYT-
HICTh KOH(MJIIKTY iHTepeciB Ta BIacHOI (phiHAHCOBOI 3alli-
KaBJICHOCTI IIpH MiATOTOBILI JaHOI CTATTi.
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Parental presence in the pediatric intensive care unit

Abstract. Background. Currently, parental presence at the bed-
side of critically ill children in the pediatric intensive care unit
(PICU) is a necessary family-oriented condition. In the published
sources, there is enough evidence that shows the special emotional
state of parents, their complex interactions with the medical staff
of the PICU, as well as the attitude of doctors and nurses to paren-
tal presence in the department, especially during the manipulation
on patients. In Ukraine, only in some pediatric medical centers
parents were allowed to visit their children in the PICU, but per-
manent stay at the patient’s bedside was not allowed. In 2016, the
order of the Ministry of Health of Ukraine No. 592 “On the ap-
proval of the Procedure for the admission of visitors to patients un-
dergoing inpatient treatment in the intensive care unit” determined
the procedure and rules for the admission of visitors to a patient
who was in the intensive care unit. However, this Order established
only rules for the admission of visitors to adult patients undergoing
inpatient treatment in the intensive care units. The purpose of the
work is to consider various strategic directions for ensuring access
of parents to their sick children in the PICU and try to adapt some

issues to the current state of our pediatric intensive care. Results.
The article discusses issues such as the ethical and practical situa-
tion regarding the visiting and presence of parents at the bedside
of a critically ill child in the PICU. The concepts of “visiting” or
“presence” are considered, and the conditions are defined when
parents can only visit, and when they can stay at the bedside of a
sick child for a long time; the possibility of their presence during
manipulations and procedures; the role of doctors and nurses in
communicating with parents in the intensive care unit and the im-
pact on their emotional state. Conclusions. Given the real need for
parents to be present and visit their children in the intensive care
unit, we must be careful and prudent in making this decision. You
can face a lot of problems and inconveniences, but you must strive
to change the established principles, because the presence of family
members, their participation in providing assistance to children
will improve the psychological environment in the intensive care
unit and increase the humaneness of the work of its medical staff.
Keywords: presence; parents; critically ill children; pediatric in-
tensive care unit
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BoasiHcbka A.A., bypbena E.I., Kocosceka T.M., lNepecTok B.O., bosipyyk O.P.

TepHOMIAbLChKI HQLIIOHQABHWV MEAMYHWA YHIBEPCUTET iMeHi 1.5, [opbayesckikoro MO3 YkpaiHu,

M. TepHOnMiAb, YkpQiHa

3HOYeHHS BiTamMiHy D y nepebiry SARS-CoV-2-iHpeKuii

Ta long COVID y aAiten
(OrAsIA AiTepartypu)

Pesiome. Tpusane cnocmepescenns 3a nandemiero SARS-CoV-2y dumauiii nonyasyii euasuno nasénicmo cmiiikux
cumnmonmie 3 uacmomoro id 1 : 4 0o 1: 10uepe3 4 i binvwe musichi nicas nowamky uiei ingpexyii. Ilumarnns npo poas 6i-
maminy Dy nepebiey COVID- 19 i pozeumky mpueano2o nopyuieHHs cmary 300poe’s 00¢i 3a1umacmscs OUCKYCIUHUM.
Mema danoeo 0ensady — y3zazanvhenns ii ymounents enaugy gimaminy D na nepebic COVID-19 i nocmkogionoeo ne-
piody e dimeii. bys nposedenuii enekmpoHHULL NOWLYK HAYKOBUX 00CAiONceHb Y idomux 6azax danux PubMed, Scopus,
ResearchGate, Wiley Online Library i Google Scholar 3 2019 no atomuii 2023 p. Ananiz docaioncens COVID-19,
nocmko06idHoeo nepiody i énauey einogimamino3y D na ix nepebie 3aceiduye He0OOHO3HAUHICMb ONPUNIOOHEHUX Pe3Yab-
mamie y nediampuuniil koeopmi. Huzka docaionuxie nos’ssaru deghivum éimaminy D 3 suuioro cmepmuicmio, euui -
MU NOKA3HUKamu eocnimanizayii ma 6inbuioro mpusanricmio ocmautwvoi. linogimaminos D nociputye pyHKyioHy8anHs
iMyHHOI cucmemu 6 IHPIKOBAHOMY NAHOEMIYHUM KOPOHABIPYCOM OP2AHI3MI, W0 30IAbULYE PUSUKU MANCK020 nepebiey
xeopobu i cmepmi. Ane ys einomesa we nompebye noeaubAeH020 8UEHEeHHs 045 PO3YMIHHA cymi enaugy eimaminy D na
nepebie koponasipycroi ingpexuii ma long COVID. I'inomesa npo 63aemo36°’130K mixc einogimaminozom D ma imyHo-
cynpecicto npu iH@IKy8anHi NaHOeMiYHUM KOPHABIPYCOM I 1i020 NOMEHUILIHA POb Y (POPMYBAHHI MPUBAAUX NOPYUIEHD

cmaty 300pog’a nicas eocmpoeo COVID- 19 we nepebysaromo y cmaodii hepmaneHmuoeo 8UGHeHHs.
Karouosi cioBa: COVID-19; long COVID; SARS-CoV-2; eimamin D; dimu

Bctyn

3o00H03Hi PHK-BMicHI KopoHaBipycu sIK NpUYMHa
I'PBI y moacekiit momyssiiii Bimomi yxe moHan 50 pokiB,
i Ha CHOTOAHI MATOTeHHUMU IS JIIOAWHU € 7 iX TuiiB. Jlo
MOYATKY 1IbOTO CTOJIITTSI B CTPYKTYPi €TiONOTiYHUX YMHHU -
KiB PeCITipaTOpHOI IMATOJIOTii BOHM (DiKCYBaJIMCh BEIbBMU
pinko — Bin 4,4 1o 12,7 %, NposSIBASIINCH HETSDKKUM KaTa-
PaJIbBHUM peCIipaTOPHUM CUHIPOMOM i OyJIM IIpeAcTaBlIeHi
TpbOMa MAaTOTEHHUMM JJIs JTIOMMHU CEPOTUTIAMU. 3 TIoYaT-
KOM HOBOTO TUCSYOJIITTS eBojitolis ponuHu Coronaviridae
3aBISIKW 3JaTHOCTI KOPOHABIpYyCiB 10 peKoMOiHallii mpu-
3BeJia 10 MOJ0JaHHSI HUMU MiXBHMIOBOTO 6ap’epa Ta Mmo-
SIBU HOBUX TPEACTABHUKIB POAUHM 3i 3MATHICTIO 0 TSIK-
KOTO ypaXkeHHsI INXaJIbHUX HLIXiB: y3uMky 2002—2003 p.

inenTudikoBaHo SARS-CoV-1 K TpUUYETHUI 10 TSIXKKOTO
pecripatopHoro aucrtpec-cuHapomy, y 2012 p. Binkpurto
BapianT MERS-CoV, 1o crnpuyuHsB OJM3bKOCXiTHUI
pecriparopHuii cuHapom, 2019—2023-it cranu pokamu
nanaemii SARS-CoV-2. Ha nanuii yac noBeieHUM € (pakT
IIBMOKOI MYyTallil KOPOHABIPYCiB i MIHJIMBOCTI KIiHIYHUX
MPOSIBIiB, SIKi BOHM IIPOBOKYIOTh, 3 IyXKe IIMPOKUM mia-
na3oHoM ix BupaxkeHocti. YactuHa 3 Hux (HCoV-NL63,
HCoV-229E, HCoV-0C43, HCoV-HKU1) € ennemiunu-
MU, i BOHM BUKJIMKAIOTh MEpeBaXkKHO JierKi iHdeKuii au-
XaJIbHUX HUISIXiB UM IUTYHKOBO-KMIIIKOBOTO TPAKTy. AJie
TaKOX € eIliJIeMiyHi, BUCOKOITATOT€HHi Ta 3 BEJIMKUM Bi-
coTkoM JietajbHOCTi: SARS-CoV-1, MERS-CoV i manne-
Miuynuit SARS-CoV-2.
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VY nepuri poku nanaemii SARS-CoV-2 ony6iikoBaHi
JlaHi CIIocTepeXeHb Oy JOBOJi ONTUMICTUMHUMM 1100
nepebiry iHdexuii B autadiii momyJssiii [1]. YacTka ypa-
JKEHHS LIMM BipycOM Yy IUTSYii MOMYJISILil YTPUMYETHCS
CTaJIOI0 MPOTSTOM Yacy IMaHAeMil, KOJMBAlYUCh B MeXax
10 %, 9oro He MOXHa CKa3aTH PO TSIKKICTh Mepebiry, 1mo
MporpecuBHO 3poctae. OCTaHHE, OUEBUIHO, TTOSICHIOETh-
cs1 TIOSIBOI0 HOBUX, OiJIbIII BipyJICHTHMX BapiaHTIB Bipycy
[2]. Be3ymoBHO, OiNBIIICTD AiTEil OMYXKYIOTh, ajle YaCTUHA
3 HUX, 32 pi3HUMU AaHuUMU, Bia 1/4 no 1/10 3amexHo Bifg
BEJMYMHM KOTOPTH, METOJOJIOTIi Ta BUSHAUEHHSI TIOHSIT-
T$1, MaIOTh CTiliKi CUMIITOMH IIiCJIsl IepeHeceHol iH(eKIIii
[3]. i cumnromu COVID-19, 1110 TpuBajio yTpUMYIOThCS
Yy BiZHOBJIOIOTHCS Uepe3 NesKUI yac Iicisl 3aBeplIeHHS
TOCTPOTO MPOLIECY, HA3UBAIOTh MO-PiZHOMY: MiCAATOCTPi
Hacninku COVID-19, BinnaneHuii, XpoHiuHMi1 a00 TpuBa-
nuit COVID-cunapoMm, cunapowm micias COVID-19 [4, 5].
OKpiM TOrO, TTOBiTOMJISIETHCS TIPO 3pOCTAHHSI PU3UKY aB-
TOIMYHHUX 3aXBOpIOBaHb micjisg nepeHeceHoro COVID-19
[6, 7]. HezanexHo Bim Toro, SIK Ha3MBAIOTh 1Ii MPOSIBU
nicis nepeHeceHoro COVID-19, BoHU € HOBUMM, TTIOBTO-
proBaHMMM a00 MOCTIMHUMU MpoOJIeMaMU 300POB’SI, SIKi
BUHUKIJIM 4epe3 4 i OiIblle TUKHI ITic/IsI TT0YaTKy KOpHa-
BipycHoI iHdexuii, BukiukaHoi SARS-CoV-2 [8]. Ame-
PUKAHCHKOIO aKaneMi€lo (pizuuHOi MEAUIIMHU Ta peadisi-
Tallii Ha ChOTOJHI BXe CTBOpPEHA MYJLTUAMCLMILTIIHApHA
KOHCEHCYCHA iHCTPYKIIis 1010 OLIIHIOBAHHS I JIIKyBaHHS
noctroctpux Hachinkis iHdexiii SARS-CoV-2 (PASC) y
niteid i mipriTkiB [9]. OnHak omy6IiKOBaHiI 3BiTH AEMOH-
CTPYIOTh HEOIHO3HAYHICTh B aHAJIi3i Ta OLiHIII CUMIITOMIB
y niteit, ski mepexBopinu Ha COVID-19, ockinbku mo-
JIOBMHA 3M0POBMX JIiTeli TAKOX BKa3yBajia Ha HasBHICTb
Takux camux cumnTomiB [10, 11]. OTxe, He3BaXkaloun Ha
BEeJWYE3HUI 00’€M TIPOBEICHUX AOCIIIKEHb 3 BUBYCHHS
MaHIEeMIiYHOTO KOPOHAaBipyCy Ta 3axXxBOPIOBAaHHS, IO BiH
BUKJIMKAE, MPOTAJIUH Y HAIIMX 3HAHHSIX IIe JOCTATHbO, i
0araTo MUTaHb Ie MOTPEOYIOTh BiAMOBidi. 3aaUIIA€ThCS
BiIKpUTUM TMTaHHS OudepeHuianii MeBHUX TPUBAJIUX
CUMITOMIB, iX NPHUYETHOCTI JO INEPEHECEHOI KOPOHaBi-
pycHOI iH(eKIii Ta MaTOreHeTUYHOro MiATPYHTS iX BU-
HUKHEHHSI.

MerTa: y3araJbHUTH i1 YTOYHUTH BIUIUB Bitaminy D Ha
nepedir COVID-19 i TocTKOBiTHOTO TIepiofay B IiTeil.

EnexTpoHHMIA MOIIYK HAYKOBUX JOCTIIKEHb 3iCHE-
HOy Bimomux 0a3ax nanux PubMed, Scopus, ResearchGate,
Wiley Online Library i Google Scholar 3 2019 no motuit
2023 p. KiroyoBumu cioBaMu ISl MOIIYKy OyJio oOpa-
Ho: Long COVID, Post COVID, COVID-19, Pediatrics,
Children, Adolescents, Postacute sequelac of SARS-
CoV-2 infection (PASC), Vitamin D. [Ina anHani3y Bifi-
OpaHMx myOstiKalliii 3acTocoBaHo pekoMeHnallii Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) [12]. KpuTepisimu BKIIFOU€HHSI CTaTei 10 MOX-
JIMBOTO pO3misiy OyJia HassBHICTb B iX TEKCTax BUIIE3a3HA-
YEHUX KJIIOYOBHUX CTiB. Y Mpolieci aBTOMaTUYHOTO TOIIYKY
Oyso Bimiopano 127 crareii 3 6a3u manux PubMed, 82 —
Scopus, 13 — ResearchGate, 3 — Wiley Online Library,
291 — Google Scholar, TOGTO 3arajibHa KiIbKiCTb BiniOpa-
HUX eleMeHTiB — 516. Kputepiamu BUKITIOYEHHS OyiIu:
IyO0JabOBaHi, MPUCBIYEHI BUKIIOYHO JOPOCIUM abo Ti, y

SIKMX 0cOOU He Bepu(iKyBaluCh 3a BiKOM, Ti, 1110 aHAIi3y-
Basu juiie roctpuit COVID-19. Jlo aHanizy BKIIOYAINCh
JIOCJTIIKEHHST TTOCTKOBITHOTO Tepioay B HiTei i MiIIiTKiB,
1110 MiCTWJIY PEe3YJIbTaTHU OLIIHKM PiBHS BiTaMiHy D y cupo-
BaTL AiTeH 1 MiUTITKIB.

