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The article presents a review of the literature on the clinical aspects of assessing vitamin D deficiency in young chil-
dren by the concentration of 25(0OH)D (hydroxycalciferol) in blood serum. The purpose of the review was to familiarize
pediatric specialists with the real state of affairs in assessing the clinical significance of diagnosing vitamin D status,
its relationship with the prevention of deficient rickets, ways of correcting and choosing the dose of calciferol. A daily
dose of 400 IU of vitamin D for young children is effective and safe in preventing deficient rickets. Higher subsidized
doses of calciferol have not been shown to be more effective. In addition, they can potentially lead to toxic levels of
vitamin D metabolites in the blood. When using lower daily doses (less than 400 IU), an adequate prophylactic effect
may not be achieved. Determination of the level of circulating serum hydroxycalciferol, which characterizes the status
of vitamin D in the body, is not recommended for routine examination and as a standard for diagnosing deficient
rickets in young children. Calciferol has multilateral effects, modulates not only phosphorus-calcium metabolism, but
also affects other systems and functions of the body, in particular, ontogenesis and the immune system. According
to foreign literature, all infants should receive vitamin D for the prevention of rickets, treatment from the age of one
month. This is most reliably identified for children, probably at risk. Convincing data indicating a positive protective
effect on diabetes mellitus D on unforeseen pathology, for example, the frequency of exclusion of pneumonia, infec-
tious diarrhea, atopic dermatitis in infancy, has not yet been obtained.

Keywords: early age; vitamin D; 25(0H)D (hydroxycalciferol); deficiency rickets; prevention.
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B cTatbe npeactaBneH 0630p NMTEpPATYpbl, MOCBAWEHHbIA KIMHUYECKMM acnekTaM OLEeHKM HeAoCTaTOMHOCTM BMTaMMHA D
y AeTel paHHero Bo3pacta no koHueHTpauuu 25(0H)D (ruapokcukanbumdepona) B cbiBopoTke kpoBu. O630p 3HakoMuT
CMeuManncToB NeanaTpuyeckoro npoduns ¢ peanbHbiM MONOKEHWEM Bellei B OLEHKE KIMHUYECKOM 3HAYMMOCTU AMarHo-
CTUKM cTaTyca BuTamMuHa D, ee cBS3M C nposefeHneM npodunakTuku AedULUTHOrO paxuTa, NyTei Koppekuuu u Bbibopa
[03bl Kanbuudepona. nga npodunaktMkn neduunTHOro paxmta exxegHesHas nosa 400 ME sutamuua D onsa pgetei paHHero
Bo3pacTa 3pdekTuBHa n 6e3onacHa. bonee BbiCOKME AOTALMOHHbIE A03bl KanbUudepona He NoKazaau CBOK BbICOKYH 3¢-
(bekTMBHOCTb. KpoMe TOro, OHM NOTeHLMaNbHO MOTYT NPUBECTU K TOKCMYECKOMY YPOBHIO MeTabonuTos BuTaMuHa D B Kposw.
Mpu ncnonb3oBaHuMM 6onee HU3KMX CyTOYHbIX A03 (MeHee 400 ME) apekBaTHbIM npodunakTuyecknini sddekT MoxeT 6bITb
He AOCTUrHYT. YpOBEHb LMPKYNUPYIOLLErO B CbiIBOPOTKE MMAPOKCUKanbLUdepona, XapakTepusytoLero ctatyc ButammHa D
B OpraHu3me, He PEKOMEHAYETCs OnpenensTb npu pyTMHHOM 06CnefoBaHMM M B KavyecTBe CTaHAAPTA NPU LMATHOCTHKE
LeduuUMTHOro paxuTa y AeTeit paHHero Bo3pacTta. Kanbundepon obnafaeT MHOrOCTOPOHHUMK 3 hEKTaMU, MOLYNIUPYET He
ToNbKo HOoChHOpPHO-KanbLMEBbIN 0OMEH, HO BAUSIET M Ha APYrue CUCTeMbl U QYHKLMM OpPraHuM3Ma, B YaCTHOCTU OHTOreHes
M MMMYHHYIO cucTeMy. 1o faHHbIM 3apy6exHoW nuTepaTypbl, BCE AETU FPYLAHOrO BO3pacTa AO/KHbI NoayyaTb BUTaMUH D
LN NPOGUNAKTUKM paxmMTa HauMHas C MeCcsMHOro Bo3pacTta. Haubonee HafeXHO 3TO A0KA3aHO ANs AETEeM, OTHOCSALMXCS
K rpynnam pucka. HactosTenbHo pekoMeHAayeTcs yHuBepcanbHas fobaska BuTamuHa D po 12-mMecsyHoro Bo3pacTa LeTaM,
HaXOAALWMMCS Ha TPYAHOM MM CMELIAHHOM BCKapMMBaHuUW. B Bo3pacTe cTapwe 12 Mec. peKOMeH0BaHO AOMOAHUTENbHOE
HasHauyeHuWe BUTaMMHa D peTam u3 rpynn pucka.

KnioueBble cnoBa: paHHuit BospacT; ButamuH D; 25(0H)D (ruapokcukansumdepon); Ae@UUnTHBIN paxuT; npodunakTmka.
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In recent years, the world has significantly
shown increased interest in the study of vitamin D
(calciferol) and its wide-ranging role in ensuring the
vital activity of the body. This was related to the
study of vitamin D supplementation in children and
the need to correct calciferol deficiency. Such in-
creased attention also naturally affected early child-
hood. This is due to active measures implemented
in many countries to prevent, first of all, rickets
in this age group. This interest is largely associ-
ated with the recent practical opportunity to assess
objectively the body’s calciferol levels by deter-
mining the concentration of its metabolite 25(OH)D
(hydroxycalciferol D, and D,) circulating in the
blood serum. The interest in this problem is to some
extent fueled by companies producing vitamin D
preparations.

This review presents the current state of affairs
among pediatric specialists in the world and Russian
health care in assessing the clinical significance of
determining vitamin D status based on the blood
level of 25(OH)D in children and ways to correct
its deficiency. Vitamin D deficiency (rickets) is a
representative clinical manifestation of vitamin D
deficiency. Despite the multitudes of publications
discussing the biological activities of calciferol
that affect various body functions, including chil-
dren (immunity, ontogenesis processes, etc.), there
is currently no convincing scientific evidence,
from the standpoint of evidence-based medicine,
of the relationship between vitamin D deficiency
and other non-rachitic pathology. However, some
clinical aspects of the association of vitamin D
status with rickets remain controversial. Several
established opinions, especially those prevailing
in Russian pediatrics in relation to this pathology,
have no scientific justification at all. The review
also considers some aspects of the possible effects
of prophylactic doses of vitamin D on the growth
processes of children and morbidity with infectious
and non-infectious diseases.

