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e [porHocTUYecKas posib OXKMpPEHNA e KnvHunko-nabopaTopHble 0CO6eHHOCTU
LA 300POBbA MaTepu 1 pebeHKa OCTPbIX KULLEYHbIX MHOEKLNIA, BbI3BAHHbIX
B MEPBbI FOf »KN3HU Klebsiella pneumoniae, y peten

e [lpo6uroTnyeckme CBOMCTBA LUTAMMOB e Ponb ancbakTeprosa KulieyHrKa B reHese
Lactobacillus reuteri MUKPOGBHOI 3K3eMbl y aeTei

e XpOHMYecKme 3arnopbl y MasiloMOOUIbHOTO

e OueHKa NPUBEPXKEHHOCTN poauTenen
nauneHTa HeBPONOrMYecKoro Npoduns

K cneunduueckomy neyeHuio geTen,

00MbHbIX TYOEepKyne3om
o KenesogedpnunTHas aHemMnA B CTPYKType YOEPKY

XPOHMYECKNX 3aboneBaHnin .
e CuHgpom Ankapan-lyTbepa y naumeHTa

o HyTpuLMONOrYeCKIe MoaXozp! C OEeTCKNM LiepebpanbHbIM Napanmyom

K npodurnakTuKke OXXMpeHns y geten
e bonesHb Takasacy y nogpocTtka. KnuHmnyeckoe

e AIblOBaHTHaA Tepanua NaMo61o3a HabnoAeHMe 1 KOMMEHTapUIA

e OC06EHHOCTUN KNMHNYECKOWN KapTUHbI o KnnHnuyecknm cnyyam:
N AMArHOCTUKN MyKOBUCLMAO03a cuHppom Tpruepa KonnnHsa
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THE PREDICTIVE ROLE OF OBESITY FOR MATERNAL
AND CHILD HEALTH IN THE FIRST YEAR OF LIFE
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Abstract. Over the past few decades, the prevalence of obesity worldwide has reached epidemic proportions.
Obesity and overweight during pregnancy are associated with worse maternal and child outcomes. In addition,
studies show that maternal obesity can lead to long-term consequences for the offspring, increasing the risk
of neuropsychiatric disorders, metabolic, atopic diseases, and possible changes in the immune / inflammatory
status. In addition to genetic mechanisms, a growing body of evidence suggests the induction of epigenetic
changes by maternal obesity, which may influence offspring phenotype, thereby influencing later risk of obesity
and cardiometabolic disease. However, the mechanisms linking the maternal environment to adverse short and
long term outcomes remain poorly understood. This review presents current knowledge about the impact of
maternal obesity on a child in the first year of life. Understanding these processes is key to developing therapeutic
interventions to prevent future cardiovascular and metabolic pathologies in future generations.

Key words: maternal obesity; perinatal period; metabolic syndrome; offspring of obese mothers; mother-placenta-
fetus.
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Pe3tome. 3a nocnefHvie HECKOJIbKO AECATUIIETUN PACNPOCTPAaHEHHOCTb OXKUPEHUA BO BCEM MUPE JOCTUIIA Mac-
Wwrabos anvaemun. OXXnpeHue 1 n36bITOUHBIV BEC BO BpeMs 6epeMeHHOCTI CBA3aHbI C YXyALEeHEeM NCXOL0B AflA
MaTepu n pebeHKa. Kpome Toro, uccnefoBaHvA MOKA3bIBakoT, YTO MAaTEPUHCKOE OXKMPEHNE MOXKET MPUBECTY K AOJT-
rOCPOYHbIM MOCNEeACTBUAM AJA NMOTOMCTBA, YBENMUMBas PUCK Pa3BUTUS MCMXOHEBPOJSIOMMYECKMX PACCTPONCTB,
METab0oNIMUYECKNX, AaTOMMNYECKIX 3a00/1IeBaHNI, @ TaKXKe BO3MOXHbIX M3MEHEHUI MMMYHHOTO / BOCMAIMTENbHOMO
cTaTyca. B jononHeHme K reHeTMYeCKM MexaH13Mam Bce 6osibLUe JaHHbIX CBUAETENbCTBYET 06 MHAYKLUMW Snure-
HEeTMYECKNX U3MEHEHWIN MaTEPUHCKNM OXKUPEHNEM, KOTOPbIE MOTYT BAUATb HAa GeHOTUMN MOTOMCTBA, TEM CaMbIM
NPOrpaMM1pPYysi PUCK OXKUPEHUS N KapAMoMeTabonnyeckmnx 3aboneBaHnin. OgHaKo MexaHU3Mbl, CBs3blBaloLLie
MaTePUHCKYI0 cpefly C HEGIaronpUATHLIMU KPAaTKOCPOYHbBIMI 1 JONIFOCPOYHBIMU NMOCeACTBUAMY, OCTAOTCA MI0-
X0 M3yYeHHbIMIY. B faHHOM 0630pe npefcTaBneHbl COBPEMEHHbIE 3HAHUA O BIVAHUU MaTEPUHCKOIO OXKUPEHUsA BO
Bpems 6epeMeHHOCTM Ha pebeHKa B MepBbI rof Xn3Hu. lMoHMMaHWe 3TUX NPOLIECCOB MEET KNoYeBOe 3HaUeHne
ANA pa3paboTKM TepaneBTUYECKUX BMELIATENIbCTB C Liefiblo NMpeAoTBpaLleHns OyayLmx cepaeuyHo-COCYyANCTbIX 1
METab0NIMUYECKNX MATONOMMIA Y MOCTIEAYIOLLMX MOKONEHWA.

Knroyeebie cnioea: MamepuHcKoe oxxupeHuUe; NepuHamabHoili nepuod; Memabosudeckuti CUHOPOM, NOMOMCMB0
mMamepeli C oXXupeHuem; Mamos—naayeHma-nsoo.
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INTRODUCTION

Obesity is a serious medical and social problem
in modern medicine, it reaches epidemic propor-
tions worldwide. In 2022, according to the World
Health Organization report on obesity in Europe,
about 55.5% of adult population is overweight
and obese. The prevalence of obesity in women
of childbearing age is steadily increasing [1]. In
2017-2018, the prevalence of obesity in women of
childbearing age in the US was about 40% [2-4],
in the UK, 21.6% of women had obesity and 27.4%
were overweight. In Scotland in 2021, 25.9% of
women were obese by the time of pregnancy [3].
Statistical data in the Russian Federation echo the
global trend. Thus, according to the results of the
epidemiologic study ESSE-RF (Epidemiology of
cardiovascular diseases and their risk factors in the
regions of the Russian Federation) in 2013-2014,
obesity was found in almost every third citizen of
Russia. The second wave of the ESSE-RF program,
conducted in 2017, included 17 regions and more
than 26,000 participants of both sexes aged from
20 to 64 years. The results of the study showed that
obesity was registered in 27.9% of men and 31.8%
of women, the prevalence of obesity in women of
childbearing age reached 25% [5]. Currently, the
problem of obesity in women of childbearing age
is urgent, according to recent studies demonstra-
ting the adverse effect of maternal obesity on the
health of offspring. Obesity significantly compli-
cates the course of pregnancy and labor, contri-
buting to obstetric complications 2-3 times more
often than in women with normal body mass index
[6-8]. In addition, women with obesity are more
likely than women with normal body mass index
(BMI) to have excessive gestational weight gain,
which has also been shown to increase obstetric
and perinatal risks [9-12].

THE IMPACT OF MATERNAL OBESITY
ON FETAL GROWTH AND DEVELOPMENT.
PERINATAL RISKS

Numerous studies have proven the role of ma-
ternal obesity in the formation of various com-
plications of pregnancy and childbirth, such as
pregnancy failure, preeclampsia, gestational dia-
betes mellitus, gestational arterial hypertension,
labor anomalies, increased incidence of operative
delivery, bleeding in labor and early postpartum
period, maternal and fetal traumas, surgical infec-
tions, and delayed fetal intrauterine development
[14-18]. In addition to complications of pregnan-
cy and labor, perinatal risks, the mechanisms of
long-term effects of maternal obesity on offspring
are actively studied. Currently, there are sporadic
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studies investigating the impact of maternal obe-
sity in the first year of a child's life, the influence of
genetic and epigenetic factors.

During pregnancy, significant anatomical and
physiological changes occur in many organs and
systems of a woman's body to ensure nutrition
and development of the fetus. One of the impor-
tant mechanisms of physiologic adaptation of
the maternal body to pregnancy is the controlled
production of cytokines, inflammatory and proin-
flammatory factors by different cell subtypes at the
maternal-fetal interface, since strict regulation of
inflammatory factors is required for implantation,
placentation, and continuation of pregnancy [19,
20]. Maternal obesity is associated with changes
in the profile of the inflammatory response, which
directly affects physiologic adaptation. Pregnancy
with obesity and excessive body weight results in
low-grade chronic inflammation secondary to an
impaired immune cell profile, subsequently leading
to activation of pro-inflammatory mechanisms.
This condition has the name "metaflammation” in
the current literature. Nowadays, metaflammation
is recognized as a major factor affecting offspring
health in early life [21, 22]. Three immunological
stages based on the body's inflammatory response
during pregnancy have been described [20, 23].
In the first trimester, the initial pro-inflammatory
stage is important for implantation and placenta-
tion. With the onset of the Il trimester, Th2-type
anti-inflammatory and immune stage appears,
which is necessary for fetal growth. In the lll trimes-
ter, the pro-inflammatory stage and Th1-type im-
mune activation initiate labor and delivery [20-23].
In addition to the important role of Th1 and Th2
cells during pregnancy, other T-helper cells such
as T-helper 17 (Th17), T-helper 22 (Th22), follicu-
lar T-helper (Tfh) and regulatory T-cells (Treg) of
the mother and fetus contribute to the continua-
tion of a healthy pregnancy. Th17 and Th22 cells
are involved in the induction of immunity against
extracellular pathogens at the maternal-fetal in-
terface [20-22]. Uncontrolled Th1 and Th17 re-
sponse is associated with implantation failure and
pregnancy failure [21-28]. Treg cells enhance fetal
immune tolerance by suppressing excessive Th1
and Th17 activity and autoimmune response [29].
Follicular T-helper cells in the third trimester pro-
vide humoral immunity by activating B-cells to in-
itiate an antibody response outside the follicular
and germinal center [30]. Type 1 (Th1) and type 2
(Th2) T-helper cells represent the two major sub-
sets of CD4 T-helper cells that regulate the adap-
tive immune response [31]. Th1 cells produce high
levels of interferon-y (IFN-y), interleukin-2 (IL-2), tu-
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mor necrosis factor (TNF) and are responsible for
phagocyte-dependent inflammation as well as for
defense against intracellular pathogens [31]. They
also play an important role in the development of
organ-specific autoimmune diseases and chronic
inflammatory diseases [31]. Th2 cells produce IL-4,
IL-5, IL-6, IL-9, IL-10 and IL-13, which leads to an ex-
cessive immune response by switching B cells, ac-
tivating eosinophils and inhibiting phagocytic acti-
vity [32]. Despite some inconsistent results, a lot of
studies, found in the current literature, show that
mothers with obesity before pregnancy have in-
creased levels of pro-inflammatory cytokines such
as IL-8, IL-6, CRP, TNF-a and IFN-y and altered le-
vels of adipokines [33-40]. Inflammation occurring
against a background of maternal obesity leads
to impaired placental development, which affects
both maternal and placental inflammatory profiles
[41-43]. Nowadays, the influence of cytokines on
implantation and remodeling of spiral arteries has
been proven. For example, abnormally high levels
of TNF-a can lead to impaired remodeling of spiral
arteries [44], and IL-6 increases trophoblast cell mi-
gration and invasion, while TNF-a decreases it [45-
48]. Recent studies have demonstrated that mater-
nal obesity is associated with increased placental
mass and decreased placental efficiency, indicat-
ing an adaptation to increased nutrient availability
to requlate fetal growth [49-54]. A linear correla-
tion between placental mass and birth weight has
also been found [49, 54]. Placental transport has a
significant influence on the fetal intrauterine envi-
ronment [55]. In pregnancies with a background
of obesity, abnormal placental vasculature is the
most common placental pathology [53, 56-59].
Placental vascular growth is regulated by angio-
genic factors including VEGF, placental growth
factor (PIGF) forming growth factor-f3 (TGF-$) and
leptin, as well as anti-angiogenic factors such as
soluble fms-like tyrosine kinase-1 (sFlt-1) and so-
luble endoglin (sEng) [7-9, 51]. By the end of the
second trimester, the villous vessels begin to form
loops and wriggle, dramatically increasing the sur-
face area for nutrient and gas exchange [60]. The
imbalance between pro- and anti-angiogenic fac-
tors is considered an important link in the patho-
genesis of preeclampsia and intrauterine devel-
opmental delay [65]. Obesity has been proven to
be associated with increased placental expression
of VEGF, decreased levels of circulating PIGF and
sFlt-1 [66, 67]. Thus, maternal obesity impairs the
development of placental architecture, potentially
jeopardizing fetal growth and survival [60].

In the early stages of physiologically normal
pregnancy, insulin sensitivity is increased, which
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promotes glucose uptake by adipose tissue, which
in turn prepares the body for increased energy re-
quirements later in pregnancy [61]. Obese women
have 50-60% higher postprandial insulin concen-
trations than women with normal body mass in
both early and late pregnancy [62]. Women with
obesity also have greater glucose tolerance com-
pared to pregnant women with normal BMI, as
evidenced by higher fasting glucose levels 1 and 2
hours after the oral glucose tolerance test (OGTT)
[62]. Although glycemic values may not meet the
criteria for gestational diabetes mellitus (GDM),
an abnormal response to the OGTT in obese wo-
men is associated with the risk of delivering a fetus
large for gestational age [63]. In addition, in obese
or overweight pregnant women, increased levels
of circulating cytokines in the maternal blood,
such as TNF-a and IL-6, have been reported. This
association has been proven in the development
of insulin resistance in the first and second trimes-
ters of pregnancy [64-66].

In studies carried out on animal models and
then repeated in humans, it was found that ma-
ternal obesity leads to decreased transport of
oleic acid in the placenta in male children, which
is associated with decreased expression of the
CD36 transporter (fatty acid translocase) and in-
tracellular fatty acid binding protein (FABP 5) [67].
Increased lipid transfer to the fetus contributes
to the development of adipose tissue, and thus
the risk of developing overweight offspring [68].
Hyperlipidemia and vascular dysfunction may be
an important mediator of cardiometabolic diseas-
es observed in offspring born to obese mothers.
Considering all the above mechanisms, it can be
concluded that maternal obesity has deleterious ef-
fects on offspring health. Short-term adverse fetal
outcomes in infants of obese mothers include in-
creased risk of fetal overgrowth, stillbirth, and neo-
natal hypoglycemia [69, 70]. A meta-analysis of pub-
lished data from 38 cohorts showed that maternal
obesity and even small increases in BMI were asso-
ciated with an increased risk of intrauterine and in-
fant death. For women with BMI >30 kg/m?, the ab-
solute risk per 10,000 pregnancies was 102 and 43
intrauterine and infant deaths, respectively [71].
Pregnancies of overweight women are associated
with a 2-3-fold increased risk of fetal macrosomia;
this is associated with an increase in absolute fe-
tal size and its fat mass [72-74]. Some studies sug-
gest that the programming of obesity in offspring
by maternal obesity may be partially sex-specific,
basically, male offspring have a greater suscep-
tibility to the risks of developing of obesity com-
pared to female offspring born to obese mothers
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[75]. Fetal overgrowth is the main reason for the
increased incidence of cesarean section [76, 77].
Severe neonatal hypoglycemia occurs in 10-15%
of neonates and can lead to nervous system da-
mage [78]. In maternal obesity, neonatal hypogly-
cemia is usually transient and occurs because of
inadequate, persistent hyperinsulinemia caused
by higher than normal concentrations of glucose
in the womb [79].

REGULATORY FACTORS AT THE LEVEL
OF MOTHER-PLACENTA-FETUS
IN MATERNAL OBESITY

Data from recent studies demonstrate that
adipose tissue is an important endocrine organ
involved in metabolism through several mecha-
nisms, the most important of which is the secre-
tion of bioactive mediators by adipocytes and
other cells [80-88]. These bioactive substances,
collectively referred to as "adipokines", are impor-
tant in the pathophysiology of insulin resistance,
hyperlipidemia, inflammation, and metabolic syn-
drome [89-100]. Metabolic adaptation begins ear-
ly in pregnancy and is accompanied by changes
in maternal hormone production, including pro-
lactin, estrogen, progesterone, and cortisol [101,
102]. Placental hormone secretion, which begins
immediately after implantation and continues all
pregnancy, is important for maternal metabolic
adaptation through indirect modeling of endo-
crine axes and direct changes in maternal meta-
bolic systems [103].

Glucose metabolism. Glucose is a major sub-
strate for placental and fetal energy metabolism,
and normal pregnancy causes marked changes in
maternal glucose metabolism, including insulin
resistance, activation of hepatic glucose produc-
tion, and increased insulin release by pancreatic
[-cells with higher plasma C-peptide levels; these
mechanisms contribute to placental and fetal glu-
cose delivery [61]. Early in gestation, fasting gly-
caemia levels decrease (compared with pre-preg-
nancy glucose levels), in part due to hemodilution
associated with an increase in maternal circula-
ting blood volume. Maternal fasting glycaemia
remains consistently low in the second trimester
and reaches even lower values in the third trimes-
ter: this is due to increased glucose utilization by
the fetal-placental complex [62]. Maternal fasting
hypoglycemia during pregnancy is compensated
for by increased hepatic gluconeogenesis, which
contributes to elevated blood glucose levels and
helps maintain nutrient supply to the fetus [63-
69]. In contrast, postprandial glucose levels pro-
gressively increase during pregnancy compared
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to pre-pregnancy levels [106, 107]. This is due to
impaired peripheral tissue sensitivity to insulin
and hence decreased maternal glucose utilization
after meals [108]. Obese women have a higher glu-
cose profile than women with normal BMI [70-73].
Maternal glycaemia is a strong determinant of fe-
tal growth, as evidenced by the continuous asso-
ciation of maternal glucose levels with increasing
birth weight [65-67].

Insulin. Early in pregnancy, the mother has
increased secretin levels and insulin sensitivity,
which stimulates lipogenesis and decreases fatty
acid oxidation, causing maternal fat accumulation.
In mid-pregnancy, insulin resistance develops to
direct available nutrients for fetal growth and de-
velopment. This state of insulin resistance is exa-
cerbated in pregnant women with a background
of GDM or obesity [68-71]. Insulin resistance in
obesity leads to maternal hyperglycemia and,
consequently, fetal hyperglycemia, because glu-
cose freely passes through the placenta [72-78]. It
is already known, that insulin plays a neurotroph-
ic role for many brain regions; it inhibits neuronal
apoptosis through activation of protein kinase B
and protein kinase C, resulting in increased neu-
ronal survival [79-85]. High insulin levels are es-
sential for proper brain maturation [86]. However,
chronic hyperinsulinemia, which is proven to be
more common in obese mothers, corresponds to
high fetal insulin levels, which contributes to fe-
tal insulin resistance [87-94]. Maternal obesity is
also associated with characteristic changes in the
release of adipokines, which have systemic effects
on metabolism and energy homeostasis [95-98].

Adiponectin. Adiponectin is one of the adi-
pokines produced by adipocytes and the most
abundant product of adipose tissue and accounts
for 0.01% of total plasma proteins. It plays an im-
portant role in the relationship between adipose
tissue and other metabolic tissues such as liver and
skeletal muscle [45-47]. Adiponectin suppresses
hepatic gluconeogenesis and contributes to in-
sulin sensitization [45-59]. As opposed to other
adipokines, although it is secreted by adipocytes
and its plasma concentration is inversely correla-
ted with BMI [56, 99-102]. During pregnancy, adi-
ponectin levels decrease as the insulin resistance
develops in pregnant women, which contributes
to decreased glucose uptake and increased lipo-
lysis, moving nutrients such as glucose and li-
pids to the fetus [103-109]. Studies in mice have
shown that in maternal obesity, fetal adiponectin
enhances fetal fat deposition, thereby increasing
fetal body weight, proving the important role of
adiponectin in the regulation of maternal meta-
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bolism, placental function, and fetal development
[110-114].

Leptin. Leptin is released from adipose tissue
in proportion to its mass. Leptin levels increase
throughout pregnancy, reaching a maximum
level in the third trimester. Overweight or obese
mothers have higher levels of serum leptin before
pregnancy, so throughout pregnancy, leptin con-
centrations are higher in mother and fetus com-
pared to mothers with normal BMI [85, 87]. Leptin
involved in the development of the nervous sys-
tem as it is an important trophic factor. In studies,
leptin has been shown to bind to the receptors of
the satiety center in the hypothalamus and form
a negative feedback loop, suppressing increased
food intake and thus preventing obesity [36]. It
is shown in studies that have been carried out
on animal models that obesity is associated with
hyperleptineamia in both females and their off-
spring, and maternal obesity leads to the forma-
tion of resistance to leptin and, consequently, the
inability of leptin to cause anorexic effects [92].

Ghrelin. Ghrelin is a gut hormone with a strong
orexigenic signal. After entering the bloodstream,
ghrelin circulates in two major forms: acyl ghre-
lin and des-acyl ghrelin. The maternal concentra-
tion of total ghrelin decreases slightly through-
out pregnancy, and there is a positive correlation
between the ratio of acylated to total circulating
ghrelin in mothers in the third trimester of preg-
nancy and the baby's birth weight [106-110].
Levels of total ghrelin in cord blood are inversely
correlated with neonatal birth weight [115-117].
Studies in animal models and humans have shown
that maternal ghrelin regulates fetal development
in late pregnancy. Administration of ghrelin to
mice during the last week of gestation caused a
10-20% increase in body weight in the offspring
[118]. In studies on mice, it was shown that ghrelin
has an inhibitory role in the development of neural
connections of hypothalamus, acting as a "break"
in the balance of the neurotrophic action of lep-
tin, and, therefore, proper expression of ghrelin in
the neonatal period is important for children and
in older age.

Pre-adipocyte factor. Pre-adipocyte factor
(PREF-1) is a secreted protein that inhibits adipo-
cyte differentiation both in vitro and in vivo. Pre-
adipocyte factor is synthesized as a transmem-
brane protein whose ectodomain containing
repeats of epidermal growth factor, is cleaved by
tumor necrosis factor-a-converting enzyme to re-
lease a biologically active soluble form [104-108,
118]. The importance of PREF-1 in adipogenesis
has been demonstrated in animal models. Mice

Children’s medicine of the North-West
2023 /T.11 N2 3

experimentally deprived of pre-adipocyte factor
had growth retardation, skeletal abnormalities,
tendency to obesity, impaired insulin sensitivity
and decreased glucose tolerance, which confirms
the role of PREF-1 in the regulation of adipocyte
differentiation [13]. During embryonic develop-
ment, PREF-1 is widely expressed in numerous
embryonic tissues: multipotent mesenchymal
stem cells, pancreatic glandular cells, ovarian and
male glandular cells, and is also involved in the dif-
ferentiation of the central nervous system, hepa-
tocytes, respiratory epithelial cells, mesodermal
cells of the renal proximal tubule, and adrenal cor-
tex [119-121]. Increased levels of PREF-1 are de-
tected in serum, urine, and amniotic fluid during
the second trimester of pregnancy [53]. After birth,
PREF-1 expression ceases in most tissues and is
observed in a limited number of cells: preadipo-
cytes, pancreatic islet cells, thymus stromal cells,
and adrenal cortex cells [28, 971.

Growth hormone. Growth hormone is well
known for its function in stimulating cell growth,
reproduction, and regeneration, so it is extremely
important for development. Recent research fin-
dings suggest that the brain is an important tar-
get for growth hormone in the regulation of food
intake, energy expenditure and glycaemia, espe-
cially in response to various forms of metabolic
stress such as glucoprivation, food restriction and
exercise [122-125]. During pregnancy, growth
hormone action is associated with the regulation
of maternal food intake, insulin and leptin sensi-
tivity, suggesting that growth hormone and other
gestational hormones are important in preparing
the maternal body for the metabolic needs of the
offspring [126]. Currently, little is known about
the programming effects of maternal and/or fetal
growth hormone on hypothalamic developmentin
the offspring. There is some evidence that growth
hormone regulates hypothalamic neurocircuits
that control energy homeostasis [59].

Pro- and anti-inflammatory cytokines. Nu-
merous studies show that maternal obesity furt-
her increases concentrations of pro-inflammatory
cytokines such as IL-6, TNF-a, monocyte chemoat-
tractant protein 1 (MCP-1), IL-8 and C-reactive pro-
tein in plasma, supporting the concept that the
low pro-inflammatory state associated with nor-
mal pregnancy is exacerbated by maternal obesity
[127]. The biological effects of pro-inflammatory
cytokines are counterbalanced by anti-inflamma-
tory cytokines such as IL-1, IL-4, IL-6, IL-10, IL-11
and IL-22 [63]. Obesity is now considered as a key
factor in the development of chronic inflammation
[96, 128], which is important in the pathogenesis
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of pre-eclampsia, gestational diabetes mellitus
[129]. Chronic inflammation has unfavorable sig-
nificance for fetal programming. In a recent animal
study, it was shown that the offspring of rats in-
jected with IL-6 throughout pregnancy had more
body fat compared to the control group, and male
offspring had reduced insulin sensitivity [130].

Lipids. During pregnancy, in maternal organ-
ism, a lipid accumulation occurs in the | and Il tri-
mesters, and subsequently there is an increase in
adipose tissue lipolysis. The catabolic state of fe-
male adipose tissue in late pregnancy is associated
with hyperlipidemia, mainly corresponding to an
increase in plasma triglyceride levels, and a smal-
ler increase in phospholipid and cholesterol levels
[70]. Maternal obesity is associated with increased
lipid levels, higher triglyceride and very-low-densi-
ty lipoprotein (VLDL) levels and lower cholesterol,
high-density lipoprotein (HDL) levels than women
with normal BMI [131]. Several recent studies have
shown that maternal postprandial triglycerides
and free fatty acids are stronger predictors of ne-
onatal weight gain than maternal glucose levels in
obese pregnancies [45]. The amount and nature of
fatty acid intake during pregnancy are important
for brain development and hypothalamic function
in the offspring. Hypothalamic dysfunction was
observed in the offspring of mice and rats born
to animals that consumed increased amounts of
saturated or trans fatty acids [132, 133]. Excessive
nutrition usually activates hypothalamic inflamma-
tory signaling through increased endoplasmic re-
ticulum stress in the hypothalamus, which serves as
a mechanism for the energy imbalance underlying
obesity [76]. In obese pregnant women, offspring
have increased level of inflammation in the hypo-
thalamus [58] due to elevated levels of circulating
fatty acids [134-138]. It has been suggested that fat-
ty acids play an important role in the hypothalamic
dysfunction observed in offspring born to mothers
who consume increased amounts of saturated or
trans fatty acids, and the mechanisms underlying
these changes may be related to endoplasmic reti-
culum stress and hypothalamic inflammation.

Nowadays, the role of brain-derived neuro-
trophic factor and peptide YY in regulation at the
maternal-placenta-fetal level in maternal obesity
and their further effects on child growth and de-
velopment remain poorly understood [102, 113,
139-141].

THE IMPACT OF MATERNAL OBESITY
ON OFFSPRING HEALTH

In addition to adverse intrapartum and perina-
tal outcomes, maternal obesity is also associated
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with the development of chronic diseases in chil-
dren later in their life. In 1990, David Barker pro-
posed an "adult disease origins" model in which he
hypothesized that exposure to a suboptimal envi-
ronment early in life shapes an individual's future
health [80]. Initially, he showed that adults born
with low birth weight secondary to intrauterine
developmental delay due to inadequate nutrient
intake were at higher risk of developing metabo-
lic and cardiovascular diseases. Conversely, con-
ditions associated with intrauterine "overeating"
and increased inflammation, such as gestational
diabetes mellitus and maternal obesity, negative-
ly impact the long-term health of the offspring.
Evidence from recent studies suggests that activa-
tion of the proinflammatory state during pregnan-
cy is associated with long-term offspring diseases,
including childhood obesity, neuropsychiatric dis-
orders, and allergic diseases [135].
Neuropsychiatric disorders. In recent years,
there is increasing evidence that children born
to obese mothers are more prone to neurodeve-
lopmental and neuropsychiatric disorders. There
is evidence that children born to obese mothers
have lower intelligence quotient (IQ), higher rates
of autism spectrum disorders (ASD), attention
deficit hyperactivity disorder (ADHD), cerebral pal-
sy (CP), and mood disorders [45, 47, 136-138]. In
studies on animal models, maternal obesity more
often led to neuropsychiatric diseases in offspring,
which is associated with significant changes in
brain structure in the form of decreased prolife-
ration of neural precursors in the hippocampus,
reduced apoptosis in the hippocampus and neu-
ronal differentiation in the dentate gyrus, atrophy
of dendrites in the hippocampus and amygda-
la, and reduced myelination in the cerebral cor-
tex in offspring (predominantly male offspring)
[205-209]. It was also shown that offspring born
to obese mothers had problems in education, be-
havioral disorders in the form of hyperactivity,
anxiety, decreased sociability, addictive behav-
ior, and food intake disorders [139]. Edlow et al. in
their study found that the offspring of mice born
to obese animals had increased production of
TNF-a in response to polysaccharide exposure in
placental CD11b cells compared to control group
[140]. The increase in pro-inflammatory cytokines
was more significant in male offspring, which may
correlate with the prevalence of some neuropsy-
chiatric diseases associated with maternal obe-
sity in males [140-142]. From these findings, it
has been hypothesized that it is neuroinflamma-
tion and oxidative stress, which arise through in-
creased expression of proinflammatory cytokines,
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increased lipid peroxidation and microglia acti-
vation in offspring born to obese mothers, that
play an important role in adverse neurodevelop-
mental outcomes [26]. The pro-inflammatory envi-
ronment affects the metabolism of brain-derived
neurotrophic factor (BDNF), which is essential for
hippocampal neurogenesis. Alterations in BDNF
metabolism and tryptophan hydroxylase (TPH2)
expression are associated with anxiety disorder in
adulthood [29, 130].

Impact on the immune system. There is evi-
dence that maternal obesity and chronic inflam-
mation during pregnancy increase the risk of de-
veloping different chronic diseases in offspring.
A lot of such diseases have features of altered im-
mune/inflammatory activation [143-145]. Reviews
in recent years have provided evidence of altered
fetal immunity in response to maternal obesity
[36-38]. In a study conducted by Enninga et al. an
increased number of CD4+ lymphocytes and de-
creased levels of IL-12p40 and chemokines were
detected in the cord blood of infants born to obese
mothers [146]. In another small cohort study, cord
blood from the placenta of obese mothers showed
increased numbers of CD3+, CD4+, CD8+, NK and
CD8 + CD25 + Foxp3 + Treg lymphocyte subpo-
pulations, while CD34 cells were decreased [40].
Moreover, the effect of maternal obesity on de-
creased response of fetal monocytes and dendritic
cells to toll-like receptor ligands has been proved
[147]. The toll-like receptor family plays a key role
in the proinflammatory response to bacterial in-
fections; consequently, dysregulation of toll-like
receptor signaling is associated with bacterial dis-
eases, including necrotizing enterocolitis [148].
Most of these studies are performed using circu-
lating immune cells and probably do not reflect
the specificity of immune cells in different organ
systems. Kamimae-Lanning investigated the ef-
fect of maternal obesity on hematopoietic stem
cells (HSCs) and progenitor cells isolated from the
liver of fetal mice [149]. The results showed that
female mice that were continuously fed a high-fat
diet exhibited not only signs of adverse fetal pro-
gramming, including growth restriction, but also
a decrease in HSCs and progenitor cells in the fe-
tal liver. Despite the decrease in the total number
of HSCs and progenitor cells, the proportion of
B220+ lymphoid and Gr1+/Ter119+ myeloid cells
in the liver was increased, indicating a tendency
toward myeloid and B-cell differentiation [43].

Atopic diseases. Several studies and me-
ta-analyses show that children born to obese
mothers are at higher risk of developing atopic
diseases, including atopic dermatitis and bron-
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chial asthma [44-51]. Probably, this is due to al-
tered function of immune checkpoints in offspring
born to obese mothers that regulate development
of allergy. Elevated levels of maternal TNF-a and
pro-inflammatory cytokines, which are signifi-
cantly elevated in obese mothers, have been as-
sociated with frequent lower respiratory tract in-
fections and wheezing in offspring [52, 150]. In
animal models, MacDonald et al. showed that the
contents of bronchoalveolar lavage in offspring
born to obese mice had an increased percentage
of neutrophils and an increased concentration
of IL-6, which allowed them to propose a theory
about the role of the influence of an active proin-
flammatory state in reactive respiratory diseases in
children born to obese mothers [151]. In the same
study, increased bronchial hyperreactivity was
observed during methacholine provocation test
[34]. In 2019, Smoothy et al. found increased con-
centrations of Th1 (TNF-a) and Th2 (IL-5, IL-33) cy-
tokines in bronchoalveolar lavage of obese mice,
without any neutrophilia or eosinophilia, and it
was hypothesized that these mice are more prone
to hyperreactivity to further exposure to aller-
gens or exposure to viruses [152]. Another study
found that offspring born to obese mice exhibit-
ed an enhanced sensitization reaction in response
to allergen (ovalbumin) administration, which was
characterized by overproduction of IL-4, IL-13,
TNF-a and TGF-B1 [153]. The same study demon-
strated that mice born to obese mothers exhibit-
ed increased eosinophilic/neutrophilic infiltration
in the parenchyma of lungs, increased collagen
deposition and increased mucus hypersecretion
[56]. A study conducted by Castro-Rodriguez et
al. in 2020 showed an association of high levels of
leptin in cord blood with a higher risk of bronchi-
al asthma in children aged 3 years born to obese
mothers [154].

Cardiometabolic diseases. The effect of ma-
ternal obesity on the risk of cardiometabolic dis-
ease in offspring in childhood and adult life has
been demonstrated in human and animal models
[58, 155]. Cardiometabolic diseases are a complex
phenotype of cardiovascular and metabolic dys-
function characterized by insulin resistance, im-
paired glucose tolerance, dyslipidaemia, obesity,
arterial hypertension, and cardiovascular diseases.
Recent studies have demonstrated that children
born to obese mothers are at higher risk of fu-
ture cardiovascular disease (excluding congenital
heart disease) [155], and a positive correlation was
found between maternal pre-pregnancy BMI and
increased blood pressure in the child, regardless
of the child's BMI [23, 156]. In addition to cardio-
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vascular diseases, children born to obese mothers
are susceptible to developing of obesity at early
age. Evidence from observational studies of mo-
thers and their children in Europe, North America
and Australia showed that high maternal BMI be-
fore pregnancy and increased body weight during
pregnancy were associated with an increased risk
of overweight and obesity in offspring throughout
childhood [26]. Recent studies have demonstrated
the important role of levels of adipokine and leptin
in the formation of obesity in children and adults.
Obesity is associated with a state of hyperlep-
tinemia and decreased tissue sensitivity to leptin,
which subsequently leads to impaired regulation
of energy homeostasis [69]. Leptin is secreted into
the blood by adipocytes, regulates appetite, me-
tabolism and energy homeostasis, and increases
insulin secretion by pancreatic B-cells [157, 158].
During pregnancy, leptin levels regulate fetal de-
velopment and growth and are positively correla-
ted with neonatal body weight and fat mass [71-
75]. Several studies have shown that low levels
of cord blood leptin in children predict increased
body weight and body length at 2-3 years of age
[159]. Leptin and insulin control metabolism of
glucose by acting at peripheral and central units
[160]. Insulin is a key regulator of leptin metabo-
lism; hyperinsulinemia leads to an increase in se-
rum leptin concentrations [144-159]. Such infants
were more resistant to insulin with a positive corre-
lation with neonatal fat deposition [42, 94]. In the
view of fact, that leptin and insulin are factors that
influence the development of hypothalamus, ner-
vous system, and involved in appetite regulation.
It is shown that maternal obesity programs obesity
in their offspring with occurrence of hyperphagia.
The hyperphagia has been observed in several dif-
ferent rodent models of maternal obesity in both
male and female offspring [161]. Considered, that
this hyperphagic phenotype may be caused by al-
tered development and function of hypothalamic
circuits that regulate appetite and energy expend-
iture. The timing of the maximum level of neonatal
leptin in rodents is a critical window for the deve-
lopment and maturation of hypothalamic neural
connections, because the correct levels and timing
of influences are required for proper hypothala-
mic development. Thus, any influences that result
in under- or over-exposure to leptin during these
critical periods of development may have nega-
tive consequences. In animal models, newborn
rats born and obese animals have been shown to
have an enhanced and prolonged postnatal lep-
tin surge [162]. Studies both in human and ani-
mals show that maternal obesity has sex-specific
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effects on glucose metabolism and cardiometa-
bolic profiles in male offspring [163]. One theory
is differences in pancreatic B-cell function that are
partially associated with increased oxidative stress
in the islets of Langerhans and decreased plasma
estradiol levels in male offspring. Maternal obesity
induces insulin resistance and impairs pancreatic
-cell function, accompanied by inflammation in
adipose tissue and hepatic steatosis with marked
sex differences [91]. Estrogen in female offspring
may play a protective role against oxidative stress
induced by the effects of maternal obesity [164].

Diseases of urinary system. Recent studies
have shown an association between maternal
obesity and congenital abnormalities of the uri-
nary system and reduced volume of fetal kidney in
late pregnancy compared with fetal body weight
[93-95]. Since kidney volume is proposed as an
approximate measure of the number of nephrons,
maternal obesity may be associated with a re-
duction in the number of fetal nephrons, poten-
tially leading to hyperfiltration with further deve-
lopment of chronic kidney disease [165, 166]. In
contrast, a study in animal models (rats) showed
no effect on the number of fetal nephrons late
in pregnancy in obese females [108]. However,
there was evidence of increased cellular stress,
inflammation and apoptosis in the kidneys of fe-
tuses of obese females [167]. In the postnatal pe-
riod, studies in rodent have shown that offspring
from obese mothers show abnormalities in kid-
ney structure due to oxidative stress and fibrosis
[99-102, 168, 169]. A potential mechanism for pro-
gramming renal dysfunction in offspring is the de-
pression of sirtuin 1 (SIRT1) expression induced by
maternal obesity [170, 171]. Sirtuin 1 is a key regu-
lator that promotes lipid utilization and suppress-
es lipogenesis. It's well known, SIRT1 is reduced
in cells with high insulin resistance [109, 110].
Maternal obesity during intrauterine development
can lead to increased formation of glomeruloscle-
rosis in response to inflammation with further de-
cline in renal function [60].

Features of breastfeeding. Mother's milk re-
alizes the connection between the health of the
mother and the offspring. The triad "mother —
breast milk — infant" is a unified system, the ba-
sic mechanisms of which have not yet been fully
elucidated. The nature of nutrition of a pregnant
woman significantly affects the development of
the fetus, the state of health of the child in the
future. Obese women are less likely to initiate
breastfeeding than normal-weight women, and
are more at risk of lactation difficulties, which
may lead to discontinuation of breastfeeding [61].
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Lactation function in women with obesity is af-
fected by physiological (delayed lactogenesis or
reduced prolactin production in response to suck-
ling) and psychosocial factors [62-64]. The trophic
status of a lactating woman affects the composi-
tion of breast milk and, consequently, the rate of
growth and development of the infant. One of the
main sources of energy is lipids. A systematic re-
view of 11,373 publications found a positive cor-
relation between maternal BMI and the amount of
fat in breast milk. For every unit of maternal BMI,
0.56 g/L of fat was added to breast milk, and this
association was observed from the 1st to the 6th
month after delivery. There was no significant as-
sociation between maternal BMI and the energy
value of milk, lactose content and total protein
[168, 169]. There is also evidence that the milk of
an obese mother contributes to the formation of
components of metabolic syndrome in the child in
the future life.

MATERNAL OBESITY
AND GUT MICROBIOTA IN CHILDREN

The hypothesis that the gut microbiota is anim-
portant factor in the pathogenesis of obesity has
led to the investigation of its diversity in a group
of overweight and obese individuals. The first evi-
dence suggesting a link between the gut micro-
biota and obesity was suggested by Ley et al. in a
study using 16S5rRNA genome sequencing. In their
work in animal models, they identified the two
most abundant types of bacteria, Firmicutes (60—
80%) and Bacteroidetes (20-40%), which differed
proportionally in obese mice compared to mice
with normal BMI [170]. Specifically, obese mice
showed a 50% decrease in the Bacteroidetes popu-
lation and a proportional increase in Firmicutes. Of
particular interest were the results which revealed
that after dietary treatment, the relative abun-
dance of Bacteroidetes increased and Firmicutes de-
creased [171-180]. Turnbaugh et al. confirmed the
increased ratio of Firmicutes and Bacteroidetes in
obese mice compared to lean mice in animal mo-
dels using the latest DNA metagenomic sequen-
cing technique [176, 179]. Moreover, obese mice
had a higher proportion of archaea in the microbial
communities of the caecum [43]. Armougom et al.
in their study evaluated the expression profiles of
gut microbiota using real-time PCR and found sig-
nificantly reduced levels of Bacteroidetes in obese
individuals compared to those with normal BMI,
whereas the concentration of Firmicutes was simi-
lar in the compared groups [173]. Species-specific
variations of Lactobacillus in patients with obesity,
such as L. reuteri and L. Gasseri, and lower concen-
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trations of Ruminococcus flavefaciens, a subgroup
of Ruminococcus flavefaciens belonging to the bac-
terial subdivision Firmicutes, were also observed in
obese individuals [45, 146]. In another study inves-
tigating the relationship between gut microbio-
ta, genotype and host’s weight, Turnbaugh et al.
analyzed the composition of the gut microbiota in
monozygotic and dizygotic twins with normal BMI
and obesity and their mothers [170]. The results
showed that obesity was associated with a low pro-
portion of Bacteroidetes and a higher proportion
of Actinobacteria in obese individuals compared
to lean people, but no differences in the phylum
Firmicutes were found between groups [176, 179].
Numerous studies in recent years have focused on
the dynamics of changes in the levels of the bac-
terial types Bacteroidetes and Firmicutes in people
both with obesity and loss of weight, but there are
researches linking obesity in mice to specific bac-
teria, particularly Halomonas and Sphingomonas,
and decreased numbers of Bifidobacteria [180]. A
special place in the genesis of obesity is also al-
located to archaea — Methanobrevibacter is the
main representative of archaea in the gut micro-
biota [149]. Zhang and Armougom et al. found
higher numbers of M. smithii in obese people com-
pared to a group of people with normal BMI [131,
138, 153, 178]. Currently, there are several puta-
tive mechanisms that contribute to the develop-
ment of obesity. The first is that different strains of
the gut microbiota are able to induce low-grade
inflammation by stimulating the production of
pro-inflammatory cytokines [181-196]. Gram-
negative bacteria such as Bacteroidetes produce
lipopolysaccharide (LPS, endotoxin), which is an
important component of the cell wall [197-215].
Cani et al. described that a high-fat diet increases
LPS levels, and observational studies have repor-
ted diurnal fluctuations in plasma LPS concentra-
tion, termed "metabolic endotoxemia" [216]. The
pattern of weight gains, visceral and subcutane-
ous obesity in LPS-injected mice was similar to
those observed in mice fed a high-fat diet [217]. In
addition, "metabolic endotoxemia" triggered the
expression of inflammatory cytokines and serum
amyloid A (SAA) proteins. Overgrowth of Gram-
negative bacteria such as Veillonella in obese in-
dividuals can lead to a higher dose of LPS in the
intestine, consequently it can disrupt the intesti-
nal barrier through activation of the TLR4/MyD88/
IRAK4 signaling pathway in intestinal epithelial
cells, resulting in the movement of LPS from the
intestine into the bloodstream [183, 184]. When
circulating systemically, LPS is able to initiate an
immune response in adipose tissue and liver. LPS
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first binds to lipopolysaccharide-binding protein,
forming a complex with CD14, further inducing the
expression of activator protein 1 and nuclear fac-
tor kappa B (NF-kB) by activating toll-like receptor
4 (TLR4), expressed on macrophages and adipose
tissue, which promotes the secretion of pro-in-
flammatory cytokines and chemokines including
TNF-q, IL-6, and monocyte chemoattractant pro-
tein-1 (MCP-1) [218, 219]. These cytokines can in-
fluence adipocytes and stimulate cytokine and
chemokine secretion by autocrine and paracrine
pathways [185-191, 220-224]. Moreover, MCP-1
overexpression in adipose tissue has been shown
to be associated with increased macrophage infil-
tration in rodents [225].

It's known, the gut microbiota is involved in
the central modulation of appetite through the
production of gut hormones such as peptide YY
(PYY), glucagon-like peptide-1 (GLP-1), and neu-
rotransmitters. Bifidobacterium and Lactobacillus
can produce lactate, which serves as a substrate
for neuronal cells, thereby prolonging the post-
prandial feeling of satiety [226]. Acetate is able
to activate the citric acid cycle in the hypotha-
lamus and further alter the expression profile of
neuropeptides regulating satiety [194]. Butyrate
affects appetite and eating behavior of the host
by activating the vagus nerve and hypothalamus,
it is able to cross the blood-brain barrier [193].
Bile acids, short-chain fatty acids and indoles are
closely related to the secretion of intestinal hor-
mones by neuroendocrine cells [195-198]. GLP-1
and PYY are the potent anorexigenic hormones
that can influence host appetite and eating be-
havior by binding to their receptors locally distri-
buted in intestinal neurons, vagus nerve afferents,
hypothalamus and brainstem [51, 199, 227-230].
The gut microbiota also leads to the production
of neurotransmitters, including y-aminobutyric
acid (GABA) and serotonin [37]. GABA, as the pre-
dominant inhibitory neurotransmitter of the ner-
vous system, has the ability to stimulate appetite,
while serotonin contributes to appetite suppres-
sion through regulation of melanocortin neurons
[200-204].