3aranom 227 crarteii Oynu ay0sboBaHI Xoua O B OfHI
3 00paHuX 0a3 maHuX, 16 — oKpewmi IIaBu OIHi€T MOHO-
rpadii, 38 — roctpuit COVID-19, 8§ — BnuB BiTaMiHHO-
ro crarycy Ha mepe0ir roctporo COVID-19 y mopocaunx i
15 — y 3aranpHill omyssILii 0e3 3a3HaYeHHS 3aJIeXKHOCTI
BiJl BiKYy, 7 — penakuiitHi orisiau 3 roctporo COVID-19 i
BiTaminy D, 4 — rimore3u, 2 — pociiicbKi cTaTTi (BiAcyT-
Hill mocTyn o Teperisny), 4 — 3a3HaueHO PO 3aHero-
KO€EHHS IIOAO BipOTiMHOCTI MOBIIOMJIEHUX PE3YJIbTaTiB i
BMCHOBKIB i 1010 HEPO3KPUTTSI KOHKYPYIOUUX iHTEPECIB,
4 — my6minucTUYHI 4u pegakiiiiai, 6 — long COVID y
3arajnpHiit monynsuii, 19 — long COVID vy nireit, 21 —
npuuunu long COVID, 69 — long COVID y nopociux, 9
BUBYAJIM 3MiHU BITAMIHHOIO CTATyCy IiTei Tic/s Tepiony
COLIiJIBHOTO NTUCTAHIIIIOBAHHS, CIIPUYMHEHOTO TTaHIeMi-
€0 COVID-19, 27 — BnauB BiTaMiHHOTO CTaTyCy Ha re-
pe6ir roctporo COVID-19 y niteit, § — BruiuB BiTamiHy
D Ha po3BuTOK iH(eKLiiiHOI XBopoOu, ToOTO 484 cTarTi
BUKJIIOUeHO 3 orjsany. Pemra 38 myOmikaitiii: 13 — BruiuB
Ha niepedir COVID-19, 12 — kopesiiist TSKKOCTi KOpo-
HaBipycHoi iHdbeKl1ii 3 piBHeM BiTaMiHy D y nopocnux i ai-
Teit, 2 — npodinakTuuHUii BB BitamiHy D Ha nepebir
COVID-19, 11 — edexkTtuBHicTh BiTamiHy D y nikyBaHHI
COVID-19.

Pe3yAbTaTM TO OGrOBOPEHHS
Brniaue BitramiHy D Ha nepe6ir COVID-19

Cepen (akTopiB pM3UKY 3aIlyCKy II€BHOTO ITaTOreHEe-
TUYHOTO JIaHIIoTa Y (hOpMyBaHHI TPUBAJIOTO TOPYIIECHHS
CTaHy 3I0POB’Sl OJHE 3 BaXXJIMBUX MICIb MOCIZA€ TiMOBi-
tamiHo3 D. bionoriuna posab Bitaminy D B opraHi3mi Ha-
camIiepen 3BOAUTHCS 10 3a0e3MeueHHsT peryJsilii Bpoake-
HUX i afanTUBHUX iMyHHUX Binmosineii [13]. I1pubauzHo
75 % byHKIi IMyHHOI CHCTEMM JIIONWHM 3ajiexkaTh Bil
BitamiHy D i HassBHOCTI MeTaboniTiB BitamiHy D (BiTami-
Hy D i25(OH)D) y koHLeHTpallisiX, JOCTaTHIX /151 HAJXO0-
JIKEHHST B IMYHHI KJIITUHU 3 KpOBOTOKY [14]. KanbiuTpion
(1,25-purinpokcusitamin D)), ax akTuBHa dopma Bitami-
Hy D, Ma€ TakoX aHTUOKCHUIAHTHI i1 MpoTU3anaibHi Bjac-
THBOCTI, TOMY TiIToBiTaMiHO3 D, 3MEHIITyI0UM MOKIUBOCTI
IMyHHOI CHCTeMHU aJeKBaTHO BIiAMOBiCTM Ha iH(IKyBaH-
HSI, CIpUSE MiABUIIEHHIO piBHS iH(EKIIHHOI 3aXBOPIO-
BaHocTi [15, 16]. Leit BitaMiH Mae myxke 3HaYHUIA BILUTUB
Ha aKTUBHICTh BPOMXKEHOI iMyHHOI BilMOBIiAi MpU TOCTpiii
pecnipaTOpHiil 1aTojorii, BUKJIMKaHiiA HaliOLIbI YacTOIO
B AUTSIYOMY Billi MiKpodiopoto: Streptococcus pneumoniae,
pecnipaTopHO-CUHLIMTIAIBHUM BipycOM i BipyCOM TpHITY
[17, 18]. PiBensb BiTaminy D y cupoBaTii KpoBi HUX4e 3a
50 HMOJIBb/J TABUIIYE PU3UK TO3aiKapHSIHOI TTHEBMOHII
Ha 64 % i BIIMBa€ Ha KJIIHIYHWI pe3yIbTaT THEBMOHII ITPH
COVID-19 [19, 20].

Ony61ikoBaHiI MeTaaHali3M BUCYBAIOTh TilIOTE3y IIPO
B3a€EMO3B 30K MiXX HEOOCTAaTHICTIO BiTamiHy D i morip-
IIeHHSIM (QYHKIIOHYBaHHS iIMyHHOI CUCTEeMHM B iH(iKoBa-
HOTO MaHAeMiYHUM KOpPHaBipycoM, 110 30iIbIIyE PU3UKU

80 3A0POB g AUTUHW, 1SSN 2224-0551 (print), ISSN 2307-1168 (online)

Tom 18, N¢ 3, 2023



Orasip Aitepatypm / Review of Literature

TSKKOTO Tiepediry xBopoou i cmepti [21—26]. AHaniz 17
o0cepBalLliiiHUX JOCTIIKEHD i3 2756 manieHTaMu OB’ sI3aB
nediuuT BiTamiHy D 3 BHUILNOI0 CMEpPTHICTIO, BUIIUMU
MOKa3HUKaMU ToOcCIHiTajli3alii Ta OUIbIIOW TpuUBajic-
TIO OcTaHHbOI [27]. BuUsiBIeHO NPUUYMHHO-HACTIIKOBUI
3B’S130K MiX TirmoBiTaMiHO30M D i rmoraHoo KOTHITUBHOIO
dyHkuieo [28].

Yci gitu, gki morpeOyBaiu JIiKyBaHHSI B iHTEHCUBHIN
Tepamii bBipMiHremMchkoi muTsddoi mikapHi, bipmiHrem,
Benmuka bputanisi, manum cyObonTHMaIbHi KOHIIEHTpaLii
25(OH)D [29]. PazoMm 3 TuM B 0OCi0 3 I1OCTaTHIM UM BU-
M piBHeM 25(OH)D y cupoBaTiii KpoBi 10 IaHAeMii I1o-
BiIOMJISIETBCSI MIPO 3HMKEHHST PiBHS 3aXBOPIOBAHOCTI Ha
COVID-19, i 3HMXKEeHHS pU3MKY JOCSTa€e TUIaTo MpU 3Ha-
yeHHsx 25(OH)D ~ 100 amonw/a [30, 31].

Hwuzka obOcepBalliiHUX TOCHIIXKEHDb K BUKIIOYHO J10-
pOC/IMX MAlliEHTIB, TaK i TOPOCIUX, 00’ €THAHUX 3 TiThMU,
MOBITOMJISIIOTH PO 00EpPHEHi Kopessiii Mixk KOHIIEHTpa-
iero 25-rigpokcuBiTaminy D y cupoBariii KpoBi XBOpUX Ha
COVID-19 i TsKKicTIO 3aXBOPIOBaHHSI Ta CMepTIO [32—44].
IIpoTe macmTabHI paHIOMi30BaHi KIIiHIYHI JOCTIIKEHHS 3
BUBYEHHS €(PEKTUBHOCTI 3aCTOCYBaHHS BiTamiHy D y J1iky-
BaHHI LILOTO 3aXBOPIOBAHHS i 3aM100IraHHi M10Tro HacCIiAKaM
yce 1e TPUBAIOTh, i Pe3yJbTaTH Ile JuIlle OyAyThb ONpH-
JIIOMHIOBATUCH [45].

TTpo no3uTUBHMI BILUIMB NMPOdiIaKTUYHOTO 3aCTOCY-
BaHHS BiTaMiHy D HamepenomHi maHaemii Ha 3HUKEHHS
piBHS 3axBopioBaHocTi cBimuaTh maHi UK-Biobank [46].
S.J. Wimalawansa (2022) minpaxysaja, 1110 3a HasiBHOCTi
JIOCTaTHBOI KiJIbKOCTI MeTabouiTiB BitamiHy D B opra-
Hi3mi HanmepenmonHi mangemii SARS-CoV-2 50 % roc-
miTanizaniii (i MOB’SI3aHUX 3 HUMM BUTPAT HAa OXOPOHY
3g0poB’s) i TpetuHi cMmepteit Bim COVID moxHa 6yino 6
3ano6irTu [14].

ComianbHe TMCTAaHIIIOBAHHS i TpUBaja 13011 B 10-
MalllHiX YMOBaxX AUTSYOrO HACEJeHHS 3a POKU MaHAeMil
SARS-CoV-2 o00ymMOBWIM HEIOCTAaTHICTh piBHS iHCO-
JIAUii, 110 CcTajo nepeayMoBOl (opMyBaHHST aedilu-
Ty Bitaminy D. CucreMatuyHuii OIJIsIA, MPOBEACHUI 110
ymctoraga 2020 p., o BKIIOYaB aHami3 39 mociimkeHb
3 YTOYHEHHSI Ta y3arajJbHEHHSI 3B’SI3KYy KOHILEHTpaLlil
25-rinpokcuBitaminy-D 3 pu3uKoM po3BUTKY i HacigKa-
mu COVID-19 y nireii, mokasaB HasiBHiCTb BMIIIOTO PU-
3uKy iHpikyBaHHs SARS-CoV-2 y rpymi 3 gedinuroM Bi-
Taminy D [47]. 6-MicssuHe peTpPOCHEKTUBHE HOCIIiIKEHHS
COVID-19y 144 rocniitaiizoBaHuX AiTe# y JikapHi AGy3ap
(AxBa3, IpaH) BUSIBWIO 3B’SI30K MiXX KOHIIEHTpALI€IO Bi-
TamiHy D y cupoBarTiii KpoBi Ta TSLKKICTIO 3aXBOPIOBaHHS
[48]. Binkpurte paHaoMi30BaHe KOHTPOJbOBAHE CIIiMe KJli-
HiYHE JOCJI/KEHHS TOCIiTali30BaHUX TMALiEHTIB BiKOM
Bin 1 Micsiust 1o 17 pokiB i3 cepeHiM CTyMEeHeM TSKKOCTI
COVID-19 3 moTtpeboi0 J0maTKOBOIO KHCHIO ITOKAa3ajo
eeKTUBHICTh i Oe3IMe4yHicTh JofaBaHHsSI BiTaMiHy D 1o
CTAHIIAPTHOTO MPOTOKOJY JIiKyBaHHS [49]. 15-MicsiuHuMit
KJIiHIYHMT JOCBi JIiKyBaHHS iH(hiKoBaHUX BipycoM SARS-
CoV-2 3acBiguye e(peKTUBHICTb 3aCTOCYBaHHS BitTaminy D
[50—52].

IIpore HakomuyeHi Ha KiHenb 2022 p. omyOJiKOBaHi
JIaHi € MUJTOTHUMH i BCE 3K TaK1 3aIMIIAIOTHCS CYIIepewIn-
BUMU, OCKiJIBKM € OKPEeMi JOCTiIXKEeHHs, SIKi He BUSIBUIU

BipOTriTHOI0 MO3UTUBHOTO e(heKTy a0 BiH OYB CYMHIBHUM
[53—55]. IneTbcst TIpo MOCHIMKEHHSI, Y SKUX OyJIU 3aCTO-
COBaHi BUCOKi 103U BiTamiHy D. Tomy BapTo BpaxyBaTH,
110 BUCOKIi J03U BUKJMUKAIOTh KOPOTKOTPUBAIUA OJI0KY-
FOUYMi1 BIUIMB Ha BUPOOJICHHS KaJbIIUTPioIy. AHAJIOTIYHO
BUCOKI JIO3M MepionuuHOoi OO0JIFOCHOI Tepartii BiTaMiHOM
D HeedexTuBHI I 3anmobiraHHs paxiTy — CTaHY, KU
OOHO3HAYHO CHPUYMHEHUN pedimurom Bitaminy D,
OCKIiJIbKM BUCOKi J03U1 iHIYKYIOTh TPUBAJy €KCIIPECilo Ka-
TabosiyHoOro (pepMeHTyY 24-rimpoKcuiasu i pakropa poc-
Ty diopodnactiB 23 (FGF 23), ski oOunBa MaloTh iHaK-
TUBYIOUMIA edeKT 1 Bitaminy D [56]. A oT miKyBaHHS
25(OH)D He BUKIMKA€E TaKUX HECHPUSTIUBUX e(PEKTiB.
3acTocyBaHHs HOro npu naHiil iHbeKIlii mTpoaeMOHCTPY-
BaJIO 3HUXKEHHS MMOTPeOUr B IHTEHCUBHIl Teparii Ta 3MeH-
meHHs cMepTHOocTi [57]. «Io6 3’sacyBat e(eKTUBHICTh
i 6e3neky mob6aBok BitramiHy D mist ocio 3 COVID-19,
HEOOXiIHi 10AaTKOBI paHI0Mi30BaHi KOHTPOJbOBaHI 10-
CJIiIXKEHHSI» — TaKUM € BUCHOBOK KOKPaHiBCbKOTO OTJIsI-
oy 2022 p. [58]. To6To muTaHHS CTOCOBHO BiTaMiHy D i
3axBoploBaHHsA, cripyunHeHoro SARS-CoV-2, 3anuima-
€TbCS BIIKPUTUM i CITOHYKAE /10 MPOJOBXKEHHS BUBYCHHS
poJii IbOTO BiTaMiHy B ITaTOreHE3i KOPOHaBipyCHOI iH-
dexirii, mMpaBOMipHOCTI BKJIIOYEHHS MOro 10 MPOTOKOJY
il TiKyBaHHSI, a TaKOX MPU MOCTKOBiAHUX Tpolecax [18,
59, 60].