In the selection of publications for the review,
we used a standard search strategy in scientific elec-
tronic databases Medline, Google Scholar (Google
Academy), and eLibrary.ru. In line with the research
goal, the search and selection of literary sources
were also performed on the websites of organiza-
tions, institutions, and communities involved in
the development of recommendations, analyzing
the current literature and compiling systematic re-
views, particularly in the accessible (open) part of
the Cochrane Library. First, we selected high-quality
clinical trials that, in terms of their methodologi-
cal level, meet current requirements and criteria

for the evidence of the results obtained [2]. Pri-
ority was given to individual randomized clinical
trials (RCTs), results of systematic reviews, meta-
analyses, and publications of the Cochrane Collabo-
ration. Our analysis also included modern national
and international clinical guidelines that met the
modern requirements of evidence-based medicine.

Clinical aspects of assessing vitamin D status
in early childhood

The advent of the possibility of determining
25(OH)D levels in the blood serum created the pre-
requisites for the assessment of vitamin D status in
the body and population by the concentration of
this metabolite in practice. This has led to various
proposals for the correction of vitamin D levels
in the body, including young children, based only
on indicators of insufficient circulating 25(OH)D.
In most cases, such advice was not subsequently
confirmed by RCTs. Epidemiological studies have
also shown the prevalence of such deviations in
all age groups in various populations in both eco-
nomically developed and developing countries in
northern and tropical regions [4, 10, 25, 28, 32].
Despite the obvious association, no evidence pres-
ents an absolute dose-dependent response to chang-
es in serum 25(OH)D concentrations from taking
vitamin preparations [31]. The 25(OH)D level is
determined by the initial level of this precursor of
the active metabolite D, dose of the administered
drug, amount of the final active endogenous me-
tabolite 1,25(OH),D, produced, demographic char-
acteristics, and number of other factors [25, 30, 31,
33, 34]. In addition, the levels of this metabolite
depend on the method of determination, seasonal-
ity, nature of the underlying disease, and therapy,
especially in cases of malabsorption. In accordance
with the recommendations for determining the level
of 25(OH)D, if the child received one or another
vitamin D-containing drug or was exposed to ultra-
violet radiation, then the assessment of vitamin D
status should be performed no earlier than 3 mon
after the withdrawal of such exposures. Thus, the
pharmacokinetics of vitamin D and its blood levels
depend on many factors that affect absorption, dis-
tribution, metabolism, and excretion and routes of
administration. All the listed links of kinetics are
largely genetically determined processes [1, 8, 10,
12, 31, 38]. Serum 25(OH)D concentration, having
a multifactorial (polygenic) nature, is not always
closely associated with the occurrence of rickets.
Thus, understanding that 25(OH)D is neither a syn-
onym nor a marker of the physiological function of
vitamin D is extremely important, as it is not the
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main active form of vitamin D [7]. A review showed
no significant correlation between serum 25(OH)D
levels and the concentration of the final vitamin D
metabolite 1,25(OH),D [31]. Often, in children with
low levels of 25(OH)D, rickets does not develop,
and conversely, in some cases, a sufficient level of
25(OH)D does not prevent the development of rick-
ets, especially in infants born prematurely [7, 28].
The main cause of rickets in children born prema-
turely is a deficiency in calcium, phosphorus, and
magnesium, and not calciferol. In this regard, it is
currently not recommended to determine routinely
the concentration of 25(OH)D when examining chil-
dren and when diagnosing rickets [27, 28].

For a long time, the discussion continued on clas-
sifying vitamin D status in children according to the
serum concentration of 25(OH)D [27]. Nevertheless,
an agreement has recently been reached on such a
distribution [27, 28]. According to the consensus,
vitamin D supplementation in children is consid-
ered sufficient if the total 25(OH)D (D, and D,)
concentration exceeds >50 nmol/L (20 ng/mL).
A level of 30-50 nmol/L (12-20 ng/mL) indicates
calciferol deficiency, and when the serum 25(OH)D
level is <30 nmol/L (12 ng/mL), vitamin D deficien-
cy occurs. Concentration >250 nmol/L (100 ng/mL)
is regarded as excessive, and if it is accompanied
by hypercalcemia, hypercalciuria, and parathyroid
hormone suppression, calciferol intoxication is di-
agnosed. Thus, based on the presented modern data,
determining the serum concentration of 25(OH)D
and its interpretation are appropriate for assessing
vitamin D status in an individual and population,
but not for an individual choice of a prophylactic
dose of calciferol and diagnosis of rickets.

Issues on vitamin D deficiency, its prevention
and treatment, judging by the publications, are
currently receiving much attention globally. This
is due to the establishment of the multifunctional
role of calciferol in the body and the possibility
of the laboratory assessment of the vitamin status
individually. Vitamin D, in addition to calcium and
phosphate homeostasis, is necessary for the devel-
opment of the skeleton, successful functioning of
activated B- and T-lymphocytes, insulin produc-
tion, secretion of thyroid-stimulating hormone, and
myocardial contractions [41]. However, rickets is
naturally the focus of related publications, as a pa-
thology most closely associated with a lack of cal-
ciferol in early childhood. Vitamin D deficiency in
infants is traditionally explained by its low level in
breast milk and the natural limitation of sun expo-
sure [23]. Recently, some studies have indicated an
increase in the incidence of rickets in children, even

in economically developed countries, particularly in
the UK, Canada, and USA [24, 40, 42, 43, 45].
This phenomenon is mainly contributed by the mi-
gration of families with dark skin, who are most
prone to vitamin D deficiency under conditions of
limited insolation.

The epithet “deficiency” has replaced the defini-
tion of “vitamin D-deficient” because, as already
mentioned, not only vitamin D deficiency, but also
insufficient intake of calcium, phosphorus, and mag-
nesium plays a significant role in the occurrence of
rickets [6, 28, 40].