In addition, the gut microbiota influences the
food center and eating behavior through the re-
gulation of mood. On the one hand, gut microbio-
ta is able to alter mood by affecting the produc-
tion of bacterial metabolites, gut hormones and
neurotransmitters that act as important messen-
gers in gut-brain interactions and further regu-
late host appetite and eating behavior [47, 205].
On the other hand, the gut microbiota is involved
in the regulation of mood and reward pathways,
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which presumably influence brain circuits related
to eating behavior [206-210, 231].

MATERNAL OBESITY IN PREGNANCY
AND CHANGES IN GUT MICROBIOTA

The composition of gut microbiota in preg-
nant women with obesity differs from that of
pregnant women with normal BMI. Physiological
shifts in the gut microbiota during pregnancy are
necessary to adapt the mother to pregnancy and
promote optimal fetal growth and development.
During pregnancy on the background of obesity,
changes in the gut microbiota may lead to meta-
bolic disturbances of mother, which may indirect-
ly affect the growth and development of the child
and the establishment of its own gut microbiota
[211-218, 232-242]. Collado et al. in their study
observed significant differences in microbial com-
position in pregnant women depending on their
BMI. They found higher numbers of Bacteroides
and Staphylococcus aureus in obese women com-
pared to women with normal BMI [187, 243, 244].
Interestingly, the composition of the microbiota
varied with weight gain throughout pregnancy:
Bacteroides showed a positive correlation both
with pre-pregnancy BMI and with weight gain
during pregnancy; each kilogram of weight gain
was proportionally accompanied by an increase
in the number of Bacteroides by 0.006 logarith-
mic units [220-235]. Various studies have shown
that the gut microbiota remodels and fluctuates
during pregnancy depending on gestational age
[221, 236-238]. Zacarias et al. demonstrated that
pregnant women with obesity have a high ratio
of Firmicutes and Bacteroidetes, increased num-
bers of actinobacteria in the second and third
trimester of pregnancy, and decreased bacteri-
al diversity in the third trimester [239]. Santacruz
et al. studied the fecal microbiota of 50 pregnant
women (group 1 — overweight pregnant women,
group 2 — pregnant women with normal BMI) to
evaluate the relationship between changes in the
composition of the gut microbiota during preg-
nancy and biochemical parameters depending
on their BMI. It was found that higher concentra-
tion of Staphylococcus was significantly correla-
ted with increased serum cholesterol levels, high-
er number of Enterobacteriaceae and E. coli was
correlated with increased serum ferritin and de-
creased transferrin levels, while higher number
of Bifidobacterium was correlated with decreased
ferritin and increased transferrin and folic acid
levels. The number of Bacteroides was associated
with higher levels of cholesterol, HDL, and folic
acid [240].
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THE ROLE OF MATERNAL MICROBIOTA
IN PROGRAMMING OF BABY’S OBESITY

It is well known that the first microbial influ-
ence on the child is exerted by the maternal micro-
biota during pregnancy, suggesting that the ma-
ternal gut microbiota has a direct influence on the
child's gut microbiota and subsequent metabolic
and immunologic programming. Both animal and
human studies have shown that changes in the
diversity and abundance of gut microbial com-
position in obese mothers were associated with
changes in the gut microbiota of the offspring at
early and later ages. Soderborg et al. showed in
their study that germ-free mice colonized with
stool microbes from the stools of two-week-old
infants born to obese mothers had increased gut
permeability, impaired macrophage activity, and
increased inflammation compared to mice co-
lonized with stool microbes from infants born to
normal weight mothers [241]. In addition, these
mice showed accelerated body weight gain at fol-
low-up [242]. When comparing the gut microbiota
in obese and normal weight children, studies have
demonstrated an increased ratio of Firmicutes/
Bacteroidetes in the obese group [243, 244]. Recent
studies also show a decrease in the level of bifido-
bacteria in the intestinal microbiota in obese and
overweight children [245]. A study on 77 children
born to obese mothers and women with normal
BMI showed that the number of Parabacteroides
spp. and Oscillibacter spp. in the gut microbiota
was higher in children born to obese mothers. In
addition, amounts of Blautia spp. and Eubacterium
spp. were lower [245-251]. Vael et al. in a prospec-
tive study demonstrated high intestinal concen-
trations of Bacteroides fragilis and low concentra-
tions of Staphylococcus in infants aged from three
weeks to one year, which is associated with a high-
er risk of obesity later in life [247, 252]. Nadal et al.
found significantly reduced levels of Clostridium
hystoliticum, Eubacterium rectale and Clostridium
coccoides correlated with weight loss in obese
adolescents [253].

Changes in the gut microbiota of offspring
born to obese mothers are still controversial and
require further investigation.
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OONOJIHUTENbHAA UHOOPMAL A

Bknap aBTopoB. Bce aBTOpbl BHeCnn cyule-
CTBEHHbIN BKNaZ B pa3paboTKy KoHLenuuu, npo-
BefeHne unccnefoBaHNA U MOArOTOBKY CTaTbw,
npounu 1 oaobpunu GuHaNbHyO Bepcuio nepeq
nyonvkayunen.

KoH}nukT nHrepecoB. ABTOpbI AeKnapupyoT
OTCYTCTBUE ABHbIX 1 NOTEHLMANbHbIX KOHPINKTOB
NHTEPECOB, CBA3aHHbIX C MybNMKauuMen HacTos-
LLen cTaTbu.

UcTouHuK ¢uHaHcmpoBaHuA. ABTOPbI 3asB-
nAT 06 OTCYTCTBUN BHeLWHero GMHaHCMPOBaHUA
npv NpoBefeHnn NccnefoBaHus.
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Abstract. Probiotic status is given to microorganisms that are considered safe and meet certain criteria.
Lactobacillus reuteri DSM 17938 (L. reuteri) is a well-studied bacterium that can colonize various parts of the body
in humans. The strain in use today, L. reuteri DSM 17938, recently renamed Limosilactobacillus reuteri (L. reuteri),
is a probiotic well identified for its beneficial effects on several gastrointestinal diseases. The probiotic effect of
L. reuteri is due to a whole range of special properties. L. reuteri is able to influence the biodiversity, composition
and metabolic function of the gut, oral and vaginal microbiota. These effects are largely strain-specific. The
main therapeutic target of L. reuteri is infantile colic. In infants, in addition to relieving colic and modulating
the intestinal microbiota, L. reuteri is able to enhance the mucosal barrier function, which is necessary to block
the entry of external antigens and toxins. Literature data indicate the effectiveness of L. reuteri in acute watery
diarrhea, against H. pylori and other diseases: atopic dermatitis, obesity, caries, autism spectrum disorders,
autoimmune diseases, incl. inflammatory bowel disease and systemic lupus erythematosus, etc. The safety and
tolerability of L. reuteri has been proven by numerous clinical studies. There are several strains of L. reuteri with
different origins and many of the probiotic functions of L. reuteri are strain dependent. Therefore, in the future, it
may be advantageous to combine different strains of L. reuteri in order to maximize their beneficial effects.

Key words: probiotic; L. reuteri; Limosilactobacillus reuteri; infant colic
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Pestome. CTaTyC «<MpobMOTMK» MPUCBaVBAETCA TEM MUKPOOPraH1U3MaMm, KOTopble cunTaloTca 6€30macHbIMU 1 CO-
OTBETCTBYIOT OMnpefesieHHbIM Kputepuam. Lactobacillus reuteri DSM 17938 (L. reuteri) — xopoLio n3yyeHHas 6ak-
Tepua, CNOCOObHaA KONIOHU3MPOBaTb Y JII0AEN Pa3fivyHble yYacTKy Tena. Ltamm, KoTopbli ncnonb3yeTca cerogHs,
L. reuteri DSM 17938, HepaBHO neperMeHoBaHHbIN B Limosilactobacillus reuteri (L. reuteri), aABnAaeTca npobuoTu-
KOM, XOpOLO MAEHTUGULMPOBAHHbBIM MO €ro 6J1aroTBOPHOMY BAMAHMWIO HA HEKOTOPbIE XKenyLoYHO-KULIEYHble
3aboneBaHus. Mpoburotnueckunin 3o ek L. reuteri 0bycnoBneH LienbiM KOMMNIEKCOM OCOOEHHbIX CBOWCTB. L. reuteri
crnocobeH BnMATb Ha 6riopa3Hoobpasue, cocTaB U MeTabonnyeckyto GyHKLMIO MUKPOBUOTbI KMLLEYHWKa, NOMOo-
CTW pTa v BRaranuwa. 3t 3ddeKkTbl B 3HaUNTENIbHOW cTerneHn WwTammocneLnduyHbl. OCHOBHOW TepaneBTuye-
CKOW MULLUEHbIo BO3LENCTBMA L. reuteri ABNAIOTCA MIafeHYECKMe KOMKU. Y MiaieHLeB, MOMUMO KyNMpOBaHUS
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KOJIMK M MOAYNALMMN KNLLEYHOW MUKPOOUOTBI, L. reuteri cnocobHbl ycrnmnaaTb 6apbepHyto GYHKLMIO CIN3NCTON
060104KM, KOTOPaA HeobxoaMMa AnA 6IOKMPOBAHMA MPOHUKHOBEHUA BHELWHMX aHTUFEHOB U TOKCUHOB. Ju-
TepaTypHble AaHHble CBUAETENLCTBYIOT 06 3bdeKTnBHOCTY L. reuteri npw ocTpoli BOAAHUCTON AMapee, npo-
TMB H. pylori n npu gpyrux 3aboneBaHmsAX: aTONNYECKOM JEPMATUTE, OXKUPEHNUN, NPU Kapriece, pacCcTPONCTBax
ayTUCTUYECKOrO CMeKTpa, ayTOUMMYHHbIX 3abofieBaHUAX, B TOM YMCNe BOCNANUTENbHbIX 3a60neBaHnAX Ku-
LWeYHMKa N CUCTEMHOW KpacHOW BonyaHKe 1 ap. besonacHocTb 1 nepeHocMMocTb L. reuteri fokasaHa MHOro-
YMCNEHHBIMUN KNMHUYECKUMY nccnepoBaHnamuy. CyLecTByeT HECKONbKO WTaMMOB L. reuteri ¢ pa3fivyHbIM Npo-
NCXOXAEHMEM, N MHOTVME 13 MPobuoTuyecknx dyHKumi L. reuteri 3aBucaT ot wramma. /M nostomy B bygyuem,
BO3MOXHO, MOXKET ObITb BbIFOLHO KOMOVMHMPOBaTb Pa3fiMyHbIe WTaMMmbl L. reuteri, yToObl MaKCMMU3UPOBATb KX

nonesHble 3pPeKTbI.

Knioueesoie cnoea: npobuomuc; L. reuteri; Limosilactobacillus reuteri; mnadeHueckue Koauku

Lactobacillus reuteri DSM 17938 (L. reuteri) is a
well-studied bacterium capable of colonising a
wide range of vertebrates, including pigs, rodents
and chickens. Evolution has adapted the bacteri-
um to a large number of mammals [1]. In humans,
L. reuteri is found in various body sites including
the gastrointestinal tract, urinary tract, skin and
breast milk [2, 3]. L. reuteri was first described in
1962 as a heterofermentative species that grows
in oxygen-limited atmospheres and colonises the
proximal gastrointestinal tract of humans and ani-
mals [17]. Around 1990, the probiotic properties
of the parent strain of L. reuteri, ATCC 55730, were
clinically proven [5]. After deletion of gene-bearing
antibiotic resistance plasmids from Lactobacillus
reuteri ATCC 55 730, the strain used today, L. reu-
teri DSM 17938, was generated [6]. It belongs to
the genus Lactobacillus, which includes many other
Gram-positive oxygen-resistant fermentative bac-
teria such as L. acidophilus, L. bulgaricus, L. casei
and L. rhamnosus [7]. Lactobacillus reuteri DSM
17938, recently renamed Limosilactobacillus reu-
teri (L. reuteri), is a probiotic well identified for its
beneficial effects on several gastrointestinal di-
seases [2, 4, 8-10].

The probiotic effect of L. reuteri is due to a
whole complex of special properties. Due to its
ability to form biofilms [4, 11], L. reuteri colonies
are resistant to low pH values and bile salts [12].
L. reuteri has been shown to be able to attach to
mucin, intestinal epithelium, and intestinal epithe-
lial cells in a number of vertebrates [13]. The adhe-
sion mechanism is thought to be due to the bin-
ding of bacterial surface molecules to the mucus
layer. Mucus-binding proteins (MUBs) and MUB-
like proteins encoded by Lactobacillales-specific
clusters of protein encoding genes act as adhesins
[14]. The considerable diversity of MUBs among
L. reuteri strains and differences in the number of
MUBSs on the cell surface correlate with their abi-
lity to bind mucus [15]. The strain-specific role of
MUBs in the recognition of mucus elements and/

or their ability to stimulate aggregation may ex-
plain the contribution of MUBs to L. reuteri adhe-
sion. Factors that mediate attachment to surfaces
include many large surface proteins, MUB A, glu-
cosyltransferase A (GtfA) and inulosucrase (Inu)
and D-alanyl ester [2]. The relationship between
bacterial adhesion to the epithelium of the host
gastrointestinal tract and the ability of bacteria to
form biofilms has been studied. Numerous expe-
riments in vitro and on different animals, including
microbe-free rodents, have shown that biofilm for-
mation of L. reuteri strains depends on the origin
of the host strains. For example, biofilm forma-
tion of L. reuteri TMW1.106 is associated with GtfA
and Inu molecules [16]; L. reuteri 70902 and the
secA2-SecY2 system were key factors regulating
biofilm formation from L. reuteri 100-23 in germ-
free mice [17]; the bfrKRT and cemAKR two-com-
ponent systems are associated with biofilm forma-
tion of L. reuteri 100-23 [18]; L. reuteri RC-14 is able
to penetrate into the mature biofilm of E. coli and
become part of it [19].

The probiotic potential of L. reuteri is also as-
sociated with the production of their metabolites
with antimicrobial and immunomodulatory ef-
fects [2]. The most studied is reuterin, which is a
mixture of different forms of 3-hydroxypropionic
aldehyde (3-HPA) [20]. Most strains of L. reuteri can
metabolise glycerol to form reuterin in a glycerol
dehydratase dependent reaction mediated by co-
enzyme B,, [21, 22]. Some other bacteria can also
produce 3-HPA [23], but only L. reuteri is capable
of secreting it in significant amounts above the
bioenergetic requirement [24]. An important com-
pound inthe antimicrobial activity of reuterinis the
acrolein-cytotoxic electrophile into which 3-HPA
can be spontaneously converted. Conjugation of
heterocyclic amines also depends on the forma-
tion of acrolein [25]. Reuterin can inhibit a wide
range of microorganisms, mainly Gram-negative
bacteria, while L. reuteri strains themselves show
pronounced resistance to reuterin [26].
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Some strains of L. reuteri, in addition to reute-
rin, produce other antimicrobial substances: a lac-
tic acid, an acetic acid, an ethanol, and a reutericy-
cline [21]. Due to the synthesis of these substances,
L. reuteri is effective against various bacterial in-
fections of the gastrointestinal tract: Helicobacter
pylori, E. coli, Clostridium difficile and Salmonella
[27-30]. In addition, due to metabolites having
antiviral properties, L. reuteri is effective against
pneumoviruses, circoviruses, rotaviruses, coxsac-
kie viruses and papillomaviruses [31-34]. There
are reports that L. reuteri also stops the growth and
kills various Candida species [35].

Some strains of L. reuteri (for example, the hu-
man commensal bacterium L . reuteri 6475) con-
vert the amino acid L-histidine into histamine
[36], which suppresses tumour necrosis factor
(TNF) production from stimulated human mono-
cytes by activating histamine H,-receptors, in-
creasing intracellular cAMP and protein kinase A,
and inhibiting MEK/ERK signal transduction [37].
Numerous experimental studies demonstrate the
involvement of histamine in suppressing intestinal
inflammation in mouse models of colitis [38, 39].

Tryptophan catabolites of L. reuteri have been
recognised as ligands for the aryl hydrocarbon re-
ceptor (AhR). By activating AhR, L. reuteri can sti-
mulate local production of IL-22 from innate lym-
phoid cells (ILCS) and induce the development of
regulatory CD4*CD8aa* double-positive intraepi-
thelial lymphocytes [50, 51]. Given that AhR is ex-
pressed ubiquitously, L. reuteri and its metabolites
may affect many other immune cell types besides
ILCs and T cells [52].

Four strains of L. reuteri of different origins have
been detected, among which the most studied are
L. reuteri CRL1098 and L. reuteri JCM1112, which
are capable of producing different types of vita-
mins, including vitamin B, (cobalamin) and B, (fo-
lic acid). Vitamin B, is vital for the production of
reuterin, as a B,,-dependent coenzyme is required
to reduce glycerol to 3 GPA [40-42].

L. reuteri can also produce gamma-aminobuty-
ricacid (GABA), the main inhibitory neurotransmit-
ter in the central nervous system [57]. It is possible
that this accounts for the effect of the microorga-
nism on visceral sensitisation [58].

The exopolysaccharide (EPS) synthesised by
the L. reuteriis important for biofilm formation and
adhesion of L. reuteri to epithelial surfaces [11].
Numerous experimental works on animals have
shown that EPS can inhibit the adhesion of E. coli
to epithelial cells [43, 44], inhibit gene expression
of proinflammatory cytokines that are induced
by E. coli infection, including IL-13 and IL-6, inhi-
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bit the binding of enterotoxigenic E. coli to animal
erythrocytes [45], and induce Foxp3+ regulatory T
cells (Treg) in the spleen [46].

The property of L. reuteri to induce Treg is high-
ly strain dependent. L. reuteri ATCC PTA, 6475,
L. reuteri DSM 17938, L. reuteri 100-23, L. reuteri
ATCC 23272, L. reuteri RC-14 have been described
to mediate Treg cell induction in obesity, necroti-
sing enterocolitis, inflammatory bowel disease
(IBD), atopic dermatitis, systemic lupus erythema-
tosus, wound healing and other conditions [2]. In
addition to acting on Treg cells, L. reuteri can sup-
press Th1/Th2 responses in Treg-deficient mice
[47]. Some strains of L. reuteri are able to reduce
the production of many pro-inflammatory cy-
tokines (MCP-1, TNF, IL-6, TNF, IL-22) [48, 49]. At
the same time, studies investigating the effect of
Lactobacillus reuteri on the levels of free secretory
IgA (slgA) in various tissues (blood, saliva, breast
milk) give contradictory results, which is apparent-
ly due to the use of different strains [53-56].

The immune system of humans and animals is
closely interrelated with the intestinal microbiota
[59]. It has been shown that disturbances of the
microbiota can contribute to the development
of diseases, and restoration of the microbiota
prevents or improves the course of some diseas-
es [60]. L. reuteri is able to influence the biodiver-
sity, composition and metabolic function of the
gut, oral and vaginal microbiota. These effects are
largely strain specific[18,61, 62]. In rodent models,
L. reuteriDSM17938 was demonstrated to increase
the number of Firmicutes types and the genera
Lactobacillus and Oscilospira in the gut [47], while
reducing multi-organ inflammation; L. reuteri 6475
resulted in increased microbiota biodiversity in
both jejunum and ileum [63]; L. reuteri C10-2-1
modulates the diversity of intestinal microbiota in
ileum [53].

A number of researchers have studied the ef-
fect of L. reuteriDSM 17938 on the intestinal micro-
biota of infants. In one study, the administration
of this strain to children aged 2 weeks to 4 months
born by caesarean section reduced the number of
enterobacteria and increased the number of bi-
fidobacteria, that is, modulated the development
of the intestinal microbiota in the direction of the
composition of the microbiota found in infants
born vaginally. At the same time, the structure of
the intestinal microbiota of newborns born vagi-
nally remained unchanged after taking L. reuteri
supplements. [62]. In a study made by Savino et al.
(2015) administration of the same L. reuteri strain
to infants resulted in a decrease in the number of
anaerobic gram-negative and an increase in the
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number of gram-positive bacteria in the intesti-
nal microbiota, while the content of enterobacte-
ria and enterococci was significantly reduced [64].
The differences in the results of the two studies
may be related to the different ages of the sub-
jects, the duration of treatment, the method of ad-
ministration and dosage.

The L. reuteri strain NCIMB 30242, which is ad-
ministered as delayed-release capsules for 4 weeks,
increased the ratio of Firmicutes to Bacteroidetes in
healthy adults [65]. The mechanism of modulation
of the intestinal microbiota in them is associated
with the ability of this strain to activate the hydro-
lase of bile salts and increase the content of cir-
culating bile acid in the blood [66]. Modulation of
the intestinal microbiota using the L. reuteri DSM
17938 strain was also performed in patients with
type 2 diabetes mellitus and cystic fibrosis [2].

In addition to modulating the intestinal micro-
biota, L. reuteri is able to enhance the barrier func-
tion of the mucous membrane, which is necessary
to block the penetration of external antigens and
toxins [67]. It has been demonstrated in animal
models that L. reuteri can reduce the movement
of bacteria from the gastrointestinal tract to me-
senteric lymph nodes, increase the expression of
dense compound proteins (TJ) in intestinal epi-
thelial cells, which suppresses the translocation of
proinflammatory molecules such as LPS [68-70].
L. reuteriis able to reduce intestinal permeability in
children with atopic dermatitis; at the same time,
the clinical picture of the disease is significantly
improved [71].

In addition to influencing the gut microbio-
ta and intestinal permeability, L. reuteri can influ-
ence the microbiota of other biotopes. The effects
of two strains of L. reuteri — DSM 17938 and PTA
5289 — on the microbiota of the oral cavity have
been most studied: changes in the composition of
the microbiota, reduction in the number of perio-
dontal pathogens in the sub-gingival microbiota
[72]. There are studies demonstrating the positive
effect of L. reuteri RC-14 on the vaginal microbio-
ta in postmenopausal women and in patients with
bacterial vaginosis [73, 741.

Due to its pronounced modulating effects on
the host microbiota and immune responses, and
its good safety profile, L. reuteri is a worthy candi-
date for the prevention and/or treatment of var-
ious diseases. The therapeutic potential of diffe-
rent strains of L. reuteri has been studied in various
diseases and the results have been promising in
many cases [2, 60].

The main therapeutic target of L. reuteri is in-
fantile colic [75]. Colic in infants is characterised

Children’s medicine of the North-West
2023 /T.11 N2 3

by restlessness or excessive crying; it occurs in
10-30% of cases. The exact cause and effective
treatment of this condition remain unclear [76].
The clinical efficacy of L. reuteri DSM 17938 [77-81]
and L. reuteri ATCC 55730 [86] in reducing restless-
ness and duration of crying has been demonstra-
ted in a large number of clinical trials. There are
reports that the use of Lactobacillus reuteri DSM
17938 has shown a positive therapeutic and pre-
ventive effect exclusively in breastfed infants (use
for 21-28 days), whereas no positive result was ob-
tained with artificial feeding [82, 83]. This may be
due to the fact that L. reuteri is found in the breast
milk of most women [87]. F. Savino et al. noted an
increase in the number of lactobacilli and a de-
crease in E. coliin the faecal microbiota against the
background of L. reuteri administration along with
the clinical effect [81]. At the same time, there are
studies that did not confirm the effect of L. reuteri
on the gut microbiota [84] and on the duration of
crying in infants [85]. Since most clinical studies
were successful, experts consider the clinical effi-
cacy of L. reuteri DSM 17938 proven [88, 89]. The
failure of some studies may be explained by diffe-
rences in the dosage of L. reuteri the age of the in-
fants when the studies were initiated, or the basic
structure of the microbiota of the subjects.

The use of Lactobacillus reuteri DSM 17938 was
effective in the prevention and treatment of re-
gurgitation in infants [77, 90], management of
functional abdominal pain [91, 92], treatment of
constipation in children and adults [10], and pre-
vention and treatment of diarrhea [10].

A considerable amount of work has been de-
voted to the study of the effectiveness of L. reu-
teri in constipation. The mechanism of action of
L. reuteri efficacy is associated with its ability to
produce short-chain fatty acids (SCFA), reduce in-
traluminal intestinal pH level and also contribute
to colonic peristalsis by affecting the frequency
and speed of its myoelectric cells [93]. Current evi-
dence suggests that L. reuteriimproved defecation
in patients (both children and adults) with chronic
constipation [8, 9], but did not affect stool consis-
tency [93]. Kubota et al. [8] reported that L. reuteri
administered to children with chronic constipa-
tion, twice daily for four weeks, induced changes
in the composition of the intestinal microbiota (re-
duction of Clostridiales genera such as Oscillospira,
Megasphaera and Ruminococcus), increasing intes-
tinal peristalsis and decreasing stool transit time,
with significant results at week four L. reuteri im-
proved stool frequency but not stool consisten-
cy [8]. Coccorullo et al. [94] proved that L. reuteri
has a positive effect on functional constipation



Children’s medicine of the North-West
2023 /Vol. 11 Ne 3

in infants, improving the frequency of defecation
at the 2nd, 4th and 8th weeks of administration.
Indrio et al. [77] emphasised that L. reuteri reduced
constipation during the first three months of life.
A number of researchers have reported the effica-
cy of L. reuteri for constipation in adult patients [9,
95-97]; The mechanism of positive action is attri-
buted to the reduction of methane (CH,) produc-
tion by intestinal microbiota (Methanobrevibacter
smithii), modulation of serum levels of serotonin (5-
HT) and brain-derived neurotrophic factor (BDNF)
by this probiotic strain, activation of afferent sen-
sory nerves affecting intestinal motility, and in-
crease in excitability of myeenteric neurons due to
the action on 5-HT pathways. At the same time, a
number of studies have not observed a positive ef-
fect of L. reuteriin constipation in children [98] and
adults [93], and no significant changes in the mi-
crobiota and its relationships with the dynamics of
constipation have been found [98]. According to
experts, to recommend the inclusion of L. reuteriin
constipation therapy protocols, additional studies
are needed to investigate the efficacy of probio-
tics in constipation and the mechanisms by which
L. reuteri modulates intestinal motility with effects
on constipation in children and adults [99-101].
Literature data indicate the effectiveness of
L. reuteri in acute watery diarrhea [36, 102-107,
114, 115] and in the prevention of new episodes
of diarrhea, including diarrhea after long-term
antibiotic treatment [108, 109]. A.V. Shornikova
etal.[110, 111] investigated the role of L. reuteri in
acute watery diarrhea in children and in rotavirus
gastroenteritis. In a randomised controlled clini-
cal trial involving 86 children aged 6 to 36 months
with rotavirus enteritis, L. reuteri administration
was shown to reduce the duration of acute watery
diarrhea with a dose-dependent effect. The mean
duration of acute watery diarrhoea was 1,5 days in
the group dosed with 10'° colony forming units
(CFU) of L. reuteri, 1,9 days in the group dosed
with107 CFU of L. reuteri, and 2,5 days in the group
receiving placebo. By the second day of L. reuteri
treatment, acute watery diarrhea persisted among
48% of people taking the high dose, 70% of peop-
le taking the low dose, and 80% of people trea-
ted with placebo. In another randomised place-
bo-controlled clinical trial [106], supplementation
with L. reuteri at a dose of 4x108 CFU/day for 7 days
was demonstrated to reduce the duration of acute
watery diarrhoea in children aged 3 months to
3 years, with a maximum effect on the second
and third day, with no reported side effects. Other
studies [107, 112] found that administration of
5 drops containing 108 CFU of L. reuteri could re-
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duce the duration of acute watery diarrhoea by
up to 15 h in children aged 3 months to 5 years.
A meta-analysis including 1229 children receiving
L. reuteri at a dosage of 108 CFU daily for 5-7 days
demonstrated a reduction in the duration of diar-
rhoea by 1 day with a maximum beneficial effect
on the second day. Although the analysed stu-
dies were heterogeneous in duration and dosage
of L. reuteri the authors confirmed the beneficial
effect of this probiotic in the treatment and pre-
vention of acute watery diarrhea [113]. Another re-
view and meta-analysis [116] of 4 studies compa-
ring the effects of L. reuteri at different doses with
placebo or no treatment on the duration of diar-
rhea and stool volume, on the course of diarrhea,
on the duration of diarrhea of 7 days or less and
on the duration of hospitalisation. It was observed
that L. reuteri reduced the duration of diarrhea by
about 21 hours and the duration of hospitalisation
in children by about 13 hours. Thus, most authors
believe that L. reuteri may be a useful and safe,
supportive measure for the treatment and preven-
tion of diarrhea, reducing both its duration and in-
tensity of symptoms [116].

L. reuteri strain DSM 17938 has been success-
fully used in preterm infants [117, 118]. Various
authors have found a reduction in food intole-
rance and length of hospital stay in infants, but
one study noted no effect on the incidence of nec-
rotising enterocolitis (NEC) [118].

The use of L. reuteri strain DSM 122460 (from
19070-2) for 6 weeks [119] and L. reuteri strain
ATCC 55730 for 8 weeks [120] was effective in ato-
pic dermatitis. L. reuteri strain ATCC 55730 in in-
fants with a family history of allergies was effec-
tive in preventing IgE-associated eczema, but did
not provide protection against the common oc-
currence of eczema [121] and had no effect on the
prevalence of asthma, eczema or other allergic di-
seases later in life [122].

The potential of L. reuteri in the treatment of
obesity is actively debated. It has been shown in
experimental and clinical studies that depending
on the strain, L. reuteri can have different effects
on body weight. For example, vancomycin-resis-
tant L. reuteri in the intestinal microbiota has been
identified as a predictor of increased body weight
during vancomycin treatment [123]. In contrast,
in a randomised, double-blind and placebo-cont-
rolled clinical trial, administration of L. reuteri
JBD301 for 12 weeks significantly reduced body
weight in overweight adults [124]. Experts of the
European Paediatric Society of Gastroenterology,
Hepatology and Nutrition (ESPGHAN), based on
a review of a significant number of studies, con-
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cluded that supplementation of infant formula
with L. reuteri does not increase body weight in in-
fants [125].

The clinical efficacy of L. reuteri against H. pylori
has been described in a number of studies. It has
been shown that adjuvant therapy with L. reuteri
against antibiotics in eradication regimens can
improve the tolerability of the regimens, reduce
abdominal pain, diarrhoea, nausea, vomiting and
abdominal bloating, restoring the balance of intes-
tinal microflora [30, 126]. Dore et al. [127] showed
that L. reuteri prevents H. pylori colonisation of hu-
man intestinal mucosa by inhibiting the binding
of H. pylori to glycolipid receptors. It also increases
the production of mucin, reuterin and antioxidant
substances, stabilises the mucosal barrier and stim-
ulates mucosal immunity [127, 128] with beneficial
health effects in intestinal microbiota dysbiosis af-
ter the use of antibiotics and antisecretory treat-
ments. A number of authors have noted that due
to the above described properties, L. reuteri acce-
lerates the eradication of H. pylori[129-131].

Experimental and clinical studies of L. reuteri
efficacy in caries, autism spectrum disorders, au-
toimmune diseases including inflammatory bowel
disease and systemic lupus erythematosus have
been conducted [2].

In the last few decades, there has been a de-
cline in L. reuteri in humans, probably caused by
modern lifestyles (antibiotic use, western diet,
improved hygiene). This decline coincides with
an increase in inflammatory and autoimmune di-
seases over the same period. Although evidence
is currently insufficient to establish a correlation, it
is possible that increased colonisation of L. reuteri
may be a new and relatively safe strategy against
inflammatory diseases.

Conclusion. The safety and tolerability of
L. reuteri has been proven by a large number of
clinical studies. There are several strains of L. reu-
teri with different origins, and many of the probio-
tic functions of L. reuteri are strain dependent. And
so in the future, it may be advantageous to com-
bine different strains of L. reuteri to maximise their
beneficial effects.
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OONOJIHUTEJIbBHAA UHOOPMALINA

Bknag aBTOpoOB. Bce aBTOpbl BHeCnn cylie-
CTBEHHbIN BKNaj B pa3paboTKy KoHuenuuu, npo-
BefleHMe uCcnefoBaHWA 1 MOArOTOBKY CTaTbW,
npounu n ofobpunu GMHaNbHY Bepcuio nepeq
nybnunkauuen.

KoHPNUKT nHtepecoB. ABTOPbI AeKNapupyoT
OTCYTCTBME ABHbIX Y NOTEHUMANbHbIX KOHGMKTOB
WNHTEPECOB, CBA3aHHbIX C NybnuKaumen Hactos-
LLlen cTaTbu.

UcTouHMK PpuHaHCcMpoBaHUA. ABTOpPbI 3aAB-
NAT 06 OTCYTCTBMW BHELHEro GpUHAHCMPOBAHNA
npwv NpoBefeHUN NccnefoBaHus.
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Abstract. Chronic constipation in neurological patients with limited mobility is a common problem among
children and adults. About 98% of patients with limited mobility with cerebral palsy in the Russian Federation
have constipation, and there are no data on its prevalence among children with other neurological pathologies in
our country. The versatility of causes, ranging from impaired nerve conduction at different levels, ending with the
psychological state of the patient and his family, only proves the need for a more attentive attitude to this problem
and to find ways to solve it. This literature review presents the results of modern studies of compatriots and foreign
colleagues on the problem of chronic constipation and defecation disorders among patients with limited mobility.
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Pe3tome. XpoHMYECKME 3amopbl Y MasloMOOWIIbHBIX MALMEHTOB HEBPONIOrMYECKOro npoduna ABAAIOTCA YacTo
BCTpeyatoLLencs npobneMon cpeam AeTckoro 1 B3pocsioro HaceneHnsa. Okono 98% ManoMoOUbHbIX NaLMEHTOB
C feTcknM LepebpanbHbim napanuyom (ALIM) B Poccniickon QOefepauiiy MMetoT 3amnop, a faHHble O ero pacnpo-
CTPaAHEHHOCTW Cpeau AeTen C MHOW HEBPOJIOrMYECKOW NaTosIoren Ha TeppuUTopumn Hallen CTPaHbl OTCYTCTBYIOT.
MHOrorpaHHOCTb MPUYMH, HaUMHAA OT HapYLIEHMA HEPBHOW MPOBOAMMOCTUA Ha Pa3HblX YPOBHAX, 3aKaHYMBasA
NCUXOMOFNYECKMM COCTOAHMEM NaLMEHTa 1 €F0 CEMb, TONTIbKO AOKa3bIBaET HEOOXOANMOCTb B 60Jiee BHMMaTENb-
HOM OTHOLLUEHNW K AaHHOW Npobrieme 1 B NOMCKe NyTel K ee peLleHuto. B nutepatypHom 0630pe npeacTaBnieHbl
pe3ynbTaTbl COBPEMEHHbIX UCCIIEAOBAHN COOTEYECTBEHHNKOB 11 3apYOeXHbIX KOJer npobsiemMbl XPOHNYECKNX
3arnopoB 1 HapylueHus fedeKauum cpeam ManomMoOuIIbHbIX NMaLYeHTOB.

Knroueevie cnoea: xpoHuyeckuli 3anop; ManomobusbHell nayueHm; JLUIM; Spina Bifida.
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Constipation is a disorder of intestinal function,
which is manifested by a shortening (compared to
the individual physiological norm) of the age-rela-
ted rhythm of the defecation act, its difficulty, sys-
tematically insufficient emptying of the intestine
and/or changes in the shape and nature of stool
[1, 2-4]. Constipation affects about 12% of the
world's population, with people in the Americas
and Southeast Asia being twice as likely to be con-
stipated as Europeans (17.3 and 8.75%, respec-
tively) [1]. Studies published over the last decade
have reported constipation rates in children ran-
ging from 10 to 25%, with only sporadic data on
the prevalence of chronic constipation (CC) in
low-mobility patients (LMP), especially in children,
with a high proportion of functional constipation
[5, 6]. Patients with severe chronic diseases in the
decompensation stage, neurological pathology,
diseases of the muscular system, oncological dis-
eases, morbid obesity, as well as with various trau-
mas and terminal illnesses are usually considered
to be LMP. It has been found that 98% of LMP with
cerebral palsy have CC, and its incidence among
oncological patients ranges from 32 to 87% and in-
creases to 90% in the case of opioid use [7]. During
normal evacuation the intestinal contents stretch
the ampulla of the rectum and irritate baro- and
mechanoreceptors. Through afferent pathways,
the signal from them reaches the centre of invo-
luntary defecation, which is located in the lum-
bosacral spinal cord. Under the influence of de-
scending signals there is a relaxation of the internal
sphincter of the anus. In turn, the arbitrary act of
defecation occurs with the participation of the cor-
tex: under the influence of efferent impulses, the
external sphincter of the anus and the puborectal
muscle relax [8]. The enteric nervous system regu-
lates rhythmic contractions of the rectum, facilita-
ting faecal movement [9]. Adequate control of the
muscles of the anterior abdominal wall and pelvic
diaphragm also contributes to proper and timely
defecation by increasing intra-abdominal pressure.
Disruption of nerve impulse transmission at each
level can lead to disorders of the act of defecation
(neurogenic bowel dysfunction — NBD) and CC.
Chronic constipation and faecal incontinence of-
ten coexist; sometimes there is "overflow" diarrhea
(when solid stools accumulated above the rectum
allow only watery stools to pass by, resulting in in-
continence of liquid faeces)

[10]. The term NBD implies autonomic and/or
somatic denervation of the bowel. The problem of
NBD in the paediatric literature is not sufficiently
considered, and there is no standardised approach
to therapy in national guidelines.
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Causes of defecation disorders are tumours or
organic lesions of the brain, pathology at the level
of the spinal tract, infiltration of sacral nerves, dis-
order of autonomic innervation of the colon. The
causes and manifestation of NBD in children and
adolescents differ from adult forms. In most cases,
paediatric NBD is caused by congenital problems
such as cleft spine and cerebral palsy. Acquired
forms caused by trauma, infection and other cau-
ses are similar to the clinical presentation in adult
patients [11].

Cerebral palsy is defined as a congenital neu-
rological condition due to non-progressive trau-
ma (usually presumed post-hypoxic) or brain
malformation occurring in the foetal or perina-
tal period [12]. The incidence of cerebral palsy
is about 1,5 per 1000 births, making it the most
common neurological condition encountered in
paediatrics. Cerebral palsy encompasses a group
of disorders of varying degrees of movement and
postural development. Up to 90% of children with
cerebral palsy suffer from constipation and 47%
from faecal incontinence, although the majori-
ty suffer to a minor degree [13]. In patients with
cerebral palsy, due to motor pathway damage at
different levels, muscle hypertonicity occurs, li-
miting the development of motor function, which
in some cases makes it difficult and almost impos-
sible to control the abdominal muscles and pel-
vic diaphragm. There is evidence of lesions of the
mesenteric and submucosal nerve plexuses as co-
ordinators of intestinal peristalsis, controlled by
the central nervous system (CNS), which is also a
risk factor for the development of constipation in
patients with cerebral palsy [14]. There is a direct
correlation between the degree of motor skills
development, according to the GMFCS classifica-
tion, and the frequency of constipation in patients
[15, 16]. About half of people with cerebral palsy
are intellectually disabled [17, 18], which affects
what treatments of NBD and CC can be used. In
multiple sclerosis, lesions in the spinal cord and
hypothalamic region of the brain will cause prob-
lems similar to reflex bowel emptying after spinal
cord injury (Table 1) [19].

Another illustrative example of nerve con-
duction disturbance as a cause of NBD and CC
development is the presence of a spinal her-
nia of various sizes in a child with Spina Bifida. A
meningocele, meningoradiculocele, myelomenin-
gocele, and myelocystocele are distinguished
depending on the contents of the hernial sac.
Myelomeningocele (MMC) is the most common
and myelocystocele is the most rare [20, 21]. The
vast majority of MMC cases involve the lumbar spi-
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nal cord and sacral roots that innervate the blad-
der, distal colon and their respective sphincters,
so some degree of neurogenic bladder and bowel
dysfunction is almost universal in this population
[22]. The frequency of urethrovesical dysfunction
in myelomeningocele is not completely known,
but most studies suggest that it is very high [23].
Similarly, anorectal dysfunction is also common.
In contrast, in meningocele, the dura mater pro-
trudes through the spinal canal defect, but the
nerve elements remain confined within the canal
and therefore are usually not damaged either an-
tenatally or postnatally. In Spina Bifida occulta the
bony lesions are not open, so in most cases there
are no obvious signs of neurological damage [24].
Bowel dysfunctions such as constipation and fae-
cal incontinence have a significant impact on the
quality of life and well-being of individuals with
spina bifida, as well as their parents. The Spina
Bifida Association in 2019 surveyed adult patients,
parents and children with the condition to assess
the extent to which bowel dysfunctions such as
constipation and faecal incontinence affect qua-
lity of life; half of the parents surveyed rated it as
the biggest problem [25-29].

Muscular dystrophies and mitochondrial dis-
orders are also accompanied by symptoms of
bladder and bowel dysfunction. Constipation in
X-linked Duchenne muscular dystrophy can be
life-threatening, but fecal incontinence is usual-
ly the most disabling [30, 31]. The cause of con-
stipation in these patients is functional anorectal
obstruction [30], altered gastrointestinal trans-
port and possible sensory impairment due to ex-
pression of the DP116 dystrophin isoform in pe-
ripheral nervous tissue and autosomal DP116
homologues in sensory ganglia [30], as well as de-
creased myoelectric slow-wave activity along with
decreased nitric oxide (NO) availability due to the
absence of dystrophin acting as an anchor for NO
synthase [30]. Loss of alpha-dystroglycan-laminin
interaction due to defective glycosylation of al-
pha-dystroglycan underlies a group of congenital
muscular dystrophies often associated with brain
malformations called dystroglycanopathies [31].
Mitochondrial neurogastrointestinal encephalo-
myopathy is often associated with chronic intes-
tinal obstruction. The pathophysiology leading to
impaired peristalsis and movement of intestinal
contents is related to impaired neuromuscular co-
ordination due to the myopathy (affecting intesti-
nal contraction), neuropathy (affecting coordina-
tion of intestinal reflexes) or mesenchymopathy
(associated with abnormalities of interstitial cells
of Cajal). In addition, mitochondrial abnormalities
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may contribute to impaired homeostasis of the in-
testinal microbiota, which in turn may be involved
in the manifestation of gastrointestinal dysmotili-
ty seen in neurogastrointestinal encephalomyopa-
thy [32]. In Wolfram's syndrome, diabetes mellitus
and optic atrophy debut in the first decade of life,
the other symptoms appear later, may be severely
delayed by non-suggestive diabetes, hearing im-
pairment and usually bowel and bladder dysfunc-
tion [33]. In all these muscular disorders, muscu-
lar dystrophies and mitochondrial cytopathy, NBD
and urinary incontinence symptoms may change
as the disease progresses.

Acquired brain injury (ABI) represents the lea-
ding cause of death and neurological disability in
children after infancy. Today, the number of sur-
vivors of traumatic brain injury is increasing and
these patients constitute a large proportion of
patients in neurorehabilitation units. Functional
impairments (motor, behavioural, learning and
cognitive) including CC and NBD are common and
may persist during all life [34].

Acquired damage to the nerves innervating
the pelvic organs is iatrogenic in most cases, but
rarely may also occur as a result of the impact. Any
pelvic surgery in infants and children for anorec-
tal malformation or Hirschprung's disease [35, 36],
neuroblastoma, ganglioneuroma, sacrococcygeal
teratoma are theoretically capable of damaging
the pelvic parasympathetic nerves of the rectum,
anus, bladder and genitalia. In addition, pelvic ir-
radiation can cause damage to adjacent nerve fi-
bres, resulting in altered function, as can some cy-
totoxic drugs [36].

Acquired spinal cord injury leads to different
types of defecation disorders: faecal incontinence,
chronic constipation or a combination of both
[371. According to electromyography of the exter-
nal anal sphincter, 25-33% of patients with spinal
cord injury had bilateral or unilateral abnormali-
ties of muscle action during defecation, and 88.5%
had pelvic floor dysfunction [38]. The mean rectal
volume for generating defecation urge was also
elevated in them.

There are two models of bowel dysfunction are
distinguished depending on the level of the con-
ductive tract lesion relative to the conus medullaris:
supraconal disorder, or "upper bowel motor neu-
ron syndrome", or "hyperreflexic bowel", or "spas-
tic bowel", and infraconal disorder, "lower motor
neuron type", or "areflexic bowel" [39]. [39]. In the
case of supraconal disorder, there is an increase in
tone of the colon wall, pelvic floor and spasmodi-
cally constricted state of the external anal sphinc-
ter, which causes stool retention [39]. When the
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anal sphincter cannot be relaxed arbitrarily, the
signals between the colon and the brain become
disconnected: the reflex that triggers bowel emp-
tying is still working, but the child may not feel it
coming, resulting in sudden unplanned passage of
stool whenever the rectum is full. These disorders
are characterised by high anal resting tone, anal
and bulbocavernous reflex present. The situation
is different in the case of an areflexic bowel: loss
of colorectal tone and reduced amplitude of the
rectoanal inhibitory reflex leads to a cyclic pattern
of rectal filling and progressive distension of the
rectum, eventually leading to faecal incontinence.
In a situation of sluggish bowel, there is decreased
movement in the colon, decreased peristalsis, and
the anal sphincter is in a more relaxed state than
normal. This can lead to constipation with fre-
quent stool leakage. Typically, these patients have
any or low anal resting tone and lack of anal and
bulbocavernous reflexes [40].

The extent of symptoms also depends on the de-
gree of injury: severe spinal injury has been shown
to result in the most severe form of NBD with loss of
control of the external anal sphincter [41].

Transverse myelitis is a rare immune-medi-
ated disease resulting in spinal cord injury [42].
Approximately 20% of acute myelitis cases occur
in children, in whom one of the most common ini-
tial symptoms is pain (60%). Other common symp-
toms in children include motor deficits, numbness,
ataxic gait and loss of bowel or bladder control.
Constipation can be severe and may be accom-
panied by a marked feeling of fullness in the left
lower quadrant. Long-term autonomic sphincter
dysfunction has been reported in 22-80% of chil-
dren [43].

Multiple sclerosis (MS) is the most common
progressive neurological disorder in young adults
with a median age in the early 30s and a preva-
lence of 40-220 cases per 100,000 people in
Europe [44], with similar rates in North America
[45]. The incidence of childhood onset of multiple
sclerosis is low, ranging from 0.3-0.9 per 100,000
people. The prevalence of childhood MS is 5-10%
of all MS cases [46, 47]. Constipation in MS is ob-
served in 31-54% of patients [48].