Biramin D i long COVID

VY 18 naiieHTiB 3 MyJIBTUCUCTEMHUM 3allaJlbHUM CHUH-
npomoM niteit (MIS-C), acorifioBanum i3 SARS-CoV-2,
y nuTs4ii nikapHi Benukoi bpuranii BusiBieHo nediiut
BiTaminy D mopiBHsSHO i3 rpymnoro xBopux Ha COVID-19,
SKi He Maiy Lboro cuHApoMy. O4eBUIHO, HU3bKi KOH-
meHTpanii 25-rinpoxcuBiTaminy D depe3 HeraTUBHUIA
BILUIMB Ha PEryJsililo MUTOKiIHIB Ta IMyHHY BiIIIOBiIb He-
MPSIMO CIPUSIIA PO3BUTKY TSIXKKOTO, YCKJIAIHEHOIO Ie-
pebiry indexuii [29]. Cepen 68 nemiaTpuuHUX MALIEHTIB
3 COVID-19 6iabp1 BUCOKa MOMIMPEHICTh AehillUTy Bi-
taMminy D maina miciie y xBopux aiteit i3 MIS-C [61]. do-
CJiKeHHSI 3B’SI3KY MiX piBHeM BiTaMiHy D i KjiHiuHOIO
TSKKICTIO TPUBAJIOTO 3amajbHOro cuHapomy B 103 miteit
i mimritkiB 3 COVID-19 no3Boamiio aBTopaM peKOMEHIY-
BaTu npodilakTUUHE BBeAeHHS BiTamiHy D, oco0i1uBo B
MiauTiTKOBOMY Billi [62]. TToTeHLiliHA POJIb TiMOBITAMIHO-
3y D y dopMmyBaHHI TpuBalIuX MOPYIIEHb CTAHY 3M0POB’SI
nicyst roctporo COVID-19 Takox 111e riepeOyBa€ B cTajil
MePMAaHEHTHOrO BUBYEHHS [63]. BuBYeHHS BIUIMBY piB-
Hs BiTaminy D y cupoBaTili KpoBi B AiTeil i MiAJIiTKiB Ha
nepedir COVID-19 i iforo Hacnigku 3aJMIIAETHCS aKTYy-
aJIbHUM, OCKIiJIbKM HasIBHi JaHi € 6aratoo0ilsitounMu, ajie
IUCKYCIHHUMU.

BucHoBkMU

IIpoBeneHmii aHaji3 JiTepaTypHHUX IKepes ITOKa3aB,
110 HEOCTATHICTb i AediluT BitamiHy D 301IbIIYIOTH pU-
3uK TsiKKoro niepediry COVID-19, y Tomy unciti B iuTsviii
TTOMYJIALi, a TAKOX 3YMOBJIOIOTh BHUIII MOKa3HUKHU TOC-
2-ingekuii. HemoctaTtHicth BiTamiHy D Takox wacriiie
BIUIMBaia Ha po3BUTOK MIS-C. V Toii xxe yac BIUIUB He-
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JIIOCTAaTHOCTI BiTamiHy D Ha po3BUTOK iHIIMX O3HAK TPHU-
Basoro COVID-19 nepedyBae Ha cTanii BUBUEHHS, SIK i
BIUIMB carieMeHTalii BitamiHy D Ha nepedir SARS-CoV-
2-iHdexkiii Ta il HacaiaKu.

KonduaikT iHTepeciB. ABTOpHU 3asiBISIIOTH TIPO BifCYT-
HiCTb KOHMJIIKTY iHTEpeciB i BlacHO1 (hiHaHCOBOI 3allikaB-
JIGHOCTI TIPH TiATOTOBILi JAHOI CTATTi.

Indopmania npo dinancyBanna. Orisan minrorosre-
HUI1 y paMKax HayKOBOTO IMPOEKTY «OIiHKa SKOCTi KUTTS
Ta IMCUXOJIOTiYHOTO cTaHy niteit 3 TpuBaium COVID-19
B yMOBax BOEHHOTO 4Yacy» (HOMep AepXKpeecTpaliil
0123U100301), axkuii diHaHcyeTbest MiHICTEpCTBOM 0XO-
POHU 310pOB’st YKpaiHU 3a KOILUTU JAEePKaBHOTO OIOIKETY,
TepMiH BUKoHaHHs 2023—2025 pp.
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The role of vitamin D in the course of SARS-CoV-2 infection and long COVID in children
(literature review)

Abstract. Long-term observation of the SARS-CoV-2 pan-
demic in the pediatric population revealed the presence of per-
sistent symptoms in 1 : 4 to 1 : 10 children four or more weeks
after the onset of this infection. The question about the role of
vitamin D in the course of COVID-19 and the development of
long-term health conditions is still debatable. The purpose of
this review is to generalize and clarify the effect of vitamin D on
the course of COVID-19 and the post-COVID period in chil-
dren. Electronic search for scientific publications was done in
the PubMed, Scopus, ResearchGate, Wiley Online Library and
Google Scholar databases from 2019 to February 2023. Analysis
of studies on COVID-19, the post-COVID period, and the im-
pact of hypovitaminosis D on their course attests to the ambiguity
of published results in the pediatric cohort. A number of resear-

chers have linked vitamin D deficiency to higher mortality, higher
hospitalization rates, and longer hospital stays. Hypovitaminosis
D impairs the functioning of the immune system in an organism
infected with the pandemic coronavirus, which increases the risk
of severe course and mortality. But this hypothesis still needs in-
depth study to understand the essence of the effect of vitamin D
supplementation on the course of the coronavirus infection and
long COVID. The hypothesis about the relationship between hy-
povitaminosis D and immunosuppression during infection with a
pandemic coronavirus and its potential role in the formation of
long-term health conditions after acute COVID-19 is still under
permanent study.

Keywords: COVID-19; long COVID; SARS-CoV-2; vitamin D;
children
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"/AbBIBCbKV HALIIOHQABHM MEANYHU YHIBEPCUTET iMEHI AQHUAQ [QAmLbKOro, M. AbBiB, YkpQiHa

’HaujoHanbHQ AMTIHQ crielianidoBaHA AikQpHsT «OXMATANT» MO3 Yikpainum, m. Kunis, YkpaiHa

SAY «HQyKOBO-MPAKTUYHNT MEANYHN LIEHTP AMTSIHOI KOpAionorii TQ kapaioxipypriiy MO3 YkpaiHu, m. Kuis, YkpaiHa

YpoAXXeHO BOAQ cepusd — AOpPTONYAbBMOHOABHE BIKHO:
OCOOAUBOCTI AIQrHOCTUKU B AiT€ POHHBLOTO BiKY

Pesiome. Aopmonyasmonansie sikno (AollB) — ypodacena 6ada cepys, ujo XapaKmepusyemocs HASGHICMIO aHO-
ManbHORO CNOAYHeHHsl Midc cmogbypom nAe2eHe8oi apmepii ma npoKCUManbHOI 4acmuHolo dyeu aopmu 6e3nocepeoHbo
noHad pienem niemicayesux kaanawie. Lle oona 3 piokicnux ead cepys (wacmoma cmanosums 0,2—0,6 %). AoIl1B moxce
bymu camocmitiHor 8ador abo NOEOHY8amucs 3 MaKumu a0amu, SK KOApKmayis aopmu, nepepeana dyea aopmu,
mempada Danno, degpexm mizxcnepedcepdroi nepecopodku uu eidkpuma apmepiansha npomoka. Jlikysanus AollB no-
A52a€ 6 XipypeiHiil KopeKuyii eadu, wo nosUHHA NPOBOOUMIUCH GIOPA3Y NiCAs 6CMAHOBACHHA 0iAeHO3Y 3 MEeMOi0 3ano-
bieanHs pozsumiy neeenesoi einepmensii. [licasonepayiiini yckaaonenus nicas xipypeiunoi kopexuyii AollB eunukaromo
PioKo il 3anexcams 6i0 NOEOHAHHA yiei 6adu 3 THUUMU BPOOICCHUMU 8A0AMU CEPUs, 0COOAUBO 3 NEPEPEAHOID Y200
aopmu. Y yiit cmammi mu nodaemo pempochekmueHuil ananiz nayienmie 3 AollB 3a nepiod 2003—2022 pokie, ski
npoxodunu oocmexncenns 6 KHII JIOP «JIvsiscvka obaacna kainiuna oumsaua aikapus «OXMATIHHUT», i déa kainiuni

sunadxu AollB — y 2- i 10-micaunux Xx10n4uKia.

KimrouoBi ciioBa: epodorcena eada cepys; aopmonysvmonanshe gikno; exoxapdioepagis; dimu

Bctyn

3a mepion 2003—2022 pp. y KHIT JIOP «JIbBiBChbKa
obyiacHa KJliHiuyHa autsya jdikapHsi «OXMATAUWUT» Gyno
niarHoctoBaHo 10 BMUMAAKiB aOPTOITYJIbMOHAJIBHOIO Bi-
kHa (AollB), 3 Hux y 5 (50 %) nauienris AollB 6yio0 i30-
JboBaHUM, Y 2 (20 %) XBOpHX MOETHYBAJIOCS 3 Ae(EKTOM
MIXILTYHOYKOBOI neperopoaku (JIMILIT), y 2 (20 %) — 3
BiIKpUTOIO apTepiajibHOIO MpoTokow i B 1 (10%) — 3 mepe-
pBaHoIO ayroto aoptu. Y 5 (50 %) miteii BUBHauaBCs TIPO-
KeuManbHU nedekT, y 4 (30 %) — muctanbhwmii, B 1 (10 %)
MarieHTa — TOTAJIbHUM.

Bunanox 1. To JIbBiBcbKOI 061aCHOI KIIIHIYHOT IATIYOL
nikapHi «OXMATAWT» HamiiioB 2-MiCSTYHUMA XJTOIMIUK Y
3B’SI3KYy 31 cCKapramy Ha BUPaKeHy 3aauIlKy, TaxiKapilo,
IIBUAKY BTOMY, MOCUJIEHY MITIMBICTD IiJl Yyac TOayBaHHS
i1 BincTaBaHHS y (i3MMHOMY PO3BUTKY. 3 aHAMHE3Y KUTTSI
BiZIOMO, 1110 IUTWHA HApOAMJIACS OAHIEIO 3 ABiliHI Bil Tpe-
ThO1 HEJOHOILIEHOI BariTHOCTi (IITYYHOTO 3aruliIHEHHSI),

JPYTUX TMOJIOTIB LIJISIXOM KecapCchKOro po3TuHy. Bara mpu
HapomxeHHi craHoBwia 2050 1, a 3pict — 51 cwm.

IIpu ornsidi ctaH AUTUHU CEPEIHbOI TSIKKOCTI, BUpa-
JKEHI O3HaKW AUXaJbHUX PO3JaliB — PO3MyBaHHS KPWJ
HOCa i BTSTHEHHSI MiXPEOepHUX MPOMIXKKIiB. XJIOMUUK
MpaBWILHOI OyI0BY Tijia, 3HUKEHOTO XapuyBaHHSI, (hi3nd-
HUI po3BUTOK HMKYe Bim cepemHboro. Ilkipa it Bugmmi
cM30Bi Ouifai, uncti. [1in yac ayckynbranii cepiisi BUCTYXO-
BYBQJIMCh PUTMIUHI, MPUIIYIIEHI TOHU Ceplsl, TaXiKapIist
(gactora cepueBux ckopoyeHb 144/xB), a B ginsguui [1-1V
MixXpeOep’s 371iBa BUBHAYABCS iIHTEHCUBHMI CUCTOJIYHUI
myM 5/6 3a mkanoio JleBiHe. ApTepiabHUIT THCK OyB Ha
piBHi 95/50 MM pT.CT. Ha 000X KiHIliBKax. [TambmyBaBcst
M’SIKUI KUBIT, medyiHKa BucTynaia Ha 3,0 cM HMX4e Bifg
pebepHOi 1yru, HAOPSIKM He BU3HAYAIMCS.

Enexrpokapaiorpadist (EKT): cunycoBuii put™ i3 yac-
TOTOIO CceplEeBUX ckopoueHb 144 yu/xB, iHTepBan PQ cra-
HoBuB 0,12 c, eJleKTpUYHa BiCh Ceplisl BiXuieHa BIIpaBo,
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HernoBHa 0JioKaja MpaBoi HixKKK Iydka [ica, o3Haku me-
peHaBaHTaXXEHHs MpaBoro 1uyHouka. [1pu peHTreHorpa-
il BusBIEHO Kappiomeranilo 3 TOCWJIEHUM JIET€HEBUM
PUCYHKOM i KapaioTopakadbHUM iHmgekcoMm 65 %. Exo-
kapmiorpadiss (ExoKI') 3acBimumia po3immpeHuil iiBuii
LIJIYHOYOK JiaMeTpoM 2,6 cM i jiBe niepeacepast — 1,8 cM,
MIXIIZTYHOYKOBA MEeperopojKa i 3aaHsI CTiHKa JiBOTO ILTy-
HOUKa He MOTOBILEHi. 3 KOPOTKOi BUCOKOI IapacTepHasb-
HOI OcCi Bi3yali3oBaHO i30JIbOBAaHE AOPTOIYIbMOHAJIbHE
BiKHO 4—5 MM 3 J1iBO-IIpaBUM CKUAOM i3 T-mrogiOHMM apTe-
(akToOM, a TAaKOX BiIKpUTE OBaJbHE BiKHO pO3MipoM 4 MM
(puc. 1).