The most frequently cited questions in current
early life studies are as follows: What is the safest
and most effective dose of vitamin D for preventing
rickets and other diseases in young children? Until
what age is it appropriate for children to take vita-
min D supplements for prophylactic purposes? The
search for answers to these questions is presented
in this review.

Prevention of vitamin D deficiency in early
childhood: dose selection

When choosing the sources discussing this issue,
we preferred modern publications that meet the re-
quirements for research work, that is, with a mini-
mum probability of making systematic errors [2].
The review deliberately included publications rela-
ting to regions with living conditions close to the
Russian climate (Finland, Great Britain, Canada,
Germany, etc.). The need of a breastfed infant for
calciferol supplementation was confirmed by all
the analyzed studies. The results of RCTs aimed
at evaluating the efficacy and safety of various vi-
tamin D doses in young children are analyzed and
presented. As an example, we cite tests conducted
in countries similar to the Russian Federation in
terms of climatic and geographical characteristics.

In Finland, a double-blind RCT was conducted
among breastfed children [19]. The participants
were distributed into three groups, depending on
the daily dose of vitamin D,, namely, 400, 1200, and
1600 TU. All children received the drug from the
age of 2 weeks. A comparative evaluation was per-
formed after 12 weeks of prophylaxis. The authors
did not reveal differences in calcium and phospho-
rus metabolism and the state of the skeletal system
assessed by computed tomography.

A similar double-blind RCT was conducted in
Canada among children distributed into four groups
depending on the daily dose of vitamin D, (400,
800, 1200, and 1600 IU) [13]. All participants were
breastfed with the same type and timing of the in-
troduction of complementary foods. The follow-up
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was performed for 12 mon. The authors conclud-
ed that vitamin D doses >400 IU per day did not
confer additional benefits on bone mineralization.
A comparison of the same groups at age 3 years
also did not differ in their anthropometric param-
eters, body composition, and characteristics of the
skeletal system [13, 18]. In turn, Canadian research-
ers, based on the serum level of 25(OH)D, de-
monstrated no difference in the prophylactic effect
when taking ergo- and cholecalciferol preparations
[13-15].

A systematic review with a meta-analysis by
the Cochrane Society demonstrated the effective-
ness of a 400 IU dose of vitamin D for infants,
including those at risk [36]. Other reviews have
also provided information characterizing the situa-
tion with the supplementation of calciferol to young
children in other world regions [26, 28, 29, 32].
In the available publications, no data are available
on the possible toxic effect of the prophylactic dose
of 400 IU. A Cochrane review on the safety of
prophylactic doses of vitamin D reported no risk
of hypercalciuria, hypercalcemia, hyperphosphate-
mia, and hypoparathyroidism. The authors compared
the effects of conventional doses of vitamin D with
placebo effects [20].

Summary data on the effect of various prophy-
lactic doses of calciferol on calcium—phosphorus
metabolism and bone mineralization are presented
in several reviews, including the Global Consensus
on the Prevention and Management of Nutritional
Rickets [13, 26, 28]. From these reviews, there is
no evidence that higher daily doses of vitamin D
over the generally accepted recommended dose of
400 IU affect any long-term meaningful outcomes.
Larger amounts may result in serum 25(OH)D con-
centrations that are potentially associated with side
effects.

Although numerous studies have confirmed the
usefulness of vitamin D supplementation during the
first 12 mon of life, no convincing evidence has es-
tablished the usefulness of supplementation to chil-
dren older than 1 year. This is due to the difficulties
in assessing the influence of risk factors at this
age, taking into account the consumption of prod-
ucts-containing vitamin D, sun exposure, etc. [23].
Calciferol supplementation is important for children
at risk. The risk factors for rickets include the fol-
lowing [23, 28]:

Newborns and infants:

* Maternal vitamin D deficiency during gesta-
tion and lactation (limited sun exposure, dark skin,
veiling, repeated births, and low dietary intake of
calciferol)

* Prolonged exclusive breastfeeding without vi-
tamin D supplementation

* Prematurity and low body length not corre-
sponding to the gestational age

Children older than 1 year:

* Limited sun exposure, dark skin, and cultural
practices (closed clothing, etc.).

* Reduced intake of dietary vitamin D (prolonged
exclusive breastfeeding without complementary
foods, lack of foods rich in calciferol and calcium
in the diet, and starvation).

* Chronic diseases of the digestive system (such
as malabsorption, exocrine pancreatic insufficiency,
and biliary tract obstruction) and impaired hydrox-
ylation of vitamin D metabolites (chronic liver or
kidney disease).

* latrogenic factors (such as intake of rifampicin,
isoniazid, and anticonvulsants).

The ultimate goal of scientific evidence on the
efficiency and safety of medicines is their practical
applicability. In this sense, it is of interest to ana-
lyze clinical guidelines for the prophylactic use of
calciferol in young children from different regions.
Currently, a sufficient number of clinical recommen-
dations are available worldwide, both national and
global (multinational), and their main provisions are
based on contemporary principles of evidence-based
medicine. We considered it interesting to compare
the recommendations in these sources on the daily
preventive use of vitamin D with Russian guidelines
presented in the national program [5].

In the USA, the American Academy of Pediatrics
indicated 400 IU in the first year of life, regardless of
the type of feeding, and 400 IU at age >1 year [41].

In North America, the Institute of Medicine (USA)
indicated 400 IU. In children aged >1 year, 600 U
was indicated by supplementation or with food [21].

In the DACH region (Germany, Austria, and
Switzerland), the DACH Nutrition Society indicated
400 IU in the first year of life and then 800 IU [16].

In the European Union, the European Food Safe-
ty Authority (EFSA) indicated 400 IU up to 1 year
of age and then 600 IU [39].

In the Northern region of Europe, EFSA indi-
cated 400 IU in the first year of life and there-
after [11].

In the United Kingdom, the Scientific Advisory
Committee on Nutrition indicated 200—400 IU in the
first year of life and then 400 IU [22, 35].

Japan indicated 100 IU from birth to the age of
6 mon, 200 IU for mon 6-12, and 100-220 IU at
age >1 year [37].

The World Health Organization (WHO) indicated
200 IU in the first year of life and later [29, in
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the text of the reference source to the Food and
Agricultural Organization/WHO recommendations
of 2004].

The Global Consensus on the Prevention and
Management of Nutritional Rickets (consensus
was attended by representatives of the Asia-Pacific
region, Japan, Latin America, Australia, India, Af-
rica, China, British Commonwealth, and Europe)
indicated 400 IU for the first 12 mon, regardless
of the type of feeding, and then 600 IU either as
supplementation or with food [28].