Defecation disorders have been described in
15% of patients in Guillain-Barré syndrome [49,
50], cauda equina syndrome (damage to nerve
roots from L2 to S4) [51, 52], central lumbar disc
prolapse, spinal cord tumour, spinal canal steno-
sis, spinal malformations and iatrogenic causes
(during spinal surgery or spinal anaesthesia) [53].

Other rare paediatric neurological diseases af-
fecting cells in the anterior horn of motor neurons
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that control voluntary skeletal muscle activity (i.e.
the external anal sphincter, not the bowel itself,
have been described, although they can also indi-
rectly affect bowel function due to weakened mus-
cles and abdominal immobility). They are associ-
ated with a very poor prognosis as they are often
progressive and there is currently no known cure
(treatment is limited to symptomatic relief and
support of basic vital functions such as breathing
and feeding). Such diseases include spinal mus-
cular atrophy, amyotrophic lateral sclerosis, pro-
gressive muscular atrophy, progressive bulbar
palsy and primary lateral sclerosis [54], X-linked
adrenoleukodystrophy [55], and Menkes disease
[56]. Theoretically, any congenital or acquired di-
sease that affects neurological and/or cognitive
development and behaviour and results in limited
mobility could also have secondary effects on the
bowel (and bladder) of a child or adolescent.

Nutrition plays an important role in the deve-
lopment of constipation. Often people with neu-
rological pathology have a reduced appetite and
receive insufficient amounts of food and fluids
[57]. Children on tube feeding or through a gas-
trostomy require the use of specialised high-ca-
lorie therapeutic mixtures enriched with dietary
fibre [58]. However, constipation may occur even
if the correct dietary regime is followed, if there is
no possibility of comfortable defecation or if there
is a negative experience associated with it. Thus,
hard faeces when passing through the anus can
traumatise it, causing pain. A vicious circle is cre-
ated: the unwillingness to experience the painful
sensation again makes the patient arbitrarily de-
lay stool. Further, due to the reverse absorption of
water by the intestine, the faecal masses become
harder, which causes even more negative emo-
tions in subsequent acts of defecation. There are
other factors in the development of CC in LMP,
such as metabolic and absorption disorders, side
effects of certain medications (opioids, iron prepa-
rations, antacids, etc.), disruption of the intestinal
microbiocenosis due to frequent antibiotics and a
diet low in fibre, and lack of parental control and
interest in the defecation of a child with low mo-
bility [59-61].

DIAGNOSTICS

Diagnosis of CC begins with the complaints,
but these may not be present due to various cir-
cumstances: disinterest of the patient or his/
her representative, inability to assess the extent
to which constipation affects quality of life, etc.
When collecting anamnesis, it is necessary to as-
sess whether the underlying disease, concomitant



Children’s medicine of the North-West
2023 /Vol. 11 Ne 3

ISSN 2221-2582

Table 1. Possible bowel problems and associated neurological conditions [19]

Ta6nv|L|,a 1. Bo3MO»Hble ﬂpOGﬂeMbl C KNWWEeYHUKOM 1N CBA3aHHble C HUMUN HeBPOJTIOrnvyeckmne coCtoaHnA [19]

Neurological pathology/
HeBponoruyeckasa natonorus

Bowel and urinary problems /
Mpo6nemMbl C KNLWEYHMKOM 1 MOYENCNyCKaHeM

Spinal cord injury /
MNoBpexpeHue CNMHHOro Mo3ra

- Loss of control and sensation of the need to defecate /
MoTeps KOHTPONA U OLyLIeHNA NOTPEOHOCTH B AedeKauun.
+ Urinary incontinence and/or constipation /
HepepaHne moun n/vinun 3anop

Spina Bifida

» Constipation / 3anop.
- Stool incontinence / HepgepxaHue cTyna

Multiple sclerosis / PaccesiHHbIN cknepo3

- Constipation / 3anop.
+ Stool incontinence / HepepxaHue ctyna

Stroke and brain injury /
MHcynbT 1 uepenHo-mo3rosas TpaBma

+ Loss of conscious desire for defecation /
YTpaTta 0CO3HaHHOrO XenaHua aedekaumm.

- Constipation / 3anop.

« Urinary incontinence / Hepgep»aHue moun

Cerebral palsy / NeTcknii uepebpanbHblil napanuy

» Constipation / 3anop

Parkinson’s disease / Bone3Hb MapKnHCcOHa

+ Constipation / 3anop.
+ Less commonly urinary incontinence / Pexxe Hefilep>kaHve Moun

pathology in LMP or previous gastrointestinal di-
seases influence the occurrence of constipation. It
is necessary to find out when difficulties in defeca-
tion appeared, whether their appearance is con-
nected with pelvic or spinal surgery, with trauma;
what sensations the patient experiences against
this background ( a discomfort, its localisation, an
increased gas formation, a feeling of incomplete
emptying of the rectum after stool discharge, pain
and other symptoms such as nausea, vomiting, de-
creased appetite, signs of dysuria) and how often
stool is discharged. It should be clarified whether
there are factors that improve or worsen the si-
tuation, such as a change in the amount of food
or drink, taking certain medications, or changes
in motor activity. Particular attention should be
paid to the quality of the stool, its colour, density,
odour, quantity and presence of abnormal impu-
rities such as blood or mucus. When the last stool
occurred, whether the patient has urges to defe-
cate and whether he or she needs to push. During
the discussion, the doctor should determine the
patient's understanding of the importance of con-
stipation management, as some patients and their
parents may not be bothered by such difficulties.
Attention should also be paid to social factors,
such as how the patient and family feel about the
problem, the importance the patient attaches to
constipation, and whether there is privacy and a
comfortable environment for defecation [62]. It
is likely that the patient has already tried to con-
trol constipation, so it is necessary to clarify how
this occurred and whether there was an effect.

Percussion to look for bowel bloating may be per-
formed, as well as abdominal palpation and palpe-
bral rectal examination. The patient's examination
should form an opinion about the nature of the
constipation: functional and/or organic [63].

An additional diagnostic method is the research
of intestinal transit using X-ray contrast markers
[64]. The colonic transit time can be used only in
extremely unclear cases as a differential sign be-
tween functional constipation and functional fae-
cal incontinence without constipation.

TREATMENT

The approach to the treatment of constipation
in LMP varies according to the pathogenetic ba-
sis of constipation. In patients with hyperreflexic
bowel, stimulation of the rectum (chemically or
mechanically) results in evacuation of any rectal
stool. The goal in hyperreflexic bowel is to achieve
a relatively soft stool consistency to stimulate
evacuation. In these patients, stool softeners and
stimulant laxatives with mechanical stimulation of
the anorectal area can provide stool relief. Patients
with areflexic bowel may require abdominal mus-
cle exercises and manual evacuation of stool. In
patients who have low anal sphincter tone at rest,
more formed stools may help reduce episodes of
incontinence, so excessive use of stool softeners
and stimulant laxatives should be avoided [65]. In
patients with lesion levels at T6 or above any treat-
ment that results in rapid rectal emptying carries
the risk of precipitating life-threatening autono-
mic dysreflexia [66]. Patients at risk or carers
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should be made aware of this risk and informed
of appropriate emergency treatment (nifedipine).

In general, the treatment of CC in LMP should
be staged, with the aim of finding the least inva-
sive intervention that normalises stool consis-
tency and frequency. The treatment approaches
proposed by foreign researchers are presented in
Figure 1. Treatment should be carried out for at
least two weeks consecutively before considering
further modification of the program.

First of all, dietary adjustments are required: an
increase in the amount of fibre or other bulking
agents in the diet and optimization of water ba-
lance [63, 68, 69]. For LMP with cognitive impair-
ment, diet should be treated very carefully: an ab-
dominal bloating and subsequent pain associated
with flatulence cause them to scream and become
uncontrollably anxious. Increased motor activity
and traditional positioning during defecation also
cannot be used in LMP. The use of technical reha-
bilitation devices (TRD) for daily positioning can
improve bowel peristalsis and resolution of con-
stipation with nutritional therapy. Rehabilitative
aids are individually selected by orthopaedists
and/or occupational therapists, and may include
sitting supports, standing supports, walkers with
additional body support, including for patients
with cerebral palsy [70]. Abdominal massage ac-
tivates intestinal stretch receptors, which causes
increased contraction of the bowel and rectum,
excites waves of contraction of the rectus abdo-
minis muscles, decreases colon transit time, and
stimulates the parasympathetic nervous system,
thereby leading to increased intestinal secretion
and motility and relaxation of sphincters in the di-
gestive tract [71]. Mechanical effects may also be
observed in lean LMP. Abdominal massage in chil-
dren is usually performed starting at the right iliac
region, using a gentle, squeezing, kneading mo-
tion in an inverted "U" direction around the top
of the umbilicus to the left iliac fossa and then
deep into the suprapubic region to help move
gas and stool along the course of the colon to
the rectum [72].

Anal/rectal stimulation [73] is a well-estab-
lished technique used in LMP with constipation to
facilitate bowel evacuation. The LMP caregiver in-
serts a lubricated finger (in medical glove) into the
rectum and performs a rotary motion, dilating the
anal canal and relaxing the pubic muscle, resulting
in a reduction of the anorectal angle. Both of these
effects result in reduced resistance to the passage
of stool, thereby promoting bowel emptying [73].
This method of stimulation is very different from
manual evacuation, where stool is extracted di-
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rectly with the finger and which is generally not
suitable as a regular treatment for the older child.
Some studies have demonstrated the efficacy of
non-invasive nerve stimulation, such as percuta-
neous electrical nerve stimulation [74], posterior
tibial nerve stimulation [75] in the treatment of
constipation.

If there is no effect from dietary changes, oral
laxatives may be used, aimed at changing the rate
of fecal passage. However, the side effects of the
drugs used should be taken into account: a mi-
neral oil, an osmotic laxative (polyethylene glycol
preparations, lactulose) can aggravate fecal in-
continence. Intestinal peristalsis stimulants such
as Senna extract and bisacodyl are widely used.
Rectal-sigmoid emptying can be carried out with
a small-volume enema, glycerin suppositories.
Sodium phosphate enemas should be avoided in
children with renal impairment [3]. If there is no
effect, the use of a larger volume enema admi-
nistered through a conical tip or a special cathe-
ter, which provides transanal irrigation, is re-
commended [76]. The final step is the use of an
antegrade enema administered through commer-
cially available transanal irrigation systems. For
the LMP and carers daily suppositories are more
convenient and comfortable to use than transrec-
tal irrigations, because with constant use it avoids
fecal blockage and the need for 'high' enemas.

Surgical treatment of constipation in LMP
should be considered taking into account all of

Surgery /
Xupypruyeckoe
neyeHue

Transanal irrigation /
TpaHcaHanbHoe
opoLlleHune

Pharmacological
treatment /
(dapMakonormnyeckoe
neyeHue

Conservative therapy /
KoHcepBaTuBHas
Tepanus

Fig. 1.  Pyramid of recommendations for the treatment of
neurogenic bowel dysfunction (adapted from [67])

Puc. 1. Tupamuaa pekoMeHaaumit No IeYeHnto HeMporeHHoM
OMCOYHKLMM KMLWEYHUKA (aAanTMpoBaHo no [67])
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Table 2. Guidelines for bowel care and function for people with spina bifida in different age periods [77]

Tabnuua 2. PykoBopasime NpUHLMUNbI N0 yxoAay U GYHKUUN KULLIeYHMKa AnA ntoael ¢ pacleNnmHoNn No3BOHOYHMKa B pa3Hble
BO3pacTHble nepuoabl [77]

Age group /
BospacTHas rpynna

Guidelines / PykoBopasLive npyHUumbl

0-11 months /
0-11 mecaues

1. Monitor stool frequency, consistency and quantity / KoHTponupyiite yactoTy cTyna,
KOHCMCTEHLUIO U ero KonnyecTBo.

2. Use dietary treatment, in particular breastfeeding if possible, as breast milk is easier to digest
and provides a better recovery of the microbiome after surgery / icnonb3yite guetuueckoe
NneyeHune, B YaCTHOCTMN rPYAHOE BCKaPMIIMBaHKE, €CTIN 3TO BO3MOXKHO, TaK KaK FpyIHOE MOJIOKO
nerye ycBamBaeTcs 1 obecneymBaeT nyyllee BOCCTaHOB/IEHE MUKPOOVOMa Nocsie onepaumn.
3. Consider dietary treatment (fibre and fluids) before pharmacological supplements and/or
rectal stimulants (glycerine suppositories) to treat constipation / Paccmotpute grnetnyeckoe
neyeHue (KnetyaTtka v XMAKOCTUN) Nepes dapmakonornyeckumy fobaskamm n/mnu pektanbHbiMm
CTMMYynATOPaMu (FMLEPUHOBBIE CYNMO3UTOPUN) AN NIeYEHNA 3aNnopoB.

4. Use barrier creams to protect the perineal area as needed / Vicnonb3yiite 6apbepHble Kpembl
ANA 3aLWmUTbl 061aCTV NPOMEXHOCTH MO Mepe HeOOXOANMOCTH.

1-2 years 11 months /
1-2 roga 11 mecAues

1. Discuss toilet training and habits with parents / O6cynuTe ¢ poanTensamu obyueHune Tyanety
1 NPUBbIYKAM.

2. Set a goal to work towards correcting stool incontinence / YctaHoBuTe Lienb paboTbi
B HaMpaB/ieHN KOPPEKLUY HEAEPXKaHWS CTyNa.

3. Use fibre, sufficient fluids by mouth, exercise and a chronobiological approach (defecation in the
morning after meals) / icnonb3yiiTe KNneTuaTKy, 4OCTaTOYHOE KOMMYECTBO KULKOCTU Yepes poT,
busnyeckre ynparkHeHns 1 xpoHobuonornyeckuin noaxon (Aedpexkauuv yTpom nocne eapl).

4. Consider prescribing oral and rectal interventions for constipation / PaccmoTprTe Ha3HaueHune
nepopasnbHbIX Y PeKTanbHbIX BMELLATENbCTB 418 60pbObl C 3anopamu.

5. Use dietary treatment (fibre and fluids), pharmacological supplements (sennoside, polyethyl-
ene glycol) and/or rectal stimulants (glycerin, docusate sodium or bisacodyl suppositories) to
treat constipation and faecal incontinence / icnonb3yiite gnetuyeckoe neveHue (knetyatka u
XKnpkocTm), papmakonoruueckne fob6aBky (CEHHO3MA, MONNSTUNEHIIVKONb) U/WAW peKTasbHble
CTUMYNATOPbI (IWLEPVIH, AOKY3aT HaTpUa Unu bucakoan- Cynno3nTopun) AN neyeHus
3aMopoB U HefiepXKaHnA Kana.

6. Use barrier creams to protect the perineal area as needed / icnonb3yiiTe 6apbepHble Kpembl
[1A 3aWmnTbl 0611aCTV NPOMEXHOCTU MO Mepe HeOOXOAVMOCTH.

7. Consult a Spina Bifida clinic or a specialist with expertise in bowel management bowel mana-
gement for Spina Bifida / O6bpaTtuTtech B KNMHWKY Spina Bifida nnv K cneunanncTy C onbiITom
B 0651aCTV yNpaBneHus KULWeYHKom npw Spina Bifida.

3-5years 11 months/
3-5roga 11 mecaues

—_

. Discuss the consequences of constipation and bowel incontinence (including shunt malfunc-
tion, urinary tract infections (UTls), skin maceration, social isolation / O6cynuTe nocneacTeusa
3anopoB U HefleprKaHNA K1LeYHMKa (BKNoYasa HEMCNPABHOCTb LWYHTOB, MHbeKL MK
MoueBbliBoAALWMX nyTen (MMI), mauepaLmio KoK, COLManbHY0 N30MALNKI0).

2. Set a treatment goal and establish a bowel control programme, using the recommendations
given / YcTaHOBUTE LieNb fIeYeHrs U YCTaHOBUTE MPOrpaMmy KOHTPOJSIA 3a paboTom KMLLEYHVK],
NCnonb3ys NpuBefeHHble peKOMeHAaLUNn.

3. Use fibre, adequate oral fluids, exercise, and a chronobiological approach, exercise and
a chronobiological approach (defecation in the morning after meals) / icnonb3yiite
KneTyaTKy, LOCTaTOUHOE KOMIMYECTBO XULKOCTU Yepes PoT, GM3nUecKne yrnpakHeHus
1 XpOoHOBUoNOrnyecKunii Noaxon (aedexkaunm yTpom nocne efbl).

4. Consider prescribing oral and rectal interventions to control management of constipation /
PaccmoTpuTe Ha3HaueHme nepopasnbHbIX Y peKTaNbHblX BMeLWaTeNbCcTB A1 60pbobl
C 3anopamu.

5. Use dietary treatment (fibre and fluids), pharmacological supplements (sennoside, polyethyl-
ene glycol) and/or rectal stimulants (glycerin, sodium docusate or bisacodyl suppositories) to
treat constipation and faecal incontinence / icnonb3yitte gnuetudyeckoe neueHue (Knetyatka u
XngKocTu), papmakonornyeckue no6aBky (CEHHO3UA, NOANSTUNEHTNIMKOSIb) U/ peKTalibHble
CTUMYNATOPbI (TULEPUH, JOKY3aT HaTPUA Uy Gucakogun-cynnosnTopum) Ana neveHns
3arMopoB U HeflepKaHus Kana.

6. Use barrier creams to protect the perineal area from maceration as needed / Vicnonb3yiite
6apbepHble KpeMbl A1 3aLiMTbl 0611aCTU MPOMEXHOCTY OT MaLlepauuy o mepe
HeobXo4NMOCTN.

7. Consult a Spina Bifida clinic or a specialist with experience in bowel management for Spi-

na Bifida / ObpaTtuTech B KNMHWKY Spina Bifida nnn K cneumanuncTy c onbiTom yrpasieHns

KuweyHKom npw Spina Bifida
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the patient's problems, including general progno-
sis, mental function, and trophological status, not
just defecation problems that are not resolved by
therapeutic methods.

There are no consensus documents on the
management of constipation and defecation dis-
orders in LMP; only for children with spina bifi-
da has a standardized approach to the manage-
ment of bowel dysfunction been developed [77].
Guidelines for bowel care and function for people
with spina bifida at different ages are summarized
in Table 2. For older age, the recommendations
are the same.

In summary, the management of constipation
and defecation disorders in pediatric LMP is chal-
lenging and has significant psychosocial impli-
cations for both the patient and carers. Clinical
guidelines are needed to provide a proactive,
systematic and rational approach to the manage-
ment of bowel dysfunction, including fecal incon-
tinence and constipation. Collaborative efforts
between multidisciplinary specialists are needed
to overcome research barriers and provide inno-
vative solutions.
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OONOJIHUTEJIbBHAA UHOOPMALINA

Bknap aBTopoB. Bce aBTOpbl BHeCu cyuie-
CTBEHHbI BKMaZ B pa3paboTKy KOHUenuuum, npo-
BefeHMe unccnefoBaHUA W MNOArOTOBKY CTaTbW,
npounu n ofobpunu GuHanbHy Bepcuio nepes
ny6nvkaymnemn.

KoHdnukT nHtepecoB. ABTOPbI AeKnapupyioT
OTCYTCTBME ABHbIX N NOTEHLMANbHbIX KOHGNKTOB
WNHTEPeCOB, CBA3aHHbIX C Mybnukauuen HacTos-
LLen cTaTbW.

UcTouHnK ¢uHaHcmpoBaHuA. ABTOPbI 3asB-
NAT 06 OTCYTCTBUM BHELHEro GprMHaAHCMPOBAHUA
npwv NpoBefeHnn NccneoBaHus.
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Abstract. Iron deficiency anemia is an important problem in modern medicine. The disease is common among
the population around the world and accompanies many diseases, especially common against the background
of chronic diseases. Timely diagnosis and treatment of this pathology is an important element of the therapy of
chronic pathological processes, since anemia aggravates the course of the underlying disease, worsening the
quality of life of patients. This literature review considers a number of chronic diseases accompanied by iron
deficiency anemia.
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Peziome. KenesonednuntHaa aHeMnss — BaXkHasi Npob6sieMa COBPeMeHHON MeanLunHbI. 3abosieBaHvie pacnpo-
CTPAHEHO Cpean HaceseHrs BO BCEM MUPE 1 COMPOBOXAAET MHOTME OCTPbIE U XPOHUYECKNE MaTONOornyeckre
npouecchl. CBoeBpeMeHHas ANAarHoCTIKa 1 JieYeHre AaHHOTO KIMHMKO-TeMaTOSIOrMYeCKoro CUHAPOMA SIBMAETCS
Ba>KHbIM 3JIEMEHTOM Tepanuy XPOHNYECKMX Bosie3HeN, MOCKObKY aHeMUs YCyry6sifeT TeueHre OCHOBHOTO Ma-
TONOMMYECKOr0o COCTOSHUSA, YXY/LLAs KAUeCTBO M3HW MNaLUeHTOB. B JlaHHOM iTepaTypHOM 0630pe PacCMOTPEH
PAL XPOHUYECKUX 3a60NeBaHNIA, CONMPOBOXAALMNXCA XKene304edULUTHON aHeMureN.

Knroudeeole cnoea: xene3odehuyumHas aHemMus; XpoHu4eckoe 3abosiesaHue.

INTRODUCTION

Iron deficiency disorders (IDD) are an impor-
tant problem in pediatrics. Primarily, it is deter-
mined by the widespread prevalence of these
conditions worldwide [1, 2]. Iron deficiency ane-
mia (IDA) is a medical and social problem due to
its impact on growth, development, cognitive

function, intelligence, and behavioral responses
in children [3, 4].

Iron is an essential element involved in many
biological processes, one of the most impor-
tant components of the mitochondrial respirato-
ry chain. It is absolutely necessary for the proper
functioning of the organism [5]. Iron is capable to
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give and receive electrons and plays an important
role in fundamental biological processes, inclu-
ding oxygen and electron transport, cellular respi-
ration and DNA synthesis [4]. Iron deficiency (even
in the absence of anemia) aggravates the course
of many chronic diseases and increases the risk of
mortality. The main organs regulating iron meta-
bolism are liver and kidneys [6].

Iron deficiency anemia is an acquired disease
characterized by a decrease in iron content in
blood serum, bone marrow and tissue depots
which resulting in impaired formation of hemo-
globin and erythrocytes, hypochromic anemia
and trophic disorders in tissues. The disease is
polyetiologic [7]. Hermic hypoxia progresses and,
subsequently, secondary metabolic disorders de-
velop within this condition. IDA can develop in
children with chronic inflammatory diseases even
without persistent blood loss [8-10]. Anemia as-
sociated with such conditions is commonly re-
ferred to as anemia of chronic diseases (ACD),
although this term is arbitrary since anemia can
also occur in acute inflammation, particularly in
suppurative processes (apostematous nephritis,
lung abscess, etc.).

EPIDEMIOLOGY
According to the World Health Organization

(WHO), about 1.62 billion people, or 24.8% of the

total world population, suffer from various patho-

genetic forms of anemia. In 2008, the WHO pub-
lished a report analyzing the prevalence of anemia
syndrome, with high rates among preschool chil-
dren (76.1%), pregnant (69.0%) and non-pregnant
women (73.5%). Iron deficiency anemias account
for 90% of all anemias in childhood and 80% of all

anemias in adults [11].

Iron deficiency anemia is associated with a
large number of chronic pathologies:

1) autoimmune diseases (rheumatoid arthritis,
systemic lupus erythematosus, vasculitis, sar-
coidosis, Crohn's disease, nonspecific ulcerative
colitis) [12-15];

2) infections (acute ones: sepsis, pneumonia,
septic endocarditis, peritonitis; chronic ones:
osteomyelitis, tuberculosis, lung abscess, HIV);

3) tumors [16];

4) chronic heart failure (anemia is found in 17% of

patients with first diagnosed CHF; it is an inde-

pendent prognostic factor of mortality);

) critical patients (intensive care patients);

6) endocrine pathology;

) liver diseases;

) chronic non-inflammatory diseases (severe
trauma, thermal burns);
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9) mixed diseases — alcoholic cirrhosis of the liv-
er, circulatory insufficiency, thrombophlebitis,
ischemic heart disease [17, 18].

PATHOPHYSIOLOGY

Three pathophysiological mechanisms of ane-
mia development are distinguished:

A slight shortening of erythrocyte lifespan
which is attributed to increased hemophagocyto-
sis by macrophages occur in patients with inflam-
matory diseases;

Erythropoiesis is impaired due to decreased
erythropoietin (EPO) production and reduced
bone marrow response.

I[ron metabolism is altered due to increased lev-
els of hepcidin, which inhibits iron absorption and
recycling, resulting in iron sequestration. Hepcidin,
a protein synthesized in the liver, plays an impor-
tant role in iron homeostasis. Inflammation results
in the release of large amounts of mediators such
as interleukin-6, interleukin-13, which in turn leads
to an increase of hepcidin levels. It induces ferro-
portin blockade, impaired function of duodenal
enterocytes, liver kupffer cells, and spleen mac-
rophages; such changes result in reduced iron ab-
sorption and recycling [19, 20].

DIAGNOSTICS
The diagnostic basis for IDA associated with

chronic disease is the presence of a long-standing

condition, such as tumor, infectious-inflammatory,
or autoimmune disease. By the moment, diagnos-
tic criteria for the pathology have been developed:

1) clinical signs (depend on the disease: inflamma-
tory, tumor or infectious);

2) pathology (hypoproliferative anemia, impaired
iron release from cells of the mononuclear
phagocyte system for furhter hemoglobin syn-
thesis, reduced life span of erythrocytes);

3) data of laboratory tests [21, 22].

Clinical manifestations of chronic IDA largely
depend on the associated disease. There is a direct
correlation between the degree of IDA and severi-
ty of an underlying disease.

IDA and diseases of gastrointestinal tract
(GIT). Obviously, when searching for the cause of
anemia, first of all, it is necessary to exclude disea-
ses that create conditions for blood loss. However,
iron deficiency may be caused by impaired intes-
tine absorption of the element. Iron is absorbed in
the duodenum and in the initial part of the jeju-
num. The element passes through the following
stages: capture of divalent iron by the cells of the
mucous membrane (villi) of the small intestine and
its oxidation into trivalent iron in the membrane of
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microvilli; transfer of iron to the proper membrane,
where it is captured by transferrin and quickly
passes into the plasma. In this regard, small intes-
tinal pathology may cause iron deficiency anemia
[23-25].

The debut of celiac disease may manifest with
anemia; therefore, children with chronic IDA are
at risk for celiac disease, so should be screened.
Iron deficiency can be observed both in the typi-
cal manifestation of celiac disease and in the ab-
sence of diarrhea and weight loss. Anemia occurs
in 23.75-50% of patients with celiac disease and
may be the sole symptom [8, 26].

The stomach plays a major role in iron absorp-
tion processes.

Hydrochloric acid converts ionic trivalent iron
into the divalent form. In this regard, atrophic gas-
tritis may cause IDA. The second, most common
form of atrophic gastritis is associated with pro-
longed exposure to Helicobacter pylori (H. pylori)
infection, which has been considered as a trigger
factor in the development of idiopathic anemia in
recent years [9, 14, 27, 28].

At the same time, the peculiarities of IDA in
children with Helicobacter infection are insuf-
ficiently explored. In the course of the study (67
children with IDA aged 11-15 years) the authors
found out that Helicobacter infection was detected
in every third child with anemia. Anemia associa-
ted with Helicobacter infection was characterized
by a refractory course, lower increase of hemoglo-
bin and erythrocyte levels compared to children
with IDA without Helicobacter infection. After suc-
cessful eradication of H. pylori, there was obtained
a positive dynamic in treatment with a significant
increase of hemoglobin level in children [29].

Anemic syndrome is a frequent companion
of inflammatory bowel disease (IBD). About two-
thirds of patients with IDA suffer from conco-
mitant anemia, which significantly impairs their
quality of life. As a rule, the etiopathogenesis of
anemia in IBD is multicomponent since it has no
isolated single cause. Anemic syndrome in IBD is a
combined variant of iron deficiency and anemia of
chronic diseases. The course of the disease is ag-
gravated by additional metabolic disorders, vita-
min deficiency, as well as the effect of drugs used
for the treatment of IBD [30].

Hemocolitis is one of the main causes of IDA in
children with IBD, the incidence is 83-84% in ul-
cerative colitis and 22-43% in Crohn's disease. In
case full recovery of iron depot is not taken into
account, the correction of iron deficiency might
be inadequate which lead to latent iron deficien-
cy, and then to recurrence of anemic syndrome. As
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a result, decreased iron intake and increased iron
losses have a negative effect on the parameters of
iron metabolism [31].

Iron deficiency in overweight. IDA and iron
deficiency in excessive adipose tissue accumu-
lation have long been recognized, however, the
mechanisms of their interaction continue to be
studied. In recent years, 3 main hypotheses of
hypoferremia in obesity have been proposed.
Nutritional hypothesis: iron deficiency is a comor-
bid condition in obesity due to insufficient dietary
iron intake or insufficient absorption due to con-
comitant gastroduodenal pathology. Blood vo-
lume hypothesis: as body weight increases, blood
volume increases. Inflammation hypothesis: based
on the involvement of systemic inflammation in
the disturbance of iron metabolism in obesity. This
hypothesis is the most convincing, it logically fits
with the data on low-active inflammation found in
obesity [1, 4].

Iron metabolism in kidney disease. Iron me-
tabolism is disturbed in any form of renal patho-
logy. Nephrogenic anemia is one of the patho-
genetic variants related to IDA, which naturally
complicates the course of chronic kidney disease
[5]. This pathology is usually characterized by nor-
mocellular, normochromic, hypoproliferative ane-
mia.

Reduced production of erythropoietin pro-
duced by kidneys plays a leading role in the
mechanisms of anemia development in chronic
kidney disease (CKD). However, other factors also
contribute to its formation: shortening of erythro-
cyte lifespan, chronic blood loss, iron or folic acid
deficiency, secondary hyperparathyroidism, chro-
nic inflammation and others. Hepsidine excess is
considered to be the main cause of impaired iron
homeostasis and anemia in CKD due to decreased
absorption of dietary iron and mobilization of
iron from the depot [32]. The highest incidence of
IDA is registered when creatinine clearance is de-
creased to 40-60 ml/min, and sometimes at earlier
stages of the disease. Early development of this
form of anemia is most common for diabetic ne-
phropathy [33].

The main causative agent of urinary tract infec-
tions currently remains Escherichia coli. This group
secretes a number of toxins, including lipopoly-
saccharide (the main component of membranes
of Gram-negative bacteria). Iron is an essential
element for survival, reproduction, and virulence
of intestinal microorganisms. Hypoferremia is a
protective response to infection and inflamma-
tion which reduce the amount of iron available
for pathogens. Lipopolysaccharide is known to
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activate Toll-like receptors (TLRs). TLR activation
causes hypoferremia mainly by increasing hepci-
din levels. Progression of inflammatory processes
in chronic pyelonephritis is accompanied by an
increase in the proportion of divalent iron in the
structure of sideremia against the background of
a decrease in the total iron-binding capacity of se-
rum and reticulocytes and an increase in the con-
centration of ferritin [5].

Anemia in autoimmune disease. Anemia as-
sociated with systemic connective tissue diseas-
es is caused by impaired erythropoietin synthe-
sis due to blood loss from ulcers and erosions of
the gastrointestinal tract which develop during
prolonged use of anti-inflammatory drugs [34].
Rheumatoid arthritis is accompanied by anemia in
16-65% of cases. The development of anemia in
rheumatoid arthritis is promoted by an increased
level of inflammatory cytokines. About half of pa-
tients with systemic lupus erythematosus have
anemia with a hemoglobin content of less than
100 g/ |, it is either hypo- or normochromic type.
A close relationship between hepcidin levels and
IDA in patients with rheumatoid arthritis (RA) has
been demonstrated: patients with RA have higher
hepcidin levels than healthy individuals, patients
with RA and anemia have higher hepcidin levels
compared to patients with normal hemoglobin
levels, and finally, hepcidin levels in patients with
RA and IDA are higher than in cases where syste-
mic inflammation is combined with iron deficiency
[35, 36].

IDA in endocrine disease Anemia is quite
common in endocrine diseases. At the same time,
all morphological forms of anemia might be de-
veloped. Thus, parathyroid hormone has a direct
inhibitory effect on the synthesis of endogenous
erythropoietin, as well as on erythrocyte precur-
sors in the bone marrow and their life span, which
determines the presence of anemic syndrome in
parathyroid gland pathology. Hypothyroidism is
accompanied by anemia in 30-60% of patients. As
a rule, hypochromic anemia develops. It is caused
by a reduced iron absorption in the small intes-
tine and the lack of stimulating effects on eryth-
ropoiesis which is induced by thyroid hormones.
Anemia in hypopituitarism occurs in 32-46% of
cases [37]. The cause is neoplasms or pubertal un-
derdevelopment of the pituitary gland, accompa-
nied by deficiency of thyroid hormones, adrenal
hormones, androgens [38]. Diabetes mellitus is a
frequent cause of IDA. The etiology is multifacto-
rial: decreased synthesis of erythropoietin (due to
diabetic nephropathy), low absorption of iron and
vitamins, medications. Falsely elevated hematocrit
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level is determined in the blood samples of pa-
tients with diabetes mellitus, ketoacidosis might
cause acute hemolysis [39].

Thus, iron deficiency anemia is quite common,
especially against the background of chronic pa-
thology, often aggravating the clinical course
of an underlying disease. Early detection of iron
deficiency anemia can accelerate the diagnostic
search for the underlying disease, which undoub-
tedly leads to an earlier start of therapy and im-
proved prognosis.
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OONOJIHUTEJIbBHAA UHOOPMALINA

Bknag aBTOpoOB. Bce aBTOpbl BHeCnu cylie-
CTBEHHbIN BKNaj B pa3paboTKy KoHLenuuu, npo-
BefleHMe WCCefoBaHNA U MOATrOTOBKY CTaTbW,
npounu n ofobpunu GMHaNbHY Bepcuio nepeq
nyénunkauuen.

KoH}nukT nHtepecoB. ABTOpbI AeKnapupyoT
OTCYTCTBIME ABHbIX Y NOTEHLMaNbHbIX KOHPJINKTOB
WNHTEPECOB, CBA3aHHbIX C NybnuKauumen Hactos-
Len cTaTbu.

UcTouHNK PpuHaHCMpoBaHUA. ABTOpPbI 3aAB-
nAT 06 OTCYTCTBUN BHELWHEro GMHAHCUPOBaAHUSA
npwv NpoBefeHUN NccnefoBaHuA.
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Abstract. Prevention of obesity in children is a priority way to reduce the prevalence of obesity and, consequently,
cardiovascular risk, both in the pediatric and adult populations. Preventive measures are aimed at correcting
lifestyle and include optimizing nutrition and increasing physical activity. This review analyzes the effectiveness of
modern nutritional interventions used to prevent overweight and obesity in children. Nutritional approaches are
most promising from conception to 2 years of age. Encouraging breastfeeding and reducing the amount of protein
in a child’s diet in the first 12-24 months of life reduces the risk of obesity later in life, and avoiding complementary
foods until 4 months of age is also recommended. Starting at 2 years of age, approaches that combine changes in
diet and physical activity are used. Obesity prevention interventions carried out in children’s educational institutions,
including with the participation of the family, are most effective. Promising methods for correcting food stereotypes
are the Mediterranean diet, reducing the consumption of sugary drinks and increasing the consumption of fruits,
vegetables and foods rich in dietary fiber, which has a positive effect on various health parameters.

Key words: obesity; children; prevention; breastfeeding; school meals.
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Peztome. [MpodurnakTmKa OXNPEHNs y AeTEN ABAETCA MPYOPUTETHBIM CNIOCOOOM CHVKEHVA PacnpoCTpaHeHHo-
CTW OXKMPEHUA 1, CefoBaTeNIbHO, KapAMOBaCKYNAPHOro puUcka Kak B ETCKOW, Tak 1 BO B3POC/IO/ NONYAALMWN.
MpodurnakTnyeckne MeponpuATAA HanpasyieHbl Ha KOPPEKLMI0 06pa3a »KU3HY 1 BKITIOYAT ONTMMU3ALIMIO NTa-
HWS 1 NOBbILIEHNE GU3NYECKOWN aKTUBHOCTW. B NpeacTaBneHHOM 0630pe NpoaHanv3npoBaHa 3pPEeKTUBHOCTb CO-
BPEMEHHbIX HYTPMLMONIOTMYECKNX BMELIATENbCTB, MCMOJb3yeMblX Ais MPOGUIAKTUKIN N30bITOYHO MacChl Tena
N oXnpeHna y geten. MNogxopbl, HanpasieHHbIe Ha NUTaHWeE, Hanbornee NepCcneKTUBHbI B BO3PaCcTHOM nepriofae
OT 3a4aTusA Ao 2 net. [oowpeHne rpyaHOro BCKapMIIMBaHNUA U CHUXKEHWE cofilepKaHus 6enka B paLnoHe pebeHka
B nepBble 12—-24 MmecALEB XKM3HW CHMXAIOT PUCK OXNPEHNA B JafibHeNLIne BO3PacTHble Nepuofbl. Takke peko-
MeHAyeTcA n3beratb BBEAEHVA NMPUKOPMA A0 4-MeCcAYHOro Bo3pacta. HaunHas ¢ AByx/fieTHero Bo3pacra nprme-
HAIOT NOAXOAbI, COUeTaloLMe N3MEHEHNA B MTaHUW 1 Gr3MYeCcKor akTUBHOCTU. HanbonbLuen 3¢ppeKTrBHOCTbIO
0651afaloT BMELLATENIbCTBA MO NPOGUIIAKTMKE OXMUPEHNUSA, MPOBOAMMbIE B YCIIOBUAX AETCKMX 00pa3oBaTesibHbIX
YyUpeKQeHur, B TOM Ymcsie C yyacTrem cembu. [lepcnekTMBHbIMM METOAAMUN KOPPEKLNN MULLEBbLIX CTEPEOTUMOB
ABNATCA CPeAN3EMHOMOPCKAs AMETa, COKPALLEeHVe NOTPebeHNs Clafikix HaNMTKOB Y NMOBbILEHWE NOTpebne-
HMA GPYKTOB, OBOLLEN 1 MPOAYKTOB, 60raTbix NMLLEBLIMY BOIOKHAMW, UTO OKa3blBaeT MNOOXKNUTEIbHOE BAMAHNE
Ha pa3nunyYHble NapameTpbl 340POBbA.

Knro4deseole cnoea: oXxXupeHue; demu; npOd?UfIGKmUKCI,‘ zpyaHoe 8CKApmiusaHue; WKoOJibHoe numaHue.

REVIEWS



ISSN 2221-2582

INTRODUCTION

Overweight and obesity in children is increas-
ing worldwide. It is an urgent problem both in
high-income and low-income countries [1, 2].
The chronic course of the disease, its persistence
in adulthood and the lack of effective treatment
methods determine the importance of preventing
its outbreak and spread [2-4].

According to H. Jebeille et al. (2022), the pre-
valence of obesity in the global pediatric popu-
lation is 5.6% among girls and 7.8% among boys
aged 5-19 years [5]. In the Russian Federation, ac-
cording to a systematic review and meta-analysis
that included the results of a survey of more than
350,000 children (2022), the prevalence of obesity
is 1.2-25.3%, depending on age, sex, and region of
residence [6].

Excess body weight is caused by a prolonged
positive energy balance [1]. More than 600 genes
have been associated with the risk of developing
obesity [7]; however, in most cases obesity has no
clear genetic cause because it results from the in-
teraction of multiple factors that disrupt metabo-
lism [8]. It is believed that more than 95% of obesi-
ty cases develop due to the inability of genetically
predisposed individuals to adjust their behavior
to obesogenic environment [7]. The obesogenic
(obesity) environment, including high availabili-
ty of foods with added sugars and saturated fats,
cultural traditions and social behaviors of patients
and their families, place of residence, inadequate
availability of sports facilities, and other factors
that contribute to increased energy intake and in-
adequate energy expenditure, increases the risk of
developing obesity through epigenetic regulatory
mechanisms over the lifespan. Treatment of obesi-
ty is a complex proble. Currently, it does not lead
to sufficiently effective results in both adults and
children [9, 10].

In contrast, prevention represents a promi-
sing strategy to combat obesity [11]. It is gene-
rally recognized that prevention of overweight in
children and adolescents is a priority way to re-
duce the prevalence of obesity and, consequent-
ly, cardiovascular risk [2, 12, 13]. According to the
recommendations of the European Society of
Endocrinologists (2017), which most completely
illuminate this problem, the prevention of over-
weight and obesity in children should include in-
terventions aimed at correcting nutrition, physical
activity, and lifestyle in general [14]. A large num-
ber of programs have been developed to promote
behavioral changes from early life (pregnancy,
infancy, and early early childhood) throughout
childhood and adolescence involving the family,
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school, society, media, and government agencies
[2,11].In 2022, methodological recommendations
"Early prevention of obesity in children" created
by FGBUN "FIC Nutrition and Biotechnology" (the
Russian Federation) were published. They include
modern approaches to targeted prenatal and
postnatal nutritional optimization [15]. The de-
velopment and implementation of effective inter-
vention strategies and reduction of the long-term
negative health effects of obesity is an important
task of the modern medical community.

AIM

The aim of the review is to analyze the effective-
ness of existing nutritional interventions directed
to prevent underweight and obesity in children.

OBESITY PREVENTION IN CHILDREN
DURING THE PRE-CONCEPTION PERIOD
AND THE FIRST 1000 DAYS OF LIFE

Interventions before conception
and during pregnancy

CornacHo According to the concept of nutri-
tional programming (metabolic imprinting), the
nature of a child's diet determines the metabolic
patterns of the child in the following age periods.
Nutrition is considered to influence a child most
significantly during the "first 1,000 days", from ear-
ly gestation period up to 24 months. During this
period, nutrition can modulate the risk of deve-
loping diseases in the presence of genetic predis-
position [16].

Insufficient nutrition in the intrauterine period
and the birth of an infant with low weight or body
length have been shown as risk factors for obesity,
arterial hypertension and type 2 diabetes subse-
quently. Excessive weight gain in women during
pregnancy, even in case of initially normal body
mass index (BMI), has a programmatic influence
as well. Obesity and gestational diabetes mellitus
among mothers are the best known risk factors for
obesity in offspring [17]. Thus, there is a necessity
to correct the nutritional status of women before
pregnancy.

The evidence on interventions in the pre-con-
ception period which were directed to prevent
non-communicable diseases (NCDs), including
obesity in children and adults, is scarce. This is
partly due to heterogeneity in the definition of
the pre-conception period [18].In 2019 C.M. Jacob
et al. analyzed the way different preventive ap-
proaches influence on etiological factors of NCDs
during pre-conception period [19]. Thus, it was
shown that the use of balanced protein-energy
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products in combination with nutritional coun-
seling and physical activity can reduce the risk
of giving born to an infant with low length and
weight in a certain gestational age by 21% and
27%, respectively, especially in mothers with
weight deficiency [20]. A lower risk of developing
gestational diabetes was found among women
with high levels of physical activity [21]. Pregnant
women which received intervention in the form of
nutritional counseling and physical activity gained
less weight compared to the control group [22].

A number of studies have shown that a pregnant
woman's diet with excessive energy and fat content
increases the risk of obesity in the offspring. There
is no cerrelation with the nutritional status of the
woman [23-28]. Current nutritional interventions
during pregnancy show low efficacy in reducing
the prevalence of childhood obesity, however,
they have a positive effect on maternal and neo-
natal risk factors for the disease [29, 30]. Excessive
weight gain was less common in pregnant women
who were counseled on a low glycemic index diet
(-24%) or counseled on nutrition and physical activ-
ity (-16%). Another study reported that nutritional
counseling for pregnant women reduced the risk of
developing gestational diabetes by 46% [30].

Interventions in the 0-2 years age group

Breastfeeding

Breastfeeding is one of the most studied as-
pects of early prevention measures in childhood
obesity. The breastfading has a protective effect
on the formation of overweight which is con-
firmed by studies [31]. Breastfeeding reduces the
probability of excessive weight gain in childhood
and adulthood by 13% [32]. The duration of exclu-
sive breastfeeding has not been confirmed to in-
fluence the risk of obesity [31].

The duration of exclusive breastfeeding has
not been confirmed to influence the risk of obesity
[31]. It is most likely that brief breastfeeding is less
protective against obesity than longer breastfe-
eding, regardless of whether it is exclusive or not.
The benefits of prolonged exclusive breastfeeding
with regard to obesity, have lack of evidence base
due to the heterogeneity of the studies conducted
and the lack of analysis of anthropometric data in
children [33-36]. In addition, the studies did not
take into account the associated factors which
may influence the outcome.

Characteristics of formulas
Studies evaluating the relationship between
the composition of formula used in the first year

ISSN 2221-2582

of life and obesity risks are mainly focused on the
protein content. The use of formula with lower pro-
tein content is associated with lower body weight
and Z-score of body weight at 6-12 months, BMI
between 1 and 6 years, and risk of obesity at 6
years in the absence of conclusive data on body
composition [37]. This pattern has been confirmed
in many studies; however, there has been noted
ambiguity in the criteria used to categorize for-
mulae as low (1.1-2.1 g/100 ml) and high protein
(1.5-3.2g/100 ml) [38, 39].

Thus, reducing the protein content in formu-
las is a promising approach to obesity preven-
tion. However, further study is required in order
to assess its effectiveness in the long term [37].
The protein content of formula for infants un-
der 1 y.o., recommended by the European Food
Safety Authority (EFSA) is 1.8-2.5 g/100 kcal
[40]. The consensus of the European Society of
Pediatric Gastroenterologists, Hepatologists and
Nutritionists (ESPGHAN, 2018) recommends ad-
hering to the lowest protein concentration regar-
ding the above mentioned range for children
1-3 years of age [41].