IIpu ExoKI' BcTaHOBIEHO MpaBUILHMI Xil MaricTpalib-
HMX cynuH. BucxinHa aopta miametpom 0,9 cM, po3mip cer-
meHTiB nyru: A/B/C — 0,8/1,0/0,9 cm. Y nereHesiii aptepii
(1,4 cm y miameTpi) — TypOyJIEeHTHMIA TTOTiK Oe3 MaToJIorivy-
HUX 3MiH KjarmaHa. OyHKIIig KiIanaHiB He TTopyiieHa. Tuck
y MpaBoOMy IILTYHOUKY 60 MM pT.cT. CKOPOTJIMBICTh MiOKapaa
n00pa 3 ppakiiero Bukuay 66 %. Byio BcTaHOBJIEHO 1iarHO3:
BpOJIKEHa Bajia CepIIsl: i30JIbOBaHE aOPTOIYJIbMOHAJIbHE Bi-
KHO 3 03HaKaMM JiereHeBol rineptensii 11 ct. (puc. 2).

IlamienTa Oyno ckepoBaHo B HaykoBo-mpakTuaHwMit
MEIUYHMI LEHTP AUTIYOl KapaioJIorii Ta KapaioXipyprii B
micti Kuesi, ne niarHo3 0y/10 miaTBepaKeHO 3a JOITOMOTI'0I0
KoMIT’ 10TepHoOi ToMorpadii (puc. 3).

TlamieHTy 6ys10 MPOBENEHO XipypriuHy KOPeKIilo Baau.
ITicasonepaniliHuii mepeoir 6e3 ycKiIagHeHb, IUTUHA POC-
T€ 1 pO3BUBAETHCS 3TiTHO 3 BiKOM.

Bunanok 2. Xsomyuk BikoMm 10 MicsIiB HamiiIIoB y
BimmineHHss peaHiManii JIbBiBCbKOI 00JacHOI KIIiHIYHOI
nutsdoi JtikapHi «OXMAT/UWUT» ymepiire 3 o3HaKaMM 3a-
CTIIfHOT CeplieBOI HEAOCTATHOCTI 1 BUCOKOI JIETeHEeBOI Ti-
HepTeH3ii. Y IUTUHM CITIOCTepirajancs BUpaXkeHa 3aJuIlKa,
TaxikKapmis i BiZcTaBaHHS B Maci Tija. AyCKyJIbTaTUBHO BU-
3HauaBcs akueHT Il ToHy Ha jiereHeBilt aprepii Ta cucTo-
JIYHMI 1ryM BUKuay 1/6 3a mkanoio JleBiHe.

3 aHaMmHe3y BiZoMo, 1110 y 8-MicsTYHOMY Billi OyJio mia-
THOCTOBaHO BpomxkeHy Bany cepust — JMIIIT y momikiti-
Hili 3a MicueM npoxxuBaHHs. [IpoTe IBUAKE HAPOCTaHHS

PucyHok 1. Exokappgiorpadgisi. Bucoka
napacrtepHasibHa no3uyis — Il mixxpebep’s 3nisa.
KopoTka Bicb aopTu i goBra Bicb 1ereHeBoOi
aprepii, negeKkr aopTonereHeBOi CTiHKN —
aopTonysibMOHaJIbHe BiKHO 5 MM
Mpumitkn: Tyt i Ha puc. 2-5: AollB — aopTony/bMo-

HasibHe BikHO; Ao — aopTa; JIA — nereHeBa aprepis.

0O3HaK 3aCTiliHOI cepleBOi HEAOCTATHOCTI I JereHeBoi Ti-
nepTeH3sii, 3HauHe BiJCTaBaHHS B Maci Tila — rinorpodis
I1I cT., yacTi peuMaMBYIOYi MTHEBMOHII Ta OPOHXITU B aHaM-
He3i BUKJIMKAJIU Mi103py Ha MOE€IHAHY MaTOJIOTiO.

[1pn ExoKI'-06cTexxeHHi BUSIBJIEHO pO3LIMPEHi JIiBUM i
MpaBUil MITYHOUYKU, MEPUMEMOPAHO3HUI CyOaopTaTbHUI
nedeKT MiXKIIUTYHOUKOBOI MEeperopojiku po3MipoM 8§ Mm
3 MepPeXpPecHUM CKMIOM i rpamieHToM THCKy Ha JMIIIT
13 MM pT.cT. Xim MaricTpaJbHUX CYIVH IpaBWILHUI. Aop-
tanpHu# KinanaH (AK) TpucTyakoBuii, CTYIKM He 3MiHEHi.
Ipamient Tucky Ha AK He BusHauaBcs. KianaH iereHeBoi
apTepii 3 rpalieHTOM TUCKY 4 MM pT.cT. DyHKIIis i CTPYKTY-
pa aTpiOBEeHTPHUKYJISIPHUX KJIallaHiB He MOpYylIeHa.

byno BizyanizoBaHo AollB, ogHak ckumy KpoBi 3 aop-
TU B JIETEHEBY apTepilo He BUSIBJIEHO Y 3B’SI3KY 3 BUCOKOIO
JIETEHEBOIO TinepTeH3ieto. TUCK y MpaBoMy IITYHOUKY CTa-
HOBUB 80 MM PT.CT. (puc. 4).

JutuHa Oyna ckepoBaHa B HaykoBo-TipakTUUHUIT Me-
MAYHUI LIEHTP AWUTSYO0I Kapaiosorii Ta Kapaioxipyprii, ne
IIPOBEIEHO KOMIT'IOTepHY ToMmorpadiio i IMmiaTrBepIkeHO
HasBHicTb AollB 3 IMIIII, BuKoHaHa XipypriyHa KOpeK-
wist Bagu. Ilicnsionepaniitnuii mepion 6e3 yCKJIagHEHb.

OrAgA AiTepatypum T 06roBoOpeHHs

AollB — 11e cioydeHHsI MiX BHUCXiTHOIO a0pTOIO i Jie-
TeHEeBOIO apTepi€lo, yrepiie Oyjao omucaHe e Emiorco-
HOM HampHUKiHIli MUHYJIOTO CTOJITTA [1].

OcHoBHa BigMiHHicTh AollB Bix 3aranbHOro aprepi-
aJbHOTO CTOBOYpa IOJISITAE B HASIBHOCTI JBOX OKPEMHUX
MiBMIiCSILIEBUX KJIAMaHiB, SIKi MOXOMSTHh 3 JTBOX OKPEMUX
cybapTepiaJIbHUX BUXiTHUX TPAKTIB LIIJTYHOUKIB.

Benuki Aoll1B notpioHo nudepeHiiitoBaT 3 BEJIMKUM
JIIBO-TIPaBUM IIIYHTOM, CIIPUYMHEHUM Ie(EeKTOM MiX-
LIIJTYHOYKOBOI TI€PErOopo/IKM, aTpiOBEHTPUKYJISIPHOIO KO-
MYHIKaIIi€l0 Y1 BiIKPUTOIO apTepiaJbHOIO IIPOTOKOIO. YCi
11i Baay MOXYTb CIIPUYMHUTH 3aCTiliHY CepleBY HeI0CTaT-
HiCTb, JIETEHEBY TiMePTEeH3il0 Ta MPOrpecylouy MaTojoTio
JIereHsb [2].

AollB — 11e BimTHOCHO piIKicHa BpoIkKeHa Baja ceplid,
110 TparuisieThes i3 yactoroo 0,2—0,6 % Bim ycix ypomxke-
HUX Bax cepud |3, 4].

3rinHo 3 mitrepatypHumu naHumu, AollB mMoxe Oyth
i301p0BaHOI0 Bafiolo — B 50 % mallieHTiB, a TaKOX MOXe

—amet = B bor
PucyHok 2. Exokapaiorpagis — Typ6ysneHTHWiA NoTik
3 aopTu B JIereHeBYy apTepito
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MOEHYBATUCS 3 IHILIMMU BPOJKEHUMU BalaMU ceplisl, Ta-
KAMU K KOApKTallisi aOpTH, MepepBaHa yra aopTv (TUI
A), tetpaga Panno i aedexr MixmnepeacepaHoi nepero-
ponku [5]. 3HauHo piaie AollB noeaHyeTbest 3 neekTom
MiXIIUTYHOUKOBOI IEPETOPOIKH, aTPE3i€EI0 A0OPTU YU CTOB-
Oypa JiereHeBOI apTepii Ta TPaHCIIO3UIIIEI0 MaTiCTpaIbHUX
cyauH [6, 7].

Pospizsstiors 3 Tunm AollB: mpokcumanbpHMit — tam I,
nucTtanbHuil — tui 11 i TotaneHamii Tun nedexry — tui 111
(3a ximacugikamiero Mopi) [8]. BapTo 3a3HaumnTu, 110 Kia-
cudikaitii AollB pi3HsiThCs cepen HaykoBLiB [ 1, 9].

IIpokcumanbHi AedekT 3ycTpivaloThCsl HAMOLIBIIT
4acTo, BOHU LIMPKYJSPHI i pO3TalllOBYIOTbCS B MPOKCU-
MaJIbHill YaCTUHi a0pTHU HaJ cuHycoMm BajbcanbBu.

JMcTaabHUIA TUIT CIipajabHOI (DOPMU PO3TALIOBYETHCS
Y BEPXHill YaCTHHI BUCXIHOT AOPTHU 1€ 10 PO3TaTyKEeHHS
TJIO0K, 1110 BiIXOASITh Bill aOpTU. B onurcaHux HaMM Mali€eH-
TiB BU3HAYaBCs caMe AucTanbHuii gedext (turm II).

ToranbHi nedexTn 3ycTpivaloTbesl HaWpialle, BOHU €
BEJIMKUMU i 3aTy4aloTh 3HAYHY YaCTUHY BUCXiTHOI aOpTU
MiX cuHycoM BanbcanbBu Ta TiJIKaMu IyTH aOpTH.

BaxnuBo 3a3HauuTu, 1110 AollB yacTto Takox Ha3uBa-
10Th 1e(heKTOM a0PTOJIEreHeBOI MePeropoiku, Xoua TaKoro
MOHSITTS, IK a0pTOJIereHeBa Meperopojika, He iCHYe B I0-

H

»
»
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: ' - \
w "!5”:».

CTHaATaJbHOMY Ceplli, iHTpanepukapaiaabHi KOMIIOHEHTHU
aopTH Ta JIeTeHEeBOi apTepii MaloTh CBOI OKpeMi cTiHKH |10,
11]. Bigrak Ha3Ba «Aol1B» Ginblu BianosigHa.

Y Bumnanky, skio AollB He moenHyeTbes i3 iHITUMU
BaJaMM, MOro MOXHa BiTHECTM /10 MPOCTUX Baj Ceplis.
Axmo x AollB acomiiioBaHe 3 TaKUMM BaJaMH, SIK TIepe-
pBaHa mayra aoptu, AMILII, nianotnuHi Bagu cepiist uu
IMaTOJIOTisSI KOPOHAPHUX apTepiii, To Taki AollB Hamexath
IO CKJIAIHUX BPOKEHUX Bajl cepiisl. [1pubinsHo nosoBu-
Ha TALIIEHTIB MAIOTh TaKi MOEIHAHHS i BUMAaraloTh 101aT-
KOBUX IiarHOCTUYHUX i XipypriyHUX BTpyYaHb.

Kniniuni nposiBu Aol1B yacto HecnenugivHi, 1110 3Ha-
YHO YTPYAHIOE MiaTHOCTUYHMIA Mpoliec, ajie OiIbIIiCTh Ma-
LIIEHTIB MalOTh KJIiHiYHi O3HAKM, MpUTaMaHHi BajgaM 3 Jii-
Bo-TipaBUM ckuaoM. [lauieHTn 3 Mmanum nedexkrom AollB
MOXYTh HE MaTW XKOJHUX KJIiHIYHUX MPOSIBIB, a MalliEHTA
3 TotaibHUM AolIB, sIK IpaBUI0, MalOTh BUPAXXEHi O3HAa-
KW JIETeHeBOI TirnepTeHsii i 3acTiiiHOi cepleBO-CYIMHHOT
HEJIOCTAaTHOCTI, Taki sIK Taxikapjisi, HaJaMipHa IMTIUBICTh
ITiT Yac TOAyBaHHs, BiIcTaBaHHS Y (i3MYHOMY PO3BUTKY i
3aIUIIIKA MMPOTSITOM TEPIIUX TUXKHIB XUTTS, 1110 i CIIOCTe-
pirajocst B HalllMX MALiEHTIB.

AollB HeoOxinHO 3amigo3pUTH B MALIIEHTIB, SIKi MAlOTh
JIETEHEBY TiMepTeH3il0, 10 HEMOXJIMBO KJIIHIYHO TOsiC-

PucyHok 3. Komn’iotrepHa Tomorpadgis.
AopTtonysbMOHasibHe BiKHO
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HUTH, YA O3HAKM BUPAXEHOTO CKUAY 3J1iBa HAMpaBo, 110
ACOIIIIOETHCS 3 paHHBOIO JIETEHEBOIO rinepreHsiero. Tsaxka
JIeTeHeBa TiMepTeH3iss MOXe BUHUKATH BXXe MPOTATOM Mep-
1IOTO Micsis KUTTs [9].

Penrrenonoriuni un EKI-3MiHu € HecnienudiyHumu,
TOMY OWJTBIIIOCTI TTAIli€EHTIB AiarHO3 MOXKHAa BCTAHOBUTH 32
nonomoroto ExoKT.

IIpote icHye pu3uk npomnycTutu miarHo3 AollB, skio
pETeNIbHO HEe CKAaHYBATH AUISTHKY MPWJISITAHHS CTIHOK Mari-
CTPAIbHUX CYIUH, SIKi € OKPEMUMU CTPYKTYPaMu, BaXKJIMBO
CKaHyBaTH L0 OUITHKY 3 Pi3HUX IIPOEKIIili 63 KOJIhOPOBOI
norrieporpadii. ¥ Bunaaky BusiBneHHs1 AollB moTpioHo
3aCTOCYyBaTU KoJIbOpoBY pomruieporpadito [11]. Ilim yac
npoBeaeHHss ExoKI' Haiikpalie gedekT Bisyasi3yeTbcs 3
KOPOTKOI BUCOKOI ITapacTepHaIbHOI OCi, i3 CyOKOCTaIbHO1
Ta CyNpacTepHAIbHOI MO3ULIi.