In the Russian Federation, National Program in-
dicated 1000 IU in the first year of life or 1500 IU
(for children aged 6—12 mon in the European North
of Russia) and 1000 IU later [5].

The data presented demonstrate almost complete
unanimity among international countries in the dose
of vitamin D supplementation for children, espe-
cially in the first year of life. The exceptions are
Japan and Russia. The low recommended prophylac-
tic doses of calciferol for Japanese children can be
explained by the national nutritional aspects charac-
teristic of both nursing mothers and children aged
>1 year. The widespread use in the diet of seafood
and vegetables rich in vitamins D, and D,, as well
as calcium, largely meets the needs of the child,
including through breast milk. Moreover, the doses
recommended by the Russian program raise doubts
in terms of reliability and validity. This is due to
the complexity of the analysis of this publication.
In the document, unlike international ones, there are
no references to the publication of primary materi-
als, which were the basis of the recommendations.
These references are absent not only in the pro-
gram itself but also in the publication preceding this
document [3]. This refers to actual data obtained in
various regions of Russia. In this regard, we could
not, from the standpoint of modern requirements,
assess the methodological level of these original
studies, the validity of the results, and reliability
and correctness of the conclusions. In addition, no
information is available in the program proving the
advantage in terms of the efficacy and safety of the
proposed prophylactic doses of vitamin D over the
prophylaxis scheme previously generally accepted
in Russia.

Calciferol has multilateral effects and not only
modulates phosphorus—calcium metabolism but also
affects other systems and functions of the body,
particularly ontogenesis and immune system. Thus,
trials aimed at studying the effect of vitamin D
on the disease course were of interest. A Cochrane
systematic review [20] analyzed the possible ef-
fect of vitamin D supplementation on the linear

growth of children. The review included 60 RCTs.
The authors did not find evidence for such influences.
The same review examined the association of vita-
min D supplementation with atopic diseases (aller-
gic rhinitis and bronchial asthma), type 1 diabetes
mellitus, and other autoimmune disorders. Calciferol
supplementation had no significant effect on these
diseases. Later, similar results were demonstrated
by two double-blind RCTs with placebo [9, 17].
An RCT conducted in Australia found no difference
in the incidence of atopic dermatitis and sensitiza-
tion in children aged 6 mon who received a calcif-
erol supplement at a dose of 400 IU, compared with
placebo [33]. Another review from the Cochrane
Library studied the effect of vitamin D supple-
mentation on the incidence of infectious diseases
in children from birth to age 5 years. Pneumonia
and intestinal infections were chosen as objects of
the study. The authors did not find evidence that
vitamin D supplementation positively affects the
incidence of this pathology [44].

Thus, according to international literature, all
infants should receive vitamin D for the preven-
tion of rickets, starting from age 1 month. This is
most reliably proven for children at risk. Convinc-
ing evidence of a positive protective effect of vita-
min D supplementation on other pathologies, such
as the incidence of pneumonia, infectious diarrhea,
and atopic dermatitis in infancy, has not yet been
obtained. A daily dose of 400 IU of vitamin D for
young children is effective and safe in preventing
rickets. Supplementation with higher doses of cal-
ciferol is not effective compared with the conven-
tional regimen. In addition, they have the potential
to lead to toxic blood levels of vitamin D metabo-
lites and hypercalcemia. When using lower daily
doses (<400 IU), an adequate prophylactic effect
may not be achieved.

A universal vitamin D supplementation is highly
recommended up to age 12 mon for breastfed or
mixed-fed children. There is no consensus on the
need for additional supplementation for children
who are bottle-fed with calciferol-enriched mix-
tures. At age >12 mon, vitamin D supplementation
is recommended for children at risk. However, no
convincing evidence supports the objectivity of the
12-month threshold. It appears that this age is taken
arbitrarily; thus, it can be considered appropriate
to supplement vitamin D until the age of 24 mon.
Determining the level of the 25(OH)D metabolite
circulating in the blood serum, which characterizes
the status of vitamin D, is not recommended for use
either as a routine method for examining children
or for diagnosing rickets in young children.
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Background. Currently there is a high demand in reliable noninvasive diagnostic technique assessing the physiological
parameters of the lungs. We are exploring the three-dimensional ultrafast MRI sequence as a novel diagnostic modal-
ity allowing the assessment of regional quantitative perfusion parameters in pulmonary tissue.

Aim. To assess regional differences in quantitative pulmonary perfusion parameters in 10 volunteers with no evidence
of interstitial lung disease by computed tomography, clinical, and laboratory data.

Materials and methods. 10 volunteers with no signs of interstitial lung disease were examined by three-dimensional
ultrafast dynamic contrast-enhanced MR imaging using 3D T1-weighted images. The values of pulmonary blood
flow (PBF), mean transit time (MTT), and pulmonary blood volume (PBV) for the targeted regions of interest were
calculated based on the dynamic image series. For calculations, arterial input function (AIF) was used, as well as the
time-intensity curves.

Results. The values of PBF, MTT, and PBV showed statistically significant differences between central and peripheral
sections of lungs. Provided model can be implemented for quantitative assessment of regional pulmonary perfusion
allows it to be used to determine the reliability of PBF, MTT and PBV values.

Conclusions. Three-dimensional ultrafast MRI sequence is a novel diagnostic modality allowing the assessment of re-
gional quantitative pulmonary perfusion parameters in pulmonary tissue, regardless of physiological features of blood
supply mechanisms in different lung regions.

Keywords: lung; magnetic resonance; MR; perfusion; gadolinium; dynamic contrast enhancement.
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AkTyanbHoOCTb. B HacToslLee BpeMs BefeTCcs M3yyeHMe HOBbIX M afanTaums yXxe CyLLecTBYHLWMX METOL0B Ny4YeBOM AMArHO-
CTUKM ANS OLeHKM GU3MONOrnyeckmx napaMeTpoB nerknx. Heobxoanmbl ganbHenwme nccnefoBaHng MeTOAUKU TPEXMEPHOM
CBepXObICTPOM MarHUTHO-pe30HAHCHOM TOMOrpaduu Nerkux B Ka4eCTBe HOBOrO AMArHOCTUMYECKOrO MEeTOoa, MO3BOSHOLLEro
OLEHMBATb pernoHasbHble KOIMYEeCTBEHHbIe MapamMeTpbl Nepdy3nn B NEro4HOM TKaHM.