In addition to the protein content of formulas,
protein hydrolysates and their possible protec-
tive role in children's obesity have been studied.
P.Rzehak et al. [42] indicated that children who
received formula with high-hydrolyzed casein
had a slower increase in BMI in the first year of life.
However, further observation of the same children
up to the age of 10 years revealed no differences
in anthropometric indices compared to breastfed
children or those who received standard formula.
Moreover, the rate of weight gain did not depend
on the degree of protein hydrolysis. J.A. Mennella
et al. demonstrated that the use of formula con-
taining highly hydrolyzed protein in infants aged
2.5-7.5 months was accompanied by lower Z-score
of body weight to growth compared to children
receiving standard formula [43].

The protective effect of other infant formula
components (prebiotics, probiotics, long-chain
polyunsaturated fatty acids (PUFAs), soy protein)
on obesity is currently unproven [31, 44].

Complementary feeding

Introduction of complementary foods and pro-
tein intake in infants and toddlers are the most
studied controllable risk factors for the develop-
ment of obesity.

The ESPGHAN consensus on complementary
feeding reports an association between the intro-
duction of complementary foods before 4 months
of age and an increase in fat mass. The ESPGHAN
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consensus recommends to introduce complemen-
tary foods not earlier than 4 and not later than 6
months of age [45].

L.A. Daniels et al. summarized the results of 26
studies and showed that the introduction of com-
plementary foods before 4 months of ageincreases
the risk of obesity in children [46]. In contrast, the
EFSA consensus (2019) found no significant asso-
ciation between the time of complementary food
introduction and the risk of obesity. Additionally,
the EFSA consensus (2019) does not define a sin-
gle introduction time of complementary foods for
European children, and recommends focusing on
the individual characteristics of children, especial-
ly in cases of prematurity [47].

With respect to protein intake, the ESPGHAN
consensus [41] suggests not to exceed 15% of to-
tal energy intake during complementary feeding
in order to prevent overweight and obesity.

Parenting interventions

Numerous studies that examined the effects
of family-centered interventions on children's
anthropometric measures have heterogeneous
characteristics and endpoints, making it impossi-
ble to draw general conclusions. In the study by
K.J. Campbell et al.,the authors gave parents rec-
ommendations on children's diet, physical ac-
tivity, and duration of television watching and
performed a further follow-up [48]. Beneficial ef-
fects of this approach were found at the age of 20
months and resulted in low consumption of sug-
ary snacks and decreased TV time, however, no
statistically significant effect on BMI was detected.
A. Morandi et al. provided parents with informa-
tion about their children's eating habits, including
responsiveness to hunger and satiety cues. Despite
a higher frequency of breastfeeding on demand at
3 months of age, there was no statistically signifi-
cant effect on obesity prevalence at 2 years of age
[49]. In the work of L.A. Daniels et al. [50, 51] the
intervention began at 4-6 months of age. It was
focused on healthy eating and growth patterns.
Children in the control group had a higher Z-score
BMI at 14 months of age, and their mothers were
more likely to use "non-responsive" feeding prac-
tices. However, at age of 2 years, there were no
significant differences in both Z-score BMI and the
prevalence of overweight and obesity although
intergroup differences in feeding practices were
maintained.

In a study by I.M. Paul et al. [52], parents were
trained to recognize the child's hunger and sati-
ety cues and other sources of possible anxiety
besides hunger; at the age of 1 year, children in
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the intervention group had a significantly low-
er weight-for-height percentile than the control
group. The American Heart Association mentions
that parental responsiveness to a child's hunger
and satiety cues contributes to good "self-regu-
lation of eating" and low risk of obesity [53]. The
necessity to create a structured environment that
defines dietary rules, food restrictions, availabili-
ty of healthy foods, and role modeling is empha-
sized. Educational interventions for parents are re-
quired as a part of a strategy to reduce obesity and
cardiometabolic risk across the lifespan.

OBESITY PREVENTION IN PRESCHOOL
AND SCHOOCHILDREN

It becomes more difficult to combat the risk
of obesity in children over 3 years of age, as the
child's eating behavior, family eating patterns
and parental feeding style have been sufficiently
formed by this time.

The nutritional pattern for obesity prevention
in children includes adequate consumption of
vegetables and fruits rich in dietary fiber, as well
as minimization of fast food and sugar-sweetened
beverages. Additionally, the amount of fruit juice
should be controlled, as exceeding the recom-
mended amount (180-200 ml per day) contributes
to excess body weight [54].

In the context of promoting a healthy lifestyle,
it is recommended both to adhere to a balanced
diet, and to form and maintain healthy eating ha-
bits in the family [2, 12, 55]. The daily amount of
food should be divided into no more than 5 meals
(3 main meals and no more than 2 snacks). It is also
recommended to encourage eating at home, as
opposed to eating outside [2, 12, 56]. In addition,
providing children with a daily breakfast is an im-
portant guideline to prevent overweight and obe-
sity [12, 56].

Prevention of obesity in preschool

Regular nutrition classes conducted by a nutri-
tionist or a pediatrician are effective for preschool
children. Preschoolers are explained the rules of
healthy eating and nutritional behavior.

The most effective interventions are weekly nu-
trition lessons. They are focused on 5 rules: "drink
water", "eat fruits and vegetables", "eat regularly",
"make good choices" and "turn off your gadget
while eating". The program also included increa-
sing physical activity and modifying the surroun-
ding space for sufficient mobility of preschoolers.
The 4-month intervention resulted in a decrease of
fat body mass in the main group and no effect on
BMI [57]. S.N. Bleich et al. analyzed 5 randomized
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controlled trials (RCTs) and 1 pilot study on the
prevention of overweight in preschool children
[58]. All five RCTs included the family as an addi-
tional intervention target. Three studies showed
positive results: two of them included only phy-
sical activity intervention [59, 60], while the third
used a multicomponent intervention with nutri-
tional correction [61]. The positive results referred
to decreased BMI in children aged 4-5 years in the
first two studies. The third study found a less sig-
nificant increase in BMI percentile and an increase
in fruit and vegetable intake in children in the in-
tervention group compared to the control group.
Two other studies evaluated the effectiveness
of an obesity prevention program aimed at pre-
schoolers. They focused on both physical activity
and nutrition, and reported no differences in out-
comes between intervention and control groups
[62, 63]. Z. Zhou et al. found a positive effect of a
nutrition intervention in preschoolers. The study
involved family and neighborhood, and resulted
in changes of body composition (decreased body
fat and increased muscle mass) after 12 months of
follow-up, although no significant changes in BMI
and Z-score were observed [64].

Obesity prevention in schools

The school-based interventions are mainly fo-
cused on elementary and middle school students.
Food stereotypes were corrected by reducing por-
tion sizes in school canteens, increasing the availa-
bility and interest in various fruits and vegetables,
installing drinking water fountains, and elimina-
ting foods with added sugar and saturated fats
from school cafeterias. Lessons on healthy eating
were conducted for children and parents as part of
prevention programs. The lessons related to food
choice, controlling the consumption of fast food
and sugary drinks, the importance of breakfast for
schoolchildren, and limiting eating outside the
home. A number of studies included cooking work-
shops for schoolchildren and their families. About
half of the studies analyzed by Y. Wang et al. in the
systematic review demonstrated statistically sig-
nificant positive effects of nutritional interventions
on a number of obesity characteristics [65]. School-
based interventions which were maintained at
home appeared to be more effective. Only schools
have shown moderate evidence of a preventive ef-
fect on obesity, when programs with nutrition or
physical activity interventions were implemented.
Programs involving both school and home envi-
ronments appeared to be ineffective for isolated
nutritional intervention and, in contrast, highly ef-
fective for increasing physical activity. A meta-ana-
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lysis of RCTs examining the role of school-based
interventions showed a Z-score BMI trend of —0.05
(95% Cl -0.10, -0.01) and BMI of -0.30 kg/m? (95%
Cl -0.45,-0.15). Most of the results had a moderate
level of evidence [65].

S.N. Bleich et al. reported that among 24 RCTs
focusing on obesity prevention in schools, 17 had
statistically significant favorable effects for at least
one obesity-related endpoint [58]. Most of the
effective programs combined nutrition and phy-
sical activity intervention and included the home
environment as a secondary intervention target.
Differences in BMI between intervention and con-
trol groups ranged from -0.33 to +0.05 kg/m? with
follow-up ranging from 6 months to 6 years. These
preventive interventions consisted of various
combinations of programs whith increased inten-
sity and duration of physical activity, educational
courses on nutrition and self-regulation, and envi-
ronmental modifications.

A systematic review by C.T. Bramante et al.
summarized 33 studies aimed at preventing obe-
sity in children and adolescents, 6 of which were
school-based [66]. Five studies included food en-
vironment interventions, three of which obtained
positive effects on BMI. Interventions with proven
effectiveness included programs to provide access
to drinking water at school [67], improving the in-
and out-of-school nutrition environment [68], and
modifying the range of food and beverages availa-
ble in school cafeterias [69].

Obesity prevention in families and social groups

Y. Wang et al. showed that interventions direc-
ted at dietary change solely at home were not
effective for obesity-related outcomes [65]. It is
worth noting that Interventions conducted by
the outpatient health care level were not success-
ful, whereas school and community interventions
showed positive results in obesity prevention
(moderate level of evidence).

Community-based interventions show conflic-
ting results and have a low level of evidence [58,
70]. The 2019 Cochrane Review reported the effec-
tiveness of both home- and community-based in-
terventions for childhood obesity [71], with lower
financial costs per child and greater adherence to
recommendations [72]. Approaches which modify
the food environment (food advertising, range of
vending machines at school, installation of drin-
king fountains) and facilitate access to physical ac-
tivity are more appropriate for adolescents [2, 711.
Interventions directed to amend fast food marke-
ting and financial support for low-income popula-
tion groups are also useful [55].
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ROLE OF SPECIFIC NUTRIENTS
IN OBESITY PREVENTION

Healthy dietary habits that guide food and
meal choices play a key role in the prevention of
overweight and obesity. Some of the most studied
nutrients in this regard include fat, added sugar,
and dietary fiber.

Two recent Cochrane Reviews have focused on
fat intake and its impact on body weight. Cohort
studies have demonstrated a trend toward an in-
creased incidence of obesity with increasing total
fat intake [73]. There have been performed an ana-
lysis of three RCTs among children 4-13 years old.
It was found out that educational interventions
aimed at reducing dietary fat (<30% vs. >30% of
total energy intake) led to a decrease in both total
and saturated fat intake, which was accompanied
by a decrease in BMI (-1.5 kg/m?, 95% Cl -2.45,
-0.55; moderate level of evidence). The protective
effect of PUFAs on obesity does not have enough
evidence base, since the results of a number of in-
terventions conducted from birth to the first years
of life are not sufficient [31].

The effect of total energy intake corection in
early childhood which may influence on physical
development in subsequent ages has not been
proven so far [31].

The WHO Guideline: sugars intake for adults
and children (2015) states that there is moderate
evidence for an association between reduced in-
take of free sugars and decreased body weight, as
well as weak evidence for an association between
increased intake of free sugars and increased body
weight [74, 75].

Four systematic reviews have reported the re-
duction in consumption of beverages with added
sugars as a result of nutritional interventions [31,
55, 66, 76].

The results of long-term studies examining
the way sugary beverage consumption affects
weight gain in the early years of life are contra-
dictory. Probably, weight gain might be explained
by other dietary habits of the participants [31].
Nevertheless, reducing the consumption of sugary
drinks is likely to have a positive impact on obesity
in children [77, 78]. A recent position paper from
the World Federation of International Societies of
Pediatric Gastroenterologists, Hepatologists and
Nutritionists (FISPGHAN) recommends to promote
drinking water instead of sugary drinks from ear-
ly childhood [2]. The effect of sugar substitutes on
body weight continues to be debated and their
safety in children has not been proven to date [79].

The impact of dietary fiber on health indica-
tors has been analyzed by A.N. Reynholds et al.
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It was based on the results of 45 observational
studies conducted in children aged 1 to 19 years.
Increased consumption of fiber and foods rich
with fiber content resulted in positive influence
on body weight, blood lipid, glucose levels, and
blood pressure [80]. A decrease in appetite and
triglyceride absorption with dietary fiber supple-
mentation was demonstrated after a single intake
in the postprandial period in obese children [81].
Regarding the consumption of fruits and vegeta-
bles, C.T. Bramante et al. reported positive results
of interventions at school in 2 out of 5 studies con-
ducted [66].

Finally, several recommendations suggest
adherence to the Mediterranean diet for obe-
sity prevention [2, 56]. S. Fernandez-Barrés
et al. [82] demonstrated a positive effect of the
Mediterranean diet during pregnancy, since it
positively influenced on abdominal circumfe-
rence in children at the age of 4 years with no ef-
fect on Z-score BMI. In contrary, L. Pereira-da-Silva
et al. proved an inverse relationship between ad-
herence to the Mediterranean diet and the risk of
overweight in children [83].

DISCUSSION

Despite the heterogeneity of the conducted
studies and the insufficient length of follow-up,
many of the nutritional interventions resulted in
new skills, lifestyle and environmental modifica-
tions. These changes may have favorable effects
on obesity prevention that persist beyond the end
of the study [84]. The Cochrane Review by T. Brown
et al. emphasized that nutrition and physical activ-
ity behaviors learned in childhood persist through-
out life [71]. It is plausible that small changes de-
tected in the short term may provide long-term
benefits for various aspects of health, including
obesity prevention.

Parent-targeted interventions from conception
to the first 2 years of life are generally effective in
terms of behavior change but do not always have
an impact on physical developmental parameters
or obesity risk [44, 76]. Interventions at the family
level are more effective than interventions at the
level of health care providers or the community of
a child [55].

The most effective interventions for the pre-
vention of overweight and obesity are provided
by pediatric educational institutions [58, 65, 66],
including family-based interventions [58, 65].
This may be explained by the fact that children
spend a significant part of the day in kindergar-
ten or school and often have more than one meal
in these institutions. In addition, school fulfills
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the tasks of education and changing habits [72].
Family involvement is also important, taking into
account the way family and home environment in-
fluence children's health behaviors.

Nutrition-focused interventions appeared
to be the most promising approaches to pre-
vent obesity in the age period from conception
to 2 years. Encouraging breastfeeding and redu-
cing the protein content of formula and the diet
in general during the first 12-24 months of life are
effective in minimizing the risk of overweight and
obesity at later ages [31, 32, 37, 41, 44, 45, 76]. It
is also recommended to avoid the introduction of
complementary foods until 4 months of age [31,
45]. Starting from the age of 2 years, approaches
combining changes in nutrition and physical ac-
tivity are applied [58, 65, 71, 72]. Furthermore, a
number of studies have shown separate effective-
ness of nutrition and physical activity, which de-
pends on the age and the context of application
[58, 65, 66, 71]. The universal advice for individuals
of all age groups is to adopt a healthy diet with
emphasis on the Mediterranean diet model for the
prevention of overweight and obesity, since many
studies devoted to this topic have been conduc-
ted [31, 44, 66, 76, 82, 83]. Reduction in the con-
sumption of sugary drinks may also lead to a lower
overweight [77-79]. Consumption of fruits, vege-
tables and foods rich in dietary fiber has positive
impacts on various health parameters (adequate
satiety, body weight regulation, glycemic control,
blood lipid levels, modulation of intestinal micro-
biota) [80, 83].

Many studies have confirmed the importance
of a multidisciplinary approach to obesity preven-
tion in children in order to improve its effective-
ness. The WHO Commission on Ending Childhood
Obesity suggests that intervention measures on
changing eating behavior are not effective due to
the fact they target one individual [85]. The most
promising approach involves interventions at the
level of a child, family, educational institution,
health care providers, community organizations,
and public health policy [86].

CONCLUSION

Prevention of childhood obesity is a major chal-
lenge for the scientific community. Nutritional in-
terventions, especially in the early stages of child
development, can prevent the development of
obesity later in life. Long-term complex interven-
tions, combining dietary modification with in-
creased physical activity, appear to be the most
effective at the level of the educational institution
and the family. There is a strong need for further
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exploration of promising intervention targets in or-
der to prevent overweight and obesity in children,
with a focus on early adolescence. It is advisable
to use not only BMI, but also the amount of body
fat and muscle mass as well as quality of life as in-
dicators of the intervention impact. Pediatricians
monitoring a child from birth play a key role in the
implementation of preventive interventions and,
if there is a risk of obesity, should implement the
above-mentioned measures as early as possible in
cooperation with the family.
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AOMNOJIHUTENbHAA UHOOPMALIUA

Bknag aBTopoB. Bce aBTOpbl BHeIun cylie-
CTBEHHbBIN BKNag B pa3paboTKy KoHLenuuu, npo-
BeleHVe WUCcnefoBaHUA U MOArOTOBKY CTaTbM,
npounu n ofobpunu GprHanbHy Bepcuio nepeq
nyénukaymen.

KoHdnukTt nHtepecoB. ABTOPbI ieKnapupyoT
OTCYTCTBME ABHbIX I NOTEHLUMANbHbIX KOHPSINKTOB
WHTEpPecoB, CBA3aHHbIX C nybnukaumen HacTosA-
Lien cTaTbu.

UcTtouHnk ¢uHaHcmpoBaHuA. ABTOpbI 3asB-
nAT 06 OTCYTCTBUM BHELHero GMHaHCMPOBaHUA
npu NpoBefeHnn NccnefoBaHuns.
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Abstract. Giardiasis remains an urgent problem in Russia due to its proximity to endemic foci, insufficient control
of the incidence, especially among the adult population, and the low level of hygiene literacy among adolescents.
The progression of the disease leads to a wide symptom complex, aggravates the course of comorbid pathology
and provokes the development of functional disorders. Used pathogenetic therapy allows to achieve complete
elimination of the pathogen. This article provides information on the use of adjuvant therapy, which can reduce
the duration of treatment and reduce the number of residual effects.
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Pe3tome. JIAM6/1M03 OCTaeTCA akTyanbHOW npobnemorn B Poccun no npuyrHe 6;1M30CTY K SHAEMUYHbBIM OYaram,
HefoCTaTOUYHOro KOHTPOs 3aboneBaemMocTi, 0COGEHHO CPEeAM B3POCSIOro HaCceNeHUs, Y HU3KOro YPOBHSA rurme-
HWUYECKOW FPaMOTHOCTU Cpefm NOAPOCTKOB. [NporpeccnpoBaHue 3a6osieBaHUA NPUBOAMUT K LUIMPOKOMY CUMMATO-
MOKOMIMJIEKCY, OTArOLAET TeYeHne KOMOPOUAHONM NAaTONOrMU 1 NPOBOLMPYET pa3BuTme GyHKLMOHaNbHbIX pac-
CTPOWCTB. Micnonb3yemas natoreHeTnyecKas Tepanusa No3BosAeT JOOUTLCA NMOAHOW ANMMUHaLUK BO3byauTens.
B naHHOW cTaTbe NPMBOAATCA CBEAEHUSA O MPUMEHEHUN afibIOBAaHTHOW TEPANM, KOTOPas NO3BOSAET YMEHbLUUTb
CPOKMU JIeYeHUA U CHU3UTb KOJIMUYECTBO OCTAaTOYHbIX ABJIEHUN.

Knrouesoie cnoea: n1am651u03, npomo3odHaﬂ UHd)eKL{UFI,' Kuwe4HasA MUKPO6U0mG,' aHmu6aKmepuaanaﬂ mepa-
nus; npo6uomUKu; adsl08aAHMHAA mepanus.

INTRODUCTION

Giardiasis is the most common human pro-
tozoal disease in the world. Despite the fact that
some scientific sources classify this disease as
a "forgotten tropical disease", according to the
World Health Organization (WHO), the number
of the population infected with Giardia is 10-
20% [1, 2]. Thus, within the period of 2017-2021,
1,924 cases of the disease were registered in the

Leningrad region, 1,513 of total number of cases
(79%) accounted for children [3].

The causative agent of Giardia intestinalis
(Giardia lamblia) is a flagellated protozoan; infec-
tion occurs after the ingestion of cysts in the gas-
trointestinal tract. The source is a sick person — in
1 g of feces there are up to 250 thousand cysts,
and inoculation dose is only 10-100 cysts. Cysts
are stable in the external environment, they free-
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ly cross the gastric barrier and then pass to the
stage of trophozoites under the influence of duo-
denal contents in the small intestine, feeding with
the products of membrane digestion. The cycle is
completed by spontaneous transition of Giardia
into the form of cysts and their exit with feces
[4]. Clinical recommendations of the Ministry of
Health and treatment protocols for giardiasis in
Russia are absent. Various options are discussed in
the literature: from monotherapy with antiparasi-
tic agents [5-8] to long-term three-stage complex
therapy [9-12]. The use of adjuvant therapy is as-
sociated with increasing resistance of the parasite
to antiprotozoal drugs [13-16] and low efficacy of
monotherapy [17, 18].

AIM

To analyze scientific studies evaluating the ef-
ficacy of complex therapy for giardiasis compared
to monotherapy with antiprotozoal drugs.

MATERIALS AND METHODS

Cyberleninka, UpToDate, PubMed, Medscape,
PLOS and e-library databases were used as sour-
ces of foreign and domestic literature. The fol-
lowing keywords were used: giardiasis, protozoal
infection, intestinal microbiota, antibiotic thera-
py, probiotics, intestinal adsorbents, immunomo-
dulators, hepatoprotectors, adjuvant therapy. 34
sources were analyzed.

RESULTS

The classical domestic approach to the thera-
py of giardiasis, outlined in a number of practical
guidelines for physicians, requires a step-by-step
and complex treatment, reduced to three consec-
utive actions: elimination of factors contributing
to the "failure to thrive" — proper antiparasitic
therapy — post-eradication support [4, 19-21].
However, no evidence-based studies on the ef-
fectiveness of this approach have been found; the
recommendations are based on an empirical ap-
proach. There have been found only one study
comparing the efficacy of giardiasis treatment in
preschool children. The treatment included fol-
lowing variations: antiparasitic agents alone (A),
antiparasitic agents combined with a prebiotic
with sorption properties (A+S), antiparasitic agent
in combination with a prebiotic with sorption
properties and a choleretic drug (A+C+Ch) and
antiparasitic agent in combination with a prebio-
tic with sorption properties, a choleretic drug and
a hepatoprotector (A+C+Ch+H) [22, 23]. The au-
thors report that the effectiveness of Giardia era-
dication did not depend on the treatment regimen
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used. However, combined regimens (especially
A+C+Ch) helped to stabilize stools, abdominal
pain, nausea, and normalize the autonomic ner-
vous system according to cardiointervalography
[22, 23].

Since the role of the intestinal microbiocenosis
in the pathogenesis of giardiasis has been proven
[24-27], the most widely studied treatment is the
combination of antiprotozoal agents with pro-
biotics.

A recent publication [28] indicated that a con-
stantly maintained normal composition of the
intestinal microbiota protects against various mi-
croorganisms and protozoa. It is suggested that
probiotics may disrupt the cellular architecture of
parasites and modulate the immune response in
addition to direct effects on the intestinal epithe-
lium (restoration of the mucosal barrier, increase
in the number of epithelial and bocaloid cells).
A comparative study [29] showed that the use of
a complex treatment (Saccharomyces bouvardia
CNCM 1-745 were used as probiotics) significant-
ly improved the efficacy of therapy by enhancing
the gut microbiota compared to monotherapy.
Similar data were obtained by E.A. Kornienko in
2008 [18]. It is worth noting that studies with an
experimental model of giardiasis showed that
probiotics as monotherapy have anti-giardia
effect as well, which makes them useful in the
treatment of resistant forms of parasitic infesta-
tion [31]. The influence of enterosorbents in the
therapy of giardiasis is less studied. Foreign sour-
ces do not provide such studies. There are single
publications in the domestic literature proving
the effectiveness of adsorbents, including dietary
supplements, in the complex therapy of giardia-
sis [32, 33].

One of the studies evaluated the efficacy of en-
terosorbent Zosterin-Ultra in the complex therapy
of children with giardiasis. Sixty children aged 3 to
17 years with giardiasis were examined. The pa-
tients were divided into 3 groups: the first group —
20 children, with inclusion of Zosterin-Ultra 30%
in complex treatment against the background
of albendazole treatment; the second group —
20 children, with inclusion of Zosterin-Ultra 60%
in complex treatment against the background of
albendazole treatment; the third group (compa-
rison group) — 20 children, treated with albenda-
zole only. All children treated with Zosterin-Ultra
as part of the complex therapy, were significant-
ly less often suffered from pain syndrome and as-
thenic complaints compared to monotherapy. The
maximum percentage of Giardia eradication was
observed with adjuvant therapy with Zosterin-
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Ultra 60% against the background of albendazole
treatment. Inclusion of adsorbents led to com-
plete elimination of meteorism and flattulence,
as well as normalization of appetite. Based on the
obtained data, the authors recommend including
Zosterin-Ultra in the complex treatment of giardi-
asis in children [33].

Single publications recommend including vi-
tamin and mineral supplements in the treatment
regimen of giardiasis [34]. However, there are no
studies confirming the efficacy of this approach.
There are also no data on the effectiveness of
hepatoprotectors, immunomodulators, and anti-
histamines in giardiasis.

CONCLUSION

The presence of Giardia resistance to an-
tigiardia drugs requires new approaches to the
therapy. The study of complex therapy remains
the subject of detailed research; more randomized
trials are needed to incorporate complex therapy
into national programs and clinical guidelines as
soon as possible.
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OAONOJIHUTEJIbBHAA UHOOPMALIUA

Bxnap aBTOpoB. Bce aBTOpbl BHecnu cyuie-
CTBEHHbIV BKNag B pa3paboTKy KOHLenuuu, npo-
BefleHne unccefoBaHNA W MOArOTOBKY CTaTbW,
npounu 1 ofobpunn GrHanbHy Bepcuio nepeq
nybnvkaymemn.

KoH)nuKT nHtepecoB. ABTOPbI AeKNapupyoT
OTCYTCTBME ABHbIX M NOTEHLMANbHBIX KOHGINKTOB
MHTEpPEeCOB, CBA3aHHbIX C Nybnukauuen Hactos-
LLen cTaTbu.

NcTouHnK ¢puHaHcmpoBaHuA. ABTOPbI 3aAB-
NAT 06 OTCYTCTBUM BHELHErO GMHAHCMPOBAHNA
npv NnpoBeAeHnn NCCiefoBaHuA.
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Abstract. Cystic fibrosis is a common hereditary disease caused by a mutation of the CFTR gene responsible for
the synthesis, preservation of the structure and function of the CFTR protein, manifested primarily by pathology of
the gastrointestinal tract and respiratory system. The lack of protein function in cystic fibrosis leads to an increase
in the viscosity of the secretion of exocrine glands, obturation of organs and disruption of their functions. As a
result, it causes steatorrhea, malabsorption, diabetes mellitus, metabolic disorders, with developmental delay
and chronic bronchopulmonary process. This article will consider the main aspects of the clinical course and
diagnosis of this disease.
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Pe3tome. MyKoOBUCLIMAO3, U KACTO3HbIN $UOPO3, — pacnpocTpaHeHHOe Hac/lefCcTBeHHOe 3aboneBaHuve, 06-
ycrioBfieHHOe MyTauuel reHa CFTR, OTBETCTBEHHOIO 3a CMHTE3, COXPaHeHre CTPYKTypbl 1 dyHKUun 6enka CFTR.
MyKoB/CLIMA03 NPOABNAETCA, B MEPBYIO 0Yepeab, MAaTONOrMen CO CTOPOHbI KeNY[0YHO-KULLEYHOro TpakTa U Abl-
XaTesibHOW cucTembl. HejocTaTtok dyHKLUM 6efika Npu faHHOW MaTosiorn NPYMBOAUT K MOBLILLEHMWIO BA3KOCTM
CEeKpeTa 3K30KPVHHbIX XeJie3, 06TypaLum OpraHoB 1 HapyLeHno X GYHKLNIA, Kak CIefiCTBUE BO3HMKAIOT CTea-
Topes, Masibabcopbuua, caxapHbl AruabeT, HapyLleHne MeTabonm3ma, 3aieprkka Gr3MYecKoro pas3BuTUs N XPo-
HUYECKMI BPOHXOJIEFOYHBIN NpoLecc. B JaHHON cTaTbe 6yAyT PacCMOTPEHbI OCHOBHbIE aCMeKTbl 0COOEHHOCTEN
KJIVIHMYECKOrO TeYEHUs 1 AVArHOCTMKM faHHOTO 3ab0ieBaHus.

Knioyeevole cnoea: Mykosucyuoos; OudeHOCmMuKa

INTRODUCTION

Cystic fibrosis (CF) — is a widespread heredi-
tary disease caused by mutation in the CFTR gene
(cystic fibrosis transmembrane regulator) respon-

sible for the synthesis, conservation and function
of protein CFTR. [1, 2]. Recently, pneumonia and
malabsorption were the causes of death in child-
ren with CF in early childhood and first year of
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life. Nowadays, CF changed its classification from
“fatal” to chronic disease, with over than 25% of
adults in patients with CF in 2019 year. Active re-
search of the CFTR gene, CFTR protein, and its
functions has contributed to the development of
new possibilities for a personalized approach to
the pharmacotherapy for patients with CF aimed
at restoring the structure and function of the CFTR
protein.

The average age of patients was 13.7+9.7 years,
according to the "Register of patients with cystic
fibrosis in the Russian Federation" in 2020. The
eldest patient in the reporting year was observed
in Saint Petersburg. His age was 63.1 years, and
the youngest patient was 3 weeks old. The pro-
portion of adult patients (=18 years of age) was
26.5%. Among the patients with CF, a slight pre-
dominance of males was 52.0%, and females were
48.0%. Neonatal screening allowed to diagnose
52.3% of patients [3].

ETIOLOGY AND PATHOGENESIS
OF THE DISEASE

Cystic fibrosis has autosomal-recessive inhe-
rence; theresponsible geneislocalized on the long
arm of chromosome 7. It codes the membrane-as-
sociated protein CFTR, which is a cyclic adenosine
monophosphate (cAMF). The cAMPF-controlled
chloride movement channel regulates the trans-
port of chlorides, salts, and bicarbonates throw
membranes of epithelial cells of respiratory tract,
saliva, sweat glands, pancreas, and intestine.

All variations of the CFTR gene's nucleotide se-
quence fall into one of seven main classes based
on the effect of the CFTR protein [4, 5]. Not all
polymorphisms of the CFTR gene's nucleotide se-
guence are categorized, and it is known that a sin-
gle mutation might disrupt a protein's structure or
function in multiple ways.

Mutations of the CFTR gene disrupt not only
transport, but also the secretion of chlorine ions.
When glandular cells reabsorb more sodium due
to the difficulty of their passage throw the cell
membrane, the disruption of the lumen's electri-
cal potential occurs. In this causes a change in the
electrolyte composition and dehydration of the
secretion of the glands of external secretion. As
the result, allocated secret becomes excessively
thick and viscous. The deficiency of the function
of protein in CF leads to the disruption of the chlo-
ride channel located on the apical part of cells of
the exocrine glands. As the result of such defect,
chloroanions are retained in the cell, increasing
the absorption of sodium cations and water. Loss
of water from the lumen of exocrine glands leads

ISSN 2221-2582

to an increase in the viscosity of secretion, obtura-
tion of organs and impairment of functions [6, 7].

The bronchial secretion in the lungs dehy-
drates, thickens, and interferes with the removal
of mucus from the rhinoceros epithelium. Due
to this condition, bacterial infections may occur;
Staphylococcus aureus, Pseudomonas aerugino-
sa, multi-resistant strains of Stenotrophomonas
maltophilia, and Burkholderia cepacia are the main
pathogens. The spectrum of microorganisms asso-
ciated with respiratory tract infections in CF con-
tinues to expand. The studies of the pulmonary
microbiome in this category of patients demon-
strate a complex synergy between cultivated and
non-cultivated microorganisms [8]. Features of
chronic lung infection in patients with cystic fibro-
sis include the fact that the infection is produced
by an association of microorganisms in 2/3 of ca-
ses rather than by a monoculture [9].

Chronic respiratory tract infection with patho-
genic microorganisms causes morphological
changes in the bronchial tree and interstitium of
lungs. The typical changes in CF are bronchiectasis
and bronchiectasis, focal points of intersticial fibro-
sis, cystic changes, bullous emphysema, and ate-
lectasis of segments. Chronic pulmonary aspergil-
losis is a slowly progressive, destructive process in
the lungs caused by the mushrooms of Aspergills
spp. in previous bronchiectasis. The development
of pulmonary aspergillosis in patients with CF is
promoted by impaired mucociliary clearance and
immune response, as well as prolonged antibacte-
rial and glucocorticosteroid therapy [10, 11].

In the pancreas, there is an early obturation of
the conduits with viscous secretion and fibrocystic
changes in the parenchyma. Such condition con-
tributes to the autolysis of gland tissue with the
formation of typical fibrosis, cavernosa pancreati-
tis, steatorrhea, malabsorption and associated de-
ficiency of fat-soluble vitamins A, D, E, and K. This
causes a delay in physical development. As the re-
sult of the defects of the islets of Langerhans, en-
docrine pancreatic insufficiency develops, which
leads to the formation of diabetes mellitus.

Pathological changes in the liver are characte-
rized by obstruction of the intrahepatic ductuses,
accompanied by inflammatory infiltration, proli-
feration of stroma with the formation of micro-
nodular cirrhosis of the livers. Patients have fatty
liver disease, gallbladder hypoplasia, often with
the formation of gallstones [12].

The World Health Organization (WHO),
International Cystic Fibrosis Association, and
European Cystic Fibrosis Society currently adopt
the following classification:
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1. Classical cystic fibrosis with pancreatic insuf-
ficient (mixed or pulmonary-intestinal form of
the disease), E84.8.

2. Classical cystic fibrosis with pancreatic-suffi-
cient (mainly pulmonary form of the disease),
E84.0.

3. Cystic fibrosis unspecified (uncertain diagnosis
in positive neonatal screening for cystic fibrosis
(CRMS/CFSPID)), E84.9.

4. Diseases associated with the CFTR gene: isola-
ted obstructive azoospermia; chronic pancrea-
titis; disseminated bronchiectasis.

FEATURES OF CLINICAL PICTURE
OF CYSTIC FIBROSIS

The advancement of modern technology has
made it feasible to recognize the indicators that
suggest cystic fibrosis in prenatal and neonatal
periods: the presence of hyperechogenic bowel
according to the data of ultrasound (US), the exi-
stence of meconium ileus in newborn, prolonged
neonatal jaundice, and vitamin K-dependent he-
morrhagic conditions.

The clinical picture of cystic fibrosis has some
features. Therefore, this pathology can be detec-
ted at early age in the form of such manifestations:
obsessive cough like whooping cough; often re-
curring respiratory infections with phenomena of
bronchitis and pneumonia; wheezing; shortness
of breath; cough with purulent sputum, inclu-
ding outside periods of exacerbation; various lung
sounds of different localizations depending on the
prevalence of the process.

Meconium ileus is one of the syndromes that
can be observed in children with CF from birth.
It is characterized by the manifestation of bowel
obstruction, which is caused by mechanical cau-
ses —accumulation in the lumen of a dense meco-
nium block [13]. Meconium ileus is diagnosed in
15-20% of newborns with cystic fibrosis. The per-
centage of patients with meconium ileus at birth
in the group of children of the first year of life was
22.1%, reflecting its true incidence, according to
the Russian Federation's register of patients with
cystic fibrosis [14].

Patients with CF are characteristic of delayed
weight gain, frequent abundant steatorrhoea, in-
creased appetite, episodes of rectal prolapse, and
stool retention with clinical manifestations of par-
tial or complete bowel obstruction (so-called dis-
tal intestinal obstruction syndrome). At an early
age, there are also episodes of manifestations of
cerebral salt wasting syndrome (hypokalemia, hy-
ponatremia, hypochloremia) in the form of weight
loss, regurgitation, vomiting, lethargy, and refusal
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of food. Insufficient intake of salts with food and
water, and also due to loss of electrolytes through
the gastrointestinal tract and with sweat fluid, es-
pecially in conditions of increased sweating (fe-
ver, hot weather), can lead to the development
of pseudo-Bartter syndrome (PBS). The syndrome
manifests mainly at the first year of life in patients
with CF. Because of its potential for fatality, it is re-
garded as a severe and dangerous complication of
cystic fibrosis that, in some situations, a reason to
call for emergency medical care. PBS can be the
first symptom of CF. The clinical manifestations of
this syndrome are varied, from a delay in physical
development to an acute condition, occurring
with refusal to eat and drink, lethargy, regurgita-
tions, and vomiting—signs of dehydration. This
syndrome is frequently confused with adrenoge-
nital syndrome, kidney pathology, and acute in-
testine infection [8].

One of the manifestations of cystic fibrosis is
cystic fibrosis — associated liver disease (CFLD),
which includes a variety of nosologies in the form
of biliary cirrhosis with or without portal hyperten-
sion, persistent elevation of liver enzymes, fibrosis,
steatosis, and gallstones disease [15, 16]. Globally,
the incidence of hepatobiliary pathology associ-
ated with cystic fibrosis is estimated to be 37.9%,
with 2.5% of deaths resulting from liver disease
decompensation. [17]. Biliary cirrhosis with por-
tal hypertension in the Russian Federation in 2017
was recorded in 4.5% of patients, without portal
hypertension in 2.3%, liver cirrhosis (hypertension
is unknown) in 0.7% of patients, and liver damage
without cirrhosis in 15.9%. In 1.5% of patients, liver
damage is the first clinical symptom of CF. That is
why it is recommended to include a sweat test in
the diagnostic algorithm for cirrhosis of the liver
of unclear etiology [15, 16]. Like many other phe-
notypic manifestations of cystic fibrosis (CF), liver
damage depends more on modifying genes out-
side the CFTR locus, not just on the genetic defect
and type of mutation of this gene.

Patients with CF often have age-related en-
docrine insufficiency of the pancreas — cystic fi-
brosis-related diabetes (CFRD), which is typically
asymptomatic and can be undiagnosed for a long
time. At the same time, it is known that already 2-4
years before the manifestation of CFDR, indicators
of nutritional status and respiratory function dete-
riorate. The combination of CF and diabetes melli-
tus has a negative impact on life expectancy [18].

Mostly male patients have reduced fertility. In
most cases, the fertility in women with cystic fibro-
sis is preserved. However, in certain cases it is pos-
sible infertility caused by anovulatory cycle and
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secondary amenorrhea, due to protein-energy
deficiency. The most common cause of decreased
fertility in patients with a normal ovulatory cycle is
a change in the water and electrolyte composition
of cervical mucus due to a large amount of CFTR in
the cylindrical epithelium of the cervix. As a result,
the cervical secretion becomes too viscous, which
reduces the ability to fertilize [19, 20].

Osteoporosis, often found in these patients, is
always secondary. The causes of its development
in CF include chronic microbial-inflammatory pro-
cesses, low calcium intake, low physical activity,
hypoxia and hypercapnia, diabetes mellitus in the
context of CF, bone mass deficit, violation of bone
microarchitecture due to inadequate acquisition
of peak bone mineral density during the period of
active growth, and excessive bone loss in adults.
Osteoporosis for CF in childhood and adolescents
is between 20 and 50% and increases after 18
years of life (50-75%) [21].

Allergic bronchopulmonary aspergillosis (ABPA)
in patients with CF is proceeds chronic with perio-
dic exacerbations. The main clinical signs of exa-
cerbation of ABPA are: uncontrolled course of CF,
attacks of suffocation, cough with sputum con-
taining brown or black inclusions and mucous
block, bronchial obstructive syndrome and/or the
occurrence of infiltrates with eosinophilia, chest
pain, refractory increase in fever to the use of anti-
bacterial drugs, as well as a decrease in lung func-
tion [22].

The duration of pulmonary aspergillosis for
more than 3 months may indicate the develop-
ment of a chronic form of the disease (chronic pul-
monary aspergillosis (CPA)). It is manifested by a
productive cough, shortness of breath, hemopty-
sis, a progressive decrease in lung function, as well
as intoxication syndrome. CPA is often mistaken
for exacerbating CF caused by a bacterial patho-
gen and prescribes inefficien reserve antibacterial
therapy in these cases [10, 11, 22].

Cystic fibrosis in adults can be divided into
two groups: patients with a typical form of the di-
sease, who becameill in early childhood and lived
to adulthood; and patients with an atypical form,
with late manifestation. The first group is charac-
terized by low nutritional status, ongoing, recur-
rent infection, and an inflammatory process in the
lungs with noticeable, long-lasting bronchial wall
alterations, the formation massive bronchiolo-
and bronchiectasis, widespread pneumofibrosis,
and obstructive and bullous emphysema. The res-
piratory tract of these patients is much more of-
ten to be infected with gram-negative microflora:
there are cirrhosis changes, pansinusitis, hemop-
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tysis, diabetes mellitus (20%) and other pulmonary
and extrapulmonary complications [23].

FEATURES OF DIAGNOSIS

OF CYSTIC FIBROSIS
OThe diagnosis of CF is confirmed if there are

one or more characteristic phenotypic manifesta-

tions of it in combination with evidence of CFTR
dysfunction, such as the detection of clinically sig-
nificant mutations of the CFTR gene during gen-
otyping or an increase in the level of chlorides in
the secretion of the patient's sweat glands. To ad-
dress the challenges associated with CF diagnosis,

a set of criteria has been established. According to

which mandatory for CF is the existence of a dis-

tinctive clinical symptom and evidence of any mal-
function related to the functioning of the chlorine
canal one of the methods proven.

Nowadays, professionals use a number of varia-
tions of the CF diagnosis criteria [6, 8].

The most common, national consensus and
European Standards-approved diagnostic criteria
are used, which call for the patient to comply with
two requirements:

1) apositive sweat test result and/or two CFTR mu-
tations;

2) neonatal hypertrypsinogenaemia or charac-
teristic clinical manifestations (diffuse bronchi-
ectasis, expulsion from sputum of pathogenic
microflora relevant to CF, exocrine pancreatic
insufficiency, salt wasting syndrome, obstruc-
tive azoospermia) [6, 24].

In the diagnosis of obstructive intestinal ob-
struction (including meconium ileus) in the ne-
onatal period, attention should be paid to the
presence of signs of intrauterine small bowel per-
foration or transferred intrauterine necrotizing en-
terocolitis (intrauterine formation of adhesions,
peritonitis), and also to the violation of colon ob-
struction under normal formation of its neural ap-
paratus. Since the disorders mentioned are related
to late fetopathies them can be visualized in the
third trimester. DNA testing for cystic fibrosis is
recommended if the child continues to exhibit in-
trauterine symptoms of hyperechogenic bowel in
order to determine the most prevalent mutations.
The infant is susceptible to developing intestinal
blockage and meconium ileus after birth.

After birth, diagnosis of intestinal obstruction
and complications is necessary in accordance
with clinical practice of patients with meconi-
um ileus. A cystic fibrosis specialist consultation,
sweat test, and DNA test are required. If the sweat
test is not possible, a DNA-test should be per-
formed [24].
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A child is diagnosed with pseudo-Bartter syn-
drome if they have established diagnosis of cys-
tosis fibrosis, the classic clinical presentation,
biochemical abnormalities in the blood: hypona-
tremia, hypokalemia, hypochloremia, and meta-
bolic alkalosis [8].

Since many diagnostic criteria overlap with the
common symptoms of the underlying disease, dia-
gnosing aspergillosis in patients with cystic fibro-
sis is hard and frequently delayed. To determine a
diagnosis, a complex specialist examination is ne-
cessary. According to the consensus of the Cystic
Fibrosis Foundation (2003), the diagnostic criteria
for ABPA include [25]:

« deterioration of the course of cystic fibro-
sis: cough with sputum containing mucous
tubes, shortness of breath, suffocation at-
tacks, reduction of TLC (lung capacity of the
lungs), FEV, (the forced expiratory volume in
1 second), acute or persistent deterioration of
the condition, not related to other causes;

- total IgE >500 IU/ml;

- presence of specific Aspergillus IgE or positive
aspergillus antigen skin test;

« presents of specific aspergillus 19G;

« changes in the X-ray or CT [25-27].

When diagnosing liver cirrhosis in people with
cystic fibrosis, it is important to consider the exis-
tence of the following symptoms:increased alanine
aminotransferase, aspartate transferase and gam-
ma-glutamyl transferase for more than 6 months
with the exception of other causes [28, 29]; pal-
patory increase in the size of liver and spleen [29];
prolonged prothrombin (thromboplastin) time in
the blood or in the plasma [29, 30]; a characteristic
ultrasound (heterogeneous echogenicity of paren-
chyma, severity, rounded borders hepatic, growth
of connective tissue in the gate of the liver), finding
of a significant amount of free fluid in the abdomi-
nal cavity, which indicates ascites[31, 32]; depletion
of venous blood flow and discovered portal vein
hypertension formation indicators through hepa-
tic duplex ultrasound scanning (DUS); the presence
of cirrhosis or fibrosis-related symptoms as deter-
mined by indirect liver elastometry research, with
signs of fibrosis severity determined by morpho-
logical classification METAVIR (Meta-Analysis of
Histological Data in Viral Hepatitis); identifying of
stomach and esophageal varices while performing
an esophagogastroduodenoscopy (EGD). In clinical
practice, the severity and degree of compensation
of liver cirrhosis associated with CF is determined
by the Child-Pugh score [34].

The presence of early morning hyperglycemia
(fasting blood glucose =7.0 mmol/l), "diabetic"
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blood glucose levels in the standard glucose tol-
erance test (fasting blood glucose <7,0 mmol/I
and fasting blood glucose level after 2 hours in the
oral glucose tolerance test =11,1 mmol/l), or post-
prandial hyperglycemia — which is determined by
continuous monitoring of glycose in the absence
of symptoms — are the diagnostic criteria for dia-
betes related to cystic fibrosis [35].

Patients with cystic fibrosis (CF) can be dia-
gnosed with osteoporosis through laboratory
methods of investigation, clinical picture evalua-
tion, and bone density scanning.

The diagnosis of osteoporosis in cystic fibro-
sis (CF) is established when there are one or more
vertebral body compression fractures that are not
connected to a high-energy injury or a localized
disease that results in a change in MBD or when
there is a history of fracture and MBD by z-criterion
<-2 SD (standard deviations) [36].