CyOKocTajibHa MO3UlIisi 0COOJMBO 3pydHa IS BU3HA-
YeHHs BificTaHi AedeKTy 10 Miclisl BUXOIY JIiBOI KOpOHap-
Hoi aptepii. I3 cynmpacTepHanbHOI TO3MILIT HUXHIN Kpait
BUCXIZTHOT A0PTH TIPOCIIIIKOBYETHCSI 10 BEPXiBKU Ha BiMi-
HY BiJl TUTTOBOTO LIIMPKYJISIPHOTO 3pi3y CTOBOYpa JiereHeBO1
aprepii, Aol1B BizyanizyeTbcs K miBkoso [12].

HasBHicTh BeTMKOTO J1iBO-IIPaBOro IIYHTa CIPUYNHIOE
JUIaTallilo JiBUX KaMep cepllsd, JIeTeHeBOi apTepii Ta ii Ti-
JIOK, TTIOTOBLIEHHS CTIHKM MpaBoro nutyHouka. [1pu Benu-
KOMY JieheKTi MOTiK Bill aOPTU BXOAMUTH Y JIETEHEBY apTe-
pilo nepeneHauKyIsIpHO 10 11 JOBroi Oci, a MOTIM LIBUAKO
MOIIMPIOETHCSA. HaToMicTh 3a HasIBHOCTI MaJIeHBKOTO pe-
CTPUKTUBHOTO Je(eKTy Bi3yalli3yeThCs MOCTIHHUI TypOy-
JICHTHUI TIOTiK BUCOKOI IIIBUIKOCTI 3 AOPTH JI0 JIETeHEBOT
aprepii. [1pu Ginbimx gedexrax 3a yMoBU HOpMaIbHOI pe-
3UCTEHTHOCTI JIETEHEBUX CYIWH TOCTIHHUI aHTerpagHuii
MOTIK BU3HAYAETHCS B JIETEHEBUX apTepisiX AUCTAIBHO 10
AollB 51K Hac1imoOK BEMKOTO JIiBO-IIPAaBOTO CKUAY 3 A0PTHU
IO JIETEHEBOI apTepii.

AHTerpagHuii IMOTIK y IMCTaJbHY 4YacTHMHY CTOBOypa
JIeTeHeBOi apTepii Ta 1i riJtok BinpisHsie AollB Bix Bigkpuroi
apTepiajlbHOI MPOTOKU. AHOMaJIbHUI PeTpOrpagHuil mia-
CTOJIIYHMIA MOTIK Bi3yali3yloTh y HU3XiAHIN aopTi mig yac
NiacTOJIM, BiH CIIPUUMHEHUN CKMIOM 3 aOPTH B JICTCHEBI
aprepii. [1poTe y Bumaaky cripaibHuUX aedeKTiB, 110 ayxe

PucyHok 4. Exokapgiorpagis. Bucoka
napacrtepHanbHa no3uuis — Il mxxpebep’s 3niBa.
BisyanisoBaHO KOpPOTKY Bicb AO Ta AOBry BiCb
JIA, a Takoxx gegeKkT aoprosiereHeBoi CTiHKN —
aopTonysibMOHaJibHe BiKHO 7 MM

IIMPOKi 1 3aXOIUTIOIOTh MicClle MOYaTKy JiereHeBOi apTepii,
4y BEJIMKUX Ae(EKTiB, 1110 MPOCTIraloThCs BiJl CHHOTYOY-
JIsIpHOTO 3’€mHaHHS a0 Oidypkalii croBoypa JIA, AollB
4acTo CKJIaaHO MudepeHIlitoBaTH 3 BiIKPUTOIO apTepialib-
Hoo npoTokoro [11].

Y BUIaaKy HasiBHOI JIET€HEBOI rinepTeH3ii BU3HAYa€Th-
csI IBOHAMpaBjieHU# moTik yepe3 Aol1B HU3bKOI IBUIKO-
cri [12].

[iarHo3 OyB BuacHO BcraHoBieHUit B 90 % niteit 3
AollB, sskuM BUKOHYBaI OOCTEXXEHHS B HaIIliil yCTAHOBI.
B onHi€ei nutHM giarHo3 0yJ10 BaxKKO BCTAHOBUTH Bifpasy,
1110 OYyJ1I0 TIOB’SI3aHO 3 aCOIlili0OBaHOIO IaTOJIOTiEI0 — Iepe-
PUBAHHSIM AYTU AOPTH.

[Moeananns AollB 3 iHIIMMM BagaMu ceplisl yTPYIHIOE
BUYACHY J1IalrHOCTUKY, OCKIJIbKY JIiIKap MOX€e He 30CepeIxKy-
BaTUCh Ha IOIIYKY iHIIOI MaTOJOTii, JiaTHOCTYBAaBIIIY OTHY
Bajy.

Y Bumnaagkax, KoJii BCTAHOBJICHU TiarHO3 HE TTOSICHIOE
TSDKKICTh KJIIHIYHOTO Tiepediry XBopoOu, MoTpidHO mpo-
BOIMTHU KOMIT IOTepHY ToMoOrpadiio, Ik 0yJ10 i B HAIIOMY
BUTIAMIKY.

Vcinauientu 3 Aol1B BumaraioTs HeraifHoOI XipypriaHoi
KOPEKIIil Baau Bigpa3sy ITic/Isl BCTAaHOBJIECHHS AiarHO3Y, amxke
6e3 Hei 40—50 % naitieHTiB MOMpPYTH Bifl 3acTiiiHOI ceplie-
BO-CYIMHHOI HEIOCTATHOCTi MPOTSITOM IIePIIOr0 POKY
JKUTTH, a Ti, AKi BUXKWIN, OYyAYThb KUTH 3 BUCOKOIO JIET€HE-
BoOlo rinepreHsieto [13].

Gross Ta CITiBaBT. yIieplie MpoBen XipypriuHy KOpeK-
ito AollB yepe3 niBuit TopakaabHMit goctyn 1ie B 1952
poui [14].

Wright Ta criiBaBT. o11y0J1iKyBaju CBOi pe3y/IbTaTh rep-
II0TO0 TpaHcaopTajabHOTo 3aKpuTTsa AollB mim uac orme-
patii 3i mTydHUM KpoBoobirom y 1968 [15], a Deverall
Ta CITiBaBT. OIMCaJIH Xipypriuny Kopekiito AollB i3 Hakia-
JMAHHAM JaTku [16].

Vcix mauieHTiB Oy/0 BUaCHO i YCIHILIHO IPOOIepoBa-
HO 3 BUKOPUCTaHHSIM XipypriuyHoi jaTku. CbOroaHi maii
Yy pe3uayaibHi NeheKTH 3aKpUBAIOTh TPAHCKATETEPHUM
nuisixoM. 3akputtst AollB sk XipypriuHuM, Tak i MiHiiH-
Ba3WBHUM IIJIIXOM MOXE MaTH TaKi YCKJIaTHEHHSI, K CTe-

PucyHok 5. Komn’totepHa Tomorpadgisi.
AopTonysibMOHasibHe BiKHO 7 MM
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HO3 BUCXiTHOI aOpTU YU JIETeHEeBOi apTepii a00 3aJIUILIKOBI
neeKTH, 1110 BUMarae mocTiliHOIo MOAAIbIIOr0 CIIOCTepe-
SKEHHSI B IUTSIYOrO KapioJora.

BMcHOBKMU

AollB — pinkicHa BpomkeHa Baja ceplisi, 110 Yac-
TO MOENHYETHCS 3 IHIIMMM BPOJXXEHUMM BaJaMU Ceplisl.
VY GinbIIOCTI MallieHTIB 3 A0PTOIYJIbMOHATBHUM BiKHOM
PO3BUBAIOTHCS BUPaXKEeHi KJIiHIYHI O3HAKU CepleBOl He-
JOCTaTHOCTI Ta JIETEHEBOI TillepTeH3ii Bigpasy Micls Ha-
DPOIXKEHHS.

Binpuricte AollB miarHOCTY€EThCS 3a JOIIOMOTOIO €XO-
Kapaiorpadii, IpoTe B OKpeMMX BMIIagKax HiarHOCTUKA
AollB Moxe CTaHOBUTM TPYAHOILI HaBiTh I 4Yac Haii-
OL7bII MPUCKITJIMBOTO OOCTEKEHHSI.

Jlixapss MOBMHHI HAcTOpPOXYBaTW BHCOKa JIeTreHeBa
rinepreHsis Ta OUJIaTOBaHI KaMepu ceplisl, sIKi HEMOX-
JINBO KJIIHIYHO TMOSICHUTHU, Y TAKOMY BMITIaJIKy IMOTPiOHI
TaKi 1OJAaTKOBi MeTOAM OOCTeXEeHHS, SIK KOMIT I0TepHa
Tomorpadis.

V BumtanKy HasBHOCTI acoOIiiiOBaHOI ITaTOJIOTil iCHYeE
3arpo3a nporyctut Aoll1B, 0co611Bo K10 BXe AiarHOC-
TOBaHa BajJa MNOSICHIOE KJIiHIYHI IPOSIBU.

BuachHa miarHocTuKa i XipypriyHa KOpeklilisl € BKpaii
BaXJIMBUMMU, TOMY pETeJIbHE PYTUHHE CKaHYBaHHS JiUISTH-
KM TIepexpecTy aopTu Ta JIA € BUllpaBoaHUM i1 yac KOX-
HOTrO exokapaiorpagpiyHOro o0CTeXXeHH:I.

XipypriuHe JIiKyBaHHSI 3a0e3leuye MOBHY KOPEKIIio
BaJu i Ma€ HU3bBKWUU piBeHb MicCAsONepalliiHuX YCKIaI-
HEHb 3a YMOBH BiJICYTHOCTI CKJIaJHOI acolliiioBaHOI MaTo-
JIoTil.

Konduaikrt iHTepeciB. ABTOpHU 3asiBISIIOTH TIPO BifICYT-
HiCTh KOHQIIIKTY iHTepeciB i B1acHOI (hiHaHCOBOI 3alliKaB-
JIGHOCTI TIPH ITiATOTOBLIi JAHOI CTATTi.

Indopmania npo dinancyBaHHA. ABTOpM 3asIBJISIIOTH
PO BiICYTHICTh (hiHAHCOBOI MiATPUMKHU.

Indopmanis mpo BHeCOK KOXKHOTO aBTOopa. Maie-
coka A.A. — aHalli3 OTPUMAHUX [AaHWUX, HAINKUCAHHS
Tekcty; Kypuask O.B. — KOHIEIIS i AU3aiiH CTaTTi;
Anuncoka T.A., Cmoeosa O.B. — 30upaHHs i1 00poOKa KJTi-
HIYHUX JAHUX.
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Congenital heart defect — aortopulmonary window:
diagnostic features in infants

Abstract. Aortopulmonary window (APW) is a congenital heart
defect characterized by the presence of an abnormal connection
between the pulmonary artery and the proximal part of the aortic
arch directly above the level of the semilunar valves. It is one of the
rarest cardiac defects (frequency of 0.2—0.6 %). APW occurs as
an isolated cardiac lesion or in association with other anomalies
such as coarctation of the aorta, interrupted aortic arch, tetra-
logy of Fallot, and atrial septal defect or patent ductus arteriosus.
Treatment of APW comprises surgical correction of the defect,
which should be performed immediately after diagnosis in order to

prevent the development of pulmonary hypertension. Postopera-
tive complications after surgical correction of APW occur rarely
and depend on the association of this defect with other congenital
heart defects, especially with an interrupted aortic arch. In this ar-
ticle, we present a retrospective analysis of patients with APW for
2003—2022, who were examined at the Lviv Regional Children’s
Hospital OHMATDYT, and 2 clinical cases of APW in 2- and
10-month-old boys.

Keywords: congenital heart defect; aortopulmonary window;
echocardiography; children
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Atypical hemolytic uremic syndrome:
a pediatric case report

Abstract. Background. Atypical hemolytic uremic syndrome (aHUS) is an extremely rare but life-threatening dis-
order in children since it may cause acute kidney injury. Patients with aHUS are at risk of recurrence. Hence, in this
paper, we present a case of a 9-year-old boy with aHUS relapse. The child was admitted to the emergency department on
the fifth day of illness with main complaints of facial puffiness and decreased urine output. Based on the medical history,
the patient developed the second episode of aHUS after 6 years of complete recovery from the first episode. There was
no preceding diarrheal illness, instead, the clinical manifestation of both aHUS episodes was triggered by a respiratory
tract infection. The results of diagnostic studies performed during the first episode of aHUS were as follows: stool tests for
Escherichia coli and Shiga toxins were negative; a complement assay showed no abnormalities; ADAMTS 13 activity and
anti-complement factor H antibodies were normal. The results of the kidney ultrasonography and biopsy were consistent
with the diagnosis. Family history was remarkable for aHUS in a younger sibling confirmed by molecular genetic testing,
in particular, a pathogenic variant in the CD46/MCP (membrane cofactor protein) gene in the heterozygous state has
been identified. Physical examination revealed paleness, facial swelling, moderate hypertension, and oliguria. Laborato-
ry findings demonstrated hemolytic anemia, thrombocytopenia, significant azotemia, a severe reduction in the glomerular
filtration rate, a high level of aspartate aminotransferase, insignificant electrolyte imbalance, and proteinuria. Supportive
treatment included fluid and electrolyte management, fresh frozen plasma, furosemide, and dexamethasone. The child
commenced acute hemodialysis due to severe acute kidney injury. Conclusions. A recurrence of aHUS is characterized
by severe renal failure requiring acute hemodialysis. Viral infections are potential triggers of aHUS. A relapsing course
of the disease and a family history of aHUS indicate the importance of genetic screening, as familial aHUS should be
considered.