Lenb uccnepoBaHua — OLEHUTb PerMoHabHble Pa3NnMyuus B KONMYECTBEHHbIX MapaMeTpax neroyHon nepoysum y 10 gobpo-
BOJIbLIEB, HE UMEIOLLMX MPU3HAKOB UHTEPCTULMANBHOIO NMOPAXXEHUS NEerKUX MO AaHHBIM KOMMbIOTEPHOW TOMOrpaduu, a Takxe
KNMHUKO-N1abopaTOPHbIM AAHHbIM.

Marepuanel u metoabl. [poBeaeHo obcnenoBaHne 10 nobpoBonbLEB 6€3 NPU3HAKOB MHTEPCTULMANBHOIO MOPAKEHWUS NErKMUX
C NPUMEHEHWEM TPeXMepHOI CBEPXObICTPON AMHAMUYECKOWM KOHTPACTHOW MarHUMTHO-Pe30HAHCHOM ToMorpadumn Ha 6ase rpagu-
eHTHbIX 3D-T1-B3BeLWweHHbIX n306paxkeHnin. Ha 0OCHOBe AMHAMMUYECKUX cepuit 306paxkeHni nony4veHbl 3Ha4yeHnsa PBF (ckopocTb
KpoBoTOKa), PBV (06bem kpoBoToka) u MTT (cpenHee BpeMsi maccaxa) AN BbibpaHHbIX obnacten uHTepeca. [ns BbluMCIEHUI
MCNONb30BaNM BXOAHYK apTepuanbHyto dyHkumio AlF, a Takxe KpuBble 3aBUCMMOCTM MHTEHCMBHOCTM OT BPEMEHM.
Pesynbratbl. 3HaveHnsa PBF, MTT n PBV nokasanu LOCTOBEpPHbIe Pa3inuns MeXAy LeHTpanbHbIMKU U nepudepuyeckumm oT-
[enaMu neroyHblx fonen. MatemaTnyeckas Moaenb, MCNONb30BaHHAA NPU KOIMYECTBEHHOW OLLEHKe PerrMoHapHOM NeroYHom
nepdysunu, NO3BONSET MCMNOAb30BATb €€ AN onpefeneHns 4OCTOBEPHOCTH 3HayveHuit PBF, MTT u PBV.

3aknoueHue. TpexmepHas cBepxbbiCTpas MarHUTHO-Pe30HAHCHAs MOCNef0BaTeNbHOCTb MO3BOJISET KONIMUYECTBEHHO OLLEHM-
BaTb nepdy3nOHHblE NapaMeTpbl AN Nero4yHOM TKaHW BHE 3aBUCMMOCTU OT GPU3MONOrMYeckUx 0cobeHHOCTeN MexaHW3MOB

KpOBOCHaﬁ)KEHMﬂ Pa3NnYHbIX 30H NIETKUX.

KntoueBble cnoBa: nerkoe; MarHuTHbIM pe3oHaHc; MP; nepdy3ns; ragonnHuing AMHaMMYeCcKoe KOHTPAacTHOe yCueHue.

BACKGROUND

In pulmonary diseases, the preservation of blood
flow with a decrease in the level of ventilation,
the so-called perfusion—ventilation mismatch, be-
comes a common phenomenon [11]. Therefore, it
is important to quantify perfusion and ventilation
characteristics, both collectively and individually.
The total values of these parameters are estimated
by single-photon emission computed tomography
combined with computed tomography (SPECT/CT)
using radionuclide-labeled erythrocytes or serum
albumin macroaggregates, Xe 133 and 150-water
[31, 36-38, 43]. However, perfusion can be assessed
using contrast-enhanced dual-energy X-ray CT [45].
The implementation of both methods is associated
with the use of ionizing radiation; in addition, these
methods have a relatively low temporal resolution
associated with the presence of the dead time of
the detector, relatively low spatial resolution, and
different energy resolution of ionizing radiation
detectors.

Currently, several studies are describing the pos-
sibilities of two-dimensional dynamic contrast mag-
netic resonance imaging (MRI) to assess pulmonary
blood flow (PBF) [17, 18, 25]. Compared with ra-
dioisotope studies, two-dimensional (2D) dynamic
contrast-enhanced MR provides higher temporal and
spatial resolution without the use of ionizing radia-
tion. The 2D dynamic MR method represents a set
of series of 2D-T1-weighted images. In this case,
images are obtained continuously in a certain time
interval after contrast agent injection. This method
enables the assessment of the nature of accumula-
tion at different time points. However, given the

requirements for temporal resolution, images have
a low signal-to-noise ratio and low spatial resolu-
tion. In addition to these shortcomings, 2D dynamic
contrast-enhanced MRI for lung examination does
not allow simultaneous assessment of regional pul-
monary perfusion due to field heterogeneity, which
contributed to the further technical development and
improvement of this technique [28].

Currently, new diagnostic capabilities of MRI
are emerging, meet various physiological tasks,
and consequently allow evaluation of many physi-
ological parameters. The use of a dynamic series
of three-dimensional (3D) T1-weighted sequences
based on gradient echo with ultrashort repetition
time (TR) and time to echo (TE) values enables data
acquisition with the necessary temporal and spatial
resolution for making perfusion maps [32, 33].

In the experimental works of several researchers
[22, 29, 44], the concept of the first passage of a
contrast agent was used as a physiological model
for calculations, which has proven itself well for
assessing the state of the central nervous system in
ischemic or volumetric lesions of the brain. These
works are characterized by the fact that the use of
the gamma distribution was not acceptable when
approximating the curve of signal intensity versus
time. Some studies have shown that MR perfusion
of the lungs with the calculation of quantitative
parameters of blood flow is quite effective, which
was confirmed in the porcine pulmonary embolism
model [18, 19, 26].

In the present study, we extended this field-pro-
ven 2D technique to 3D ultrafast dynamic contrast-
enhanced MRI in healthy volunteers.
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This study aimed to quantify regional differences
in pulmonary perfusion parameters in healthy volun-
teers using 3D ultrafast dynamic contrast-enhanced
MRI with the calculation of PBF, mean transit
time (MTT), and pulmonary blood volume (PBV)
values.