In the Russian Federation, neonatal screening
for cystic fibrosis is done on all newborns to dia-
gnose the condition. Early diagnosis and prompt
treatment initiation lower the risk of serious com-
plications, enhance physical development, dece-
lerate the rate of lung function loss, and minimize
the need for hospital stays [6, 8, 24]. There are
three required steps in the screening protocol: im-
munoreactive trypsin (IRT) test and sweat test. The
first step involves measuring the amount of IRT in
a dried drop of blood from newborns (4-5 days
for full-term, 7-8 days for premature). Administer
blood is carried out in accordance with Order No.
185 of 22th of March 2006 "On mass screening
of newborn children for hereditary diseases". In
the second step, if the IRT threshold level (cut-off
>99.5 centile) is exceeded a retest is conducted
on the 21-28th day of life. In the third step, in the
event of a positive re-test, a sweat test is conduc-
ted. In the fourth step, with the sweat test's bor-
derline outcome, additional testing techniques,
such as DNA analysis and measuring the intestinal
potential difference. When a sweat test is positive,
it is considered a positive screening result, and the
patient is sent to the cystic fibrosis center (or the
profile unit). All children with meconium ileus re-
quire a sweat test because of the possibility of a
false-negative result, regardless of the level of IRT.
The first two months of life are the best time to di-
agnose and begin monitoring a patient identified
by the neonatal screening program [8, 24].

The sweat testis the "gold standard" for the dia-
gnosis of cystic fibrosis. It takes at least two posi-
tive results to establish a diagnosis. It is possible to
conduct the sweat test on a child who weighs at
least 2 kg and is 48 hours old [6, 8, 24].
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There are two types of sweat test methods used
in the Russian Federation.

1. The classical direct method of determining
the electrolyte composition of sweat (chlorine
or sodium) by the method of pilocarpine elec-
trophoresis by Gibson and Cooke (1959). The
norm is up to 30 mmol/l, the borderline signi-
ficance is 30-59 mmol/Il, the positive result is
60 mmol/l and above (with a hose of sweat of
at least 100 mq). If the chloride content exceeds
150 mmol/I, it should be questioned [6-8].

2. Sweat sample collection was first used in the
mass screening of newborns. Sweat analysis
with specialized equipment was widely used
to help determine the conductivity of perspi-
ration. This correlates with the measurement of
the chloride content and enables the measure-
ment of 3-10 pl of sweat to yield a sufficient re-
sult. For the purpose of assessing conductivity,
a positive result for cystic fibrosis is defined as
an indicator that is greater than 80 mmol/I; the
borderline significance is 50-80 mmol/l; nor-
mal — up to 50 mmol / I. When conductivity ex-
ceeds 170 mmol/Il, it is cause to be questioned.
The time to collect sweat should not exceed
30 min, the minimum permissible amount of
sweat is 75-100 mg (15 pl in the Macroduct col-
lector), the rate of sweating should be at least
1 g/m? per minute [24]. It is necessary to thor-
oughly cleanse the patient's skin beforehand [8].
The following could be the cause of the sweat

test's border results: individual characteristics in
people without cystic fibrosis, especially in adults;
improper preparation for the test; carrying soft mu-
tations in cystic fibrosis [24]. It is advised to employ
various techniques for determining sweat chloride
levels in this situation: carrying out repeated re-
search, performing advanced DNA analysis (gene
sequencing), extended clinical laboratory tests,
and instrumental examination (coprological ex-
amination, determining the pancreatic elastase-1
stool test, the biochemical analysis of electrolytes
of blood, sputum or swab culture from the pos-
terior wall of the throat, chest X-ray, sinus X-ray,
spermogram), the procedure to identify variations
in nasal potentials or measuring the electrical cur-
rent in the intestinal biopsy and finding a function
violation in the chlorine canal.

It may be suggested that patients who exhibit
suspicions of cystic fibrosis undergo an additional
test for intestinal current measurement, particular-
ly in cases that are questionable (at the boundary
values of the sweat test, with unexpressed symp-
toms, and/or with incomplete classical manifesta-
tions of the disease) [6-8].
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For the following indications, a genetic mo-
lecular testing to identify CFTR gene mutations is
advised: newborns with positive IRT and positive
or limit values of the sweat test, meconium ile-
us; people with limit value of sweat test; patients
with clinical manifestations of classical or mono-
symptomatic CF; in CFTR-associated diseases (pan-
creatitis, congenital bilateral absence of the vas
deferens / obstructive azoospermia); relatives of
patients with CF (to media status determination
as desired); women after the birth of the first child
with cystic fibrosis, as well as during subsequent
pregnancies in the presence of a child with cystic
fibrosis; intrauterine child in 10-12 weeks of ges-
tation with suspicion of CF (siblings with CF) or
exposure of hyperechogenic bowel during ultra-
sound examination; to gamete donors and embry-
os in vitro fertilization programs (IVF), intrauterine
insemination; when there are no limitations or
contraindications, married couples with high ge-
netic risk cystic fibrosis (CF) who want to undergo
IVF (preimplantation genetic testing) on CF to pre-
vent the birth of a child with CF [8, 24].

The Consensus guidelines and the regularly
updated databases should be taken into conside-
ration when evaluating the clinical significance of
the genetic variants that have been detected.

The molecular genetic testing strategy for cys-
tic fibrosis involves multiple phases.

1. The first stage involves searching for the most
prevalent mutation variants in the population
that the subject is a member of [8].

2. In the second phase, an advanced search for
more rare variants is carried out using Sanger
sequencing or High Performance Genomic
Sequencing (MPS/NGS). The analysis includes
the study of the entire CFTR gene encoding se-
guence (27 exons), exon-intron compound are-
as, 5'- and 3’-noncoding regions (up to 200-300
nucleotides), as well as the deep introne areas
where the variants with established patho-
genicity are found.

3. The third stage is when minor alterations in
the gene sequence can be found using stan-
dard scanning techniques, such as sequenc-
ing: nucleotide replacement, small deletion or
insertion. These methods are not effective in
detecting modifications that involve multiple
exons or introns. It is advised to use the follo-
wing technologies: MLPA (multiplex-ligation
dependent probe amplification) or QF-PCR (flu-
orescent quantitative multiplex PCR) [24, 37].
The European Consensus on CF states that in

98% of cases, a pathogenic variant can be identi-

fied through a thorough molecular analysis of the
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CFTR gene. This could be because of the following:
the methods employed precluded the examina-
tion of the gene's regions containing pathogenic
genetic variants, the phenomenon of uniparental
disomy, or the CF phenocopy [24].

OTHER LABORATORY TESTS

FOR CYSTIC FIBROSIS DIAGNOSTIC
AND MONITORING OF PATIENTS WITH
CYSTIC FIBROSIS

All CF patient must undergo a blood test to
determine their level of inflammation, track how
their medication is affecting these markers, and
participate in a complex nutritional status evalu-
ation [8, 38]. Also, it is advised that all CF patients
have a urinalysis performed during primary dia-
gnosis and dynamic observation in order to identi-
fy kidney damage early on.

It is advised that laboratory testing be done on
all patients who have CF suspicion or who are con-
firmed to have the disease in order to assess the
degree of pancreatic insufficiency (measurement
of the pancreatic elastase-1 stool test), the degree
of correction of the pancreatic insufficiency, and
the stool test with the measurement of neutral fat
in stool [6, 8, 24].

All patients with CF (or with suspicion of CF)
are shown sputum analysis (induced sputum or
tracheal aspirate). In exceptional situations (for in-
fants), oropharyngeal swab and/or bronchoalveo-
lar lavage (BAL) to identify the pathogen/patho-
gens and determine the sensitivity of the secreted
microflora [6-8, 24].

The study is conducted during the primary
diagnosis and dynamic observation processes,
including therapy efficiency monitoring at least
once every three months, based on indications —
preferably more frequently. To assess the efficacy
of eradication in the initial seeding of P. aerugino-
sa and other multidrug-resistant gram-negative
microflora, a control study is also conducted 10-
14 days following an antimicrobial therapy.

Sending a monthly microbiological examina-
tion is advised in cases of chronic multidrug-re-
sistant gram-negative microflora in CF patients to
assess the effectiveness of pathogen eradication
therapy. To send kids under five years old for a
deep throat saliva test to diagnose their microbio-
logical flora. Prioritizing sputum analysis is advised
for adults and children older than 5-6 years old.

Laboratory tests should be considered to dia-
gnose allergic bronchopulmonary aspergillosis:
the total IgE test (IgE), Aspergillus fumigatus spe-
cific IgE and IgG antibodies. The same tests are
recommended in case of suspicion of CPA and
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the determination of galactomannan (metabolite
Aspergillus fumigatus) in the blood (definition of
fungal metabolites) [6, 8, 10, 24, 25].

Patients with CF with suspicion of ABPA are
shown the aspergillus antigen skin test to exclude/
confirm mycogenic sensitization [25].

All patients with CF are recommended to con-
duct a biochemical blood test (protein total, al-
bumin, determination of the activity of Aspartate
aminotransferase, alanine amino transferase, gam-
ma-glutamyl transferase, alkaline phosphatase,
amylase, lipase, study of the level of cholesterol,
triglycerides, sodium, potassium, chlorides, to-
tal bilirubin, free and albumin-bound bilirubin,
C-reactive protein in blood) annually, according
to indications — more often. The purpose of the
study is to track chronic inflammation, pancreatic
function, electrolyte metabolism, and liver health
based on indicators [8, 38].

Patients with CF should have tests for acid-base
blood, potassium, and sodium to rule out PBS and
to keep track of PBS therapy [8, 301.

It is advised that all patients with cirrhosis of
the liver and a primary diagnosis of cystic fibrosis
undergo a coagulogram, a reference study of the
hemostasis system, 1 every 3 to 6 months in or-
der to track the function of their livers, synthesis
of proteins, and timely prevention of hemorrhagic
complications [24].

For the purpose of tracking the pancreatic en-
docrine system, all patients with CF should have a
blood glucose assessment once every 6 months.
As a screening for the timely diagnosis of CFRD,
it is recommended to consider performing a glu-
cose tolerance test with a glucose load of 1.75 g/kg
(no more than 75 g; control points — on an empty
stomach, after 60 min, after 120 min) for all chil-
dren over 10 years of age (as indicated — earli-
er) annually during the period of clinical stabili-
ty. The use of glycated hemoglobin (HbA1c) as a
screening test is not required because there is not
enough information available to patients with CF
about these indications [35].

For the complex diagnosis of osteoporosis
and the diagnostic of kidney pathology, patients
with CF are recommended to determine the level
of total and ionized calcium, phosphate in blood,
serum blood creatinine and creatinine clearance
(calculated according to the Cockcroft-Gault for-
mula), alkaline phosphatase [8].

For all male patients with CF who are 15 years
of age or older, spermogram and molecular ge-
netics testing (which, if not done previously, ana-
lyzes mutations in the CFTR gene) in order to as-
certain the prognosis and strategies for resolving
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the issue of reproduction. All male patients with
cystic fibrosis (CF) who are 15 years of age or ol-
der should have testing for total testosterone and
steroid-binding proteins in their blood serum to
rule out hypogonadism [39, 40].

For patients with CF or suspected CF, chest
organ computed tomography (CT) and X-ray are
advised in order to assess the type and degree of
lung tissue damage [6, 8, 24].

X-rays can reveal such signs as deformation and
enhancement of the pulmonary pattern, pneu-
mofibrosis, peribronchial cuffing, consolidation
(atelectasis), bronchiectasis, pleural bullae, mani-
festations of bronchial obstruction (local emphy-
sema, increased retrosternal airspace, flattening of
the diaphragm), bronchial wall thickening, mucus
plugs, and kyphosis. In the past, X-rays were more
frequently used in different centers that care for
patients with CF, including foreign ones, for dy-
namic observation; a number of centers used CT.
[24]. Now the main method of diagnosis of chang-
es in the lungsin CF.

To clarify the method for reducing radiation ex-
posure with repeated control of the inflammation
process, patients with CF are recommended to
perform magnetic resonance imaging (MRI) of the
chest organs. Up to 7 years in conditions of con-
scious sedation, after free-breathing [41].

Itis recommended to perform CT of the parana-
sal sinuses (PC) (cone beam or multislice) or MRI of
the PCin the initial assessment of the pathological
process in the paranasal sinuses and in prepara-
tion for each rhinosurgery [41]. Children are not
recommended to perform CT paranasal sinuses
without clinical indications (for the purpose of
dynamic observation). This significantly increases
the total radiation exposure (due to the need for
periodic chest CT scans).

In cases of suspicion of CF and in patients with
CF, it is recommended to examine the function of
external respiration. The spirometry is done on
average every 3 months (study of unprovoked res-
piratory volumes and flows, if necessary; additional
study of breathing volumes with the use of drugs).
Body plethysmography is performed annually, on
indications and on average, in order to determine
the dynamic control of pulmonary function and
the reversibility of airway obstruction in its pre-
sence (in the absence of age or other contraindi-
cations) [6, 8, 24]. An external respiratory function
study (spirometry) is possible in children from 5 to
6 years of age if the patient can perform a forced
exhalation maneuver. For children under five, the
study's diagnostic value is lower. Spirometry al-
lows an indirect assessment of lung capacities. The
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body plethysmography is carried out to more ac-
curately evaluate the lung capacities according to
indications.

Pulse oximetry and/or blood gas analysis should
be performed at each hospitalization for all patients
with CF suspicions and all CF patients, depending
on the indications (exacerbation of the chronic
bronchopulmonary process, presence of respirato-
ry failure, needing oxygen therapy) —more often
[8]. All patients with suspicion of CF and patients
with CF are recommended to perform abdominal
ultrasounds and liver ultrasounds. To detect chang-
es typical of the disease and their dynamics, special
attention should be given to the pancreatic struc-
ture in order to ascertain the type of liver blood
flow. It is also recommended to perform liver elas-
tometry in all patients with CF to assess the severity
of fibrosis on the METAVIR scale [8, 24].

All male patients aged over 15 years with CF
should undergo a urological/andrological exami-
nation with an ultrasound of the genitals to detect
structural and morphological changes.

Regular periodic doppler echocardiography
(measurement of the pulmonary arteriovenous
pressure) is recommended in patients with CF, as
with this pathology, especially with widespread
damage. The development of pulmonary hyper-
tension and the formation of pulmonary heart is
possible [8].

It is recommended to perform an electrocar-
diography of patients with CF in PBS to monitor
the effect of electrolyte disorders on heart activi-
ty. Also, before starting therapy with proton pump
inhibitors, drugs against nontuberculous myco-
bacterial infections (NTMs), with prolonged use
of azithromycin for other indications, against the
background of high-doses of selective Beta 2-ad-
renergic agonists (2 weeks) therapy to evaluate
the Q-T interval [30].

When a CF patient needs a BAL microbiological
examination in addition, tracheobronchoscopy is
advised. This method is used for the purpose of
rehabilitation, should conservative therapy prove
ineffective in an effort to rectify lung lobe atelec-
tasis [6, 8, 10].

Nasal endoscopy in patients with CF is recom-
mended for indications: if necessary, assessment
of the severity of chronic rhinosinusitis, degree of
nasal polyps, clarification of indications for surgi-
cal treatment on the nose, evaluation of the results
of endoscopic endonasal surgical interventions.

EGD (esophagogastroduodenoscopy) is recom-
mended for all patients with CF with cirrhosis of
the liver to monitor esophageal varices — 1 time
every 6-12 months. If you suspect erosive-ulcera-
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tive lesions, inflammatory diseases of the stomach
and esophageal mucosa, or gastroesophageal re-
flux disease [8].

Sigmoidoscopy with biopsy is advised in order
to assess the variation in intestinal potential for
patients suspected of having CF.

CONCLUSION

Patients with cystic fibrosis require active dis-
pensary observation and clinical monitoring.
Improving the prognosis for this disease is closely
related to an early and adequate diagnosis. So, it
is crucial to consider not only the patient's objec-
tive state but also information regarding the cli-
nical picture, diagnosis, and course of treatment.
Multidisciplinary care and collaborative patient
observation by experts with diverse backgrounds
are essential in the treatment for CF in patients,
because the illness requires complex therapy and
damages numerous organs and systems.
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OONOJIHUTEJIbBHAA UHOOPMALINA

Bxnap aBTOopoB. Bce aBTOpbl BHecnu cyuie-
CTBEHHbIV BKNag B pa3paboTKy KoHLUenumu, npo-
BefleHne WnCcefoBaHNA W MOArOTOBKY CTaTbW,
npounu n ofobpunu GrHanbHy Bepcuio nepes
nyénukaymen.

KoHGnuKT nHTepecoB. ABTOpbI AeKnapupyoTt
OTCYTCTBME ABHbIX M NOTEHLMANbHbIX KOHGINKTOB
MHTEpPEeCoB, CBA3aHHbIX C Nybnukauuen Hacros-
LLEen cTaTbW.

NcTouHnk ¢uHaHcmpoBaHMA. ABTOPbl 3afB-
NAT 06 OTCYTCTBUM BHELHEro GpMHAHCUPOBAHNA
npwv NpoBefeHUn NccnefoBaHus.
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Abstract. The aim of the work is to study the clinical and laboratory features of intestinal infections caused
by Klebsiella pneumoniae in combination with viruses and other enterobacteria to optimize their diagnosis,
prognosis and therapy in young children. Patients and methods. In the department of intestinal Infections
of the Children’s Scientific and Clinical Center for Infectious Diseases of the FMBA of Russia in the period
2019-2021, 65 young children who were on inpatient treatment for All caused by K. pneumoniae were
observed. Depending on the etiological forms of the disease, the patients formed 4 groups: K. pneumoniae
monoinfection — group “Kp” (n=29); combination of K. pneumoniae with intestinal viruses — group “Kp+V"
(n=14); combination of K. pneumoniae with opportunistic enterobacteria (OEB) — group “Kp+OB” (n=14);
combination of K. pneumoniae with intestinal viruses and OEB — group “Kp+V+OEB” (n=8). Clinical and
laboratory data were evaluated in all children. The degree of intestinal dysbiosis, in addition to the generally
accepted criteria, was characterized by the content of atypical E. coli in feces (Ig CFU/g). Etiological diagnosis
of All was performed using the bacteriological method and polymerase chain reaction. During statistical
processing, the average values of indicators, the average frequency of deviations of indicators from the
norm (Mz*o; P+o) were determined, differences in groups were revealed using the t-test and Pearson’s
criterion x% they were considered reliable at p <0.05. Methods of variance and discriminant analysis
were used. Results. The higher age of children in the groups “Kp+V” and “Kp+V+OEB” was revealed. The
association of K. pneumoniae with viruses in these groups was accompanied by an increase in the frequency
of diarrhea (p <0.05). The frequency of thrombocytosis and monocytosis differed in the groups of children
(p <0.05) and was maximal in the groups “Kp+OEB” and “Kp+V", respectively. The content of atypical E. coli
in faeces in the “Kp” group was lower than in the “Kp+OEB” group (p <0.05). The duration of inpatient
treatment was longer in the “Kp” and “Kp+V+OEB” groups. The discriminant model included the following
signs: age of children (p=0.0015); complaints of lethargy (p=0.02); complaints of vomiting (p=0.08); platelet
count in the hemogram (p=0.006); amylorrhea in the coprogram (p=0.0008); stool pH (p=0.12); duration
inpatient treatment (p=0.004); combination of K. pneumoniae with OEB (p <0.00001). The overall diagnostic
significance of the model was 89.2%. Conclusion. Using discriminant analysis, it was found that the features
of clinical and laboratory signs of acute intestinal infections caused by K. pneumoniae in young children
are more determined by the combination of K. pneumoniae with opportunistic enterobacteria than by the
combination with viruses.

Key words: intestinal infections; children; early age; Klebsiella pneumoniae; intestinal viruses; opportunistic
enterobacteria; clinical and laboratory features; diagnostics.
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Pe3tome. Llesib pabomsl — N3yUnTb KIIVIHMKO-1ab0paTOPHbIe OCOOGEHHOCTY KULLIEYHbIX MHOEKLWIA, BbI3BaHHbIX
Klebsiella pneumonia, B coueTaHUn C BUpycamu 1 Apyrummn SHTepobaKkTepusamMuy 4nia onTUMrM3aLum Nx 4MarHocTu-
KU1, MPOrHO3MPOBaHUA 1 Tepanumn y AeTel paHHero Bo3pacta. [layueHmel u Memoosl. B oTaeneHnmn KuweyHbIx
nHdpekymn JHKLNB OMBA Poccun B nepuog 2019-2021 rr. Habntoganm 65 getein paHHEro Bo3pacTa, HaXOAUB-
LIMXCA Ha CTauMoHapHOM neyeHun no nosogy OKU, Bbi3BaHHbIX K. pneumoniae. B 3aBUCMMOCTM OT 3TUONOIU-
yeckux popm 3aboneBaHnA NaumneHTbl obpasosBanu 4 rpynnbl: MOHoUHdeKUUA K. pneumoniae — rpynna «Kp»
(n=29); coueTaHune K. pneumoniae ¢ KnweyHbiMU BUpYycamm — rpynna «Kp+B» (n=14); couetaHue K. pneumoniae
C YCJIOBHO-MaToreHHbIMM 6aktepusamm (YMN3) — rpynna «Kp+Y3» (n=14); coueTaHue K. pneumoniae C KALLIeYHbI-
mu Bupycamu u Y3 — rpynna «Kp+B+YM3» (n=8). Y Bcex geTen oueHnBanu KINMHUKO-N1abopaTopHble AaHHbIe.
CreneHb ANcOM03a KMLWEYHIMKA AOMOSHUTEIbHO K OOLLENPUHATBIM KPUTEPUSIM XapaKTepu3oBau Nno cofepsKa-
Huto aTunuyHol E. coli B dekanuax (g KOE/r). Stnonornueckyto gnarHoctrky OKW BbinonHANM npv nomoLum 6ak-
TEpPrOoOrMYeckoro MeTosa v nonrMepasHom LienHom peakuun. MNpu ctatuctnyeckon obpaboTke onpenenanu
cpeHue 3HaYeHNA NoKasaTenen, CPeAHIO YacTOTy OTKTIOHEHNI NoKa3aTtenen ot HopMbl (M+o; P+0o), BbiasBRANN
pasnuyurA B rpymnmnax c MoMoLLbio t-Kputepus n Kputepusa x? MUpCoHa; cunTanm nx JOCTOBEPHbIMY Npu p <0,05.
Wcnonb3oBanu metofbl AUCNEPCUOHHOIO U AUCKPUMUHAHTHOMO aHanmsa. Pesysiemamel. BbisiBneH 6onee Bbico-
Kni Bo3pact geten B rpynnax «Kp+B» n «Kp+B+YI3». Accoumauna K. pneumoniae ¢ Bupycamv B 3TUX Fpynnax
COMpOBOXAaNach yBenMyeHneM YactoTbl gruapen (p <0,05). YactoTa TpomMmbOLMTO3a 1 MOHOLIMTO3a OT/IMYanach
B rpynnax geten (p <0,05) n 6bina makcumanbHol B rpynnax «Kp+YT3» n «Kp+B» cootBeTcTBeHHO. Coflepia-
Hue aTunuyHow E. coli B dekanusax B rpynne «Kp» 6bin0 Huke, yem B rpynne «Kp+YIM3» (p <0,05). AnuTtenbHOCTb
CTauvoHapHOro nevyeHus bbina 6onblie B rpynnax «Kp» n «Kp+B+YM3». B AUCKPUMMHAHTHYIO MOAENb BOLUAN
npusHaku: Bo3pact geten (p=0,0015); »kanobbl Ha BaAnocTb (p=0,02); »anobbl Ha pBoTy (p=0,08); KONMYECTBO
TpomboumToB B remorpamme (p=0,006); amunopes B konporpamme (p=0,0008); pH kana (p=0,12); AnuTenbHOCTb
CTaunoHapHoro neveHus (p=0,004); couetaHne K. pneumoniae c YI3 (p <0,00001). O6wan AnarHocTnyecKas
3HaUUMOCTb Mogenu coctaBuna 89,2%. 3akaoyeHue. C NOMOLLbIO ANCKPMMUHAHTHOIO aHanm3a yCTaHOBEHO,
YTO OCOOEHHOCTU KIIMHMKO-abopaTopHbIX NpusHakoB OKW, BbI3BaHHbIX K. pneumoniae, y feTeil paHHEro Bo3-
pacTa B bosblueli cTeneHn onpeaensaTca couetaHuem K. pneumoniae c Y3, yem coueTaHMeEM C BUPYCaMU.

Knioueeble cnoea: kuwieyHvle uHgexkyuu; demu, paHHul eo3pacm; Klebsiella pneumoniae; kuweyHbie 8upycol;
YCII08HO-NAMO2eHHbIE SHMepobakmepuu; KIIUHUKO-1abopamopHsie 0cobeHHOCMU; OuUd2HOCMUKA.

INTRODUCTION the leading role belongs to Klebsiella pneumoniae

In the etiological structure of the incidence of [1, 2]. Attention to the study of Klebsiella etiology was
acute intestinal infections (AIE) in Russian children  attracted by its severity and tendency to defeat chil-
in recent years, the importance of opportunistic dren in the early age group. The increase in the inci-
pathogens has remained significant, among which  dence of Klebsiella, the similarity of local changes in
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the gastrointestinal tract with other intestinal infec-
tions makes it important to study this pathology.
This especially relevant in the appearance of car-
bapenem resistant strains of Klebsiella [3].

When the Klebsiella invasion nature of All is es-
tablished, the disease is more often diagnosed as a
mono-infection [4, 5]. The majority of hospitalized
patients with this pathology are young children
with unformed intestinal microbiota and imma-
ture immune system. Moreover, they have other
constitutional anomalies, deficiency conditions,
feeding disorders, which reduce the non-specific
resistance of the body and predispose to manifes-
tation of All [6-9].

In the study of epidemiology All described
combinations of Klebsiella infection with other
conditionally pathogenic representatives of the
family Enterobacteriaceae (conditionally patho-
genic enterobacteria — CPE). As well as the com-
bination of CPE with respiratory viruses in young
children [10]. As concomitant infections increase
[11], the problem of Alls remains unresolved since
Alls are caused by the combination of conditio-
nally-pathogenic pathogens with intestinal viru-
ses in children [12]. There is a very few information
on resistance of K. pneumoniae of extra-hospital to
antibiotics and Bacteriophages that cause intesti-
nal infections young children [13]. The laboratory
feature of out-of-hospital All caused by Klebsiella
and other pathogens of bacterial and viral nature
remain poorly studied.

AIM

To study clinical and laboratory features of
acute intestinal infections caused by Klebsiella
pneumoniae in combination with viruses and
other enterobacteria to optimize their diagnosis,
prognosis and treatment in young children.

MATERIALS AND METHODS

65 children aged from 1 month to 3 years were
observed in hospital treatment for All associated
with K. pneumoniae in the period 2019-2021, in the
Department of Intestinal Infections of the Children's
Research and Clinical Center for Infectious Diseases
of the Federal Medical and Biological Agency of
Russia. The sampling was based on the diagnosis of
All mono- and combined etiology associated with K.
pneumoniae. Patients formed four groups: “Kp group”
(n=29) — monoinfection with K. pneumoniae; “Kp+V
group” (n=14) — combined All caused by K. pneumo-
niae and intestinal viruses; "Kp+CPE group" (n=14) —
All caused by the K. pneumoniae and other CPEs; and
“Kp+V+CPE” group (n=8) — combined All caused by
the K. pneumoniae, intestine viruses and CPE.

ISSN 2221-2582

The etiological significance of K. pneumoniae
and CPE in All genesis was determined when de-
tected in feces. The condition was the detection of
at least 5 Ilg CFU/g and the absence of other bac-
terial pathogens in the bacteriological method.
Results of fecal studies by PCR method using the
set of reagents "AmpliSens® OKI screen-FL", in-
tended for molecular-genetic diagnosis of bacte-
rial (Shigella, Salmonella, Yersinia, Campylobacter,
Escherichia coli) and viral (Rotavirus, Norovirus,
Enterovirus, Astrovirus, Adenovirus) pathogens.
Value determined by serological response in the
diagnosis of indirect hemagglutination in some
cases [14].

The severity of intestinal dysbiosis was assessed
indirectly by the excretion of atypical E. coli from
the feces in a quantity of not less than 5 Ig CFU/g.

There has been performed evaluation of pa-
tients’ complaints (weakness, fever, vomiting,
diarrhea), medical history (duration of pre-hospi-
tal stage of disease, treatment) and life (food aller-
gies, atopic dermatitis, past illnesses, vaccination
history), objective status, results of clinical tests
of blood and urine, biochemical blood tests (ALT,
C-reactive protein, glucose, urea, electrolytes),
stool test data. The severity of exicosis in children
with All was assessed on the basis of clinical re-
commendations.

K. pneumoniae sensitivity to antibacterial drugs
(ampicillin/sulbactam, ceftriaxone, gentamicin,
nalidixic acid, nitrofurantoin, trimetoprim/sul-
famethoxazole) was determined by microdiffusion
on Muller-Hinton agar using standard ACS strains
700603. The sensitivity of K. pneumoniae to bac-
teriophages ("Bacteriophage Klebsiella polyvalent
purified" and "Bacteriaphage Klebsiella pneumo-
niae purifying" JSC "NGO "Mikrogen"", Ufa) was
studied. The lithium activity of bacteriophages
was assessed using the "sterile spot" method ac-
cording to MP 3.5.1.0101-15.

Treatment of children with All was carried out
according to clinical recommendations of the
Ministry of Health of Russia. The results of treat-
ment in different children’s groups were evaluat-
ed. According to the duration of hospitalization
and outcomes (recovery, improvement).

During statistical processing, the average va-
lues of indicators, the average frequency of devia-
tions of indicators from the norm (M+o; P+0) were
determined, differences in groups were revealed
using the t-test and Pearson’s criterion x% they
were considered reliable at p <0.05. To prove
the possibility of separating groups of children
with All of mono- and combined etiology as-
sociated with K. pneumoniae, the discriminant
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Fig. 1.  Average values of the age of children in groups (number of months)
Puc. 1. CpepHwue 3HaueHus Bo3pacTa geTelt B rpynnax (YMcno Mecsiues)

analysis method was used. By identifying the
signs of determinants that significantly influence
the assignment of a particular patient to one of
the four groups, coefficients were calculated for
the identified signs and subsequent solution of
discriminant functions.

RESULTS AND DISCUSSION

The gender composition of the children in
the sample shows a small predominance of boys
in the group in the “Kp+V” and "Kp+CPE" groups
(48.3%; 64.3%; 57.1%; 37.5%; x*=1.82; p=0.61).
(These groups are presented here and will be list-
ed in the following order: "Kp", "Kp+V", "Kp+CPE",
"Kp+V+CPE"). The age composition was charac-
terized by a relatively high proportion of children
of the first year of life in the "Kp" and "Kp+CPE"
groups (79.3%; 50%; 85.7%; 62.5%; X°=05.83;
p=0.12) (Fig. 1), when visiting children's organ-
ized groups, it is normal for children older than
one year to have more contact with viral infec-
tious agents [15]. A comparison of the median age
values of children revealed differences between
the “Kp” and “Kp+V" groups (7.4+7.3 and 14.4+9.7
months; p=0,007) and the “Kp+V” and “Kp+CPE”
groups (14.4+9.7 and 8.1+5.3 months; p=0.036)
(Fig. 1).

In children in the grip "Kp+V" rotavirus was de-
tected in 50% of cases, norovirus — in 35.7%, en-

teroviruses — in 7.15%. The combination of rota-
viruses with norovirus — in 7,15%. In children in
the group "Kp+V+CPE" rotavirus was detected in
25% of cases, norovirus — in 50%, adenovirus —
in 12.5%. In this group the combination of rotavi-
ruses with noroviruses — in 12,5%.

The frequency of discharge of different CPE in
stool was at high titersin children in the "Kp+CPE"
and "Kp+V+CPE" groups decreased in the follow-
ing rows: S. aureus (45,8%); P. mirabilis (20,8%);
Enterobacter (12,5%); C. freundii (8.3%); H. alvei
(4.2%); A. baumani (4.2%); P. aeruginosa (4,2%).

At the time of admission at the hospital, the
majority of the children in all groups had exico-
sis of the 1 degree (65,5%; 78.6%; 57.1%; 62.5%;
x?=3.88; p=0.69), exicosis of the 2 degree — 6.9%
of "Kp" children and 14.3% of the "Kp+CPE". The
combination of All with acute respiratory infection
was diagnosed in children in all groups (37.9%;
28.6%; 21.4%; 33.3%; x?=1.42; p=0.70), of which
10.3%; 14.4%; 7.1%; 12.5% cases (x>=0.40; p=0.94).
Febrile seizures were observed in children in the
groups "Kp", "Kp+V", "Kp+CPE" (3.4%; 7.1%; 7,1%;
X*=8.40; p=0.49). Urinary tract infections were dia-
gnosed in a small part of children in all groups
(6.9%; 7.1%; 7,1%; 12.5%; x?>=8.40; p=0.49). Atopic
dermatitis was detected in children in the "Kp",
"Kp+V", "Kp+V+CPE" groups (20.7%; 7.1%; 25%;
x?=4.75; p=0.19).
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Fig. 2. The average duration of the prehospital stage of treatment of children in groups (number of days)
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The pre-hospital stage by time was slightly
greater in children in the "Kp" and "Kp+V" groups
(4.2+5.7 days; 3.9+7.2 days) compared to those in
the "Kp+CPE" and "Kp+V+CPE" groups (1.8+2.3
days; 1.5+2.4 days) (p >0.05) (Fig. 2). Nifuroxazide
treatment was equally often during this period
in all groups: 6.9%; 14.3%; 7.1%; 25%; X*>=2,51;
p=0.47; Antibiotic treatment was received by
13.8% of children in the "Kp" group, 7.1% of those
in the "Kp+V" group and 7.1% in the "Kp+CPE"
group (x>=1.68; p=0.64).

The incidence of diarrhea in the children's
groups was high: 79.3%; 100%; 71.4%; 100%
(p;_, <0.05; p,_, <0.05) and the incidence of vomi-
ting was lower than 44.8%; 71.04%; 50%; 87.5%
(x?=6.0; p=0.099). The incidence of lethargy (24.1%;
50%, 64.3%, 37.5%) and fever (41.4%; 64.3%; 50%;
75%) in the children's groups did not differ signifi-
cantly (x*=4,0; p=0,27 and x?=2,92; p=0,40).

Inflammatory changes in the blood analysis
were manifested by leukocytosis in children in
the "Kp" and "Kp+V+CPE" groups (13.8%; 37.5%;
x*=11.66; p=0.07), leukopenia in children of the
"Kp", "Kp+V", "Kp+CPE" groups (20.7%; 14.3%;
28.6%; x>=11. 66; p = 0.07), thrombocytosis — fre-
quently in children from the "Kp" and "Kp+CPE"
groups (37.9%, 21.4%, 57.1%, 7.5%; x*=12.8;
p=0.46), monocytosis — significantly frequently
among children of "Kp+V" and "Kp+CPE" groups

(6.9%, 42.9%, 28.6%, 12.5%; Xx*=8.61; p=0.34).
Children in the "Kp" and "Kp+V+CPE" groups expe-
rienced increases in ESR more frequently (20.7%;
7.1%; 7,1%; 37.5%; x?>=8.42; p=0.21).

Increases in C-reactive protein in the blood
were frequently in the "Kp", "Kp+V", "Kp+V+CPE"
groups (20.7%; 21.4%; 7.1%; 37.5%; x2=3.0; p=0.39).
An increase in the level of alanine transaminase —
an indicator of reactive changes in the liver in All.
Increase ALT was slightly more commonly observed
in the groups "Kp+CPE" and "Kp+V+CPEs" (6.9%;
7.1%; 21.4%; 50%; x?=2.3; p=0.51). An increase in
urea was also found slightly more frequently in the
group "Kp+CPE", "Kp+V+CPE" (44.8%; 42.9%; 50%:
50%; 50%, x?=0.2; p=0.97). Dehydration-related
elevated potassium blood levels associated with
electrolyte disorders were a little less common in
the "Kp" group (3.4%; 14.3%;14.3%; 12.5%; x?=2.1;
p=0,55).

There were variations found in the kids' rates
of decline in the groups' percentage relative urine
density (44.8+14.4%; 42.9+22.1%; 64.3+16.9%;
0%; x’=15.1; p=0.19; Puy _wprviceer <0.01;
Prkp +cper - kprvacpest <0.01). This was explained by
the difference in the kidney concentrating capac-
ity, since the age of children in groups «Kp» and
«Kp+CPE» was lower than in the group «Kp+V» and
"Kp+V+CPE» (Fig. 1). There was a difference in the
frequency of detection of ketones in urine (10.3%;
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28.6%; 7.1%; 37.5%; x*=19,4; p=0,080). This indi-
cating a more frequent acidosis in children of the
"Kp+V" and "Kp+V+CPE" groups, in which intesti-
nal infections were involved in the combination
All. Elevated leukocyte counts in the urine were
somewhat more frequently seen in children in the
"Kp" and "Kp+V+CPE" groups (41.4%; 21.4%;21.4%;
62.5%; x2=5.4; p=0.14).

The changes in the stool test were characte-
rized by a relatively more frequent decrease in
fecal pH in children in the "Kp", "Kp+V", "Kp+CPE"
groups (69%; 78.6%; 92.9%; 50%; x*>=6.86; p=0.33).
This due to fermentation dyspepsia with malab-
sorption in the small intestine. In the "Kp" (17.2%
of cases) and "Kp+CPE" (14.3%) groups, amylor-
rhea was noted, and in 6.9 and 7.1% of cases, re-
spectively, steatorrhea type 2. All child groups
showed signs of colitis syndrome in stool test with
high leukocyte detection (58.6%; 28.6%; 35.7%;
25%; x?=5.4; p=0.14) and mucus abundance (69%;
35,7%; 50%; 37.5%; x>=5.46; p = 0.14).

A high titer of atypical E. coliwas observed in the
overwhelming majority of children in all groups
(65,5%; 71.4%; 78.6%; 75%; x°=0.87; p=0.83). In
the same time the average titer for atypic E. coli
in the feces in the "Kp" group was lower than in
the "Kp+CPE" group (4.7+1.9 and 5.8+0.4; t=2.1;
p <0.05). This confirmed a more pronounced mic-
robiocenosis disorder in All caused by the combi-

nation of K. pneumoniae with CPE than in monoin-
fection with K. pneumoniae.

Multiple antibiotic resistance to K. pneumo-
niae (to three or more drugs) was detected only in
"Kp" (6.914.7%) and "Kp+V" (14.3+£9.7%) children
(p >0.05). In all child groups, K. pneumoniae resis-
tance to bacteriophages was noted (48.3%; 21.4%;
42.3%; 62.5%; x>=11.3; p=0.51).

The duration of hospital treatment for chil-
dren was maximum in the "Kp" and "Kp+V+CPE"
groups (5.8+3.2 days; 4.0£1.1 days; 3.7t£2.4 days;
7.3%2.9 days; Py - mprv=0.04; Pryrpscpe=0.02;
Pripive - kp + vacper=0-008; Py ¢ cpprriprvicpe= 0.004)
(Fig. 3). Most of the kids in the groups were dis-
charged from the hospital "with improvement"
(75.9%; 85.7%; 100%; 75%; x*=4.4; p=0.22).

Discriminant analysis was applied considering
similarities and differences of clinical-laboratory
manifestations in groups. It was used to prove the
possible separation of All mono- and combined
etiology associated with K. pneumoniae. The dis-
criminant model includes the following interrela-
ted signs: children's age (months of life; p=0,0015);
complaints of lethargy (0 — no, T — yes; p=0,02);
complaints of vomiting (0 — none, 1T — yes,
p=0,08); platelet count (0 — normal, 1 — lowered,
2 — elevated; p=0,006); amylorrhea in the stool
test (0 — not, T — yes; P=0,0008); feces pH (0 —
normal, T — decreasing, 2 — increasing; p=0.12);
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Table 1. Complex of clinical and laboratory signs of discriminant model of differential diagnosis of intestinal infections
associated with K. pneumoniae, codes and coefficients of detected signs

Ta6nuua 1. KomnneKkc KNMHMKO-nabopaTopHbIX NPY3HaKOB ANCKPUMUHAHTHOI Mofenu anddepeHunanbHOM ANarHoCTUKN
OKW, accouumpoBaHHom ¢ K. Pneumoniae, Kofibl KOG PULMEHTbI BbIIBIEHHbIX MPU3HAKOB

KoaddurumeHTbl NPU3HAKOB NMMHENHbBIX AUCKPUMUHAHTHbBIX
dyHkumn (IOO) / Feature coefficients of linear discriminant
HanumeHoBaHve npnsHakos / Kogb! / functions (LDF)
Name of signs Codes
nao, / Nnao,/ Nao,/ nao,/
LDF, LDF, LDF, LDF,
Bospact peteii / Age of children X, 0,23 0,38 0,69 0,73
Kano6bl Ha BanocTb / Complaints of lethargy X, -0,12 2,54 -3,59 -1,93
Kanobbl Ha pBoTy / Vomiting complaints X5 3,00 4,08 0,37 3,37
KonnyectBo TpomboLUTOB B KpOBU / X, 1,77 0,82 513 4,17
The number of platelets in the blood
Amunopes B Konporpamme / Xs 3,39 -3,33 3,64 0,42
Amylorrhea in the coprogram
pH kana / Fecal pH 6 3,47 4,77 -0,09 0,59
[AnnTenbHOCTb CTaUMOHAPHOrO fleyeHns / X, 1,18 0,85 0,68 1,29
Duration of inpatient treatment
CoueTaHue K. pneumoniae c ppyrumm Xg -0,92 -1,10 48,20 43,27
YCNOBHO-NAaTOreHHbIMY 6akTepuamm /
Combination of K. pneumoniae with other
opportunistic bacteria
KoHcTaHTa / Constant -8,24 -10,78 -30,95 -32,99
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Fig. 4. The position of the objects of the four groups in the coordinates of the first and second canonical LDF
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duration of hospital treatment (days; p=0,004);
combination of K. pneumoniae with other CPE
(0 — no,1 — yes; p <0,00001).

Decisive diagnostic rules expressed as linear
discriminatory functions (LDFs): LDF1 (monoinfec-
tion of K. pneumoniae — "Kp"), LDF2 (All caused by
K. pneumoniae and intestinal viruses — "Kp+V"),
LDF3 (All caused by K. pneumoniae and other
CPE — "Kp+CPE"), LDF4 (All caused by K. pneumo-
niae, intestinal viruses, and CPE — "Kp+V+CPE").
Table 1 shows the complex of clinical laboratory
features affecting the patient’s assignment to one
of the four groups, the codes and coefficients of
these traits.

The following formulae were used to carry out
the LDF decision:

LDF,=-8,24 + 0,23X,-0,12X, + 3,00X;+ 1,77X,+
+3,39X. + 3,47X,+ 1,18X, - 0,92X,,
LDF,=—10,78 + 0,38X, + 2,54X, + 4,08X;+ 0,82X,, -
—3,33X, + 4,77X4 + 0,85X,- 1,10,
LDF,=—-30,95 + 0,69, — 3,59X, + 0,37X; + 5,14X,, +
+ 3,64X, - 0,09X, + 0,68X., + 48,20X,,
LDF,=-32,99 +0,73X, - 1,93X, + 3,37X;+ 4,17X,+
+0,42X, + 0,59X, + 1,29X, + 43,27X,,
where X,-X; correspond to the numerical values
of the characteristics. The patient is assigned to
the group for which LDF will take the maximum

value.

The model's sensitivity for kids in the "Kp" group
was 96.6%, 78.6% for the "Kp+V" group, 92.9% for
the "Kp+CPE" group, and 75%. The model's overall
diagnostic significance was high — 89.2%.

The position of the objects of the four groups
in the coordinates of the first and second canoni-
cal LDFs (with a level of significance of p <0,001) is
shown in Fig. 4. This figure demonstrates that the
combination of K. pneumoniae with other CPEs,
rather than the association of K. pneumoniae with
intestinal viruses. In children under three years of
age is more determined by the combination of
K. pneumoniae with other CPE than with intestinal
viruses.

The less accurate diagnosis of the discriminato-
ry model for the "Kp+V" and "Kp+V+CPE" groups,
representing viral-bacterial variants of All, is due
to the significant overlap of clinical and laborato-
ry symptoms in children of the groups "Kp" and
"Kp+V", "Kp + CPE" and "Kp+V+CPE". This shows
how similar pairs of groups' manifestations of the
disease were influenced by common bacterial
pathogens. K. pneumoniae was present in groups
"Kp" and "Kp+V," as well as K. pneumoniae com-
bined with CPE in groups "Kp+V+CPE" and "Kp+V"
Put another way, variations in the degree of intes-
tinal dysbiosis clearly explained the features and
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severity of clinical and laboratory signs of All in
similar pairs of groups.

One article describes intestinal infections that
are not associated with hypervirulent Klebsiella
[16]. However, more dangerous by pathogenicity
factors may appear among the population of com-
munity-acquired Klebsiella. These strains may not
have sensitivity to phages and antibiotics which
can cause serious complications. Community-
acquired strains of Klebsiella are among patho-
gens that provoke All in young children, they do
not have high pathogenicity and pronounced an-
tibiotic resistance. Community-acquired strains of
Klebsiella deserve close attention since they are
commonly combined with other infectious agents,
including representatives of intestinal microbio-
cenosis. This increasing the likelihood of adverse
outcome of the disease.

The manifestation of intestinal infections
caused by K. pneumonia and other CPE in young
children is associated with an increase in their mi-
crobiotic representation. It is accompanied by dis-
tinct clinical and laboratory manifestations of in-
flammatory nature.

CONCLUSION

The conducted study allowed to define the
features of clinical laboratory signs of mono-
and combined intestinal infections associated
with K. pneumoniae in young children. This study
shows that the nature and severity of these signs
to a greater extent determines the combination
of K. pneumoniae with other conditionally-patho-
genic enterobacteria than a combination with in-
testine viruses. Also it confirms the relationship of
the symptoms of these intestinal infections with
the gravity of bowel dysbiosis, which is main sig-
nificant in reducing the non-specific resistance of
the organism.
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OONOJIHUTEJIbBHAA UHOOPMALINA

Bknap aBTOopoB. Bce aBTOpbl BHecnu cyule-
CTBEHHbIN BKNag B pa3paboTKy KOHUenumu, npo-
BeeHMe uccnefoBaHUA U MOArOTOBKY CTaTbW,
npounu n ogobpunn GuHanbHy Bepcuio nepen
ny6nukaumen.