Keywords: atypical hemolytic uremic syndrome; children; relapse

Intfroduction

Atypical hemolytic uremic syndrome (aHUS) is a rare
thrombotic microangiopathy characterized by hemolytic
anemia, thrombocytopenia, and acute kidney injury. The
current prevalence of aHUS among children remains un-
clear. Based on available studies, the annual incidence rate
ranges between 0.26 and 0.75 per one million [1], and the
age of onset varies from the neonatal period to adulthood
[2]. Cases of aHUS are not associated with Shiga toxin-
producing Escherichia coli, but rather caused by dysregula-
tion of the alternative complement pathway due to comple-

ment gene mutations or anti-complement factor H (CFH)
autoantibodies [3, 4]. Pediatric aHUS patients frequently
experience relapse. Abnormal kidney function tests are one
of the major laboratory findings. Renal involvement ranges
from hematuria and proteinuria to severe renal failure [5].
Clinical manifestation of aHUS episodes is most com-
monly preceded by viral infections [6]. Progression of renal
impairment to end-stage renal disease occurs in 50—60 %
of patients [2, 7]. The diagnosis of aHUS is basically made
after excluding Shiga toxin-producing Escherichia coli,
thrombotic thrombocytopenic purpura, and secondary he-
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molytic uremic syndrome associated with systemic diseases
[8]. Besides clinical and laboratory features, examination
of patients with aHUS includes biochemical assessment of
the complement alternative pathway, determination of anti-
CFH antibodies, and the last step is genetic screening [5, 9].
However, the capacity for genetic screening in most deve-
loping countries is limited [8].

Initial management of aHUS patients is usually based
on clinical presentation and available laboratory studies be-
cause complement assay and genetic analysis take a longer
time to be completed |5, 8]. Plasma therapy still remains the
mainstay of management for aHUS since up-to-date treat-
ment options (e.g., eculizumab, ravulizumab) may not be
available in resource-limited countries [2—4].

Atypical HUS can be sporadic or familial. Familial
aHUS accounts for about 20 % of all cases and should be
recognized in the presence of aHUS in at least two members
of the same family with diagnoses at least 6 months apart.
Genetic abnormalities in complement genes are found in
approximately 70 % of patients [10]. Hence, in this paper,
we present a case of a 9-year-old boy diagnosed with a se-
cond episode of aHUS triggered by a viral infection and
associated with a family history of aHUS. This case is sig-
nificant due to its rarity and therefore may help improve
understanding of the course of the disease and analyze avai-
lable diagnostic and therapeutic options.

Case report

A 9-year-old male presented to the emergency depart-
ment with facial puffiness and reduced urine output. Five
days prior to admission, he developed a fever of 38.3 °C, dry
cough and sore throat. Three days prior to admission, dark
urine appeared; the boy was seen by a nephrologist in the
outpatient department, rehydration therapy and ibuprofen
were recommended. Despite this management, his condi-
tion worsened due to a gradual decrease in urine output and
therefore he was admitted to our City Children’s Hospital.

Based on his medical history, the child first experienced
aHUS accompanied by mild renal involvement (maximum
serum creatinine of 155 umol/L) at the age of 3 years. Initial
symptoms were also preceded by an upper respiratory tract
infection; no diarrheal illness was noted at that time. Be-
sides the classic triad of symptoms, the diagnosis of aHUS
was based on the following results: stool assay for enterohe-
morrhagic Escherichia coli PCR and Shiga 1 and 2 toxins
showed negative results; significant non-selective glomeru-
lar proteinuria of 2212 mg/m?/day; kidney ultrasound re-
vealed bilateral increased parenchymal echogenicity with
diminished corticomedullary differentiation; renal biopsy
showed thrombotic microangiopathy and acute tubular ne-
crosis. Complement analysis included functional assay (total
hemolytic complement (CH50) and complement alterna-
tive pathway (AP50)), quantification of complement com-
ponents and regulators (complement C3, C4 plasma levels,
CFH and complement factor I (CFI)). However, comple-
ment anomalies were not detected. Anti-CFH antibodies
and ADAMTSI13 (a disintegrin and metalloproteinase with
thrombospondin type 1 motif 13) activity were normal. Sup-
portive treatment resulted in a significant improvement in
kidney function tests, urine protein excretion decreased to

215 mg/m?/day. A low dose of ramipril was recommended
for subsequent treatment. The patient has not had recurrent
symptoms of renal impairment and hemolysis for 6 years.
Apart from that, he had no underlying diseases.

Family history showed that the brother of our patient,
who is one year younger, developed an episode of aHUS at
the age of 5 years. Molecular genetic analysis of a young-
er sibling demonstrated that he carried the pathogenic
splice site variant ¢.286+2T>G p. (Lys49_Arg96del) in the
CD46/MCP (membrane cofactor protein) gene in the hete-
rozygous state.

On admission, the boy appeared pale and edematous.
His level of consciousness was 15 points on Glasgow Coma
Scale. Pupils were equally round and reactive to light. Me-
ningeal signs were negative. There was no jaundice or pe-
techial rash. His body temperature was normal, weight was
between the 50" and 85™ percentile. Vital signs: body tem-
perature 36.8 °C, respiratory rate 18/min, heart rate 78/min,
blood pressure 130/80 mmHg, oxygen saturation 96—98 %
on room air. Capillary refill time was less than 2 seconds.
Cardiac, pulmonary, and abdominal findings were unre-
markable. Urine output was 100—120 ml/24 h.

Baseline workup revealed a hemoglobin level of 95 g/L, a
hematocrit value of 29 %, a platelet count of 115 x 10°/L, a
creatinine level of 905.7 pmol/L, an elevated blood urea ni-
trogen (BUN) of 138.8 mmol/L, and a high aspartate ami-
notransferase (AST) level of 136.2 U/L. Peripheral blood
smear showed schistocytes. Blood pH, serum potassium, so-
dium, and ionized calcium levels were 7.3; 4.28; 128.3, and
0.67 mmol/L, respectively. Prothrombin and partial throm-
boplastin time were 14.3 and 22.2 seconds, respectively, and
the international normalized ratio was 1.40. A urinalysis re-
vealed red blood cells of 5—6/hpf, single granular casts, and
protein of 1.85 g/L. C-reactive protein was 6 mg/L. Indirect
Coombs test was negative. The results of laboratory studies
were summarized in Table 1. The electrocardiogram re-
vealed a prolonged QT interval. Echocardiography was un-
remarkable, whereas renal ultrasonography showed slightly
enlarged, hyperechogenic kidneys. No enterohemorrhagic
Escherichia coli was detected by culture later on.

Considering the aforementioned, the patient was diag-
nosed with aHUS (second episode) and managed symp-
tomatically with adequate hydration (intravenous sterofun-
din ISO, oral rehydration solution), infusion of fresh frozen
plasma (FFP), furosemide, dexamethasone, and lactulose.
On the second day of admission, we transferred the patient
to another hospital capable of initiating acute hemodialysis
(HD) due to marked azotemia, oliguria (urine output was
0.2 ml/kg/h), and GFR below 10 ml/min/1.73 m?. The pa-
tient’s condition gradually improved with the normalization
of renal function tests, urinalysis and complete blood count.
We recommended genetic testing of the patient.

Discussion

The present case demonstrates the child with a severe re-
lapse of aHUS. The hallmark of the second aHUS episode
was severe acute kidney injury requiring acute HD. In ad-
dition to renal impairment, hemolytic anemia, thrombocy-
topenia, and a negative Shiga toxin-producing Escherichia
coli culture represented the diagnostic criteria for aHUS.
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Also, moderate hypertension was present. In recent years,
the term aHUS has been used to designate complement-
mediated HUS caused by dysregulation of the alternative
complement pathway due to pathogenic genetic variants or
antibodies to components or regulatory factors in this path-
way [4, 11]. However, causes of aHUS may also include in-
born errors of cobalamin C metabolism and diacylglycerol
kinase epsilon gene mutations [12]. HUS linked to autoim-
mune diseases, transplantation, malignancies, or certain
drugs is often defined as secondary, mainly non-relapsing
form of HUS [8, 13]. Thus, it has been proposed to apply
the term aHUS to patients without coexisting diseases [14].
In the pediatric group, aHUS accounts for 5—10 % of all
HUS cases [3]. Generally, aHUS should be distinguished
from thrombotic thrombocytopenic purpura by evaluating
ADAMTSI13 activity. Patients with thrombotic thrombocy-
topenic purpura have abnormally low ADAMTSI13 activity
(usually must be < 10 % of normal) in contrast to aHUS
cases [5].

In our patient, both episodes of aHUS followed a respi-
ratory illness. We did not routinely detect a pathogen since
the child’s respiratory symptoms had subsided by the time of
admission. Several viral infections may induce clinical ma-
nifestation and relapse of aHUS, in particular Epstein-Barr
virus, varicella, human immunodeficiency virus, influenza
A virus, parvovirus B19, and Coxsackie virus [6, 8]. More-
over, recent studies have shown that the clinical symptoms
of aHUS in children were triggered by influenza B virus and
SARS-CoV-2 infection. Hence, influenza and COVID-19
vaccination may be beneficial to protect patients at risk [6,
7,15, 16].

Primary investigation of the complement status of the
patient was essential and aimed to identify complement-
mediated HUS. Sridharan et al. recognized a decrease in
both complement factor B (CFB) and CH50 as an important
indicator to confirm the diagnosis [17]. However, in the pre-
sent case, basic serological complement biomarkers (CHS50,

AP50, C3, C4, CFH, CFI) as well as anti-CFH antibodies
were unremarkable. Loirat et al. found that decreased C3
levels were observed in only 30—40 % of patients with aHUS
and normal complement plasma levels (e.g., CFH or CFI)
don’t exclude a mutation in the corresponding gene. All
patients with suspected aHUS should be tested for the pre-
sence of anti-CFH antibodies [14], although positive results
have been reported in no more than 20 % of patients [18].
Nowadays, genetic screening plays a dominant role
in diagnosing patients with aHUS in developed coun-
tries. Genetic variants in complement regulatory proteins
(CFH, CD46/MPC, CFI, C3, CFB, thrombomodulin gene
(THBD)) are present in 50—60 % of aHUS patients [7].
CFH and CD46/MPC variants appear to be the most com-
mon genetic abnormalities in patients with complement-
mediated HUS and present in approximately 20—30 and
5—15 % of cases, respectively [19]. Notably, nine out of ten
patients demonstrate a heterozygous state of genetic variants
[12]. Prior research has reported an association between ge-
netic abnormalities affecting the complement system and
the clinical course, recurrence and outcome of aHUS. Pa-
tients with CD46/MCP mutations frequently experience
relapses followed by a complete recovery. This category of
patients generally has a normal serum C3 level and better
long-run outcome, with about 30 % progressing to end-
stage renal disease [14]. In contrast, children with the CFH
pathogenic variant have a high incidence of recurrence with
approximately a 60—80% rate of end-stage renal disease [2].
This case report highlights the importance of genetic
testing, taking into account the current relapse of aHUS, a
previous episode followed by a full recovery, and a positive
family history of aHUS (a sibling has been diagnosed with
aHUS associated with a heterozygous pathogenic variant
in the CD46/MCP gene). In particular, the patient should
undergo genetic analysis of the minimum set of genes, in-
cluding CFH, CFI, CD46/MCP, CFB, THBD, comple-
ment factor H-related 1 and 5, and C3 [11]. Familial aHUS

Table 1. Dynamics of the laboratory findings in the patient

Laboratory data 1stday 2" day Normal range*
Hemoglobin, g/L 95 93 110-155
Platelet count, 10°/L 115 126.4 150-450
White cell count, 10°/L 4.5 3.85 4-10
ESR, mm/h 21 20 0-15
Blood glucose, mmol/L 4.7 4.45 3.3-5.5
Total protein, g/L 71.5 70.1 60-80
BUN, mmol/L 138.8 100.3 2.1-7.1
Serum creatinine, pmol/L 905.7 891.4 27-62
Total bilirubin, umol/L 8.9 - <205
ALT, U/L 36.6 - 10-36
AST, U/L 136.2 - 15-40
GFR, ml/min/1.73 m? 7.95 8.1 >90

Notes: * — data from Engorn B., Flerlage J. The Harriet Lane Handbook. 21 ed. Philadelphia: Elsevier, 2018;
ALT — alanine aminotransferase; ESR — erythrocyte sedimentation rate; GFR — glomerular filtration rate.
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should be highly suspected in this case. Previous studies
reported that siblings of aHUS patients are at a greater di-
sease risk than parents, although any family member may be
a healthy gene carrier [20]. The principal concern remains
that genetic screening in developing countries might not be
available immediately or be inaccessible at all.

Supportive therapy was provided to the patient as the
mainstay of initial treatment for aHUS. Appropriate fluid
and electrolyte management was based on careful clinical
and laboratory assessment as mild hyponatremia and hypo-
calcemia were observed. Infusion of FFP is available world-
wide and remains an important treatment for aHUS, even
though some authors have indicated a lack of evidence for
plasma therapy effectiveness in aHUS [2, 21]. Preferably,
plasma therapy should be switched to eculizumab (a hu-
man anti-C5 monoclonal antibody) for subsequent therapy
[14]. Eculizumab showed excellent efficacy in treating pa-
tients with CFH and CFI genetic variants and appeared
to be a beneficial treatment for anti-CFH antibody-asso-
ciated HUS [22]. According to the current recommenda-
tions, genetic screening results are not necessary to initiate
treatment with eculizumab since patients with and without
identified gene mutations in complement factors demon-
strate similar response to this therapy [4]. However, ecu-
lizumab may not be widely accessible in resource-limited
countries and therefore plasma therapy is often the best
treatment option, in particular in the present case. And last
but not least, in this case, acute HD was applied due to the
continued deterioration of renal function. Fortunately, kid-
ney function tests returned to normal values after discon-
tinuation of HD.

Conclusions

Pediatric aHUS is an extremely rare disorder that may
have a relapsing course and lead to life-threatening acute
kidney injury requiring renal replacement therapy. A child
can remain asymptomatic between episodes even for some
years. Most commonly, respiratory infections trigger the on-
set of aHUS episodes. Indeed, continuous follow-up is an
important component of improving patient outcomes. Fur-
thermore, timely access to medical care is critical, as any
delay in seeking medical attention increases the likelihood
of an unfavorable clinical course. Infusion of FFP is an ef-
fective available treatment for aHUS.