MATERIALS AND METHODS
OF RESEARCH

3D dynamic contrast-enhanced MRI [24] was
performed on 10 healthy volunteers without a his-
tory of viral (COVID-19) pneumonia, and with-
out chronic lung disease at the time of the study.
The age of the patients at disease onset ranged from
24 to 58 (mean age, 38.5 + 13.3) years. In all cases,
the study started with a routine MRI of the lungs
and then proceeded to the study using a gadolinium-
containing contrast agent (Gadoteridol) [41].

Perfusion MRI was performed in the dynam-
ic susceptibility contrast (DSC) mode, named
4D LUNG_PERFUSION, representing a set of se-
ries of T1-weighted 3D sequences built on the basis
of gradient-echo sequences oriented in the oblique—
coronal plane (scans were oriented parallel to the
sternum, taking into account the variants of the tho-
racic spine structure); the sequence parameters are
presented in Table 1. The study area included all

Technical parameters of the dynamic contrast susceptibility (DSC)

scanner

parts of the lungs, namely, upper and lower on both
sides, middle lobe of the right lung, and lingular
lobes of the left lung.

By using the Medrad automatic injector, gad-
olinium-containing contrast agent gadoteriol at a
concentration of 273.3 mg/mL and dose of 1.0 mL
was injected to patients intravenously through an
intravenous catheter 18 located in the antecubital
fossa, with a constant injection rate of 3.5 mL/s and
followed by the injection of 40 mL of isotonic so-
dium chloride solution at the same rate. During the
first passage of the contrast agent bolus through the
vascular system, images were repeatedly recorded
at 40 different levels, with seven dynamic images
obtained at each level. Images of the first passage
were obtained before injection of a contrast agent to
determine the baseline intensity of the MR signal.
From the moment of contrast medium injection, the
perfusion study took 18 s.

The following assumptions were used to estimate
perfusion:

1) The selected region of interest (ROI) has one
source and one drain for the contrast agent.

2) A large feeding vessel can be isolated, which
enables the acquisition of the intensity—time de-
pendence graph to obtain the corresponding input
data.

Table 1 / Tabnuya 1
MRI sequences on the Ingenia Philips 1.5 Tesla MR

XapakTepucTMka napaMeTpoB MeTOAMKM NepPy3MOHHON MAarHUTHO-PE30OHAHCHOM TOMOrpadun B pexmme AMHAMU-
4yeckoM BOCNPMUMYMBOCTM KOHTpaAcTa Ha Tomorpade Ingenia Philips 1,5 Tecna

Parameters / [TapameTpsl

4D LUNG PERFUSION

Orientation of slices / OpuenTanus cpe3oB

Coronal / KoponanbHas

Pulse sequence / UMmynbcHast MOCIEA0BATEIBHOCTD

TFE

TR/TE, ms / TR/TE, mc

3.5/1.57

Matrix / Matpuia

132 x 117 x 40

Voxel size, mm (sag x tra X vert) / Pazmep Bokcessi, MM (CArUTT X MOTEP X BEPT)

3.03 x2.99 x 8.00

Slice thickness, mm / TonmuHa cpeza, MM 4
NSA 1
Full scan time, sec / [TonHOE BpeMsi CKaHHPOBaHHUS, C 18
Total number of series in the set / O0uiee Koau4ecTBO cepuil B Habope 22
Time of the control scan with full filling of the k-space, sec /

BpeMsi KOHTPOJIBHOTO CKaHa € MOJIHBIM 3aII0JIHCHHEM K-POCTPAHCTBA, C 2.5
Temporary resolution, sec / BpemeHnHoe pa3pemuieHue, ¢ 0.6

Note. In the physiological model for evaluating perfusion it is assumed that there is no “dead space” in the regions of interest [9],
as well as arterial-venous shunts [7]. The contribution of intensity due to trophic blood flow (via bronchial arteries) [39] in this work

is considered negligible and is not taken into account.

Ipumeuanue. Tlpu mocTpoeHNH (PU3NOIOTHYECKOIT MOJEIH sl OUCHKH NMepdy3uH CYUTAETCS, YTO B UCCIENYyeMOi 001acTH OTCYT-
CTBYET «MEPTBOE NMPOCTPAHCTBO» [9], a Takke apTepHanbHO-BEHO3HbIE MIYHTHI [7]. BKilag HHTEHCUBHOCTH 3a CYET TPOPHUECKOTO
KpoBoTOKa [39] B naHHOI paboTe cunTaeTcs MPeHeOPEKMUMO MaIBIM U HE YUUTHIBACTCS.
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Fig. 1. Axial reconstructions of image with dynamic contrast
enhancement. a - Selection of ROl in the area of the
pulmonary trunk and ascending aorta for a qualitative
assessment of the suitability of the data; b, ¢ - Selec-
tion of areas of interest in the left lung: peripheral and
central sections of the apical-posterior segment of the
left lung at different levels are demonstrated; d - the
same for the right lung with separate examination in the
upper lobe of the apical and posterior segments. These
are mirror images of classic-oriented CT/MRI projections

Puc. 1. AKcuanbHble  pPeKOHCTPYKUMM cepuit  M306pakeHui
C AMHAaMUYECKUM KOHTPACTHbIM ycuneHneM. a — Bbibop
ROI B o6nactn neroyHoro cTBONA U BOCXOASLLEFO OT-
Aena aopTbl ANs KayecTBEHHOW OLLEHKU MPUrOAHOCTH
AaHHbIX; b, ¢ — BbIGOp 30H MHTEpeca B IEBOM JIEFKOM:
NpoAEMOHCTPUPOBaHbI Nepudepuyeckue U LeHTpanbHbie
oTAenNbl BEpXyLIEYHO-3aAHEro CErMeHTa JIEBOro NIErkoro
Ha pasHbIX YPOBHAX; d — TO Xe AnS NpaBoOro Jerkoro
C OTAENbHbIM PacCMOTPEHUEM B BEepXHei Aone Bepxy-
LIEeYHOro M 3agHero cermeHToB. UleayeT 06paTUTb BHU-
MaHue, YTO AaHHble U306paKeHUs ABNAIOTCA 3epKasibHO
OTPa)XEHHbIMMU OTHOCUTENIBHO KJIaCCUUECKOI OpUEHTALIUK
KOMMNbHOTEPHbIX U MarHUTHO-PE30HAHCHBIX U306paKeHU