KoHpNuKT nHtepecoB. ABTOPbI AeKNapupyoT
OTCYTCTBME ABHbIX 1 NOTEHLMANbHbBIX KOHPSINKTOB
WHTEpPEeCoB, CBA3aHHbIX C nybnukaumen HacTos-
e cTaTbu.

UcTtouHuk ¢uHaHcmpoBaHuA. ABTOpPLI 3adB-
nAT 06 OTCYTCTBUMN BHELHEro GUHAHCUPOBAHUA
npuv NpoBeAeHN UCciefoBaHNA.

NudopmupoBaHHoe cornacue Ha ny6nuka-
yuio. ABTOPbI MOAYUYMAIN MUCbMEHHOE cornacme
naLMeHToB Ha Ny6NMKaLMio MeaULNUHCKUX OaHHbIX.
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Abstract. Recently there has been an increase in the incidence of eczema in the world. Up to 40% of all skin
diseases are due to this pathology. A large proportion among various types of eczema is microbial eczema, which
tends to be more severe with frequent, progressive relapses, a significant spread of the pathological process
and is characterized by resistance to conventional methods of treatment. The available data on the important
pathogenetic significance in the development and course of eczema of the pathology of the gastrointestinal
tract are not well understood and often in practice they are not given much importance. The aim of this work
was to analyze individual intestinal microbiota in children under 6 years of age suffering from microbial eczema.
Comparison of laboratory indicators of stool analysis was made with the control group, consisted of patients
with scleroderma. For various different between local games popular Fisher's exact criterion. An increase in the
frequency of dysbiotic groups among children with microbial eczema was revealed, in particular, the detection of
candidiasis, which requires the inclusion of relevant studies in the diagnostic search for the select the right therapy.

Key words: microbial eczema; intestinal dysbacteriosis; microbial sensitization

POJIb ANCBAKTEPUO3A KALLEYHUNKA
B TEHE3E MUKPOBHOW 3K3EMbI Y AETEN

© Co¢pbsa AHaTonbeBHa CepreeBa, Onbra KoHcTaHTMHOBHa MuHeeBa,
AHHa AHppeeBHa ApTbiKoBa, EneHa CemeHoBHa bonbluakoBa,
AHactacus lNaBnoBHa JIncronagoBa

CaHkT-lMeTepbyprckunii rocyAapCTBEHHbIN NeAnaTpUiecKnii MeanLMHCKI yH1BepcuTeT. 194100, r. CaHkT-MeTepbypr, yn. JIuToBckas, 2

KoHTakTHaa uHpopmaums:
Codbs AHaTonbeBHa CepreeBa — opAviHaTOp Kadenpbl NponefeBTVKY AeTCKMX 6onesHel. E-mail: Sofya.bsk@gmail.com
ORCID ID: 0009-0006-0052-5589

Ans yumupoeanus: Cepreesa C.A., MuHeesa O.K., ApTbikoBa A.A., bonbliakoBa E.C., Jluctonagosa A.l. Ponb guc6akteprosa KuleyHnKa
B reHe3e MMKpo6Hou sk3embl y aeteir // Children’s medicine of the North-West. 2023. T. 11. N2 3. C. 120-124. DOI: https://doi.org/10.56871/
CmN-W.2023.30.11.009

Moctynuna: 09.06.2023 Opo6peHa: 14.08.2023 MpuHATa K neyaTn: 12.09.2023

Pe3stome. B nocniefHee Bpemsi OTMeYaeTCs yBeiyeHne 3a6oneBaeMoctu 3k3emoi B Mupe. 1o 40% Bcex KOXKHbIX
3aboneBaHN NPUXOAUTCA Ha JAHHYIO MATONOrM0. bonbLIoN yaenbHbIV BEC CPeau pasnnyHbIX BULOB 3K3eM CO-
CTaBNAET MUKPOOHas 3K3eMa, MMeLLas TEHAEHLUMIO K 6oree TAXKENOMY TEUEHMIO C YacTbiMU, MPOAOIKNTENb-
HbIMW peunanBamn, 3HAUYNTENIbHbIM PacnpoCTPaHEHIeM MATOIOMMYECKOro npouecca U XapakTepusyroLwanca
PE3UCTEHTHOCTBIO K 0OLLENPUHATLIM METOZAM JieueHus. VimeroLreca AaHHbIe O Ba)KHOM MATOreHETUYECKOM 3Ha-
YeHUN B Pa3BUTUN U TEYEHUN SK3eMbl MATONOMNN XKeny[0UYHO-KULLIEYHOro TPakTa HeJOCTaTOYHO N3YYeHbl, 1 Ya-
CTO Ha NpaKTMKe M He NpugaeTcs 60nblLoro 3HaueHus. Lienb JaHHON paboTbl — aHanu3 HapyLIeHUn MUKPO6Mo-
Tbl KMLLEYHVKA y feTel [0 6 NeT, CTpagaloLwmx MUMKPOOHON 3K3eMoi. [pon3Boguiock CpaBHeHe TabopaTopPHbIX
nokasaTesier aHanm3a Kasia C KOHTPOJIbHOW FPynmnou, KOTOPYK COCTaBW/IM NaLMeHTbl co cknepogepmuen. [na
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BbIABJIEHVA PA3NNYMI MEXAY ABYMA rPynnamu NCNonb30Baca TOYHbIN KpuTepuin Ouiuepa. YCTaHOBNEHO AOCTO-
BEPHOE YBENNYEHVE YaCcTOTbl ANCOMOTMUECKUX HAPYLUEHWU B Fpymnne AeTel C MUKPOOHOW 3K3eMOW, B YaCTHOCTH
BbIfIBNIEHVE KaHAWA03a, YTO TpebyeT BKOYEHNA B ANArHOCTUYECKUIA MOUCK COOTBETCTBYIOLMX 1abOpaTOPHbIX

nccnefoBaHuii 4na noabopa paurioHaibHOM Tepanuu.

Knioyeeole cnoea: MUuKpobHas sk3ema; Oucbakmepuo3 KUWe4YHUKd; MUKpObHAs ceHcubunusayus

INTRODUCTION

Eczema (from the Greek ekzeo — | boil out) is
a chronic recurrent allergic skin disease, formed
under the influence of exogenous and endoge-
nous trigger factors, characterized by the appea-
rance of a polymorphic rash [9]. The disease occurs
with itching, sleep disturbance and deterioration
in quality of life. Recently, there has been an in-
crease in the incidence of eczema in the world. Up
to 40% of all skin diseases are due to this patholo-
gy. Urban residents get sick more often (60-65%)
[10, 16]. Eczema appears at any age and can have
an acute, subacute or chronic course [17].

Microbial eczema (ME) is one of the clinical
forms of eczema. This is a polyetiological disease
that develops as a result of the interaction of he-
reditary (polygenic multifactorial inheritance with
pronounced expressivity and penetrance of genes),
metabolic, neuroendocrine, vegetative-vascular, in-
fectious-allergic and external factors [16]. In recent
years, ME has acquired a tendency toward a more
severe course with frequent, prolonged relapses,
a significant spread of the pathological process,
and is characterized by resistance to convention-
al treatment methods [2]. In the acute stage, ME is
clinically manifested by asymmetrically located foci
of edematous hyperemia with clear boundaries of
different localization, the central part is covered
with purulent and serous crusts, after removal of
which an erosive surface with weeping in the form
of “wells” is exposed. Secondary lesions (eczemat-
ids) may appear on large areas of the skin [16]. The
clinical types of ME found in children include nu-
mular (coin-shaped) and post-traumatic. When skin
scrapings from skin lesions in patients with eczema,
S. aureus is detected in 80% of cases, S. haemolyti-
cus in 14%, and yeast of the genus Candida in 40.7%
[3,7, 8,11, 15]. In the pathogenesis of the disease,
the leading role is given to bacterial sensitization,
which is promoted both directly by microbial aller-
gens and by skin autoantigens formed under the in-
fluence of bacterial and fungal flora [11].

An important pathogenetic significance in the de-
velopment and further course of eczema, especially
in children, is the pathology of the gastrointestinal
tract and hepatobiliary system [4-6, 14, 17, 18], ac-
companied by enzymopathies, dyskinesias, intesti-
nal dysbacteriosis, leading to impaired membrane

digestion and malabsorption syndrome, which in
turn creates additional antigenic stimulation of the
body. Contrary to popular belief, gut microflora af-
fects not only the metabolism of the body as a whole,
but also the shaping of skin microbiome. It has been
established that patients with ME have pronounced
skin dysbiosis both in lesions and on unaffected skin
[7, 12, 16]. Against this background, the microflora
is transformed into a more pathogenic one, which
contributes to the chronicization of dermatoses [12].
A direct connection between the state of the intesti-
nal biocenosis and the course of allergic skin diseases
was discovered. In particular, an increase in the fre-
quency of seeding of S. aureus has been established,
as well as a close relationship between its prolife-
ration of the skin and intestines in patients with an
acute form of ME, and a decrease in representatives
of the autochthonous intestinal bacterial flora (bifido-
bacteria and lactobacilli) in the chronic course [12]. It
has also been proven that the inclusion in therapy of
probiotic drugs leads to a significantly faster resolu-
tion of clinical symptoms, a decrease in the frequen-
cy of exacerbations and relapses of the disease [1, 12,
18]. However, standards of medical care do not in-
clude the use of drugs to correct dysbiosis [13].

It remains unclear whether changes in the
composition of the gut microbiome precede the
development of ME or whether changes in the
gastrointestinal (Gl) tract are secondary. The most
probable is the assumption about the existence of
a so-called “vicious circle” in the relationship be-
tween allergic diseases and Gl pathologies [4-6].

AIM

The aim of this study is to analyze disturban-
ces of the gut microbiota in children with microbi-
al eczema and assess its effect on the underlying
condition.

MATERIALS AND METHODS

The study is based on a comparative analysis of
laboratory data characterizing the state of gut mi-
crobiota of two groups of patients who were ex-
amined and treated in the dermatovenerological
department of the clinic of Saint Petersburg State
Pediatric Medical University for 6 years from 2011
t0 2023. The first group consisted of children (n=12)
with an average age of 3 years 5 months, who were
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diagnosed with ME based on complaints and clini-
cal and anamnestic data. The control group includ-
ed children with localized scleroderma (n=12) with
an average age of 4 years 8 months. All subjects
underwent stool analysis for conditionally patho-
genic microflora and/or stool analysis for dysbacte-
riosis. Statistical data analysis was carried out using
the Excel program. Differences in proportions inde-
pendent variables were assessed by Fisher's exact
test. The criterion of reliability at p <0.05 was con-
sidered statistically significant for indicators.

RESULTS AND DISCUSSION

A comparative analysis of identified deviations
in gut microbiota in two groups of children is pre-
sented in Table 1.

Intestinal dysbacteriosis due to the prolifera-
tion of pathogenic or opportunistic bacteria and/
or fungi of the genus Candida was detected in 83%
of cases when analyzing the stool of children with
ME, which is 2 times more frequent than in pa-
tients with scleroderma (42%). In particular, prolif-
eration of fungi of the genus Candida was detect-
ed significantly more often (in 58% of cases versus
8%, respectively). Another important pathogen,
which was more common in the children of the
first group, was Staphylococcus aureus (33% ver-
sus 8%), but the difference in the two groups was
not statistically significant. Among the less com-
mon pathogens in the group of children with ME,
Proteus mirabilis, Citrobacter freundii, Klebsiella oxy-
toca, and hemolytic Escherichia coli were identified.
It was not possible to conduct a comparative ana-
lysis of disturbances of the normal autochthonous
microbiota, including bifidobacteria and lactoba-
cilli, since a detailed stool analysis for dysbacteri-
osis was not carried out for all subjects. However,
a decrease in lacto- and/or bifidobacteria was
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detected in 100% of cases when performing this
analysis in children with ME, which was not ob-
served in the second group.

The results obtained confirm the presence of dys-
biotic changes in the intestines of patients with ME
and their direct relationship with the disease, which
allows us to talk about disorder of the intestinal mi-
crobiocenosis as one of the links of pathogenesis.
At the same time, the etiological structure of patho-
gens that we identified does not differ qualitatively
from that in previously conducted studies, however,
the largest share was made up of Candida, and not
the coccal flora. It should be noted that the species
composition may differ depending on the region of
residence and the age group of patients.

CONCLUSION

Dysbiotic disorders in the intestine are an im-
portant component of the pathogenesis of ME.
Changes in the intestinal microbiocenosis in chil-
dren with ME under 6 years of age are characterized
by an increase in the number of various pathoge-
nic flora; fungi of the genus Candida are most often
identified. The polyetiological disease requires a
comprehensive approach, including diagnosis and
correction of the intestinal dysbacteriosis.
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Table 1. Pathological deviations in the intestinal microbiocenosis in in the main and control groups of children

Ta6nuua 1.MaTonornyeckre oTKIOHEHNA B MUKPOOMOLIEHO3€ KMILEeYHNKa B OCHOBHOI 11 KOHTPOJIbHOW rpynnax aetei

Identified pathological deviations Children with micro- Control group, Reliability
in the intestinal microbiocenosis / bial eczema, n=12/ n=12/ of differences, p/
BbiABNeHHble naTonornyeckmne oTKNOHeHNA [eTtn ¢ MMKpo6HOI KoHTponbHas [ocToBepHOCTb
B MMKPOOMOLIeHO3€e KMLLeYHMKa 3K3emon, n=12 rpynna, n=12 pasnuunin, p
Yeast-like fungi of the genus Candida / 7* 1 0,01
LpoxxenopobHble rpnbbl poga Candida
Staphylococcus aureus 4 1 0,14
Proliferation of pathogenic or opportunistic bacteria 10* 5 0,04
and/or fungi of the genus Candida /
MponudepaLna NaToreHHbIX UK YCIIOBHO-
naToreHHbIx 6akTepuin u/vnu rpubos popa Candida

*Statistically significant differences / * CraTuctuyeckn 3Haummble pasnuuums.
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Consent for publication. Written consent was
obtained from the patient for publication of rele-
vant medical information within the manuscript.

OONOJIHUTEJIbBHAA UHOOPMALINA

Bxnap aBTOopoB. Bce aBTOpbl BHecnu cyuie-
CTBEHHbI BKJaZ B pa3paboTKy KoHUenuuu, npo-
BefeHMe unccnefoBaHUA W MOArOTOBKY CTaTbW,
npounu n ofobpunu GrHanbHy Bepcuio nepes
nyénukaymen.

KoHnukT nHTepecoB. ABTOPbI AeKnapupyioT
OTCYTCTBME AABHbIX M NOTEHLMANbHbBIX KOHGNKTOB
MHTEPEeCoB, CBA3aHHbIX C Nybnukauuen Hactos-
LLen cTaTbu.

UcTouHnK ¢uHaHcmpoBaHuA. ABTOPbI 3asB-
NAT 06 OTCYTCTBUM BHELIHEro GpMHAHCMPOBAHNA
npv NpoBeAeHNN NCcefoBaHuA.

MHdopmupoBaHHoe cornacme Ha ny6nuka-
ymio. ABTOPbI MONyYMIN MUCbMEHHOe coriacue
NMauMeHTOB Ha NybnMKauuio MefuLMHCKUX [OaH-
HbIX.
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Abstract. One of the leading factors influencing the outcome of tuberculosis is the attitude of patients to long-
term combination therapy. Children’s adherence to TB treatment is a problem that is not presented in domestic
and foreign sources. Children with tuberculosis cannot fully appreciate the importance of adherence to therapy.
The aim of the study was to assess the level of commitment of parents to anti-tuberculosis treatment of their
children. On the basis of the tuberculosis department of St. Petersburg GBUZ DIB No. 3, an analysis of 30 case
histories of children aged 2-13 years with an established tuberculosis infection requiring anti-tuberculosis
treatment for at least 6 months was carried out. An anonymous questionnaire was conducted for the parents
of patients, which included four blocks of information: data on awareness of tuberculosis infection, knowledge
about the prevention of tuberculosis, determination of awareness of parents’ attitude to anti-tuberculosis
treatment, as well as their personal attitude to people with tuberculosis and to their children. Parents of children
with tuberculosis infections revealed an insufficient level of basic knowledge about tuberculosis (30.0%), about
tuberculosis prevention measures (30.0%), the need to follow long-term comprehensive anti-tuberculosis
treatment (37.5%), in some cases parents’ personal fear for their health (13.3%). A timely study of the factors
leading to low adherence of parents to the treatment of their children will allow them to be corrected in a
timely manner by conducting social and educational work and individual consultations, if necessary, providing
psychological assistance.

Key words: tuberculosis; children; parents; tuberculosis therapy; adherence to treatment.
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Pe3tome. OgHM 13 BeayLnx d)aKTOpOB, BINAKOLWMNX Ha Ncxon Ty6epKyne3a, ABNAETCA OTHOLWEeHMe NnayneHToB
K BANTENbHOWN KOM6I/IHI/IpOBaHHOIZ Tepanunn. [etckan NPUBEPNKEHHOCTb K I'IpOTVIBOT)/6epKyJ'Ie3HOMy neye-
HUIO — npo6nema, KOTOpaA He npeAcTaB/ieHa B OTe4YeCTBEHHbIX N MHOCTPAHHbIX NCTOYHUKaX. Hetn, 6OJ'IEIOLL|,I/Ie
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TybepKyne3om, He MOFYT B MOJIHON Mepe OLEHNTb BaXKHOCTb NPUBEPXKEHHOCTU K Tepanuu. Lienbio nccneposa-
HKA BbIIO OLIEHUTb YPOBEHb MPUBEPKEHHOCTN POAMTENEN K MPOTMBOTYOEPKYIE3HOMY NeyeHuto 1x geter. Ha
6a3e TybepkynesHoro otaenenus Cro6 rbY3 VB N 3 npoeeneH aHanu3 30 nctopuin 6onesHn geTen B Bo3pacte
2-13 neT c ycTaHOBNEHHOW TybepKyne3Hol nHpeKLMen, TpebyloLuen ocyLecTBNEHNA NPOTUBOTYOEPKYIE3HOMO
NevyeHns He meHee 6 mecAueB. PoguTenam nauMeHToB NPOBEAEHO aHOHNMMHOE aHKETUPOBaHMe, BKYaLlee
yeTblpe 6510Ka CBeEHMIN: faHHble 06 OCBEJOMIEHHOCTH O TybepKyne3Hol NHOEKLUN, 3HAHMA O Npeaynpex-
LeHnn 3aboneBaHua Tybepkynesom, onpeeneHne 0CoO3HaHHOCTM OTHOLLEHWA POAUTENEN K NMPOBEAEHNIO NPo-
TUBOTYOEPKYNIE3HOTO JIeYEHMS, @ TaKXKe MX JINYHOE OTHOLLEHME K 6oneLwym Ty6epKyne3om nnuam 1 K CBOMMm
OeTam. Y popuTenen geten ¢ TybepKynesHon NHPeKLUmen Obin BbiABEH HEAOCTAaTOYHbIN YPOBEHb OCHOBHbIX
3HaHUN o Ty6epkynese (30,0%), 0 Mepax nNpeaynpexaeHnsa Tybepkynesa (30,0%), Heo6xoANUMOCTY ClieloBaHUSA
OJINTENIbHOMY KOMIMJIEKCHOMY MpPOTMBOTY6epKynesHoMy nedeHuto (37,5%), B page ciyyaeB MprCyTCTBOBANO
NIMYHOe ornaceHne poauTenen 3a csoe 3g0posbe (13,3%). CBoeBpeMeHHOe usyuyeHve GakTopoB, BeAyLMX K
HU3KOWN MPUBEP>KEHHOCTU POAUTENEN K NIEUEHUIO NX AEeTel, NO3BONUT faHHble GaKTOpPbl KOPPEKTUPOBATL My-
TEM NPOBEAEHNA COLMANBbHO-MPOCBETUTENbHON PaboTbl Y MHANBUAYANbHbBIX KOHCYNIbTaLMiA, NPy HeobXxoanmo-
CTU — OKa3aHuA NCUXOIOrMYEeCKO NMOMOLLU.

Knioyeeole ciosa: mybepkysnes; 0emu; pooumesu; npomusomybepKyie3Has mepanus; nNpusepxeHHOCMb K Jjie-

YeHuto.

Tuberculosis is a socially significant disease
that remains dangerous in our time. Every year,
more than 10 million people worldwide fall ill with
tuberculosis, and more than 1 million people die
[1]. Children account for 5-11% of the number
of tuberculosis patients; the need for their long-
term treatment represents a special psychological,
medical and social problem [2-5].

The term “adherence to treatment” was first
defined by a special report of the World Health
Organization (WHO) in 2003 [6]. According to the
WHO definition, adherence to treatment is the ex-
tent to which a person's behavior in taking medi-
cations, following a diet and/or other lifestyle
changes corresponds to the recommendations
from a doctor.

Commitment to the treatment of tuberculosis
patients and their attitude to long-term combina-
tion therapy is the most important factor determi-
ning the outcome of the process [7]. Currently, low
adherence to treatment is recognized as a proven
factor that reduces the effectiveness of therapy and
increases the risk of complications and secondary
drug resistance. All this makes it difficult to achieve
a clinical cure, leads to a worsening of the disease
prognosis and quality of life, and also increases treat-
ment costs [8, 9]. The determining direction in in-
creasing adherence to treatment in adult patients
is the correction of the adverse social factors during
complex treatment and rehabilitation of patients
[10, 11]. Commitment to anti-tuberculosis treatment
in children is a problem that is poorly represented
in the scientific literature. Obviously, due to psycho-
social immaturity, children cannot fully appreciate
the importance of adherence to therapy [12]. That

is why the main task of parents is to help children
understand the importance of treatment and fol-
low it. However, parents themselves, especially from
socially disadvantaged families, do not always have
an adequate attitude towards diagnosis, preventive
measures and necessary therapy. Children from such
families are the most vulnerable, since parents often
do not consider it advisable to adhere to the treat-
ment regimen and a set of doctor’s appointments.

AIM

The aim of this study is to assess the level of ad-
herence of parents to anti-tuberculosis treatment
of their children in order to develop recommenda-
tions for increasing it.

MATERIALS AND METHODS

The analysis of 30 case histories of children
from 2 to 13 years, with an identified tuberculo-
sis infection and undergoing treatment on the
basis of the tuberculosis department of infectious
diseases hospital No. 3 of Saint Petersburg was
carried out. All children underwent an in-depth
phthisiological examination, including analysis of
epidemiological anamnesis data; results of spe-
cific immunodiagnosis (Mantoux test with 2TE, a
skin test with tuberculosis recombinant allergen
(TRA), if indicated — in vitro tests: Quantiferon test
(QuantiFERON®-TB Gold) or TB-FERON test); radio-
logical methods, including multislice computed
tomography and laboratory tests. Patients were
prescribed anti-tuberculosis treatment lasting
from 6 to 12 months or more. The parents of the
observed children were given an anonymous sur-
vey, including four blocks of information.
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The first block of the survey characterized the
level of awareness about tuberculosis infection in
general and was aimed at analyzing knowledge
about the danger of tuberculosis, ways of infec-
tion, diagnostic methods and factors influencing
the course of the disease. The first block included
4 questions, 4 answer options.

The second block of the survey (5 questions)
revealed the existence of knowledge about the
prevention of tuberculosis. It included questions
about the need for vaccination, immunodiagnosis
and the regular fluorographic examination.

The third block of the survey (7 questions) de-
termined the parents’ attitude directly to the con-
duct of anti-tuberculosis treatment. It contained
questions about the need for long-term, com-
bined treatment of tuberculosis, the possibility of
undergoing treatment at a sanatorium, as well as
questions about observance of the sanitary and
hygienic regime.

The fourth block (4 questions) determined per-
sonal attitude towards people suffering from tu-
berculosis and towards their children. Thus, in to-
tal, the survey contained 20 questions.

All parents gave voluntary informed consent to
the survey.

Statistical data processing was performed us-
ing computer program STATISTICA 6.1. Data are
presented as arithmetic mean + standard error of
the arithmetic mean. To determine the reliability of
differences, Student's t-test was used. Differences
were considered statistically significant at p <0.05.
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RESULTS

The majority of the examined patients were
vaccinated against tuberculosis (90.0% of chil-
dren); only two children were not vaccinated;
one of them had parents who refused a BCG vac-
cination, and the second had contraindications.
Tuberculosis contact was established in 50.0% of
children, and 40.0% of identified contacts were
long-term: family or related. Based on the results
of diagnosis of tuberculosis, the following types
of tuberculosis infection were established: active
forms of tuberculosis of the respiratory organs (tu-
berculosis of the intrathoracic lymph nodes and
primary tuberculosis complex) were diagnosed in
56.6% (17 children), they were prescribed the main
course of chemotherapy lasting 6-12 months; in
the remaining children — residual post-tuberculo-
sis changes and latent tuberculosis infection were
newly identified — in 43.4% (13 children), they
were prescribed a preventive course of chemo-
therapy lasting 6 months.

The results of answers to the first block of ques-
tions (awareness of tuberculosis infection) re-
vealed that 86.6% of parents have an idea about
the epidemic danger of tuberculosis, 40.0% about
the ways of spreading infection, 76.6% about the
clinical signs of the disease, and 30.0% about the
possibility of a cure (Fig. 1).

It was noted that only 19.0% of respondents
recognized the fact of having family or related
contact, while this type of contact with a tubercu-
losis patient was established in 40.0% of patients.
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Assessment of the basic knowledge of parents with tuberculosis infection about the danger, spread, signs and
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Analysis of the data from the second block of the
questionnaire (the existence of knowledge about
the prevention of tuberculosis disease) determined
that 31.3% of respondents recognized the effec-
tiveness of vaccination against tuberculosis, while
the efficiency of wearing a mask was noted more
frequently — in 74.9% of cases (p <0.05) (Fig. 2).

®

OueHka HeobxoaMMOCTU NPOBEAEHMS KOMMIEKCHOTO NPOTUBOTY6epKyne3Horo neveHns. OKJ1 — 0oCHOBHOW Kypc neyeHus

The importance of regular fluorographic examina-
tion for the tuberculosis prevention were aware 68.8%
of parents. The harm of passive smoking for their child
recognized 50% of respondents and the harm of alco-
hol dependence of parents — 56.3% of respondents.

Data from the third block of questions (rec-
ognition of the need for complex anti-tubercu-
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losis therapy) revealed the following: 43.8% of
parents agreed with the continuity of treatment,
and 37.5% of parents agreed with the treatment
duration (Fig. 3). Only 31.3% of respondents un-
derstood the need for comprehensive treatment.
25.0% of respondents agreed to maintain the san-
itary and hygienic regime.

Analysis of parents' personal attitudes showed
that the majority of parents (86.7%) understand
that the forms of the disease in children are not
dangerous for them, since children rarely excrete
Mycobacteria into the external environment, and
do not worry about their health; only 13.3% ex-
pressed concern about their infection from a child.

After summing up the data from all four blocks
of the survey, the following results were obtained:
30% of respondents had completely correct ideas
about tuberculosis, 30.0% also about measures to
prevent the disease, only 23.3% of parents were
perfectly prepared to comply with the necessary
conditions and anti-tuberculosis therapy regimen.

CONCLUSION

1. Parents of children with tuberculosis infec-
tion requiring long-term anti-tuberculosis therapy
revealed an insufficient level of basic knowledge
about tuberculosis (30.0%), about measures to
prevent the incidence of tuberculosis (30.0%), the
need to follow long-term comprehensive anti-tu-
berculosis treatment (23, 3%), parents expressed
concern for their health (13.3%).

2. Problems of commitment to anti-tuberculo-
sis therapy in children with tuberculosis infection
are caused by insufficient awareness of parents
about tuberculosis, the possibility of its timely
prevention, the need for long-term complex treat-
ment to achieve clinical cure, and therefore, reluc-
tance to follow recommendations on the regimen
and comprehensive treatment.

3. Timely study of the reasons leading to low
adherence of parents to the treatment of their
children will make it possible to reduce the influ-
ence of these factors through socio-educational
action and individual consultations, and, if neces-
sary, providing psychological assistance.

4. Volunteers, especially from among students
and clinical residents, can be involved in the work
to improve the health literacy of parents, which
can increase the commitment of parents and chil-
dren to anti-tuberculosis activities without addi-
tional material investments.
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OONOJIHUTEJIbHAA UHOOPMALINA

Bknap aBTopoB. Bce aBTOpbl BHeCnn cyule-
CTBEHHbIN BKNaZ B pa3paboTKy KoHUenuuu, npo-
BefeHne unccnefoBaHNA U MOArOTOBKY CTaTbw,
npounu n ofobpunu GrHanNbHy Bepcuio nepeq
ny6nvkauunen.

KoH}nukT nHrepecoB. ABTOpbI AeKnapupyoT
OTCYTCTBUE ABHbIX 1 NOTEHLMANbHbIX KOHPJINKTOB
NHTEpPEeCOB, CBA3aHHbIX C Nybnukaumen Hactos-
Len CTaTbu.

UcTouHuK ¢uHaHcmpoBaHuA. ABTOPbI 3asB-
NAT 06 OTCYTCTBMM BHELHEro GpruHaHCMPOBaHNA
npv NpoBedeHnnN NCCefoBaHuA.

UHdopmumpoBaHHOe cornacme Ha ny6nuka-
yuio. ABTOPbI MOAYUYMIN MUCbMEHHOE cornacue
nauneHTOB Ha NyonuKaumo MeANLUNHCKNX JaHHbIX.

REFERENCES

1. Global tuberculosis report 2022. Geneva: World
Health Organization; 2022. https://www.who.int/
teams/global-tuberculosis-programme/tb-re-
ports/global-tuberculosis-report-2022.

2. Lozovskaya M.E. Vasil'eva E.B. Klochkova L.\V.
i dr. Rannee vyyavlenie i profilaktika tuberkuleza
v praktike vracha-pediatra. [Early detection and
prevention of tuberculosis in the practice of a
pediatrician]. Uchebno-metodicheskoe posobie
dlya studentov VI kursa pediatricheskogo fakul'te-
ta. Ser. Biblioteka pediatricheskogo universiteta.
Sankt-Peterburg; 2022: 68. (in Russian).

3. Lozovskaya M.E., Klochkova L.V. Vasil'eva E.B.,
Yarovaya Yu.A. Tuberkulez u detej rannego voz-
rasta v sovremennyh usloviyah. Tuberkulez i so-
cial'no-znachimye zabolevaniya. [Tuberculosis in
young children in modern conditions. Tuberculo-
sis and socially significant diseases]. 2018; 3: 77-8.
(in Russian).

4. Lozovskaya M.E., Vasil'eva E.B., Klochkova L.V. i dr.
Tuberkulez. Uchebnoe posobie. Sankt-Peterburg:
SPbGPMU; 2017. (in Russian).

5. Yarovaya Yu.A. Social'no-epidemicheskaya ha-
rakteristika detej s razlichnymi proyavleniyami
tuberkuleznoj infekcii. Tuberkulez i bolezni legkih.



Children’s medicine of the North-West
2023/Vol. 11 N2 3

10.

11.

12.

[Socio-epidemic characteristics of children with
various manifestations of tuberculosis infection.
Tuberculosis and lung diseases]. 2011; 5(88): 25. (in
Russian).

World Health Organization. Adherence to long-
term therapies: evidence for action. WHO Library
Cataloguing-in-Publication Data, Geneva, WHO.
2003; 211.

Nikolaev N.A., Martynov A.l., Skirdenko Yu. P. i dr.
Upravlenie lecheniem na osnove priverzhennosti:
Algoritmy rekomendacij dlya pacientov. [Commit-
ment-based treatment management: Recommen-
dation algorithms for patients]. Mezhdisciplinarnye
rekomendacii. Medicinskij vestnik Severnogo Kav-
kaza. 2020; 15(4): 461-8. (in Russian).

Belostockij A.V., Kasaeva T.Ch., Kuz'mina N.V., Ne-
lidova N.V. Problema priverzhennosti bol'nyh
tuberkulezom k lecheniyu. Tuberkulez i bolezni
legkih. [The problem of adherence of tuberculosis
patients to treatment. Tuberculosis and lung di-
seases]. 2015; 4: 4-9. (in Russian).

P'yanzova TV., Vezhnina N.N. Meropriyatiya po
povysheniyu priverzhennosti lecheniyu bol'nyh
tuberkulezom v Rossijskoj Federacii. [Measures to
increase adherence to the treatment of tuberculo-
sis patients in the Russian Federation]. Medicina v
Kuzbasse. 2014; 3 (13): 5-10. (in Russian).
Sherstneva T.V., Skornyakov S.N., Podgaeva V.A.
i dr. Puti formirovaniya priverzhennosti lecheniya
bol'nyh tuberkulezom. [Ways of forming adhe-
rence to the treatment of tuberculosis patients].
Ural'skij medicinskij zhurnal. 2015; 8(131): 112-6.
(in Russian).

RyzhkovS.l., Glebova O.A., Shovkun L.A. Faktory, vli-
yayushchie na priverzhennost’ k lecheniyu bol'nyh
tuberkulezom. [Factors influencing adherence to
treatment of tuberculosis patients]. Glavnyj vrach
Yuga Rossii. 2017; 2 54): 72-4. (in Russian).
Batysheva T.T., Bykova O.V,, Vinogradov A.V. Priver-
zhennost’ sem'i i k lecheniyu rebenka s nevrolo-
gicheskoj patologiej. [Commitment of the family
and to the treatment of a child with neurologi-
cal pathologyl. Zhurnal nevrologii i psihiatrii im.
S.S. Korsakova. 2012; 112(7-2): 56-63. (in Russian).

JINTEPATYPA

1.

Global tuberculosis report 2022. Geneva: World
Health Organization; 2022. https://www.who.int/
teams/global-tuberculosis-programme/tb-re-
ports/global-tuberculosis-report-2022.

10.

11.

12.

ISSN 2221-2582

Jlozosckaa M.3., Bacunbesa E.B., Knoukosa J1.B.
n gp. PaHHee BbisiBNeHne u npodunaktmka Ty-
6epKynesa B nNpakTuke Bpava-neguatpa. Yueb-
HO-mMeToguvyeckoe nocobue pAna .CTyAeHTOB
VI Kypca nepumatpuuyeckoro dakynbreta. Cep.
Bubnunoteka nepmaTpuyeckoro yHuBepcuTeTa.
Cno.; 2022: 68.

Jlozosckaa M.3., Knoukosa J1.B., BacunbeBa E.B.,
flpoBas [0.A. TybepKyne3 y pgeTell paHHero BO3-
pacTa B COBPEMeHHbIX YycnoBuax. Tybepkynes
MU coumanbHO-3HauMMble 3aboneBaHus. 2018; 3:
77-8.

JlosoBckasa M.D., BacunbeBa E.b., Knoukosa J1.B.
n pp. Tybepkynes. YuebHoe nocobue. CM6.: Cr6
rmmy; 2017.

fipoeaa 0.A. CoynanbHoO-aNMaeMMYECKan Xapak-
TEPUCTMKA JeTel C PasfIMYHbIMU NPOABAEHUAMY
TybepkynesHon nHbekyun. Tybepkynes n 6ones-
Hu nerkmx. 2011; 5 (88): 25.

World Health Organization. Adherence to long-
term therapies: evidence for action. WHO Library
Cataloguing-in-Publication Data, Geneva, WHO.
2003; 211.

Hukonaes H.A., MaptbiHoB AWM., CkupgeHnko HO.I1.
W ap. YnpaBneHue reyeHMeM Ha OCHOBe Mnpwu-
BEPKEHHOCTN: ANropmTMbl peKkomeHgauum pna
nauneHToB. MexancumnavHapHble pekomeHaa-
umn. MegnumHckmin BectHMK CeBepHoro KaBkasa.
2020; 15(4): 461-8.

benoctoukun A.B., Kacaea TH., KysbmuHa H.B,,
Henvposa H.B. Tlpob6nema npuBepKeHHOCTU
60nbHbIX TybepKyne3om K neyeHuto. Tybepkynes
1 6onesHu nerkux. 2015; 4:4-9.

MbaH3oBa T.B., BexHuHa H.H. Meponpuartua no
MOBbLILLEHVIO MPUBEPXKEHHOCTY JeveHnto 60sb-
HbIXx Tybepkynesom B Poccuiickon ®epepaunn.
MepuuuHa B Kysbacce. 2014; 3(13): 5-10.
LepcTtHeBa T.B., CkopHaxkos C.H., Mopraesa B.A.
n gp. Nyt GpopmMupoBaHNA NPUBEPKEHHOCTU Ne-
YyeHus 6onbHbIX TybepKyne3om. Ypanbckuin megu-
LUHCKMIA XXypHan. 2015; 8(131): 112-6.

PoixkoB C.W., Tnebosa O.A., loekyH J1.A. ®akTo-
pbl, BAUAIOWMNE HA NMPUBEPKEHHOCTb K JIeUeHUIo
60nbHbIX Ty6epKynesom. MasHbIl Bpay Ora Poc-
cnn. 2017; 2(54): 72-4.

batbiweBa TT. boikoBa O.B., BuHorpagos A.B.
MpuBep>KEHHOCTb CEMbU U K fleyeHnto pebeHKa
C HeBposnormyeckom nartonorven. KypHan He-
Bponorun n ncuxmnatpun nm.C.C.Kopcakosa. 2012;
112(7-2): 56-63.

ORIGINAL PAPERS



ISSN 2221-2582 Children’s medicine of the North-West
2023 /T.11 Ne3

UDC 616-039.42+616.831-009.12+616-079.4
DOI: 10.56871/CmN-W.2023.73.94.011

AICARDI-GUTIER SYNDROME IN A PATIENT WITH CEREBRAL PALSY

© Alina B. Aimetdinova, Anna N. Zavyalova, Milena N. Yakovleva, Olga V. Lyubimova

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

Contact information:
Anna N. Zavyalova — MD, PhD, Associate Professor, Department of Propaedeutics Of Childhood Diseases, Department of General
Medical Practice. E-mail: anzavjalova@mail.ru ORCID ID: 0000-0002-9532-9698 SPIN: 3817-8267

For citation: Aimetdinova AB, Zavyalova AN, Yakovleva MN, Lyubimova OV. Aikardi-Goutieres syndrome in a patient with cerebral palsy.
Children’s medicine of the North-West (St. Petersburg). 2023; 11(3): 131-138. DOI: https://doi.org/10.56871/CmN-W.2023.73.94.011

Received: 15.06.2023 Revised: 17.08.2023 Accepted: 12.09.2023

Abstract. Rare genetic diseases and their symptoms are unusual for doctors, especially if the disease is
heterogeneous, and this poses a serious medical problem. There are about 7000 different rare diseases in the
world, 80% of them are genetically determined, and more and more newly discovered ones are appearing.
Approximately 50% of patients suffering from rare diseases are children, which determines the importance of
studying these diseases in pediatric science. On the example of a clinical case, the manifestations of the Aicardi-
Goutieres syndrome in a 17-year-old child admitted to the St. Petersburg State Pediatric Medical University clinic
with the main diagnosis: nephrotic syndrome with diffuse membranous glomerulonephritis are considered.
The main data of history and clinical and laboratory examination are reflected. The description of mutations
leading to the emergence of Aicardi-Goutieres syndrome, as well as the forms of this disease, is presented.
Special attention is paid to the differential diagnosis of Aicardi-Goutieres syndrome with other clinically similar
nosological forms.

Key words: rare (orphan) diseases; Aicardi-Goutieres syndrome; AGS; children.
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Pe3tome. Pefikvie HacneAcCTBEHHbIe 3a00NEBaHUA Y UX CMMMTOMATMKa ABMAIOTCA HEOObIYHbIMU AJIA Bpayei,
0cobeHHOo ecnn 3aboneBaHne reTeporeHHo, 1 3TO NPeACTaBaAeT cepbe3Hylo MeAULIMHCKYI0 npobnemy. B mupe
cywecTtByeT okono 7000 pa3nnyHbIX peakux 3aboneBaHun, n3 HUX 80% — reHeTUYecKn AeTePMUHUPOBAHDI.
MNoaBnaeTca Bce 6onbLue BHOBb 06Hapy»keHHbIX opdaHHbIx 6onesHen. MprnbnusntenbHo 50% nauymeHToB, cTpa-
JaLlmnx peakumm 3aboneBaHnAMY, — 3TO AETW, YTO 00YCNIOBANBAET BaXKHOCTb 13yUYeHUs AaHHbIX 6one3Hen B
neagmaTpuyeckon Hayke. Ha npumepe KnMHMYeCKoro cslyvyasa pacCMOTPEHbl NPOABIeHMA CUHAPOMa AnKapan—
l'yTbepa y pebeHKka 17 neT, rocnutanu3mpoBaHHOro B KNMHUKY CM6ITIMY ¢ oCHOBHbIM AnarHO30M: HedpoTurye-
CKUIN CMHAPOM Npu anddy3HoMm membpaHo3HOM rnomepynoHedpute. OTpaxKkeHbl OCHOBHblE AaHHble aHaMHe3a
N KNMHUKO-nabopatopHoro obcnenoBaHus. MNpeacTaBneHo onucaHne mMyTaLuvi, NPUBOAALLMX K BO3SHVKHOBE-
HUo cuHapomMa Ankapau-TyTbepa, a Takke popmbl faHHoOro 3aboneBaHuA. Ocoboe BHUMaHMe oTBeAeHO And-
bepeHUmanbHOM fMarHocTrke cuHgpoma Ankapamn-yTbepa C ApyrMMiy KIMHUYECKU CXOXUMIU HO30J10TYeCKu-
Mu popmamum.

Knioyeeole cnoea: pedkue (opgaHHble) 3ab6onesarus; cuHopom Alikapou—ymeepa; AGS; demu.
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INTRODUCTION

Rare diseases have recently begun to attract
the attention of doctors. Of the 7000 nosological
forms, 80% of rare diseases are genetically de-
termined, and 50% of those suffering from these
diseases are pediatric patients [1]. About 30% of
children with rare diseases do not survive beyond
5 years of age [10].

If a disease has a prevalence of 10 cases per
100 thousand population, it is classified as an or-
phan disease. All orphan diseases have a chronic
lifelong course and often progressive nature [6].
For 2018-2020 there was an increase in the total
number of patients due to almost all nosological
forms of orphan diseases [13, 14]. Compared to
2019, in 2021 the budget for orphan diseases in
Saint Petersburg has increased. The number of pa-
tients with a separate nosological form, idiopathic
thrombocytopenic purpura, is 2 times higher than
the average [13]. Due to the steady increase in rare
congenital pathologies, it is necessary to ensure
that children are protected from the severe conse-
quences of such diseases.

In the Russian Federation, regulations have
been developed governing the provision of assis-
tance to patients suffering from rare diseases [9].
In particular, Decree of the President of the Russian
Federation dated June 1, 2012 N2 761 “On the na-
tional strategy of action in the interests of children
for 2012-2017" emphasizes the importance of es-
tablishing a federal register of children with rare
diseases and organizing targeted funding for such
children at the expense of budgetary allocations
of the federal budget according to this register [8].
There is also a departmental program “Improving
the system of organizing medical care and drug
provision for citizens suffering from diseases in-
cluded in the list of life-threatening and chronic
diseases”, the indicators of which in the “pediat-
rics” section are: reduction in mortality and disa-
bility of children under 18 years of age suffering
from these diseases, increase their life expectancy
and improvement of their quality of life. An impor-
tant document is the Order of the President of the
Russian Federation V.V. Putin dated January 16th,
2014 N2 Pr-78 “On the concept of providing early
assistance to children with genetic disorders” [12].

Rare diseases are characterized by non-specif-
ic symptoms, manifestation of signs at different
age periods, progressive nature, and also require
careful differential diagnosis with clinically similar
pathologies. These factors make diagnosis difficult
and can lead to delays in providing medical care.
Issues of drug provision for patients suffering from
orphan diseases are very complex due to the high
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cost of necessary therapy and limited budgetary
funds. The lack of necessary therapy leads to a re-
duction in the life expectancy of patients, and in
some cases, to death [11]. Complex diagnostics,
absence of a unified comprehensive strategy for
providing medical assistance to patients with or-
phan diseases, and the severe consequences of
diseases without timely treatment determine the
relevance of studying rare diseases at the present
time. A solution to this problem can be neonatal
screening for orphan diseases.

We present a case of Aicardi-Goutiéres syn-
drome (ICD-10 code G31.8), which is classified as
an orphan disease based on the List of Orphan
Diseases of the Russian Ministry of Health [7] in a
17-year-old child to illustrate the importance of
studying rare diseases.

CLINICAL CASE

For examination and determination of tac-
tics for further management, a young man with
periodic proteinuria for 10 years (since 2013)
was hospitalized in the department of the Saint
Petersburg State Pediatric Medical University cli-
nic in a planned manner. Upon admission, a pre-
liminary diagnosis was made: nephrotic syndrome
with diffuse membranous glomerulonephritis.

A disabled child (cerebral palsy, spastic diple-
gia, flexion contractures in the knee joints) is on
the dispensary of a neurologist due to Aicardi-
Goutiéres syndrome, which is inherited in an auto-
somal dominant mode. The child has spastic tetra-
paresis with predominantly damage to the lower
extremities, hyperkinetic syndrome, cognitive dis-
orders, psychovegetative syndrome with cerebro-
vascular disorders, migraine-like headaches. As a
treatment for hyperkinetic syndrome, he receives
a centrally acting muscle relaxant (tizanidine or
sirdalud). The orthopedist diagnosed kyphosco-
liosis, lower extremity joint contractures, valgus
deformity of the left foot, cavovalgus deformity
of the right foot, deformity of the first fingers and
toes, rotational displacement of C,. Due to subcli-
nical hypothyroidism diagnosed by an endo-
crinologist, he receives L-thyroxine. Suffers from
myopia, astigmatism, nosebleeds. The patient has
stage 2 secondary arterial hypertension; during
dynamic observation, episodes of increased pres-
sure up to 170/90 mmHg are noted. Chronic tonsil-
litis. Childhood infections denied, negative tuber-
culosis anamnesis, injuries denied.