Comprehensive complement investigation is essential
to identify potential complement anomalies, although a
normal complement profile does not rule out the diagnosis
of aHUS. Molecular genetic analysis to detect pathogenic
variants in the genes associated with aHUS can be beneficial
to a patient with repeated episodes and positive family histo-
ry, not only to confirm the diagnosis but also for subsequent
approaches to management. Familial aHUS may reasonably
be presumed in this case, as two members of the same family
are diagnosed with aHUS.
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ATUNOBUI FEMOAITUKO-YPEMIYHUIA CUHAPOM: KAIHIYHUI BUNAAOK Y AUTSYOMY BiLi

Pe3iome. Atunosuii remonituko-ypemiunuii cunapom (al'VC)
€ HaI3BUYAMHO PiIKiCHUM, ajie HeOEe3MeUHUM IJIS KUTTSI 3aXBO-
PIOBaHHSM Y IiTeil yepe3 Te, o MOXe CIPUUYMHUTU TOCTpe T0-
wKomkeHHs: HUpoK. [lauientu 3 al'YC MaioTh pU3UMK PO3BUTKY
TMOBTOPHUX eIi3oniB. OTXe, y il CTaTTi MU MPEICTABISIEMO BU-
nagok peunauBy al'YC y xjonuuka 9 pokis. [luTuHa Hafgiiiuia
Y BiUTIJICHHSI HEBIIKJIAIHOI JOITOMOTM Ha IT'SITUiA JIeHb XBOPOOM
3 OCHOBHUMH CKapraMu Ha OAYTJICTb OOJWYYs Ta 3MEHILICHHS
BUIIEHHS cedi. 3 aHaMHe3y BiIOMO, 1110 B TMALliEHTa PO3BUHYBCS
npyruii emizon al'YC depe3 1IiCTh POKIB MiC/Isl HOBHOTO OMy>KaH-
Hs Big nepinoro emizony. KitiHiuHi rposiBu 060x emizoxniB al'YC
OyJIM CIIPOBOKOBAHI iH(MEKLi€0 AMXaTbHUX LUISIXiB, TACTPOiHTEC-
TUHAIbHI CUMIITOMU He BiiMivanucs. Pe3ynbratu niarHOCTUYHMX
TOCTiIKeHb, TTPOBEACHMX Min Jac mnepiuoro emizony al'YC, Ha-
CTYITHI: aHami3 Kaiy Ha Escherichia coli it TokcuHu Shiga OyB He-
TaTUBHUM; IOCIIDKEHHSI KOMIUIEMEHTY HE BUSBWIM TIOPYIIEHbD;
akTuBHICT ADAMTS13 i piBeHb aHTUTII 10 (pakTopa H Komri-
JIeMEHTY OyJii B HOpMi. Pe3ynbTaTul yIsTpa3ByKOBOIO JOCTiIKEH-
Hs Ta Oioricii HUpOK BinmoBinanu maiarHody. CiMeliHUIT aHaMHe3
xapakTepusyBaBcsl niarHo3om al'YC y momommioro 6para maiti-

€HTAa, 0 OYJIO MiATBEPIKEHO MOJIEKYISIPHO-TEHETUIHUM TECTY-
BaHHSM, 30KpeMa BUSBIIEHO MaTOreHHUI BapiaHT y reni CD46/
MCP (MeMOpaHHUIT KO(GaKTOPHUI OILTIOK) y TeTepO3UTrOTHOMY
craHi. [Ipu dizukaarpHOMYy 00CTeXeHHi 3adikcoBaHO OJIimiCTh,
HaOpsSIK 00JMYYsI, TIOMIpHY apTepiajbHy TillepTeH3il0, OJIrypiio.
JlabopaTopHO BUSIBICHO T€MOJITUYHY aHEMilo, TPOMOOLIMTOME-
Hil0, 3HAUHY a30TeMil0, pi3Ke 3HMKEHHS KIIy0OUKOBO1 (piibTpallii,
BUCOKMI1 piBeHb acniapraraMiHoTpaHcdepasu, He3HAUHUIL esleK-
TPONTHUM mucbamaHc, mpoTeinypito. [linTpumylode TiKyBaHHS
BKJIIOUaJIo iH(QY3iliHy Tepamilo, BUKOPUCTAHHS CBiXKO3aMOpPOXKe-
HOi Tuta3mu, (ypoceMimy i mekcameTasoHy. JUTHHI po3nodyaTo
TOCTPUI reMoiai3 yHaCIiI0K TSKKOTO FOCTPOTO MOLIKOIKEHHS
Hupok. BucHoBku. Peumans al'VYC xapakTepusyeTbcsl TSKKOIO
HUPKOBOIO HEIOCTATHICTIO, 1110 MOTPedy€e rOCTPOro reMomiaisy.
BipycHhi iHbekuii € nmoreHuiiitnumu Tpurepamu al'YC. TloBTop-
HUIi nepedir 3aXBOPIOBaHHS Ta MO3UTUBHUN CIMENHUIT aHAMHE3
BKAa3yIOTh Ha BAXJIMBICTh TEHETUYHOTO CKPUHIHTY, OCKIJIBKU CITif
pO3rysiaaTy HasiBHICTD ciMeiiHoro al'YC.

Ki10490Bi ¢10Ba: atunosuii reMoniTMKo-ypeMiuHUA CUHAPOM;
IITH; PETUINB
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PoAb MiKpOPHK y po3BUTKY 30XBOPIOBOHb NEYiHKMW.
YactuHa 2

Pesiome. Y naykosomy oensi eucsimaeno poav mikpoPHK y poseumiy 3axeoproeans neinku, a came 2enamouenro-
AapHOI Kapyunomu. Jlns HanucanHs cmammi 30ilCHI08A8CS NOWYK TH@opMayii 3 eukopucmanuam 6a3 oanux Scopus,
Web of Science, MedLine, PubMed, Google Scholar, EMBASE, Global Health, The Cochrane Library. Ilpu possu-
MKy eenamouyenronsapHol kapyunomu niokpecaena poav mikpoPHK, sxi 6epymb yuacms y peeyaauyii KAiMuHHO20 YUK,
anonmo3y, ineasii, memacmasyeanus, auneioeenesy. Hayrxosui esaxcaroms, uo empama excnpecii miR-122 npu paxy
neuiHKu Kopeatoe 3 npueHiteHHAM NeuiHKo8020 (heHomuny i 30inbueHHAM PU3UKY PO36UMKY Memacmasig. 3asnaueHo,
WO PO3GUMOK 2eNAMOUENIONAPHOT KAPUUHOMU CYNPOBOONCYEMbCA nidsuujeHHAM pieHs let-7, miR-26, miR-101 i 3nu-
aceHHAM KoHyenmpayii miR-17-92, miR-181, miR-221y cupoeamui kposi, ujo mModice Oymu 8uKOpUCmaHo K Kpumepii
diaenocmuxu. MikpoPHK miR-21 esaxcaemovca munosor oukomikpoPHK, i pisens yupkyaorouoi miR-21'y nepughe-
DUYMHOMY PYCAL KPOBL MOJICE CAYICUMU NOMEHUIHUHUM OIoMaPKepOM PaHHbOi cmadii po36umKy enamouenioapHoi Kap-
yuromu. Ilpu eenamouentonaprii Kapyunomi ei03nauaemocsa HU3bKuil émicm miR-34, wo npuzgodums 0o akmueayii
yurainy CCNE i 30invuenns npoaigpepamurnoeo nomenuiany, uio cnpusie eenamoxkapuyutoeeresy. MikpoPHK miR-34a
YYUHUMD iH2IOYIOY ULl BNAUE NPAKMUYHO HA 8Ci OHKO2eHHI KAIMuUuHHI npoyecu. JlocaiOnuku npo0eMoHCcmpyant, wo 3MiHa
cnekmpa mikpoPHK onocepedkoeana nepeurnoro 3minor eenepauii deskux Kinvyeeux oononranuyroeosux PHK — yup-
kyaaprux PHK. Omorce, naykogi 0ocaiodcenns ocmaHnHix pokie niomeepoxicyoms, w0 npu po3eumKy 2enamouento-
aapHoi kapyurnomu mikpoPHK 6epyms yuacmo y peeyaauii KaimuHHo20 YUKy, anonmosy, iHeasii, memacma3sy8aHus,
aneioeenesy. Jlocaionuku poseasoaroms pieenv miR-21y cuposamuyi kposi sk nomeHyiiHull biomapkep partvoi cmaoii
PO3BUMKY 2enamoyeonspHoi Kapyuromu i esaxcaromo ii munogoro onkomikpoPHK. MixkpoPHK miR-34a uwunumo
iHeibyrouUll énaue NPaKmu4Ho Ha 6Ci OHKO2eHHI KAIMUHHI npoyecu npu eenamouentonaprii kapuyuromi. Omoce, mi-
kpoPHK eidieparoms dysce eascaugy poav y po3eumky eenamoyentoapHoi KapuyuHomu, € YUHHUKAMU NamoeeHesy,
MeQuKameHmo3nHa MooyAayis SKux cnpusmume nidguwenHo epekmueHocmi mepanii, a ix pieni moxcymos 6ymu u-
KOpUCMAHI AK 0iaeHOCMUYHI 1l NPOCHOCMUYHI Kpumepii.

KnrouoBi ciioBa: mixpoPHK; 3axeoproeanis neuinku; 2enamouentonsipna KapuuHoma; 02110

Bcrtyn

AKTYyaJIbHICTb TIPOOJIEMU 3aXBOPIOBaHb MEUiHKU Y CY-
YacHiil racTpOEHTEPOJI0Tii 00yMOBJIeHA 3HAYHOIO 1X IO~
PEHICTIO i MOXKJIMBICTIO TIepeX0ay B OPTaHIYHY I1aTOJIOTIIO.
Jlo HaiOIbII MOMMPEHWX MATOJOTIYHUX CTaHIB i 3aXBO-
pIOBaHb TIEYiHKM HaJiexXaTh: MEeYiHKOBA HEIOCTaTHICTbh,
renaTuTH, aJKOToJIbHA i HEaJIKOroJbHA XUpPOoBa XBOpoOa

HC‘{iHKI/I, o1po3 HC‘{iHKI/I, TeIaToLCIIOIAApHA KaplInHoOMa
(TLIK) [3—6, 18].

fenaToueAlAspPHA KOpLUMHOMA

[enaTolieonsipHa KapluyMHOMa IOCiNae TpeTe Micle
B CTPYKTYpi JieTaJIbHUX BUIIAJKiB PaKOBUX 3aXBOPIOBaHb.
Yepes HeCTIpUSTIMBUIA TTPOTHO3 i BUCOKUI PUBUK PEL-
NIABY 3 METACTATUMHUMMU YCKJIATHEHHSIMU 000B’SI3KOBUM €
BU3HAUCHHS e¢(PEKTUBHMX, HEiHBAa3MBHUX i CIeIU(pIuHUX
bOioMapkepiB, SIKi MOIJIM O MaTW paHHil TPOTHOCTUIHUI
noteHian y aiarHoctuui 'IK [19]. Ponbs mikpoPHK y
KaHIIepOreHe3i MeviHKy Haa3BUYaiiHO CKJIaaHa; y JOCIIi-
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JDKEHHSIX TofaHi pi3Hi yHikanbHi MikpoPHK-mipodini,
1110, LIJIKOM iMOBipHO, BKa3ye Ha rereporeHHicts I'LIK.
IIpu posBurky 'K MikpoPHK 6epyTh yyacth y peryis-
i1 KJIITUHHOTO LIMKJTY, allOITO3Y, iHBa3ii, MeTacTa3yBaHHsI,
aHriorenesy (taoun. 1) [1, 2, 8, 13, 15, 16, 26, 29, 33].

Y xBopux 3 T'LIK BinOyBaeTbcsi 3MiHa BMICTy Mi-
kpoPHK, sxi acoiiifioBaHi 3 KoxXHOW0 NaTodi3iooriyHOI0
JIAaHKOIO KaHIleporeHesy (Tao. 2).

Brpara excripecii miR-122 mmpu paky me4iHKy KOpeJtoe
3 MIPUTHIYEHHSIM TeYiHKOBOTO (DeHOTHUIY i 30iIbIICHHSIM
PU3UKY PO3BUTKY MeTacTasiB [28]. Takox 3a3HaueHo, 110
po3BuToK ['IIK cynpoBOmXKyeTbCs IMiIBUILEHHSIM piB-
He let-7, miR-26, miR-101 i 3HMXXEHHAM KOHLIEHTpALil
miR-17-92, miR-181, miR-221 y cupoBatii KpoBi. Bpa-
2KaloTh, 110 11i 3MiHU BMicTy MiKkpoPHK MoxyTh OyTH BU-
KOpHUCTaHi sik Kputepii giarnoctuku LK [31].