-
=
-

—
ry

7

e
N

Fig. 2. Coronal reconstructions of image with dynamic contrast
enhancement. a - The choice of ROl for AIF. When
selecting this area of interest, MPR reconstructions
should be used to exclude pulmonary arteries from
the area of interest; b - selection of areas of interest
in the coronal plane for comparison with the pub-
lished data

KopoHanbHble PEKOHCTPYKUMM Cepuii  M306paXKeHui
C AMHAaMMYECKMM KOHTPACTHbIM ycuneHueM. a — Bbl-
6op ROl pna onpenenenuns cdyHkuum AlF. Mpu BbIGO-
pe AaHHOM 06nacTM MHTEpeca c/iedyeT UCNONb30BaTb
MPR-peKOHCTPYKLMM ANS UCK/THOYEHUS U3 30HbI MHTEepeca
JIeroyHbiX apTepuii; b — BbI6op obnacreit UHTepeca B Ko-
POHaNbHOI NNOCKOCTU AN CPAaBHEHUS C NPUBEAEHHBIMU
B /IMTepaType AaHHbIMU

Puc. 2.

3) The resulting dependence graph should have
sections of increase and decrease, and the intensity
values at the zero and end points should be approxi-
mately equal, which would indicate the absence of
the contrast agent accumulation.

To analyze the data obtained during the survey,
two approaches were used, namely, qualitative ap-
proach that was based on numerical data on the
dependence of intensity on time in the selected area
of interest and semiquantitative approach with post-
processing in the Firevoxel program, with subse-
quent data processing based on the MATLAB pack-
age [8] and its built-in functions.

The analysis was performed for the corresponding
ROIs which were selected in two planes (Figs. 1, 2).
The ROI was chosen while considering the blood
supply to the apexes of the lungs, whereas segments
of the apexes of the lungs were considered with a
separate study of the central and peripheral zones.

First, the level of the pulmonary trunk and as-
cending aorta was examined to assess the reference
function (Fig. 1, a, b). The criterion for selecting
images was the absence of a peak in the curves
of the dependence of the signal intensity on time,
for example, in cases of earlier contrast enhance-
ment or manifestation of individual physiological
characteristics. Similarly, data obtained from four
participants were excluded, and data of 10 volun-
teers were recognized as suitable for further analysis
(14 volunteers examined in total).

Further, the zones of interest were selected in the
apical segments from the level of the aortic arch
and above with an interval of 1.5-2 cm, depend-
ing on the anthropometric parameters of the patient.
In total, four levels were assessed, namely, the first
at the level of the aortic arch, the last at the apex
of the lung, without isolating the peripheral section.

Such a choice of the zone of interest is logically
justified by the fact that the peripheral parts have
less blood supply and should have a longer average
passage time.

During subsequent postprocessing, relative and
normalized values were obtained, as well as graphs
of the dependence of the relative intensity.

In addition to the selection of the zone of inter-
est described above, ROIs oriented in the coronal
plane were considered. Such a choice of the area
of interest reflects to a lesser extent the physiologi-
cal characteristics of the blood supply to the lungs;
therefore, this projection was used only to calculate
the arterial input function (AIF).

The sufficiently large area of the ROI was due to
the subsequent mathematical calculations required
for function smoothness [20], and such an ROI en-
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ables the smoothing of the curves of the intensity—
time dependence by averaging the intensity over a
large number of voxels.

Regional differences in mean PBF, PBYV, and
MTT values were assessed using classical statis-
tical analysis methods with the use of Student’s
coefficient for the corresponding confidence level.

RESULTS

MR perfusion data of 10 volunteers are presented
in Tables 2—4. The passage time at the pulmonary
trunk was lower than that of the lung parenchyma,
since the pulmonary trunk is characterized by an
almost constant volume, that is, blood flow is due
only to hydrostatic pressure which value decreases

in the course of blood flow [3]. The passage times in
the central and peripheral parts were approximately
equal, the experimental data ranges overlapped, and
the values obtained were somewhat higher than for
the pulmonary trunk. The data obtained indicate that
the capacitive characteristics of the vessels of the
central and peripheral lobes of the lungs are ap-
proximately the same.

The PBF and PBV values (Tables 3 and 4) are
lower in the peripheral regions, which, considering
the data in Table 2, indicates that a decrease in PBF
is due to a decrease in PBV and is graphically pre-
sented as a smaller range of intensity changes in the
peripheral regions. This may be due to the involve-
ment of large arterioles in the blood supply to the

Table 2 / Tabnuya 2

The obtained values of the average passage time of the contrast agent (MTT) in the selected areas of interest
lMonyyeHHble 3HAaYEHUSI CpeLHErO BPEMEHM Nacca)a KOHTpacTHoro npenapata (MTT) B BbiIBpaHHbIX 30HAaX UHTEpeca

Area of interest / Average value, sec / Error rate, sec / Confidence probability /
3oHa uHTEpeca Cpennee 3HauCHHE, C IMorpemraocTs, ¢ JloBepuTenabHAast BEPOSITHOCTH
MTT total / MTT obuiee 7.15 1.20 0.68
MTT pulmonary trurik / 598 0.40 0.68
MTT cTBON NErOYHON apTepun
MTT of central regions of pulmonilry lobes / 791 123 0.68
MTT neHTpaibHBIX OTIEIOB JOJIEH JIETKOIO
MTT of peripheral regions of pulmonary lobes /
N 7.15 1.28 0.68
MTT nepudeprdeckux OTAEIOB JIOJIEH JIETKOTo

Table 3 / Tabauya 3

The obtained values of pulmonary tissue perfusion (PBF) in the selected areas of interest
MonyyeHHble 3HaYeHUs nepdysun nerouyHon TkaHu (PBF) B BbiIBpaHHbIX 30HaX MHTepeca

. Average value / Confidence probability / | Minimum value / | Maximum value /
Area of interest / Error rate /
Cpennee JloBepurenbHas MuHuMallbHOE MakcumalbHOe
3oHa uHTEpECca IMorpeurHocTsb
3HA4YCHHUEC BEPOATHOCTD 3HA4YCHHUEC 3HA4YCHHUC
PBF in peripheral regions /
PBF B nepudepuuecknx ot- 55.4 10.20 0.046 42.4 70.2
Jenax
PBI in central regions / 102.61 11.81 0.046 74.3 166
PBF B neHTpanbHbIX oTHEIaX
PBF with ROI in coronal plane /
PBF ¢ ROI B kopoHasbHOM 1po- 78.21 12.2 0.046 50 90
eKIMH