From the anamnesis collected from the words
of the grandmother and from the presented me-
dical documentation, it is known: the mother of the
child has spastic paraparesis since the age of 4, is
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intellectually intact, the father has cerebral palsy. A
child from the first pregnancy, the first emergency
delivery by cesarean section, birth weight 2450 g,
height 47 cm, discharged from the maternity hos-
pital on the 7th day, artificial feeding. In the first
days of life hyperkinesis the lower extremities was
noted; he crawled from 8 months, sat from 8-9
months, and began to walk from 1 year 2 months.
At the age of 1 year 4 months, febrile tonic-clonic
seizures appeared and were reduced independent-
ly. From this moment on, a rapid progression of the
lower extremity spasticity, the formation of para-
paresis, and regression of neurological skills were
noted. Febrile seizures repeated twice, after which
the acquired skills were lost. Further rate of deve-
lopment: rolls over from 2.5 years old, crawls from
3 years old, sits from 4 years old, walks with support
from 4 years old. Since 2010, blood tests have con-
sistently shown high ESR levels. In 2013, proteinu-
ria was detected for the first time. In 2014, he un-
derwent surgical treatment at H.Turner National
Medical Research Center for Children's Orthopedics
and Trauma Surgery — adductor tenotomy ten-
omyotomy with cutting of the tendinous portion
of the m. iliopsoas, lengthening of the tibia flexors
on both sides. Arthrodesis of the talonavicular joint
on the right. Due to the appearance of fever, pro-
teinuria, and elevated ESR, he was transferred to
the specialized department of the Saint Petersburg
State Pediatric Medical University clinic. Ultrasound
revealed renal pelvis dilatation on the left, without
signs of vesicoureteral reflux. Subsequently, the
elevation of ESR remained, proteinuria constantly
observed in urine tests up to a maximum of 5 g/day.
Proteinuria without impairment of renal function
was detected. Subsequently, the increase in ESR
and proteinuria in urine tests remained constant,
up to a maximum of 5 g/day. In 2017, an MRI of the
brain was performed - low lying cerebellar tonsillar
position. An MRI of the brain in 2021 revealed basal
ganglia calcifications up to 5 mm in size in the sub-
stance of both frontal lobes. Enlarged perivascular
spaces are identified in the basal ganglia. According
to the results of a genetic research for the “neuro-
degenerative diseases” block, a variant with an un-
known clinical significance c.2636A>G of the IFIH1
gene in a heterozygous state was identified. The
child's mother was detected the same genetic vari-
antin a heterozygous state. The child was consulted
by a geneticist: Strumpell's disease was excluded, as
well as Singleton-Merten syndrome 1, associated
with mutations in this gene, but the clinical picture
was not consistent with this disease. Taking into ac-
count the genetic variant, clinical picture data, and
MRI of the brain, this case may correspond to the
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diagnosis of Aicardi-Goutieres syndrome 7; no in-
creased level of interferon-a was detected.

Objective status. The condition is of moderate
severity due to the neurological manifestations
of cerebral palsy. Contactable, answers questions.
Well-being is satisfactory. Forced position in bed,
sits up independently, turns himself in bed with
support on his hands. There are no complaints at
the time of examination. The skin is clean, regular
coloring, and there is no infectious rash. Peripheral
edema is absent. Visible mucous membranes are
clean. Peripheral lymph nodes are not enlarged.
The pharynx is not hyperemic. Nasal breathing is
free. Respiration is vesicular, carried out in all lung
fields; there are no abnormal respiratory sounds or
wheezing. The peripheral pulse in the peripheral ar-
teries is satisfactory in all respects. Heart sounds are
clear, rhythmic, sonorous, they are heard over the
entire surface of the heart, the ratio of sounds is cor-
rect, there are no additional muscle sounds, there is
no splitting or bifurcation of tones at the 2nd and
3rd points of auscultation, extracardiac murmurs
are not heard. Temperature — 36.6 °C. Heart rate —
80 beats/min. Blood pressure — 130/90 mm Hg. On
palpation, the abdomen participates evenly in the
act of breathing, soft, painless in all areas. The liver
borders are normal. The spleen is not palpable.

Tapping in the lumbar regions is negative on
both sides. Urination is free, painless, there is no
dysuria. Diuresis is sufficient. The stool is regular
and formed. Joint status: all joints are not warm,
soft nodules are palpable above the joints of the
first fingers and metacarpophalangeal joints of the
second fingers of both hands, the range of motion
in the joints is not limited. The lower limbs are in
a forced position, the knee joints are straightened,
the ankle joints are in plantar flexion.

The physical development of the patient was
assessed, taking into account motor activity and
diagnosed cerebral palsy GMFCS lll, as well as the
component composition of the body using bioim-
pedance analysis (Fig. 1).

In consideration of the family anamnesis, clini-
cal picture, MRl and genetic research data, the pa-
tient was prescribed a coagulogram with a lupus
anticoagulant test in order to exclude monogenic
variants of systemic lupus erythematosus.

Based on the results of an examination of the
patient by a nutritionist, mild protein-energy mal-
nutrition was detected, corrected using a formu-
la (+500 kcal). For 6 years, the child received sub-
sidies with Modulen IBD formula in a volume of
500 ml in fractional per day. Body weight 39.4 kg,
height 155 cm (calculated using the leg method),
BMI = 16.40, which is below normal.
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Antibodiestotheherpessimplexvirus,cytomeg-
alovirus, and Epstein-Barr virus were not found.
Total IgE levels are elevated. Antiphospholipid an-
tibodies were not detected. No increase in the le-
vel of interferon-a was identified. The dynamics of
the patient’s laboratory examination parameters
are presented in Table 1.

DISCUSSION

Aicardi-Goutiéres syndrome is a rare genetic
disease. About 400 cases of the syndrome have
been described in the world. Various names for the
disease are mentioned in the literature: Aicardi-
Goutier(es) syndrome, Aicardi-Gutier(es), Ekardi-
Goutie(es). The article gives the name Aicardi-
Goutieres. Aicardi-Gouthiéres syndrome (AGS) is a
genetically determined interferonopathy, a mono-
genic inflammatory encephalopathy caused by mu-
tations in any of nine genes (TREX1, RNASEH2A/B/C,
SAMHD1, ADARI, IFIH1, LSM11 and RNU7-1) en-
coding the proteins involved in nucleic acid me-
tabolism and detection [15]. The disease is cha-
racterized by non-specific clinical manifestations.

Most patients suffering from Aicardi-Goutiéres
syndrome have neurological disorders of varying
degrees: from spastic paraparesis with relatively
preserved cognitive functions to tetraparesis and
severe mental retardation [2]. 75% of patients de-
velop epilepsy, which in half of the cases is resistant
to therapy with a predominance of tonic-clonic sei-
zures [4]. Interferonopathy is associated with early
onset neurological disability and systemic inflam-
mation. Taking into account that each AGS subtype
has common characteristics, cases of varying se-
verity of course and subsequent complications oc-
cur. However, regardless of the specific variant, all
forms of the syndrome lead to increase in the level
of interferon-a [16]. Because of this heterogeneity,
it is important to fully characterize the trajectory of
the syndrome [3]. Forms with the onset of the di-
sease in the neonatal period are clinically more se-
vere than forms with onset after the first months of
a child’s life, and are associated with high mortality
(up to 34% in the first year of life). If the onset of the
disease occurred after the first months of the child’s
life, such patients have a longer life expectancy and
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Table 1. Indicators of laboratory observation of the patient
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Ta6nuua 1. luHaMuKa nokasaTtenei nabopaTopHoro o6cneaoBaHns NaumeHTa
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PedepeHTHbIN | [atbl npoBegenus nccnenosanms / Dates of the study
MNapameTtp / Parameter uHtepsan / Ref-
erential interva 30.08.2022 05.09.2022 09.09.2022
JNlabopaTtopHble noka3saTenu Kposu / Laboratory blood parameters
Nenkoumtsl, X10%/n / Leukocytes, x10%/L 4-9 6.40 11.90
SputpouuTsl, X10'?/n / Red blood cells, x10'2/L 4,2-5,6 5,02 5,02
lemorno6uH, r/n / Hemoglobin, g/L 117-166 151 149
Tpom6ounTbl, X10°/n / Platelets, x10%/L 150-400 198,00 289,00
MwukpoanbbymuH, mr/n / Microalbumin, mg/L (0,0-30,0) 500
MurKpoanbbyMnH/KpeaTuHvH, Mr/n / (0,00-2,50) 71,40
Microalbumin to creatinine ratio, mg/L
®ubpurHoreH (Knaycc), r/n/ (2,00-4,00) 5,08 3,16
Fibrinogen level (Clauss method), g/L
BonyaHouHbIN aHTUKOArynaHT noaTs. / (0,90-1,20) 0,98
Lupus anticoagulant confirmatory test
XonectepuH, Mmmonb/n / Cholesterol, mmol/L (3,60-5,18) 5,59 6,93
XonectepwuH JIMHIM, mmonb/n / (0,00-2.60) 4,39
LDL cholesterol, mmol/L
AnbbymuH, % / Albumin, % (55,8-66,1) 48,4
Anbda 2, % / Alpha-2, % (7,1-11,8) 18,3
AnbbymuH, r/n / Albumin, g/L (34,80-48,10) 29,04
Anbda 2, r/n/ Alpha-2, g/L (6,10-8,40) 10,98
Mnioko3a, mmonb/n / Glucose, mmol/L (3,33-5,55) 794 3,86
AnTuctpentonusnH-O, ME/mn / (166,00-250,00) <50
Antistreptolysin O titre, IU/mL
MoueBas kucnota, Mmonb/n / Uric acid, mmol/L (0,21-0,42) 0,53
IgE o6wwin (R), ME/mn / Total IgE (R), IU/mL (0,00-110,00) 999,95
JNabopaTtopHble nokasatenu moun / Laboratory parameters of urine
Bbenok, r/n / Protein, g/L 6,50 7,60
YpenbHbi Bec, r/mn / Specific gravity, g/mL 1,012 1,017 1,015
Liget / Color Ceetno-xentbin / | CBeTno-xentoin / | CBeTNO-KenTbili /
Light yellow Light yellow Light yellow
SpuTpoumTbl, Kn/mkn / Red blood cells, cells/uL 4,00 10,00 4,00
LunuHppbl rmannHoBble, KN/MKn / 3,00
Hyaline casts, cells/uL

better intellectual potential, as well as lower mor-
tality (8%). According to the literature, patients
with a late-onset form die within 10 years of life [4],
however, a patient at the Saint Petersburg State
Pediatric Medical University clinic was hospitalized
at the age of 17 years 6 months.

The disease is often diagnosed as intrauterine or
perinatal viral infections. If intrauterine infection is
excluded, it is necessary to diagnose congenital ge-
netic syndromes [4]. Aicardi-Goutiéres syndrome

is manifested by progressive encephalopathy with
onset in early childhood, accompanied by hepato-
splenomegaly with elevated transaminase levels,
thrombocytopenia, basal ganglia calcifications,
lymphocytosis, leukodystrophy, increased the lev-
el of interferon-a in the cerebrospinal fluid in the
absence of data on the presence of a viral infection
[4]. Among the hematologic abnormalities in AGS
are neutropenia, anemia and thrombocytopenia,
severe cases of which were detected with the use
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of baricitinib [16]. Patients with AGS have a higher
risk of developing autoimmune diseases, includ-
ing systemic lupus erythematosus [4]. The child in
the presented clinical case was admitted with a di-
agnosis of nephrotic syndrome with diffuse mem-
branous glomerulonephritis. In modern literature,
there is a description of kidney damage in Aicardi-
Goutiéres syndrome: in a 19-year-old patient, lab-
oratory analysis showed severe renal failure (cre-
atinine 2.85 mg/dL, GFR 30 ml/min) with arterial
hypertension. After 1 month of providing palliative
care, he died. Histopathological analysis of the kid-
ney revealed fibrin thrombi and intimal prolifera-
tion, signs of thrombotic microangiopathy [18].

Pathogenesis of the disease: interferon-q, the
source of which is astrocytes, causes microangi-
opathy (microinfarcts in the neocortex and cere-
bellar cortex), calcification of the basal ganglia and
perivascular space of small vessels, leukodystrophy
(diffuse heterogeneous demyelination with astro-
cytosis). The basis of such damage is lymphocytic
vasculitis with fibrinoid necrosis and microthrom-
bosis. The level of interferon-a in the cerebrospi-
nal fluid increases at the onset of the disease and
can normalize during the development and stabi-
lization of the disease, as happened in the patient
in the described clinical case.

Diagnosis of this syndrome is difficult, since the
onset of the disease and clinical course resemble
intrauterine infections, inherited metabolic diseas-
es, epilepsy, so the true prevalence of the disease
is unknown. The criteria for the diagnosis of the
syndrome are: early appearance of a rash resem-
bling frostbite, the appearance of calcifications in
the central nervous system, leukodystrophy, de-
velopmental delay, dystonia, positive antinuclear
antibody test, increased levels of interferon-a with-
out confirmed infection. Attention is also drawn
to patients with systemic lupus erythematosus of
atypical manifestations who are not responsive to
conventional treatment methods [17]. Long-term
dynamic observation, application of neuroimaging
techniques and genetic research are necessary [4].
An evaluation of vital organ function is required.

Treatment is symptomatic. The prognosis di-
rectly depends on the age of onset of symptoms of
the disease, the severity of developmental defects,
the severity of clinical symptoms and associated
complications [5]. Therapy includes antiepileptic
drugs, physical therapy, treatment of concomitant
infections, adequate caloric nutrition, endocrin-
ological and ophthalmological monitoring, and
prevention of hypothermia. The use of hormonal
therapy and high doses of immunoglobulin did
not show effectiveness, however, with the admi-
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nistration of corticosteroids, a decrease in the lev-
el of interferon-a was noted [4].

CONCLUSION

The discovery of genetic interferonopathies,
which include the orphan disease “Aicardi-
Goutieres syndrome”, on the example of the pre-
sented clinical case leads us to understand the sys-
temic effect of interferon overexpression on the
body, convinces us of the need for long-term ob-
servation of such patients, careful diagnosis of the
syndrome and symptomatic treatment, the prog-
nosis of which depends on the age of onset of the
disease, its severity and severity of symptom:s.
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AONOJIHUTEJIbHAA NUHOOPMALIUA

Bknap aBTOpoB. Bce aBTOpbl BHecnn cyule-
CTBEHHbIN BKNaf B pa3paboTKy KoHuenuuu, npo-
Be4eHMe uccnefoBaHUA W MOArOTOBKY CTaTbW,
npounu n ogobpunu GuHanbHy Bepcuio nepes
ny6nukaymen.

KoH$pnuKT nHTepecoB. ABTOPbI AEKIAPMPYIOT OT-
CYTCTBUE ABHbIX 1 NOTEHLMANBbHBIX KOHGIMKTOB UHTE-
pecoB, CBA3aHHbIX C Ny6NMKaLMern HacToALLe CTaTby.

UcTouHnK ¢puHaHcmpoBaHuA. ABTOpPbI 3asB-
NAT 06 OTCYTCTBUN BHELHEro GMHAHCUPOBAHUSA
npv NpoBeAeHnn NccegoBaHus.

NHdopmupoBaHHOe cornacme Ha ny6nuka-
umio. ABTOpbI MONYUYUNI MUCbMEHHOE cornacue
nayneHTOB Ha Ny6NMKaLMio MeAULNHCKUX JaHHbIX.
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Abstract. Nonspecific aortoarteritis (NAA), or Takayasu disease, is a rare pathology related to large vascular
vasculitis. Its characteristic feature is the weakening and asymmetry of the pulse. Diagnosis of NAA is difficult
due to nonspecific manifestations in the onset of the disease, an extremely wide range of differential diagnostics
and insufficient awareness of primary care physicians. The features of NAA in children have not been sufficiently
studied. The article provides a clinical observation of a 14-year-old girl with Takayasu disease provenin accordance
with international criteria.
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Pestome. Hecneuunduryeckuin aoptoaptepumnt (HAA), nnv 6onesHb Takascy, — pefKkasa natonorus, oTHOCALa-
ACA K BaCKy/IMTaM KPYMHbIX COCyf0B. Ero xapakTepHoi 0CO6EHHOCTbIO ABNIAETCA OCabeHne u acummeTpus
nynbca. Auardoctvka HAA 3atpygHeHa 13-3a Hecneunduueckmx nposBieHnii B ebote 3aboseBaHns, upes-
BbIUAMHO LWIMPOKOTO Kpyra aAnddepeHunanbHom ANarHoCcTyK U HeJOCTaTOYHON OCBEAOMIIEHHOCTY Bpayei
nepBuYHoro 3seHa. OcobeHHocTn HAA y feTei n3yyeHbl HeJOCTaTOUHO. B cTaTbe NpUBOANTCA KNMHMYECKOE
HabnogeHne 4eBOYKY 14 feT ¢ [oKa3aHHOW B COOTBETCTBUM C MEXAYHAPOLHbIMY KpUTepuamu 60ose3Hbio Ta-
Kascy.

Knroyeesie cnoea: Hecneyuguyeckuli dopmoapmepuum; 6ose3Hb Takascy; 0emu; acuMmMempus nysbca.
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INTRODUCTION

Nonspecific aortoarteritis (NAA), or Takayasu's
disease, is a rare pathology related to vasculitis, pre-
dominantly affecting large arteries — the aortic arch,
its branches, and less often the descending aorta.
NAA, along with giant cell arteritis (GCA), belongs to
large-vessel vasculitis (LVVs). While GCA is the most
common primary vasculitis in adults, Takayasu's dis-
ease occurs at a frequency of 1,2 to 6,3 cases per 1
million population. NAA was first described in 1908
as a series of retinal vascular disorders by Japanese
ophthalmologist Mikito Takayasu [1]. The association
of this pathology with absent or weakened pulses
in the peripheral vessels has led to the term “pulse-
less disease” [2]. Synonyms are used in the literature:
Takayasu’s arteritis, Takayasu's disease, pulseless dis-
ease (ICD-10 code: M31) [3]. Early descriptions of the
disease included persons of Japanese ancestry, but
NAA is now found worldwide. The classification of
NAA was proposed in 1994 (Takayasu Conference,
1994) and is based on the predominant localization
of vascular lesions [4]. There are 5 types:

« Type | — aortic arch and arteries branching
from it;

« Type lla — ascending aorta, arch and its
branches;

« Type llb — ascending aorta, arch and its
branches, descending thoracic aorta;

« Type lll — descending thoracic, abdominal

aorta and (or) renal arteries;
« Type IV — abdominal aorta and (or) renal ar-
teries;
« Type Vis a mixed version of types llb and IV.
In children, the prevalence and clinical features
have not been sufficiently studied. It is known that
the manifestation of the disease in most patients
occurs in early adolescence. Rapid diagnosis and
early treatment are key to good patient outcomes,
but diagnosis of NAA is challenging and typically
delayed because clinical manifestations are non-
specific, the range differential diagnosis is quite
broad, and assessment of disease activity is difficult.

EPIDEMIOLOGY
OF NONSPECIFIC AORTOARTERITIS

In Japan, where Takayasu's disease was first de-
scribed, it is detected annually at a frequency of 1-2
cases per million people. In Europe, the annual inci-
dence ranges from 04 to 3,4 per million. Age of on-
set usually ranges from 10 to 40 years and is the main
epidemiological feature that distinguishes NAA from
GCA, although late-onset NAA has become more
common [5]. In Europe, 80-90% of NAA are female; in
China, India, Japan, and Thailand, the ratio of female
to male varies from 3:1 to 4:1 [6, 7]. It is noteworthy
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that the nature of the disease may vary depending on
the patient's age at the onset of the disease, as well
as between men and women. In the national litera-
ture, the largest number of observations of children
with Takayasu’s disease (51 children) were presented
by Moscow pediatricians [8]. According to their data,
the ratio of the frequency of NAA between boys and
girls under 7 years of age is almost the same: 1:1.25;
in the group of children over 7 years old, girls signi-
ficantly predominated — 1:7,4. The most common
symptoms were malaise (90%) and fever (67.3%).
Remarkably, the authors noted the absence or wea-
kening of the pulse only in 35% of cases.

PATHOGENESIS

The pathogenesis of LVV has been studied main-
ly in relation to GCA as a more common pathology,
but the main links also apply to NAA. Under physio-
logical conditions, the walls of medium and large
arteries are protected from inflammation and au-
toimmune reactions by immune tolerance. LVV is
characterized by a loss of immune tolerance, which
leads to the launch of a cascade of pro-inflammato-
ry mediators and progressive tissue damage. At the
onset of the disease, vasculitis is difficult to notice
and quantify. Aneurysm formation and progressive
arterial occlusion occur decades after onset. Over the
past few years, the role of mast cells in the pathoge-
nesis of NAA lesions has been identified. In a series of
in vitro and in vivo experiments using serum and aor-
tic tissue from both healthy individuals and patients
with NAA, mast cells were responsible for increased
vascular permeability, neovascularization, and fibro-
sis; these cells represent a potential therapeutic tar-
get [9]. Vascular inflammation in LVV is often com-
bined with extravascular systemic inflammation. This
systemic inflammatory response manifests as ane-
mia, thrombocytosis, liver dysfunction, and elevated
erythrocyte sedimentation rate (ESR) and C-reactive
protein (CRP) levels in the blood, with clinical symp-
toms of fever, malaise, and myalgia. Systemic inflam-
mation is associated with a change in the number of
circulating B cells and an increase in their ability to
produce interleukin-6 (IL-6). Identification of anti-en-
dothelial cell antibodies in patients with NAA sug-
gests vascular autoimmune reactions [10].

We present our own observation of clinical case
of Takayasu’s disease in a 14-year-old teenager

Girl M., 14 years old, was admitted to the clinic ur-
gently with a diagnosis of community-acquired pneu-
monia. From the anamnesis it is known that 3 months
before hospitalization, pain appeared in the left hypo-
chondrium, which intensified in the supine position
and at the depth of inspiration. The onset of pain could
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not be associated with any disease, injury, or stress.
At the local clinic she was examined several times by
a pediatrician and a neurologist; intercostal neuralgia
was diagnosed, for which she received symptomatic
therapy with NSAIDs and physiotherapy treatment,
but the pain syndrome persisted over time. Upon re-
peated examination, a neurosis-like condition was dia-
gnosed, treatment was also without effect. Due to the
child's persistent complaints of pain in the left hypo-
chondrium, an outpatient chest x-ray was performed,
which revealed infiltrative changes in the lower parts
of the left lung. The condition was considered pneu-
monia, and therefore the patient was hospitalized.
From the anamnesis vitae it is known that the girl
was born from a second, normal pregnancy, an urgent
physiological delivery. Breastfed up to 1.5 years. She
grew and developed according to age. Vaccinated
according to the National calendar. Menses from the
age of 13, regular periods. She was rarely sick and
suffered from a mild form of acute upper respiratory
infection. No allergic pathology was observed in rela-
tives. Heredity is burdened: the first child in the family
died from a congenital pulmonary malformation.
Upon admission, the child's condition was mode-
rate. Body temperature — 36.8 °C, heart rate —
102 beats/min. Weak filling pulse, respiratory rate —
18 per min. Blood pressure on the right arm is
150/70 mm Hg, on the leftarm — 130/75 mm Hg. The
pulse in the legs was almost not palpable, and blood
pressure was not determined. General well-being is
satisfactory. Consciousness is clear. There are no me-
ningeal symptoms. The position in bed is active. The
skin and visible mucous membranes pale coloration,
there are no pathological rashes. The body type is as-
thenic. The subcutaneous fat layer is not sufficiently

Table 1. Complete blood count
Tabnuua 1. KnuHnyeckunini aHanms Kposu
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developed. Tissue turgor and skin elasticity are pre-
served. Nasal breathing is free. The mucous membrane
of the pharynxis pale pink. The tonsils are hypertrophied,
grade 1-2, there are no plaques. Peripheral lymph nodes
are small, mobile. Heart sounds are muffled, rhythmic,
rough systolic murmur over the entire surface of the
heart, carried out extracardially, the murmur is heard
along the entire abdominal aorta. There is no peripheral
edema. The chest is of normal shape. Percussion sound
is pulmonary. There is vesicular breathing in the lungs,
carried out in all fields, there are no wheezes, during
forced inhalation the girl complains of chest pain on the
left. The abdomen is soft, painless. The lumbar region is
visually unchanged, the symptom of tapping on both
sides is negative. The liver and spleen are not enlarged.
Physiological functions are normal.

Urine analysis: pH 6.5; specific gravity — 1.025;
white blood cells — 8-10 per HPF; squamous epi-
thelial cells — a large number per HPF; protein —
0.34 g/L.

Examination by an ophthalmologist: vessels of
the eye fundus without pathology. A disseminated
bronchopulmonary process has been excluded
(Mantoux test with 2TE dated 29.10.21 — 12 mm,
the girl was consulted by a phthisiatrician — there
is no tuberculosis data).

Laboratory examination data upon admission
are shown in Tables 1-3.

As can be seen from Tables 1 and 2, the patient
has moderate iron-deficiency anemia, and mar-
kers of active inflammation are sharply increased.

An immunological study (Table 3) revealed
high titers of immunoglobulins of classes A and
M and anti-beta 2-glycoprotein | antibodies of
IgGAM class (antiphospholipid antibodies).

ESR
Hb, | RBC, o | MCQV, 5 WBC, | Neu, | Lym, | Bas, | Eos, | Mon, '
gL/ | 1020 /| H;'t" i/ | MCHC/ thn}.;g/;:b. N | % | %l | %/ | %/ | %/ mh';“/
Hb, | 3p, | UM | G | MCY, | MCHC P 109/5‘1 " Jleit | Hewr. | fumé. | Bas. | 303. | Mon. | I
o/n | 10%/n ? on 10%n % %. % | % %

MM/Y
80 | 464 | 556|279 | 60 285 383 78 | 579 | 262 | 08 | 27 | 124 | 67

Table 2. Biochemical blood test
Tabnuua 2. bBuoxummyeckuii aHanms KPoBu

Parameter / MNoka3atenb Result / Pesynbtat Normal /Hopma
Total protein, g/L / O6wuin 6enok, r/n 82 60-80
CRP, mg/L / CPB, mr/n 55,71 0,00-5,00
Iron, umol/L / XXene3o, MKMonb/n 3,4 4,7-19,7
Transferrin, g/L / TpaHcdeppuH, r/n 2,1 3,0-3,8
TIBS of serum, umol/L / O’KCC cbiBopoTKK, MKMOIb/N 45 52-79
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Table 3. Immunogram
Ta6bnuua 3. UmmyHorpamma
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Parameter, g/L / MNoka3satens, r/n

Result / Pesynbrat Normal / Hopma

Immunoglobulin A / UmmyHornobynun A 6,14 0,47-2,40
Immunoglobulin M / immyHorno6ynus M 2,76 0,15-1,88
Immunoglobulin G/ UmmyHornobynuH G 21,5 6,58-15,34

Instrumental examinations

+ According to the results of computed tomog-
raphy of the chest organs with intravenous
bolus contrast-enhanced of the lungs, there is
a picture of diffuse lesion of the thoracic, ab-
dominal parts of the aorta and its branches,
the pulmonary trunk, focal consolidation in the
lower lobe of the left lung (pulmonary infarc-
tion localized in Sy on the left) (Fig. 1), subcorti-
cal defect of contrast of the left kidney (infarc-
tion in the upper pole of the left kidney) (Fig. 3).

+ By the data of duplex imaging of the abdo-
minal aorta and its visceral branches, there is
a picture of aortoarteritis of abdominal aor-
ta, arteritis of the superior mesenteric artery,
severe stenosis of the celiac trunk (Fig. 2, 4);
Duplex imaging of the renal arteries — signs
of stenosis at the mouth of the right renal ar-
tery, stenosis of the left renal artery.

« Color-coded triplex scanning of the transcrani-
al and brachiocephalic arteries revealed steno-
sis of the right subclavian artery, arteritis of the
common carotid artery, the upper third of the
internal carotid artery on both sides (Fig. 5).

+ As the results of echocardiography — mode-
rate dilatation of the ascending aorta, mild
aortic insufficiency; left ventricular concentric
remodeling, increased fluid content in the
pericardial cavity.

During the examination, the range of differential
diagnosis included a disseminated pulmonary pro-
cess, pneumonic infiltration, diffuse connective tis-
sue diseases and small-vessel vasculitis, pulmonary
infarction, infectious endocarditis, rheumatoid arthri-
tis, neoplastic process, primary immunodeficiency.

Based on the totality of the results of the anam-
nesis, clinical, laboratory and instrumental exami-
nations, namely the presence of 4 out of 5 criteria
proposed by EULAR/PRINTO/PReS [11], the diag-
nosis was established: “Systemic vasculitis: non-
specific aortoarteritis (Takayasu’s disease), debut,
type V. Secondary antiphospholipid syndrome.

Complications: pulmonary infarction localized in
Sgon the left. Infarction in the upper pole of the left
kidney. Moderate microcytic hypochromic anemia.
Arterial hypertension. Mild aortic insufficiency”.

[ S

Fig.1.  Computed tomography of the chest organs with
intravenous bolus contrast-enhanced: focal consolidation in the
lower lobe of the left lung (pulmonary infarction localized in Sg)

Puc. 1. KomnbtoTepHas Tomorpadus opraHoB rpyAHoii no-
NOCTU C BHYTPMBEHHbLIM OOMIOCHBIM KOHTPACTUPOBAHUEM:
04aroBoe YM/J0THEHWE B HWXHEN [0Ne NeBOro NIerkoro (MH-
(apKT Ierkoro ¢ iokanusaumen B Sg)

Fig. 2. Computed tomography of the chest organs with
intravenous bolus contrast-enhanced (angiography): CT
picture of diffuse lesion of the thoracic, abdominal parts
of the aorta and its branches, the pulmonary trunk. Arrows
indicate calcifications in the aortic arch and diffuse lesions
of the thoracic aorta

Puc. 2. KomnblotepHas Tomorpadus opraHoB rpyaHoi no-
NOCTU C BHYTPUBEHHBIM BOOCHBIM KOHTPACTUPOBAHMEM (aH-
rnorpadums): KT-kapTuHa auddy3HOro nopaxeHus rpyaHoro,
6pIOLIHOrO OTAENOB aopThl U ee BETBEW, Iero4YHOro CTBona.
Crpenkamu 0603HauYeHbl KanbUMHATLI B Ayre aopTbl U And-
(y3Hoe nopaxkeHue rpyaHoOro oTaena aopTbl

PRACTICAL NOTES
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Fig. 3.  Computed tomography of the chest organs with intra-
venous bolus contrast-enhanced: subcortical defect of contrast
of the left kidney (infarction in the upper pole of the left kidney)

Puc. 3. KomnblotepHass TOMoOrpadus OpraHoB rpyAHOM
MONOCTU C BHYTPUBEHHBIM BOMIOCHBIM KOHTPACTMPOBAHUEM:
CyOKOpTMKanbHbIM aedeKkT KOHTPACTMPOBAHMS NEBOM MOYKM
(MHbApPKT B BEPXHEM MOJIHOCE 1IEBOW NMOYKM)

Fig. 4. Duplex imaging of the abdominal aorta and its
visceral branches: picture of aortoarteritis of abdominal
aorta, arteritis of the superior mesenteric artery, severe
stenosis of the celiac trunk

Puc. 4. [lynnekcHoe wuccnenoBaHve OpiolwHOro oTaena
aopThbl U ee BUCLIENSPHbIX BETBEN: KapTMHA aopToapTepuuTa
OpOWHOro oTAeNa aopTbl, apTepUUTa BepxHen BpbixxeeyHOM
apTepuu, BbIPAXXEHHOTO CTEHO3a YPEBHOIO CTBONA

At the department, intravenous methylpredniso-
lone pulse therapy was started at a dose of 1000 mg
once a daily for 3 days, with subsequent administra-
tion of oral prednisolone at a dose of 50 mg once a
day. Anticoagulant, antihypertensive, antibacteri-
al and symptomatic therapy were also carried out.
A positive effect was achieved: pain in the left half of
the chest, dizziness, headaches were relieved; an in-
crease in hemoglobin was noted (from 80 to 104 g/L),
adecrease in ESR was observed (from 67 to 34 mm/hr),
as well as a decrease in CRP (from 55 to 10 mg/L), and
normalization of coagulogram parameters.

According to the results of control instru-
mental examinations (ultrasound of the abdomi-
nal aorta and its visceral branches, renal vessels,
echocardiography) — no dynamics.

Fig. 5. Color-coded triplex scanning of the transcranial
and brachiocephalic arteries: stenosis of the right subclavian
artery, arteritis of the common carotid artery, the upper third
of the internal carotid artery on both sides

Puc. 5. LlBeToBoe TpunIeKCHOE CKaHWPOBAHWE TPAHCK-
paHManbHbIX U BpaxmoLuedanbHbIX apTepuit: CTeHO3 NPaBoOM
MOAK/IOYNYHON apTepun, apTepumT 00LLEN COHHOW apTepuu,
BEPXHEWN TPETU BHYTPEHHEW COHHOM apTepuu ¢ 06enx CTOpoH

MSCT of the chest circumference described
positive dynamics — a reduction in the size of the
focal consolidation of the left lung; Ground-glass
opacities are marked on both sides.

To continue treatment of systemic vasculitis and
secondary antiphospholipid syndrome, the patient
was transferred to a specialized pediatric rheuma-
tology center, where she was prescribed targeted
therapy: infliximab (anti-TNF-a group), methotre-
xate, and combination antihypertensive therapy.

CONCLUSION

Diagnosis of NAA is difficult; clinical manifestations
depend on the preferential damage to certain vessels.
This pathology can occur under the “masks” of other
diseases, have a polymorphic course and not be re-
cognized for a long time. This requires special alert-
ness of pediatricians and doctors of other specialties
to this pathology. Correct diagnosis and timely initia-
tion of therapy help prevent the development of seri-
ous complications that are associated with a high risk
of disability, morbidity and mortality of patients.
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OONOJIHUTEJIbBHAA UHOOPMALINA

Bknap aBTOopoB. Bce aBTOpbl BHecnu cyule-
CTBEHHbIN BKNag B pa3paboTKy KOHUenumu, npo-
BeeHMe uccnefoBaHUA U MOArOTOBKY CTaTbW,
npounu n ogobpunn GuHanbHy Bepcuio nepen
ny6nukaumen.

KoHnuKT nHTepecoB. ABTOPbI AEKNapuUpyoT
OTCYTCTBME ABHbIX U MOTEHUMANbHBIX KOHOINKTOB
WNHTEPeCOoB, CBA3aHHbIX C NyOnuKaLmen HacToAweln
cTaTbu.

UcTtouHuk ¢uHaHcmpoBaHuA. ABTOpPLI 3adB-
nAT 06 OTCYTCTBUMN BHELHEro GUHAHCUPOBAHUA
npuv NpoBeAeHN UCciefoBaHNA.

NudopmupoBaHHoe cornacue Ha ny6nuka-
yuio. ABTOPbI MOAYUYMAIN MUCbMEHHOE cornacme
naLMeHToB Ha Ny6NMKaLMio MeaULNUHCKUX OaHHbIX.
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Abstract. Treacher Collins syndrome is a congenital developmental disorder of the craniofacial region associated
with an anomaly in the differentiation of the first and second pharyngeal arches. This syndrome is a rare pathology,
its frequency of occurrenceis 1 per 50,000 cases of live births, but we had the opportunity to observe a patient with
this syndrome on the basis of the St. Petersburg Orphanage. Aim. To analyze the literature, present a description
of the Treacher Collins syndrome and analyze a clinical case in a patient under observation in a children’s home
(St. Petersburg). Materials and methods. International and domestic scientific publications, analysis of clinical
cases in the literature, medical documentation of the orphanage. Results. In our article, we assess the severity
of congenital malformations in a patient at the orphanage, and give a conclusion about the specificity of the
severity of his condition for Treacher Collins syndrome.

Key words: Treacher Collins syndrome; STC; Franceschetti’s syndrome; mandibular dysostosis.
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Pestome. CnHgpom Tpuuepa KonnrnHla — BpPOXKAEHHOE HapyLieHre pa3BUTA YepenHo-n1LeBon obnactu, ces-
3aHHOe ¢ aHomanveln guddepeHLMPOBKM NEPBOI U BTOPOW FTOTOUHbIX Ayr. [laHHbIA CUHAPOM ABAAETCA PEeKON
naTosiorvei, YyactoTa ero BctpeyaeMoct — 1 Ha 50 000 cnyyaeB XMBOPOXKAEHHbIX, HO HaM NPeACTaBUIach BO3-
MO>KHOCTb HabnodaTb MauMeHTa C faHHbIM CUHAPOMOM Ha 6a3e CaHKT-lTeTepbyprckoro foma pebeHka. Llese.
MpoBecTn aHanu3 nuTepaTypbl, NPEACTaBUTb ONMcaHne cuHapomMa Tpuuepa KonnmHia v pa3obpaTb KnMHuYe-
CKUI cnyyvaid y naumeHTa, Haxogduleroca nog HabnogeHvem B fome pebeHka (CaHkT-MeTepbypr). Mamepuanei
u MemoObl. MexayHapoAHble 1 OTeYeCTBEHHbIE HayuHble MybnvKaumuy, pa3bop KIMHUYECKMX CllyvyaeB B nuTe-
paType, MeanuUHCKasa OKYMeHTaLmMA oma pebeHkKa. Peysismamel. B Halwel ctaTbe Mbl JaeM OLEHKY CTEMeH
BblpaXeHHOCTV BPOXAEHHbIX MOPOKOB Pa3BUTUA Y NaLmMeHTa AoMa pebeHKa 1 fenaem 3ak/toyeHrie No nosoay
XapaKTePHOCTU TAXKECTU €ro COCTOAHNA ANna cuHapoma Tpuyepa KonnunHsa.

Knioyeewle cnoea: cuHopom Tpuyepa KonnuHza; CTK; cuHopom OpaHueckemmu; HUXHeYelloCMHO-/1uyesol 0u3-
0cmos.
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INTRODUCTION

Treacher Collins syndrome (TCS, Franceschetti
syndrome or mandibulofacial dysostosis) is a con-
genital developmental disorder of the craniofacial
region. The cause of the syndrome is an anomaly
in the differentiation of the first and second phar-
yngeal arches, which occurs during intrauterine
development of the fetus [1, 2]. The disease is char-
acterized by bilateral symmetrical oto-mandibular
dysplasia without limb anomalies and leads to a
number of head and neck defects [1].

EPIDEMIOLOGY

The incidence of Treacher Collins syndrome has
been estimated by various researchers to range
from 1in 25,000 to 1 in 70,000 live births (most of-
ten reported as 1 in 50,000) [1-3].

OBJECTIVE

The aim of this study is to analyze the literature,
present a description of the Treacher Collins syn-
drome and review a clinical case in a patient under
observation in an orphanage (St. Petersburg).

MATERIALS AND METHODS

International and national scientific publica-
tions, analysis of clinical cases in the literature,
medical documentation of the orphanage.

DISCUSSION AND RESULTS

Treacher Collins syndrome has an autosomal
dominant and, less commonly, autosomal reces-
sive pattern of inheritance, but, despite some well-
known familial cases, for the most part (the authors
note, 60% or more) the mutation is sporadic [4-6].

TCS is genetically and phenotypically hetero-
geneous. Based on the mutation of a specific gene,
authors distinguish from three to four types of TCS.

1) type 1 — mutation in the TCOFT gene;

2) type 2 — mutation in the POLR1D gene;

3) type 3 — mutation in the POLR1C gene;

4) type 4 — mutation in the POLR1B gene.

Up to 93% of all cases of Treacher Collins syn-
drome are type 1 syndrome. TCS type 1 is asso-
ciated with mutations in the TCOF1 gene, which
is located on chromosome 5q32-933.1[1, 2,5, 7,
8]. The mode of inheritance is autosomal domi-
nant with 90% penetrance and variable expres-
sivity, including patients within the same family.
There are known observations of children with
pronounced clinical manifestations of the syn-
drome in one family, while one of the parents
was found to have the same mutation without
pronounced clinical manifestations of the dis-
ease [1, 4].

ISSN 2221-2582

Type 2 of Treacher Collins syndrome is caused
by a mutation in the POLR1D gene on chromo-
some 13q12; Type 3 — mutation in the POLR1C
gene on chromosome 6p21 [1, 6, 71.

The first 3 types of Treacher Collins syndrome
are noted by the authors of the articles, and the
authors in more recent publications distinguish
the 4th type of TCS based on the newly identified
mutation in the POLR1B gene [2].

According to the authors of the researched
publications, there is no correlation between the
clinical features of patients and the gene in which
mutations occur, therefore the classification of the
syndrome by type of affected chromosome is con-
ditional [3,9, 11].

The authors also note a large share of intrafa-
milial phenotypic variability in this syndrome. For
example, in one familial case, the proband suffered
from severe craniofacial deformities and conduc-
tive hearing loss, while the proband's mother was
a carrier of the same gene mutation variant but
had mild lesions [8].

CLINICAL MANIFESTATIONS

Treacher Collins syndrome is a condition with
high phenotypic variability, both in intrafamilial
and in sporadic cases.

People with TCS have characteristic facial dys-
morphism with bilateral symmetrical malar hypo-
plasia (95% of cases) and mandibular hypoplasia
(78% of cases), leading to micrognathia and mal-
occlusion.

Abnormalities of the external ear, such as mi-
crotia or anotia, external auditory canal atresia,
and abnormal development of the auditory ossi-
cles (60% of cases), are often observed, causing
conductive hearing loss [7, 9, 10].

Pharyngeal hypoplasia is common, which in
turn can contribute to feeding problems and/or
difficulty breathing.

Choanal atresia and eyelid coloboma have
been described (69% of cases), accompanied by
the absent eyelashes. Features include complex
disorders in the structure of the temporoman-
dibular joint, which leads to a limited ability to
open the mouth of varying degrees of severity
[1,71.

People with TCS may develop hearing loss due
to sound waves not passing through the middle
ear (conductive hearing loss, 77% of cases). The
outer ear may be crumpled or rotated, but the in-
ner ear is usually not affected [1].

The severity of deformities does not increase
with age [2, 8]. The syndrome is not a progressive
disease.

PRACTICAL NOTES
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Mental retardation occurs in 5% of people with
TCS [1]. 60% of children have poor speech quality
resulting from hearing impairment [11, 12].

As a result of the above, we can make the as-
sumption that the likelihood of developing mental
retardation correlates with the pathology of the
auditory system, which complicates the develop-
ment of active speech and leads to problems with
mastering the curriculum.

CLINICAL CASE
Patient F., 08.09.2022 (9 months), has been in

the orphanage since 6 months 12 days. From the
anamnesis vitae, itisknown that the mother's preg-
nancy proceeded against the background: class
2 obesity, stage 2 hypertension, varicose veins of
the lower extremities, vaginitis, gestational diabe-
tes mellitus, preeclampsia, chronic kidney disease,
uterine scar. The delivery was preterm, operative,
at a gestational age of 33 3/7 weeks. At birth, body
weight was 1130 g, body length 37 cm. Apgar
score was 4/6/7 points.

From the moment of birth, a serious condition
due to respiratory failure, circulatory failure, im-
maturity, intra-amniotic infection, intrauterine
growth restriction. He was intubated in the deli-
very room. From the first days of life to 6 months,
he received antibiotics (including from the re-
serve group), inhaled corticosteroids, was on arti-
ficial ventilation, and had blood transfusions due
to regularly occurring infections. At 2 months of
life, a tracheostomy was performed. At 5 months,
percutaneous endoscopic gastrostomy was car-
ried out.

Anamnesis morbi. At birth, the phenotype al-
lowed us to suspect Treacher Collins syndrome,
because multiple congenital malformations (CM)
were identified: underdevelopment of the zygo-
matic bones, ptosis of the upper and lower eye-
lids, abnormally developed low-set ears, flat nasal
bone, high-arched palate, incomplete cleft of the
upper gum, micrognathia, retrognathia, glossop-
tosis. Subsequently, the presumptive diagnosis of
TCS was confirmed by laboratory tests.

The patient has the following congenital mal-
formations (with noticed frequency of their occur-
rence within the framework of the TCS):

1) hypoplasia of the bones of the facial part of the
skull, including: underdevelopment of the zy-
gomatic bones, flat nasal bone, stenosis of the
nasolacrimal duct OU, mandibular hypoplasia,
micrognathia, retrognathia, glossoptosis, high-
arched palate (in the sources these symptoms
are described as very common, they are regis-
tered in 91-97% of cases);
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2) CM of the organ of vision, including: OU —
blepharophimosis, hypertelorism, grade 3 bi-
lateral microtia (reported in sources in 77% of
cases);

3) CM of the hearing organ, including: abnormally
developed low-set ears (reported in sources in
60% of cases).

This patient also has symptoms classified as
rare within the TCS:

« choanal atresia on both sides (up to 25% of

cases);

- incomplete hard palate cleft and complete

soft palate cleft (up to 33% of cases).

The operations performed on him (gastrosto-
my and tracheostomy) in the studied sources are
also classified as rare:

« gastrostomy (up to 28% of cases);

« tracheostomy (up to 18% of cases).

The above allows us to infer that in most cas-
es, patients with TCS have less pronounced phe-
notypic manifestations than the presented clinical
case.

The boy was extremely premature at the time
of birth, but a study of the sources allows us to
conclude that this situation is in many ways rare.
In the literature we studied, only one clinical case
indicated preterm delivery (at 37 weeks of gesta-
tion); in most cases, delivery was urgent and spon-
taneous [6, 10].

At the moment, the child has a physical deve-
lopmental delay, which is assessed by the centile
method as very low, with retarded growth and
body weight (corresponding to 6 months of age).
There is no underweight.

CONCLUSION

The child has common congenital malforma-
tions characteristic of TCS: hypoplasia of the bones
of the facial part of the skull, congenital defects of
the organ of vision, congenital anomalies of the
organ of hearing, which initially made it possible
to phenotypically suspect this syndrome, which
was later confirmed by laboratory tests.