Soon Sun Kim i cmiBaBT. [17] mpoaeMoOHCTpyBau,
10 3MiHIOETBCS piBeHb MiR-21, miR-26a, miR-29a-3p y
TKaHWHIi Ne4YiHKHY i cupoBaTili KpoBi y xBopux i3 'LIK. AB-
TOPM Bil3HAYMJIM MiABUIIEHHS piBHS ekcmpecii miR-21,
3HIKEeHHsI piBHS ekcrpecii miR-26a i miRNA-29a-3p.
MikpoPHK miR-21 BBaxkaerbcsi TUIOBOK OHKOMi-
kpoPHK. MikpoPHK miR-21 y knitnnax 'K npurHi-
yye eKcCIIpecito Iporeiny Hairatopa 3 (Navigator-3 —
NAV-3) i pocdartas, mo npurHiuyots AKT-acomiitoBani
CUTHAJIbHI IIJISIXM i MIiTOT€H-aKTUBOBaHY IPOTEIHKiHA3Y
(Mitogen-activated protein kinase — MAPK), o npu-
3BOIUTH A0 MOCUJIEHHS KJIITUHHOI mpoidepaiii [32, 34].
Bomnouac miR-26a iHAyKy€e 3yIMUHKY KJIITHHHOTO LIMKITY
Ha daszi G1 y kinitnHax 'K aoauHy 3a paxyHOK Mpu-
rHiueHHs ekcrnpecii nukiiHiB D2 i E2 [35], a miR-29a-
3p nipurHiuye ekcrpecito MPHK cekperopHoro kucjiaoro

Ta6nunuys 1. MNaToreHeTnyHi Nnpoyecu, NoB’sa3aHi 3 renaTtokapynHoreHe3om i acouiioBaHi 3 MikpoPHK [11]

Mpouec MikpoPHK MiweHb
miR-199a/b-3p, miR-19a, miR-451, miR-138, miR-302b CCND
miR-1228, miR-221, miR-1228 p53
miR-148a, miR-93, miR-216a,/217, miR-21 PTEN
KNiTUHHWIA UMKN | anonTo3 miR-184, miR-24 SOX7
miR-451, miR-148a-5p, miR-363-3p c-MYC
miR-133a, miR-105, miR-331-3p AKT
miR-125b, miR-224, miR-200 BCL-2
miR-125b, miR-224 SMAD
IHBa3iA | MmeTacTa3dyBaHHA miR-2002 CTNNB1
miR-29b MMP-2
miR-126-3p, miR-7 PIK3
miR-195, miR-146a VEGF
AHrioreHes miR-302c, miR-26a VEGFA
miR-375, miR-302¢ AEG-1

Tabnuys 2. 3miHn koHUeHTpayii mikpoPHK npu FTUK [11]

MikpoPHK, wwo perynioioTb KNiTUHHUA LIMKN MikpoPHK, wo perynioloTb iHBa3it0
i aKTUBHICTb anonTo3y KNiTUH i MeTacTa3yBaHHS 3/109KiCHUX KNiTUH
MikpoPHK MPHK-miweHb MikpoPHK MPHK-miweHb
1 2 3 4
MigBuLLEHHS BMICTY
miR-24 SOX7 miR-93 PTEN, CDKN1A
miR-34a UFC1 miR-200 VASH2 CDC42, CDH1, PAK2, BCL-2
miR-93 PTEN, CDKN1A miR-200a CTNNB1
miR-105 AKT1 miR-216a/217 PTEM, SMAP7
miR-122 Gal2 miR-221 HDAC6
miR-125b BCL-w, IL6R miR-331-3p AKT
miR-1269 FOX01 miR-362-5p CYLD
miR-133a AKT, ERK miR-657 TLE1
miR-138 CCND3
miR-148a PTEN
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3akiH4yeHHs1 Tabs. 2

1 2 3 4
miR-184 SOX7
miR-221 p53
miR-497, miR-195 CCNEL, CDC%QKZA CCND3,
miR-517a, miR-17c¢ PYK2
miR-1228 p53 miR-329 BRD4
BHWKEHHSI BMICTY
miR-19a CCND1 miR-7 PIK3CD
miR125a-5p, miR-125b SIRT7, SUV39H1 miR-122 KLF6
miR-129-5p vcP miR-195 IKK o, TAB3
miR-140 TGFBR1, FGF9 miR-224 CDC42, CDH1, PAK2, BCL-2
miR-141 HNF-3beta
miR-199a/b-3p CCNDD1
miR-200a CDK6
miR-221 BMF
miR-302b EGFR, CCNA, CCND1, CDK2
miR-371-5p PRPF4B
miR-383 APRIL
miR-451 CCND1, c-MYC
Ta6snys 3. Bnave npeacTaBHukiB cimericTBa miR-34 3akiH4yeHHs1 Tabs1. 3
Ha ocHOBHiI naTtogizionoriyHi npoyecwu,
4O BU3HAYalOTb OHKOreHes [7] 1 2
MikpoPHK-34 MPHK-MileHs IHri6yBaHHa mirpadii Ta iHBagsir
miR-34a AXL
1 2
IHAYKUis anonTody miR-34a, b, ¢ MET
miR-343 BCL2 miR-34a/c Fra-1
miR-34a Survivin miR-34a ARHGAPL
miR-34a SIRT1 IHri6yBaHHs MeTacTalyBaHHSs
KAiTuHHMWA UmKn miR-34a CD44
miR-34a, b, ¢ CDK4 IHri6yBaHHS POCTY KAITUH
miR-34a, b CDK6 miR-34a Notch-2
miR-34a, b, ¢ CCNE2 miR-34a YY1
miR-34a CCND1 miR-34a PDGFRA
miR-34b, ¢ c-MYC IHri6yBaHHs nponipepadii
miR-34a N-MYC miR-34b CREB
miR-34a_ : E2F5 miR-34a DLL1
mé:;zzum angepeHuitoBaHHS f;/:g:; miR-343, ¢ £oF3
miR-343 LDHA IHri6yBaHHA WNT-curHanbHoi cuctemm
miR-34a HK1 miR-34a, b, ¢ WNT1
miR-34a HK2 miR-34a, b, ¢ WNT3
miR-34a GP1 miR-34a, b, ¢ LRP6
IHri6yBaHHs EMIT miR-34a, b, ¢ B-Catenin
miR-34a AXIN2 miR-34a LEF1
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| circMTO1
| circZKSCAN1 1 circHIPK3

| has_circ_0001649 1 hsa_circ_100338
| hsa_circ_005986 1 hsa_circ_0005075
| circ-ITCH 1 hsa_circ_000839
| hsa_circ_0004018
| hsa_circ_0003570

MUK
2

[ ciremTo1 | [ nacicoossss | | circhipks | | ciRs7 |

I

[ miRe | | mR1295p | [ mir1243p | [ mir7 |

I 1 1 1
EnjE]e-als-3
S\

Mponidepauia knitnd FLUK

PucyHok 1. Bnnaus unpkPHK Ha monekynspHi
MexaHi3Mu, L0 BU3HaYaloTb rpoJiidpepauito KniTuH
npu FLUK: 1) nigenwenns (1) i snmxenns (1) pishis
unpkPHK npu r'UK; 2) wnsxu snamsy unpkPHK
Ha npounigepadito knituH MK [23]

npoteiny SPARC (Secreted protein acidic and cysteine
rich — SPARC), gkmii migBuinye piBeHb dochoprmio-
BanHs AKT [36].

BBaxkarots, 1m0 piBeHb 1upKyIoodoi miR-21 y nepu-
(hepUUHOMY PYCIIi KPOBi MOXKE CIIY>KUTU ITOTEHLIMHUM 0i0-
MapKepoM paHHbOi cTafdii po3Butky I'LIK [14, 20].

V naui€eHTiB 3 pi3HUMU TUIIAMU PaKy CIIOCTEPIra€ThCst
BiICYTHICTh a00 pi3Ke 3HMKEHHSs ekcrpecii miR-34a, 1110,
LIJIKOM iMOBipHO, 0OYMOBJIEHO Ae(illMTOM aKTUBHOC-
Ti TIpoTeiHy p53, AKuii Ma€ 30aTHICTh iHAYKYBaTU TpaH-
ckpuriiito reHa miR-34a [25]. IMpu 'HK Bin3HavyaeTbcs
HU3bKMI BMicT miR-34, 1110 mpu3BoanTh 10 aKTUBALIIl 11 -
kiiHy CCNE i 36inbieHHst mpoJtipepatMiBHOTO MOTEHILia-
Jy, SIKWiA cripusie rerarokapumHoreHesy [22]. MikpoPHK
miR-34a ynHUTH iHTiOYI0YMIT BILIUB IMPAKTUIHO HA BCi OH-
KOTeHHI KJIITMHHI TTpouecu (taou. 3) [12].

HaykoBli mpomoBXyiOTb pO3KPUBATH MPOTHOCTUIHY
poab MikpoPHK sk 6iomapkepis ipu I'LIK [21, 24]. Kinbka
MikpoPHK € moTeH1iliHUMU MPOrHOCTUYHUMU MapKepa-
mu (Ta6:1. 4). [Mokaszano, mo miR-200c, miR-1411imiR-126,
okpeMo ab0 B KOMOiHallil, MOXYTb OYTM BUKOPUCTAHI IJIsI
nudepeHuianbHoi aiarHoctuku nepBuHHOi 'K 3 mevin-
KOBMMM MeTacTa3aMU iHILIMX ITyXJIMH; a BiIHOIIIEHHS eKC-
npecii miR-205 no miR-194 moxke 6yt BUKOpUCTAHO ISt
IrdepeHIialbHOl  HiarHOCTUKNA — IIUIYHKOBO-KUIIIKOBUX
MyXJIMH i MeTacTa3iB MyXJIMH iHIIoro reHesy [10].

BucHoBKM

O1:Xe, HayKOBi JOCTIIKEHHsI OCTAHHIX POKIB ITiATBEp-
JUKYIOTh, 110 TPU PO3BUTKY TeMaTOLETIONSIPHOI Kaplu-
Homu MikpoPHK GepyTb yyacTh y perysiiiii KJIiTUHHOTO
LMKJTy, alloNTo3y, iHBa3ii, MeTacTazyBaHHS, aHIiOIeHEe3y.
3Mminu BmicTy let-7, miR-21, miR-26, miR-26a, miR-29a-
3p, miR-101, miR-17-92, miR-181, miR-221 moxyTb OyTH
BUKOPUCTAaHI SIK KPUTEPii NiarHOCTUKHY TeNaTOLETI0ISIPHOT
KapurHOMU. SIK MOTeHLiiHMIT 6ioMapkep paHHBOI cTamil
PO3BUTKY T'elaTOLENIOISIPHOT KapLIMHOMHU BUIUISIIOTH pi-
BeHb MiR-21 y cupoBaTiii KpoBi Ta BBaXKaroTh il TUIIOBOIO
onkoMikpoPHK. MikpoPHK miR-34a cripasasie inrioyio-
Y1t BIUIMB MMPAKTUIHO HA BCi OHKOTE€HHI KJIITUHHI ITpoLIe-
CH IIPY TeNaTOLEIONSPHIl KapLIMHOMI.

Otxe, MikpoPHK BimirpaloTh nyxe BaxkKJIuMBY pOJb Y
PO3BUTKY TeNaToLeNoNIpHOI KApLUMHOMU, € YUHHUKAMU

Tabnunys 4. lporHocTu4He 3Ha4eHHs 3MiH BMicTy MikpoPHK npu F'LK [10]

MikpoPHK KniHiyHe 3Ha4YeHHA
3HUKEHHSI BMICTY
Let-7 P03BUTOK paHHbOrO peunanBy
miR-26a HW3bKKWI piBEHb BUKUBAHHS
miR-101 MporpecyBaHHA NyXJMHW, HECMIPUATIMBUIA NPOTHO3
miR-122 36iNblWEHHA PU3UKY MeTacTa3yBaHHS, PO3BUTOK PAaHHbOIO PeLUanBy
miR-199a-3p HW3bKUI piBEHb BUXMBAHHS, PO3BUTOK PaHHbOIO peuuanBy
ligBuLLyEeHHS BMICTY

miR-18 Hecnpuatnneuit nporHo3s
miR-17-5p KinbKa Nyx/MHHUX BY3/iB, CKOPOYEHHS 3arajibHOro BUXKMBAHHS
miR-125a 36iNblIEHHA BUXXUBaHHSA
miR-155 BUCOKMIA pU3KK peunansy i HECNPUATAMBUIN NMPOTrHO3
miR-203 CnpuatTnnBuMm NporHo3
miR-221 P0O3BUTOK paHHbOro peuuanBy, 36iblIEHHSA PU3UKY MeTacTa3yBaHHS
miR-372 BUCOKMI pU3KMK HassBHOCTI MeTacTasiB
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naToreHesy, MeIMKaMeHTO3Ha MOJIYJISILsl SKUX CIIPUSITHU-
M€ MiIBULIEHHIO e(DEeKTUBHOCTI Teparlii, a iX piBHI MOXYTb
OyTM BUKOPUCTaHI K AiarHOCTUYHIi ii MPOTHOCTUYHI KpHU-
Tepii.

KonduikT inTepeciB. ABTopu 3asBISIOTH TIPO BIICYT-
HiCTb KOHMJIIKTY iHTEpeciB i BlacHO1 (hiHaHCOBOI 3allikaB-
JIGHOCTI TIpY TiATOTOBILi JAHOI CTATTi.
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A.E. Abaturov, V.L. Babych
Dnipro State Medical University, Dnipro, Ukraine

The role of microRNA in the development of liver diseases. Part 2

Abstract. The scientific review shows the role of miRNA in
the development of liver diseases, namely hepatocellular carci-
noma. To write the article, we have searched for information in
the Scopus, Web of Science, MedLine, PubMed, Google Scholar,
EMBASE, Global Health, The Cochrane Library databases. In
the development of hepatocellular carcinoma, the role of miRNAs
involved in the regulation of the cell cycle, apoptosis, invasion,
metastasis, and angiogenesis is emphasized. Scientists believe that
loss of miR-122 expression in liver cancer correlates with inhibi-
tion of the liver phenotype and increased risk of metastasis. It is
noted that the development of hepatocellular carcinoma is accom-
panied by an increase in the level of let-7, miR-26, miR-101 and a
decrease in the concentration of miR-17-92, miR-181, miR-221
in blood serum, which can be used as diagnostic criteria. MiR-21
is considered a typical onco-microRNA and the level of circulat-
ing miR-21 in peripheral blood can serve as a potential biomarker
of the early stage of hepatocellular carcinoma. In hepatocellu-
lar carcinoma, a low content of miR-34 is noted, which leads to
the activation of the cyclin E and an increase in the proliferative

potential, which favors hepatocarcinogenesis. MiR-34a has an
inhibitory effect on almost all oncogenic cellular processes. The
researchers demonstrated that the change in the microRNA spec-
trum is mediated by the primary change in the generation of some
circular single-stranded RNAs — circular RNAs. Thus, scientific
studies of recent years confirm that miRNAs in the development
of hepatocellular carcinoma are involved in the regulation of the
cell cycle, apoptosis, invasion, metastasis, angiogenesis. As a po-
tential biomarker of the early stage of hepatocellular carcinoma,
the researchers identify the level of miR-21 in blood serum and
consider it a typical onco-microRNA. MiR-34a has an inhibitory
effect on almost all oncogenic cellular processes in hepatocellu-
lar carcinoma. Therefore, microRNAs play a very important role
in the development of hepatocellular carcinoma and can be used
as diagnostic and prognostic criteria, and factors of pathogenesis
whose medicinal modulation will contribute to increasing the ef-
fectiveness of therapy.

Keywords: microRNA; miRNA; miR; liver disease; hepatocel-
lular carcinoma; review
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