At the same time, this patient has rare CM: cho-
anal atresia on both sides, incomplete hard palate
cleft and complete soft palate cleft. The follow-
ing operations were performed: tracheostomy
and gastrostomy (which are also rare for this syn-
drome).

The causes of prematurity, physical develop-
mental delay, and the generally more severe con-
dition of our patient compared to other clinical
cases of TCS were the mother’s pregnancy pathol-
ogy (uterine scar, chronic infection, preeclampsia,
stage 2 hypertension, class 2 obesity, gestational
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diabetes mellitus ), which led to preterm surgical
delivery, as well as intrauterine infection, which
complicated the patient’s condition and led to an
undulating course infectious process for up to 6
months of his life.

INFERENCE

Treacher Collins syndrome is characterized by
multiple congenital malformations of the facial
part of the skull. The syndrome is transmitted in an
autosomal dominant type and is characterized by
preserved intelligence.

In the clinical case presented by us, the child
has multiple CM, typical of TCS, but the severity
of the child’s condition is due to prematurity at 33
3/7 weeks of gestation, which is not characteristic
of the described syndrome.

Due to the fact that TCS is not a progressive dis-
ease, patients often have preserved intelligence,
so the child has a relatively favorable clinical prog-
nosis for managing the disease and satisfactory re-
habilitation potential using modern medical and
surgical treatment methods, as well as methods of
habilitation and rehabilitation of children.
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OONOJIHUTEJIbHAA UHOOPMALINA

Bknag aBTopoB. Bce aBTOpbl BHeCnn cyuie-
CTBEHHbIN BKNag B pa3paboTKy KoHLenuuu, npo-
BeAeHMe uccnefoBaHUA U MOArOTOBKY CTaTbw,
npounu u ofobpunu GprHanbHyl Bepcuio nepeq
ny6nukaumen.

KoHdnukT nHtepecoB. ABTOPbI AeKnapnpyoT
OTCYTCTBIME ABHbIX 1 MOTEHLMANbHbBIX KOHPJINKTOB
WHTEPEeCoB, CBA3aHHbIX C nybnukaumemn HacTos-
Len ctaTbu.

UcTouHuK ¢uHaHcmpoBaHuA. ABTOPbI 3asB-
nAT 06 OTCYTCTBUN BHeELHero GrHaHCUPOBaHUA
npv NpoBeAeHNN NCCefoBaHUA.
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NHopmupoBaHHOe cornacne Ha ny6nuka-
uumio. ABTOPbI MONYUYUNIM NMUCbMEHHOE cornacue
3aKOHHbIX NpeAcTaBuTeNen NaLMeHToB Ha Nyo6nu-
KaLuMio MegULNHCKUX AaHHDbIX.
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MPABUNA OJ1A ABTOPOB

Yma. npukazom pekmopa
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HACTOALWUE NPABUJIA ANA ABTOPOB

ABNAIOTCA USAATEJIbCKUM AOTOBOPOM

Ycnosua Hactosuwero [oroeopa (nanee «[o-
roBop») ABAATCA Ny6AUYHON odpepTol B COOT-
BeTCTBUM C N.2CT.437 [paxpaHCKOro Kopekca
Poccuninckon Qepepaumn. JaHHbin [loroBop onpe-
LendeT B3aMMOOTHOLUEHMA Mexay pepaKkunen
xypHana «Children's medicine of the North-West
(Jetckaa mepguumnHa CeBepo-3anaga)» (ganee no
TekcTy «KypHan»), 3apeructpmposaHHoro Oepne-
panbHoW cny»k601 No Hap30py B chepe CBA3M, MH-
bGOPMaLMOHHbBIX TEXHONOMMIA U MAacCOBbIX KOMMY-
Hukaunnm (POCKOMHAL3OP), MNMu Ne ®C77-805334
ot 1mapta 2021 r., UMeHyeMOWN B AajibHelnLwem
«Pepakuus» n ABAALLLENCA CTPYKTYPHbIM NOAPa3-
peneHnem OIrb0Y BO CM6rmMy Muusgpasa Poc-
CUKN, N aBTOPOM W/UN aBTOPCKUM KONNEKTUBOM
(unn nHbIM npaBoobnagatenem), MMeHyembiM B
fanbHenwem «ABTOpP», MPUHABWKM nNyb6nanyHoe
npepnoxeHue (opepTy) o 3aKkntoueHumn Jorosopa.

ABTOp nepepaet Pegakuynm onAa nusgaHna aBTop-
CKUA OPUTUHaN v PYKOMUCh. YKa3aHHbIA aBTOP-
CKU OPUTMHan JOMKeH COOTBETCTBOBATb Tpebo-
BaHMAM, yKa3aHHbIM B pa3genax «[lpefacraBneHue
pykonucu B XKypHas», «OpopmieHre pyKonucu.
Mpu paccMOTpeHUM MOSyYEHHbIX aBTOPCKUX Ma-
TepuanoB KypHan pyKkoBopacTByeTcA «EAMHbIMM
TpeboBaHNAMN K PYKOMUCAM, NpeacTaBasemMbiM B
6uomeanLMHCKME XypHanbl» (Intern. committee of
medical journal editors. Uniform requirements for
manuscripts submitted to biomedical journals //
Ann. Intern. Med. 1997; 126: 36-47).

B »KypHane neuartatTca paHee He ony6nuKo-
BaHHble paboTbl no npodwunio KypHana.

*KypHan He paccmaTpuBaeT paboTbl, pesynbTathl
KOTOPbIX MO H6oMbLUEN YacTU YKe Oblnv ony6/IMKoBa-
Hbl UM OMMCaHbl B CTaTbAX, NPeACTaBNEeHHbIX Ux
NPUHATLIX A4 NyonnKaumum B pyrme neyaTtHble unm
3NeKTPOHHble CpeAcTBa MaccoBOW WHdOpMaLun.
MpencTaBnAa cTaTbio, aBTOP BCErAa AO/MKEH CTAaBUTb
penakuuio B M3BECTHOCTb 000 BCEX HamnpaBieHNAX
3TOW CTaTby B MeyaTb 1 O NpenbliayLwyx nyonmkaum-
AX, KOTOpble MOTYT pacCMaTpMBaTbCA Kak MHOMe-
CTBEHHble Unu ayoénupyowme nyonnkaumm Tom xe
camow nnu oyeHb 6NM3KON PaboTbl. ABTOP JOKeEH
yBeAOMUTb pefakLuio O TOM, COLEPXUT NN CTaTbA

y»e ony6inKoBaHHble MaTepuasibl Y MPEROCTaBUTb
CCINIKM Ha NMpeapblayLuyio, UTobbl faTb pefakuuy Bo3-
MOHOCTb MPUHATb PELLIEHNE, KaK MOCTYNUTb B AaH-
HOW cMTyaumn. He NnpuHMMAlOTCA K nevyatn CTaTbu,
npeacTaBnsaloLWme coboi oTaeNbHble 3Tamnbl Hesa-
BEPLUEHHbIX UCCNIE[0BaHNI, @ TaKKe CTaTbl C HapY-
WweHnem «MpaBun 1 HOPM r'yMaHHOro 06paLleHus ¢
61006beKTaMn UccnefoBaHUN.

PasmelleHne nybnukauuii BO3MOMXHO TONbKO
nocsie noslyuYeHns NonoKMTebHOM peLeH3nn.

Bce cTtaTbu, B TOM umncie CTaTbh acnmMpaHTOB U
LOKTOPAHTOB, Ny6nuKyoTca 6ecnnaTHo.

NPEOCTABJIEHVE PYKONMUCHU B XKYPHAJI
ABTOpPCKM OpuUrnHan NpuHUMaeT pefakuus.
MNMoanuncaHHaa ABTOPOM PYKOMUCb AOMXKHa ObITb
OTMpaB/ieHa B ajpec pedakuum no 3NeKTPOHHOMN
noyte Ha agpec |t2007@inbox.ru. ABTOp LOMXeH
OTMNPaBUTb KOHEYHYIO BEPCUIO PYKOMMUCK U AaTb
danny Ha3sBaHue, cocToALlee 13 GaMunmMm NepBo-
ro aBTOpa 1 MepBbiX 2—-3 COKPALLEHHbIX CNOB 13
Ha3BaHWs cTatbu. MHPopmaumto 06 odpopmneHnn
MOXHO YTOYHUTb Ha canTe: http://0js3.gpmu.org/
index.php/childmed/index.

COMPOBOAUTEJIbHbIE AOKYMEHTDI

K aBTopckoMy opurvHany HeobxoavMmo npwu-
NOXWTb SKCNEpPTHOE 3aK/loYeHMe O BO3MOXKHO-
CTV onyb6nMKoBaHMA B OTKPbITON nevyaTtu (6/1aHK
MOXHO CKavaTb Ha caunTe https://www.gpmu.org/
science/pediatrics-magazine/).

Pykonucb cumtaetca noctynuswen B Pepak-
LUuio, ecim OHa MpefcCTaBneHa KOMIIEKTHO W
odopmieHa B COOTBETCTBUMN C OMUCAHHbIMK Tpe-
6oBaHuAMK. [lpeaBapuTenbHOe pPacCMOTpeHMe
pyKkonucuy, He 3aka3aHHoW Pegakuunen, He ABNAeT-
cA GaKTOM 3aK/oUeHMA MeXXay CTOPOHaMKN n3fa-
Tenbckoro [lorosopa.

Ina nybnukaumm B XKypHane Heobxogumo npe-
[LOCTaBUTb PYKOMMWCb 1 HanpaBneHne Ha NybnrKa-
LU0 OT yupeXkaeHus C pa3peLlleHnemM Ha nybnuka-
LnI0 B OTKPLITON MeyaTu.

MNpu npepcraBneHnn pykonucu B KypHan
ABTOpbl HECyT OTBETCTBEHHOCTb 3a pacKpbITe

INFORMATION
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CBOUX QPUHAHCOBBIX U APYrUX KOHOAUKTHBIX WH-
TEpecoB, CNOCOOHbIX OKa3aTb BAMAHME HA UX pa-
60Ty. B pykonucu pomkHbl 6b1Tb YNOMAHYTHI BCe
NNLA 1 opraHM3aunn, okasaswue ¢GUHAHCOBYHO
noafep»Ky (B BUfe rpaHToB, 060pyaoBaHus, ne-
KapCTB WM BCErO 3TOrO BMECTe), a TakkKe Apyroe
dburHaHCOoBOE UM NNYHOE yyacTue.

ABTOPCKOE NMPABO
Pepakuma otbupaeT, roToBUT K Nybnmkaumm u

nybnukyet nepepaHHble ABTOpamMu MaTepuarssbl.

ABTOpPCKOe NpaBO Ha KOHKPEeTHYlo cTaTbilo npwu-

HaANeXuT aBTopaM CTaTbu. ABTOPCKUI TOHOpap

3a nybnukaumm ctaten B ’KypHane He Bbiniaun-

BaeTcA. ABTOp nepepaet, a Pegakuyma npuHumaet

aBTOPCKME maTepurasbl Ha CNefyoLmnx ycnoBmaXx:

1) Pepakuuun nepepaetcs npaBo Ha opopmIieHue, n3aa-
Hue, nepefayvy MypHana c ony6nMKOBaHHbIM MaTe-
puanom ABTopa Ans uenei pedeprupoBaHna cTaTen
13 Hero B PedpepaTnBHOM ypHane BUHUTU, PHUL]
1 6asax faHHbIX, pacnpocTpaHeHue MypHana/as-
TOPCKUX MaTepranoB B MeYaTHbIX N SNEKTPOHHbIX
U34aHVAX, BKMOYas pa3MelleHne Ha BblbpaHHbIX
nnbo co3faHHbiXx Pepakuuen cantax B cetn MHTep-
HeT B LenAax JocTyna K Nybnmkaunm B UHTEPaKTUB-
HOM pexKume 1toboro 3aMHTEepPeCcoBaHHOro NnLa 13
moboro mecTa 1 B ntoboe Bpems, a TakXKe Ha pac-
npocTpaHeHme XKypHana c onybnnkoBaHHbIM MaTe-
puanom ABTopa No NOAnucKe;

2) TeppuTOpKA, HA KOTOPOW pa3pellaeTcsa NCMob3o-
BaTb aBTOPCKUMN matepuan, — Poccunckaa Qege-
pauua un ceTb VIHTepHeT;

3) cpok gencteua Jorosopa — 5 ner. o ncreyeHun
yKa3aHHoOro cpoka Pepakuma octaBnsaeT 3a co60M,
a ABTOp noaTBep»kaaeT beccpoyHoe nNpaBo Pepak-
UMM Ha NPOAOIIKEHME pa3MeLleHMA aBTOPCKOro
maTepuana B cetu IHTepHeT;

4) Pepakuusi BnpaBe MO CBOEMY YCMOTpeHuo 6e3
KaKUX-NM6o cornacoBaHui ¢ ABTOPOM 3aKstouaTb
[JOroBOpbl 1 CornaleHnsa ¢ TPeTbMMN nuamm, Ha-
npaBJfieHHble Ha JOMONHUTE bHbIE MepPbI MO 3allym-
Te aBTOPCKMX U N34aTeNbCKUX Npas.;

5) ABTOp rapaHTMpyeT, YTO MCnonb3oBaHune Pepak-
Lunen npefocTaBNeHHOro UM No HacTtoAwemy [lo-
roBOPY aBTOPCKOro MaTtepuana He HapyLuT npas
TpeTbux nL;

6) ABTOp OCTaBfisieT 3a COOON NpPaBO MCMOJSIb30BaTb
npepocTaBieHHbl Mo HacToAwemy [orosopy
ABTOPCKUI MaTepuran CamoCTOATENbHO, Nepeja-
BaTb NpaBa Ha Hero No JOroBopy TPeTbUM NrLaM,
ecnn 3TO He NPOTMBOPEeYUT Hactoawemy [oro-
BOPY;

7) Pepakuma npepocTaBnfaetr ABTOPY BO3MOXKHOCTb
6€3B03ME3HOr0 MOJTyUYEHMA CNPABKU C INIeKTPOH-
HbIMU agpecamu ero obuLmanbHoON NybaMKaunm B
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cetu VIHTepHeT;
8) npwu nepeneyaTKe CTaTbW WM €€ YaCTU CCbIsIKa Ha
nepsyto nybnukaumio B KypHane obsa3zatenbHa.

noPAAOK 3AKJIOMEHNA JOTOBOPA
N N3MEHEHUA ErO YCJIOBUN

3akntoveHuem [loroBopa co CTOpoHbl Pepak-
LUuKn ABnAeTca onybnnkoBaHMe PyKONUCK JAHHO-
ro AsTopa B xypHane «Children’s medicine of the
North-West» n pa3melyeHune ero Tekcrta B cetu K-
TepHeT. 3aknoyeHnem [loroBopa co CTOPOHbI AB-
TOPA, T. €. NOJSIHbIM 1 6€30r0BOPOYHbBIM MPUHATUEM
ABTOpoM ycnoBuii [loroBopa, ABNAeTcA nepefava
ABTOPOM PYKOMUCK U SKCMEPTHOTO 3aK/I0YEHNS.

OOOPMNEHUE PYKONMUCHU

Pepakuma XypHana npuBeTCTBYET MOJHOCTbIO
[BYA3blYHbIE CTATbMW.

CraTtba pomHa nmetb (HA PYCCKOM U AH-
FMMUINCKOM A3bIKAX):

1. 3arnaBue (Title) fONXKHO BbITb KPATKUM (He
6onee 120 3HAKOB), TOYHO OTpPaXKaKLWNUM coaep-
XaHue cTaTbu.

2.CBegeHua o6 aBTopax (ny6nukytoTca). Ona
KaXXgoro aBTOpa YKasbiBaloTca: Gamunnua, uma u
OTYECTBO, MeCTO PAboTbl, MOYTOBLIN agpec mMecTa
paboTbl, e-mail, ORCID. ®amunuu aBTOpPOB peKo-
MeHAYyeTCA TPaHUIUTEPUPOBaTh TaK »Ke, Kak B npe-
AblayLwmx nyénunkaumax unm no cucteme BGN (Board
of Geographic Names), cm. cant http://www.translit.
ru.

3. Pestome (Summary) (1500-2000 3HaKoOB, nnu
200-250 cnoB) nomeLatoT nepes TeKCTOM CTaTbM.
Pesiome He TpebyeTca npu nybnvkaumm peleH-
31, OTYETOB O KOHbepeHUMaAX, MHOGOPMALNOH-
HbIX MNCEM.

ABTOpPCKOe pe3lome K CTaTbe ABNAETCA OCHOB-
HbIM UCTOYHUKOM NHPOPMaLM B OTEUYECTBEHHbIX
1 3apy6exHbIX MHGOPMALMOHHbBIX cMcTeMax n ba-
3ax [AaHHbIX, WHAEKCUPYIOLWMX XypHain. Pesiome
LOCTYNHO Ha canTe xypHana «Children’s medicine
of the North-West» n nHpekcnpyetca ceteBbiMU
NMOUCKOBbIMU cucTemMaMu. /I3 aHHOTaUUW JOMX-
Ha ObITb MOHATHA CYTb MCC/IEAOBAHUA, HYXXHO N
obpalaTbCa K NOSIHOMY TEKCTY CTaTby ANA Nosy-
yeHua Oonee noapoOOGHON, WMHTepecylollen ero
nHdopmaunn. Pestome [OMKHO M3Nnaratb TONbKO
cylwecTBeHHble GakTbl paboThl.

PekomeHfyemana CTpyKTypa aHHOTaLuW: BBe-
aeHune (Background), uenu n 3agaum (Purposes
and tasks), metoabl (Materials and methods), pe-
3ynbTaThl (Results), BbiBoabl (Conclusion). Mpega-
MeT, TeMY, Liefib PaboTbl HY>KHO yKa3blBaTb, €C/N
OHW He ACHbI U3 3arnaBuA CTaTbW; METOA U Me-
TOZOJIONNIO NpoBefeHNs PaboTbl Lenecoobpas-

NHOOPMALIMA
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HO OMNMCbIBATb, €C/IM OHM OTNINYAOTCS HOBU3HOM
NN NpeacTaBAAlOT UHTEpPeC C TOUYKU 3peHus
JaHHOW paboTbl. O6bem TeKcTa aBTOPCKOro pe-
3l0Me onpefenaeTcsa cogep aHuem nybnukaymum
(06bemom cBeieHUI, UX HAYUYHOW LLEHHOCTbIO 1/
WA MPAKTUYECKNM 3HaYeHUeM) N JOMKeEH OblTb
B npegenax 200-250 cnos (1500-2000 3HaKoB).

4. KnioueBble cnoBa (Key words) ot 3 go 10
KIMIOUEBbIX C/TOB WAWN CJIOBOCOYETAHWUN, KOTOpble
6ynyT cnocobcTBOBaTb NPaBUIIbHOMY NepeKkpecT-
HOMY WHOEKCMPOBAHMIO CTaTbW, MOMeLLATCA
nop pestome C NMoA3arofoBKOM «KitoUeBble CJlo-
Ba». Micnonb3yiiTe TepMUHbI U3 CNUCKA MeQULNH-
CKMX npegmeTHbIx 3aronioBkoB (Medical Subject
Headings), npueepeHHoro B Index Medicus (ecnu
B 3TOM CMUCKe elle OTCYTCTBYIOT MoAxofdwue
00603HaueHVA Jia HeJaBHO BBEIEHHbIX TEPMUHOB,
nopbepunte Hambosiee GAM3KME U3 UMEIOLLUXCA).
KnioueBble cfioBa pa3fenaTca TOUKOW C 3anATON.

5.3aronoBKu Ta6nuul, NoANNCY K pUCyHKamM,
a TaKKe BCe TEKCTbl Ha PUCYHKax 1 B Tabnuuax
LOMKHBI 6bITb HA PYCCKOM M @HTIIMNCKOM A3bIKaX.

6.Jiutepatypa (References). Cnucok nu-
TepaTypbl JOKEH MNpefcTaBisaTb MofiHoe 6u-
6nnorpaduueckoe onmncaHne UUTUPYEMbIX pa-
601 B cootBetcTBUM ¢ NLM (National Library of
Medicine) Author A.A., Author B.B., Author C.C.
Title of article. Title of Journal. 2005;10(2):49-53.
Cnucok ¢popmupyemcsa 8 nopsadKe ynoMUHAHUsA
UCcmo4YHUKoe (ecnm NCTOYHUK YNOMUHAETCA He-
CKOMbKO pas3, TO WCMONb3yeTca HOMEep CCbUIKU
nepBOro ynoMrHaHus). B onvcaHmm ykasbiBaloTcs
BCE aBTopbl nybnukauuu. bubnmorpadpurueckne
CCbIIKU B TEKCTe CTaTbM AAlTCA UUPpoON B KBa-
LpaTHbIX ckobKkax. CcblNKM Ha HeonybnMKoBaHHbIe
paboTbl He fonycKatoTCA.

KHura: AsTop(bl) HazBaHME KHUMK (3HaK TOUKa)
MecCTO M3faHuA (ABoeToune) Ha3BaHWe nM3aaTenb-
CTBa (3HAK TOYUKa C 3anATON) rog U3aaHuA.

Ecnn B KauecTBe aBTOpa KHUMM BbICTYMaeT pe-
LAKTOp, TO Nocne pamunuun cnegyet pes.

MpeobparkeHcknn 6. C., TémknH A. C., Jlnxa-
yés A. I. bonesHn yxa, ropna n Hoca. M.: Meguunm-
Ha; 1968.

Pap3unHckun B. E., pen. MepuHeonorusa: yye6-
Hoe nocobue. M.: PY[IH; 2008.

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

lmaBa n3 KHuru: ABTop (bl) Ha3BaHWe rnaBbl
(3HaK TOuKa) B KH.: unu In: ganee onncaHmne KHUMM
[ABTOp (bl) Ha3BaHME KHUIK (3HAK TOUYKA) MECTO 13-
AaHunA (ABoeTOYMEe) Ha3BaHMe M3gaTenbCcTBa (3HaK
TOYKa C 3anAToN) rof mn3gaHua] (gBoetoune) cTp.
oT 1 fo.
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Kopobkos . A. Temn peun. B kH.: CoBpemeH-
Hble npo6nembl GU3NONOrMN 1N MATONOTMW peyn:
6. 1p. T.23. M.; 1989: 107-11.

CtaTbAa U3 XKypHana

ABTOp (bl) Ha3BaHMe CTaTbl (3HAK TOUKA) Ha3Ba-
HUe >KypHana (3HaK TouKa) rofl u3gaHus (3HaK Tou-
Ka C 3anAToi) TOM (ecnm eCcTb B KPYIibiX CKOOKax
HOMep »KypHarsa) 3aTem 3HakK (nBoeToumne) cTpaHu-
Ubl OT 1 Jo.

KnpioweHkos A. I1., Cosun M. T, MiBaHosa I1. C.
MoNMKMCTO3HbIE ANYHUKIN. AKYLLEPCTBO U TMHEKO-
norva. 1994; N 1: 11-4.

Brandenburg J. H., Ponti G. S., Worring A. F. Vocal
cord injection with autogenous fat: a long-term
magnetic resona. Laryngoscope. 1996; 106 (2, pt I):
174-80.

Te3unchbi
KOH.

babuin A. W., Nlesawos M. M. HoBblli anroputm
HaxoXJeHUA KybMUHALUN SKCNePUMEHTaNIbHOTO
Huctarma (MuHumeTpuA). lll cbesg oToprHONapPUH-
ronoros Pecn. benapycb: Te3. gokn. MuHck; 1992:
68-70.

Canos U. A., MapunywkuH [I. H. Akywepckas
TaKTUKa Npu BHYTPUYTpoOHON rmbenn nnoga. B
KH.: Matepuanbl IV Poccuiickoro popyma «Matb 1
anta». M.; 2000; u. 1: 516-9.

ABTOopedepatbl

MNetpos C. M.BpemA peakumm wu criyxoBas
ajanTauma B HopMe 1 npu nepudepuyecknx no-
paxeHuax cnyxa. ABToped. ANC... KaHA. Mef. HayK.
Cre6.; 1993.

OnucaHvie MHTepHeT-pecypca

Lllernos V. Hackonbko Benuka pofib MUKPO-
dnopol B 6Monorun Buga-xosaunHa? Xusble cucte-
Mbl: HAyYHbIV SNIEKTPOHHbIN »KypHan. locTyneH no:
http://www.biorf.ru/catalog.aspx?cat_id=396&d_
no=3576 (naTta obpaweHns 02.07.2012).

Kealy M. A, SmallR. E, LiamputtongP.
Recovery after caesarean birth: a qualitative study
of women’s accounts in Victoria, Australia. BMC
Pregnancy and Childbirth. 2010. Available at:
http://www.biomedcentral.com/1471-2393/10/
47/. (accessed 11.09.2013).

AOKJ/lafaoB, MaTepuasibl Hay4YHbIX

[na Bcex ctaten, umerolmx DOI, nHaekc Heob-
XOAUMO yKa3blBaTb B KOHLe 6ubnnorpaduueckoro
onucaHus.

Mo HOBbIM MpaBuam, yunTbliBaloLWUM Tpebo-
BaHMA MEXOYHapOoOHbIX CUCTEM LMTMPOBAHUA,
6ubnuorpadpuueckne cnuckm (References) Bxo-
AT B aHrI0A3blYHbIA 610K CTaTbM W, COOTBET-
CTBEHHO, O/IKHbI laBAaTbCA HE TOMbKO Ha A3blKe
OpUrvHana, Ho 1 B naTuHuLe (poMaHCKMM anda-
BUTOM). [l03TOMY aBTOPbI CTaTel fOJIKHbI JaBaTb

INFORMATION
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CMUCOK NUTepaTypbl B ABYX BapuaHTax: OAMH Ha
A3blKe opuruHana (pycckoAsblyHble UCTOYHUKU
KUPWANINLEN, aHINOA3bIYHbIE NATUHULEN), KaK
6bINI0 MPUHATO paHee, 1 OTAENbHbIM GJIOKOM TOT
Xe cnucok nutepatypbl (References) B pomaH-
cKkom andaBuTe ana Scopus v OPYrux Mepy-
HapOAHbIX 6a3 [AaHHbIX, MOBTOPAs B HeM BCe
WCTOYHMKN NUTepaTypbl, HE3aBUCMMO OT TOrO,
UMETCA NN Cpean HUX UHOCTpaHHble. Ecnn B
CMUCKe eCTb CCbITIKU Ha MHOCTPaHHble Ny6nnKa-
LMW, OHN NOSTHOCTbIO MOBTOPAIOTCA B CNIUCKE, FO-
TOBALEMCA B pPOMAaHCKOM andasuTe.

B pomaHckom andaBute oA pyCcCKOA3bIUHbIX UC-
TOUYHUKOB TpebyeTcs ciefytolwas CTpyKTypa 6ubnu-
orpaduryeckon ccoinki: aBTop(bl) (TpaHCMTEpPaLMS),
nepeBof Ha3BaHVA KHUMM WK CTaTbW Ha aHMUACKIIN
A3blK, Ha3BaHWe NCTOYHMKA (TPaHCIMTEPaLWA), BbIXOA-
Hble AaHHble B LMPPOoBOM PpopMaTe, yKasaHUe Ha A3bIK
CTaTby B cKkoOKax (in Russian).

TexHonorna NOAroTOBKMU CCbIIOK C MCMOJb30-
BaHMEM CMCTEMbl aBTOMATMUYECKOW TpaHCuTepa-
U111 NepeBogumKa.

Ha cante http://www.translit.ru MmoxHo 6ec-
naaTHO BOCMOJSIb30BATbCA MPOrpaMMoin TpaHCIu-
Tepauum PycCcKOro TekcTa B natuHuuy. Mporpam-
Ma OYeHb NpocTas.

1. Bxogum B nporpammy Translit.ru. B okowke
«BapuWaHTbl» BbIOMpaeM cuctemy TpaHCInTepaLum
BGN (Board of Geographic Names). BctaBnsem B
cneumanbHoe nosie BeCb TEKCT 6ubnnorpadpum Ha
PYCCKOM A3bIKE 1 HAXKMMAeM KHOTMKY «B TPAHCSIAT».

2. Konupyem TpaHCIMTEPUPOBAHHbIN TEKCT B
rotoBAlmMIca cnucok References.

3. MNepeBoarM C NMOMOLLbIO aBTOMATUYECKOIO
nepeBofuMKa Ha3BaHWE KHUTWY, CTaTbW, MOCTAHOB-
NEHNA W T.4. Ha aHIMMACKNI A3bIK, NMEPEHOCUM ero
B rOTOBALWMNCA CnUCOK. [epeBoa, 6e3ycnoBHO,
TpebyeT pefakTUPOBaHUSA, MOITOMY JAHHYIO YacTb
Heo6Xx0MMO rOTOBUTb YeNIOBEKY, MOHUMalOLEMY
AHIIMNCKNN A3bIK.

4. O6beanHAeM onucaHMA B COOTBETCTBMM C
NPUHATLIMY NPABUIAMN U PefaKTUPyeM CMNCOK.

5. B KOHLe CCbUTKU B KPYTbIX CKOOKax yKa3blBa-
etca (in Russian). Ccbinka rotosa.

Mpumepbl  TpaHCIUTEPALUN  PYCCKOA3bIYHBIX
WCTOYHUKOB NUTEPaTypbl ANA aHM0A3bIYHOrO 6510-
Ka cTaTbu

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

PreobrazhenskiyB. S, Temkin Ya. S,
Likhachev A.G.Bolezniukha, gorlainosa. [Diseases
of the ear, nose and throat]. M.: Meditsina; 1968.
(in Russian).
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Radzinskiy V. E., ed. Perioneologiya: uchebnoe
posobie. [Perineology tutorial]. M.: RUDN; 2008. (in
Russian).

lmaBa u3 kHuru: Avtor (y) Nazvanie glavy
(znak tochka) [The title of the article in english]
(znak tochka) In: Avtor (y) Nazvanie knigi (znak
tochka) Mesto izdaniya (dvoetochie) Nazvanie
izdatel’stva (znak tochka s zapyatoy) god izdaniyal.
(dvoetochie) stranisi ot i do.

Korobkov G. A. Temp rechi. [Rate of speechl]. In.:
Sovremennye problemy fiziologii i patologii rechi:
sb. tr. T. 23. M,; 1989: 107-11. (in Russian).

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

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

Tesncbl AOKNagoB, MaTepuanbl Hay4HbIX
KOH}.

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

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

ABTopedepatbl
PetrovS. M. Vremya reaktsii i slukhovaya
adaptatsiya v norme i pri perifericheskikh

porazheniyakh slukha. [Time of reaction and
acoustical adaptation in norm and at peripheral
defeats of hearingl. PhD thesis. SPb.; 1993. (in
Russian).

OnucaHune UHTepHeT-pecypca

Shcheglov |. Naskol'’ko velika rol" mikroflory
v biologii vida-khozyaina? [How great is the
microflora role in type-owner biology?]. Zhivye
sistemy: nauchnyy elektronnyy zhurnal. Available at:
http://www.biorf.ru/catalog.aspx?cat_id=396&d_
no=3576 (accessed 02.07.2012). (in Russian).

OTBETCTBEHHOCTb 3A NPABUJIbHOCTb BU-
BJINOTPAOUYECKUX AAHHbIX HECET ABTOP.

OcTanbHble MaTepuvanbl NPeaoCTaBATCA MO0 Ha
pycckom, MO Ha aHMIMNCKOM si3blKe, MMHO Ha 06omXx
A3blKax Mo »KefaHuio.
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CTPYKTYPA OCHOBHOI'O TEKCTA CTATbU

BBepeHune, u3noxkeHme OCHOBHOrO MaTepuana,
3aKIoyeHne, nutepatypa. [na opurmHanbHbIX UC-
CnlefoBaHNA — BBeAeHMe, MEeTOAMKA, pe3ynbTaThbl
nccnenoBaHms, obcyKaeHe pesynbTaTos, uTepa-
Typa (IMRAD).

B pa3pene «meToanka» 06A3aTefIbHO YKa3blBa-
I0TCA CBeieHNA O CTaTUCTUYeCKo 06paboTKe IKC-
neprMeHTaNIbHOr 0 UKW KIMHUYECKOro MaTepuana.
EQvHMLbI n3MepeHnsa palTca B COOTBETCTBUM C
MexpyHapopHown cuctemon eguHuy, — CA. Gamu-
JINN MHOCTPAHHbIX aBTOPOB, LUTMPYEMble B TEKCTE
pykonucu, NpuBOJATCA B OPUTMHANbHOW TpaHC-
Kpynumu.

0O6bem pyKonucei.

O6bem pykonucu o63opa He AOJIKEH MpeBbl-
WwaTb 25 cTp. MaWMHOMNMNCHOrO TeKCTa Yepes ABa
MHTepBana, 12 kernem (BKntoyas Tabnuubl, CNMCOK
nnTepaTypbl, NOAMNNCK K PUCYHKAM U pe3iome Ha
aHIMNUICKOM A3blKe), NONA He MeHee 25 mm. Hy-
MepyliTe CTpaHuLbl NocnefoBaTeNlbHO, HauMHasA
C TUTYNbHON. O6beM PYKOMUCU CTaTbW SKCMepu-
MEHTa/IbHOrO XapakTepa He JOJKeH NnpeBbiwaTb
15 cTp. MaWMHOMUCHOTO TeKCTa; KpaTKuUx coob-
WweHnn (Nncem B pepakymio) — 7 CTP.; OTYETOB O
KOHdepeHUMAX — 3 CTp.; peLieH3nin Ha KH1urm — 3
cTp. Ncnonb3yinte KOMOHTUTYN — COKpaLleHHbI
3arofioBOK W HymepaLuio CTpaHuu, AnA nomelye-
HWA BBEPXY UJIN BHU3Y BCEX CTPAHUL, CTaTbW.

Unnoctpauum n Tabnuubl. Yncno pucyHKoB
pekomeHzyeTcAa He Gonee 5. B nognucax nog pw-
CyHKaMU [O/MKHbl ObITb caenaHbl 06bACHEHUA 3Ha-
YeHUn Bcex KpuBblx, OyKB, Ludp 1 npounx ycnos-
HbIX 0603HaueHni. Bce rpadbl B Tabnmuax AOMKHbI
VMeTb 3arofioBKu. [MOBTOPATb OHU U Te »Ke AaHHble
B TEKCTE, Ha PUCYHKax M B Tabnuuax He crepyer.
Bce Hagnucn Ha pucyHKax M B Ta6nuuaxnpu-
BOOATCA Ha PYCCKOM W aHMUNACKOM A3blKaxX.
PucyHku, cxembl, doTorpadum fomkHbl ObiTb Npes-
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CTaBfeHbl B ToUeuHblx popmartax tif, bmp (300-600
dpi), nnn B BekTOpHbIX PpopmaTax pdf, ai, eps, cdr.
Mpun opopmneHnm rpadpryeckx MaTepuanos yumTbl-
BaliTe pasmepbl neyatHoro nona MKypHana (WwmprHa
WIOCTPaLnn B OfHY KONOHKY — 90 mm, B 2 — 180
mm). Macwtab 1:1.

B KOHLe KaXkgol cTaTbh 06A3aTeNIbHO YKa3blBa-
I0TCA BKNaj aBTOPOB B HanmcaHue CcTaTby, NCTOY-
HUKM GUHAHCMPOBAHUA (eCM MMeloTCA), OTCyT-
CTBME KOHONMKTa UHTEpPecoB, Hannumne cornacuma
Ha Ny6nMKaumio CO CTOPOHbI NaLMEHTOB.

PELEH3NPOBAHUE

CraTby, NOCTYNMBLUVE B pedakuuto, oba3aTenb-
HO peLeH3npytoTca. Ecnu y peLieH3eHTa BO3HMKaOT
BOMPOCbI, TO CTaTbsl C KOMMEHTapPVAMM pPELEH3EHTa
Bo3BpaLLaetca AsTopy. [laton noctynneHnsa ctatbm
cumTaeTcA pdaTta nonydeHua Pepakumen OKOHYa-
TeNbHOro BapmaHTa cTaTbl. Pegakuma octaBnaeT 3a
o601 NpaBO BHECEHNA PeAaKTOPCKMX U3MEHEHWI
B TEKCT, He MCKaXaloWwmux CMblcia cTaTtbh (nutepa-
TYpHasA 1 TeXHOMorMyecKas npaska).

ABTOPCKUE 3K3EMMNNAPDbI XKYPHAJIA

Pepakuus obasyetca Bbigate ABTOPY 1 3K3em-
nnap *KypHana Ha Kaxkgyto onyb6inKkoBaHHYyo CTa-
Tbl0 BHE 3aBMCUMOCTU OT YKC/la aBTOPOB. ABTOPbI,
npoxuBawowme B CaHKT-lNeTepbypre, nonyuvatot
aBTOPCKMUM 3K3eMnaAap MypHana HenocpencTBeH-
HO B Pepakuun. NHoropogHum ABTOpam aBToOp-
CKMn 3K3emnnap KypHana BbiCbllaeTca Ha agpec
aBTOpa Mo 3anpocy OT aBTopa. JK3eMmnApbl cneL-
BbIMYCKOB HE OTNPABAIOTCA aBTOPaM.

AOPEC PEAKLUN
194100, CaHkT-lMeTepbypr, JIutTosckas yn., 2
e-mail: [t2007@inbox.ru.
Cant xypHana: http://ojs3.gpmu.org/index.
php/childmed/index.

INFORMATION



W3AATEJIbCTBO NEAUATPUHECKOI0 YHUBEPCUTETA

NPEACTABIAET

OPTONEAWYECKAAA CTOMATONOIUA. NPOTE3UPOBAHUE
HECLEMHbIMW KOHCTPYKLUAMMW 3YBHbIX NPOTE30B

CAHKT-NETEPBYPTCKYI FOCYJAPCTBEHHbI
NEQVATPUHECKIA MEQULMHCKWR YHUBEPCUTET

M. ®. Cyxapes,
C.5. ®uues,
M.T. Poxkosa
OPTONEAMYECKAA CTOMATONOIUA.
NPOTE3UPOBAHUE HECLEMHBIMU
KOHCTPYKLMAMU 3VBHbIX NPOTE30B

V4eGHUK ANst MEAULIMHCKIX BY30B

A ) i

M. @. Cyxapes, C. b. @uwes, M. I Poxckosa

Y4eOHHUK COOTBETCTBYET MporpamMme MUHHUCTEPCTBA 37paBo-
oxpaHeHHs Poccuiickoit denepanuu Mo oproneanveckoil ctoma-
TOJIOTHH, TIPEIHA3HAYCH U OyJeT MOJIE3HBIM JIUIS TIpeToaBareneii
KypCOB M CTOMAaTOJIOTHYECKUX Kadeap, CTyAeHTOB CTOMATOIOTH-
YyecKuX (aKyabTeTOB, OPJIMHATOPOB, ACTUPAHTOB, Bpadyei-cToMa-
TOJIOTIOB.

ABTOpBI OylyT TpHU3HATENbHBI 32 KPUTUYECKHE 3aMEUYaHUs U
JIOIIOJIHEHHSL.

TBepnpIii IeperieT, BETHRIC WLTIOCTPAId, 464 CTpaHUIIBL.

[Tpuobpectu U3naHue MOKHO B UHTEpHET-MarasnHe JIaOupuHr:
https://www.labirint.ru/books/877708/

MATONOrUYECKAS AHATOMMS. OBLUWIA KYPC

P A. Hacwipos, /].0. Heanos, H M. Anuuxos, E.IO. Kanununa

| P.A. HACbIPOB, [1.0. UBAHOB,
H.M. AHUYKOB, E.10. KAJIMHUHA

NATOJIOTYECKAS
» AHATOMUSA

OBLLMIA KYPC

O & 4
".{& R

B oOmem kypce marosorndyeckoil aHaTOMHUM (KJIMHHYECKON
naToMopQoIorun) paccMOTPEHBI BOMPOCH OOIICH MaTroioruye-
CKOW aHaTOMHUH: METOABI MCCIECIOBAHUS B MaTOMOP(OIOTHH, TO-
BPEKJCHHE U THOEIb KIETOK M TKaHEH, B TOM YUCIIEe CTapCHHUE;
HapylIeHUs KPOBOOOPAIIEHHUS M HHBIX Cpell OpraHnu3Ma, BoCIaie-
HUe, pernapanys 1 pereHepanys, 3aKUBJICHUE PaH, UMMYHHas 1a-
TOJIOTHSI, aJanTauus, NaToJoTusl PocTa KIeTOK U ux auddepen-
LIUPOBKH, OIYXOJH, TeHETHUECKHUE 3a00/eBaHus, YICHHE O AHa-
THO3€ B MATOJIOTUYECKON aHATOMUH, MATOIOTHA U (PAKTOPBI OKPY-
JKarollel cpe/bl, IaToJoTUsl, BBI3BAHHAS TMTAaHHUEM, KOHCTATAIIHS
CMEpTH U JIp.

Y4eOHUK paccydTaH Ha CTYACHTOB-MEIUKOB BCeX (aKynbTe-
TOB, @ TaK)Xe Ha Bpauei, MHTEPECYIOIIMXCA BONpocamMH 0OuIei
MaTOJIOrM4YECKON aHaTOMUMU.

TBepablii eperuiet, IBeTHbIE WLocTpannu, 280 cTpaHHuIL.

[Tpuobpectu U3naHne MOKHO B UHTEpHET-MarasuHe JIaOupuHT:
https://www.labirint.ru/books/777658/




W3AATEJIbCTBO NEAUATPUHECKOI0 YHUBEPCUTETA

NPEACTABNAET

METABOJINYECKUN CUHIPOM

CaHKT-TleTepOYprCKWi rOCYRAPCTEEHHbI
NIEAMATPHECKUI MERVLIHCKWT! YHUBEPCHTET

METABOJIMMECKUMA
CUHAAPOM

MNon pea. axan. PAH A.B. WABPOBA

1100 peo. akao. PAH A.B. lllabposa

Momnorpadus nocssiiieHa OAHON U3 BeIyIUX MIpodieM coBpe-
MEHHOI'O 3/ApaBOOXPAHEHUS — META0O0IMYECKOMY CHHAPOMY.
[IpencraBieHbl UCTOPUYECKUE ACIEKThl M3Y4YCHHS MeTabosnde-
CKOT'O CHHApPOMA U aCCOLMUPOBAHHBIX C HUM 3a00JIeBaHUN cep-
JICYHO-COCYIUCTON CHUCTEMBI, KPUTEPUU TUATHOCTHKH, SIHIECMHU-
OJIOTHYECKHE JaHHbIE, TPOAaHAIIN3UPOBAHA POJIb TAKUX (HaKTOPOB,
KaK MUKpPOOHOM KHIIEYHHKA, aIUITOKUHBI, OKCHJIATUBHBIH CTpecc,
HapylleHUE MUIIEBOr0 MOBEACHHS B IATOTCHE3€¢ META0OIMYECKO-
ro cuHapoma. PaccMoTpeHo BiMsiHUE META00INYECKOTO CUHAPO-
Ma Ha OPOHXOJIETOUHYIO IMATOJIOTHIO, TaCTPOIHTEPOIOTHIECKYIO
MAaTOJIOTHIO, MOJIOBbIe AUChYHKIMH. OnMcaHbl NEPCHIEKTUBHBIC
METOAbI 00CIeI0BaHNs MAalMEHTOB C METAaOOJIMYECKUM CHHAPO-
MOM, COBPEMEHHBIE MOAXO/IbI K Tepanuu. MoHnorpadus Oynet uH-
TepecHa BpayaM TEpaNeBTUYECKHUX CIEIUAIbHOCTEH, HAyYHBIM
paboTHMKaM, NpenoAaBaTeNsM, aclUpaHTaM, CTyACHTaM MeIu-
LUHCKHUX BY30B.

Teepaslii neperutet, 496 cTpaHu.

[Tpuobpectu U3naHue MOKHO B UHTEpHET-MarasuHe JIabupuHr:
https://www.labirint.ru/books/777643/

r0JIOAAHWUE B AETCTBE U bOJIE3HU B CTAPOCTH

HHbIit

BEPCHTET
[EHTP 110 NEAMATPN

N. N. Xopowwnnuna, [1.0. Usanos

TOJIOAAHUE B AETCTBE
W BOJIE3HU B CTAPOCTH.

Ha npumepe manonethux xurenei
6nokuposanHoro Jlenuurpana

Canxr-Merep6ypr, 2020

JLII. Xopowununa, /1.0. Heanos

Knura mnocpsimeHa Mallou3y4eHHBIM MEIULIUHCKUM HpobIe-
MaM y JIIo[eH CTapIIuX BO3PACTHBIX IPYIIII, MEPEKUBLINX B JCT-
CTBE JUIMTEJbHBIC MEPHOABI TOJOAaHUS. ABTOpAaMH H3y4aroTCs
OTJaJICHHBIC MTOCIIEACTBUS JUINTEIBHOTO TOJO0AaHUs AeTel 1 MOA-
poctkoB B OnmoxupoBanHoM Jlenunrpane (1941-1944). Jlurepa-
TypHBIN 0030p M MOJyYEHHBIE JaHHBIE CBUIETEILCTBYIOT 00 0CO-
OCHHOCTAX COMAaTHYeCKUX 3a00JIeBaHUI y OBIBIIMX MaJIONETHHX
JKuTenel OnokupoBaHHOTrO JIeHMHrpaga, CTaBIIMX HBIHE B3pPOC-
neiMu. KHura nmepensaaercs moBTOPHO, TEKCT €€ TOTOJIHEH U UC-
MpaBJicH.

Wznanne MoxeT OBITH HHTEPECHO MaTojioraM, BpadaM-KINHH-
OUCTaM, CIELUAINCTaM [0 OpPraHM3alM{ 3APaBOOXPAHCHUS U
BCEM IpakJaHaM, HHTEPECYIOIMMCs UcTopreil Omokansl JleHnH-
rpaja.

2-e uzganue, nepepaboTaHHOE U TOTIOJIHEHHOE.

TBepaslii neperuter, 176 crpanu.

[Tpuobpectu U3naHne MOKHO B UHTEpHET-MarasuHe JIabupuHr:
https://www.labirint.ru/books/777647/
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