Table 4 / Tabauya 4

The obtained values of blood flow volume per 100 ml of lung tissue (PBV) in the central and peripheral regions of lungs
MonyyeHHble 3HaYeHUsa obbemMa kpoBoToka Ha 100 mn neroyHoit TkaHu (PBV) B LeHTpanbHbiX U nepudepuryeckmnx

oTaoenax nerkux

. PBV, ml/100 ml of lung Relative error /
Lung regions / . Absolute error /
tissue / PBV, mu/100 mi OTHOCUTENLHAS
OTaensl JETKUX " AOGCONIOTHAS TIOTPEIIHOCTH
JIETOYHOU TKaHH MOT'PEUTHOCTh
Central regions / LlenTpanbHBIE OTAETE 12.33 0.21 2.54
Peripheral regions / Ilepudepuueckue oTnenst 6.60 0.31 2.04
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Intensity / MHTeHCMBHOCTD

Time, s / Bpems, ¢

Fig. 3. Time-intensity curves in the area of interest. The signal
received for ROl in the area of the pulmonary trunk
is depicted as the dashed line. Other lines are the ar-
eas of interest selected in the pulmonary parenchyma.
The image obtained with integrated FireVoxel tools
KpuBble 3aBUCMMOCTU UHTEHCMBHOCTU CUTHaNA OT Bpeme-
HM B 30He uHTepeca. [TyHKTUpHOI NIMHKel oToGpaxaeTca
curHan, nonyveHHbiii ans ROl B o6nactu neroyHoro cTBo-
na. OctanbHble NMHUK — 06N1aCTU UHTepeca, BbiIGpaHHbIe
B IeroyHoit napeHxume. U3o6paxxeHne nony4eHo BCTpo-
eHHbIMU cpeacTBamm FireVoxel

Puc. 3.

peripheral lobes, in the central parts of the lungs,
but which, nevertheless, cannot be excluded from
the examination zone because of their small caliber.
Thus, the results obtained demonstrate the feasi-
bility of using 3D ultrafast dynamic contrast MRI
to assess the difference in blood flow parameters
in healthy lung tissues. Figures 3 and 4 present
contrast curves (signal intensity versus time) and
graphs of the relative level of the contrast agent in
the area of interest. Figure 4 demonstrates that the
use of semiquantitative methods with the calculation
of relative contrast is somewhat incorrect, as the
relative change in signal intensity for areas of the
lung parenchyma may exceed that for the pulmonary
trunk because of the heterogeneity of the lung tissue
due to the presence of air cavities. In this case, the
following approximation should be used:

C(t) « S(1)— S(0),

where C is the contrast agent concentration, S is
the signal intensity, and ¢ is the transit time of the
contrast agent. Since the hematocrit level may differ
for the pulmonary trunk, arteries, and arterioles of
the lungs, this should be taken into account when
calculating the relative concentration [13, 19].

DISCUSSION

Physiological foundations for constructing
a mathematical model of lung perfusion

The pulmonary circulation contains the entire
volume of cardiac output both at rest and under
tension. At rest, the blood flow of the lungs is het-
erogeneous and directed to the lower zones; under
tension, expansion occurs and previously unused

Intensity / MHTeHCMBHOCTD

Time, s / Bpems, ¢

Fig. 4. Graphs of the dependence of the relative con-
tent of the contrast agent in the area of inter-
est. The dashed line corresponds to the pulmo-
nary trunk. Other lines reflect signal intensity
in different ROl in pulmonary parenchyma
lpacduku 3aBUCMMOCTM OTHOCUTENBHOIO COAEPIKA-
HUSA KOHTPACTHOrO Mpenaparta B 30He UHTepeca.
MyHKTUPHO NMHMel 0603HaYeHa 30Ha UHTepeca
B 06/1aCTU IEFOYHOrO CTBOJIA, OCTa/IbHbIE JIMHUMN —
30Hbl MHTEpeca, BbIGpaHHbIE B JIEFOYHONM NapeH-
Xxume

Puc. 4.

vessels are involved in the circulation [2]. Currently,
each vessel is characterized by resistance and capac-
ity. Pulmonary vascular resistance is defined as the
ratio of the pressure difference in the pulmonary
artery and the left atrium and the PBF velocity.
However, PBF cannot be considered laminar, and
pulmonary vessels are more likely to be capaci-
tive than resistive [3]. Thus, the vascular resistance
value will not be constant, which enables us to
consider perfusion in terms of the theory of signal
processing, considering the tissue characteristics as
a transfer function.

Four zones of the lungs are usually distinguished,
namely, West’s functional zones that consider the
presence of pressure as the cause of blood flow [42].
Accordingly, alveolar, pulmonary arterial, and pulmo-
nary venous pressures are distinguished [4, 15, 16].

The size of West’s zones has a close relation-
ship with the body position and depth of inhalation.
Figure 5 shows a schematic representation of West’s
zones, while zone 4 (areas of the lungs with reduced
blood flow, where resistance to blood flow is created
by extra-alveolar vessels) is not marked, as it disap-
pears with deep inhalation [4]. In addition, in the
prone position, most areas of the lungs correspond to
zone 3; zone 1 is absent, and zone 2 is located in the
anterior lung [5]; therefore, for the analysis of blood
flow in healthy volunteers in this study (the study
was conducted with the participants inhaling and ly-
ing on the back) the apex of the lungs was selected,
where the pressure in the pulmonary artery is greater
than the pulmonary venous pressure and, in turn,
higher than the alveolar one. Thus, in this zone, the
blood flow is determined by the difference between
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Fig. 5. Schematical representation of functional zones in the supine and standing positions [14]. P, - alveolar pressure;
Ppa — pulmonary arterial pressure; va — pulmonary venus pressure
Puc. 5. Cxematuueckoe usobpaxeHue QyHKUMOHANbHBIX 30H B MONOXKEHMM niexa u ctos [14]. P, — anbBeonsipHoe AaBneHue;

Ppa — AaBJieHUe siero4yHoe aptepuaszibHoe; va — AaBJ/ieHue

the pressure in the pulmonary arteries and pulmo-
nary veins, which justifies the usual calculations of
pulmonary vascular resistance, previously discussed
in detail by Axel [12]. An increase or decrease in
blood flow in this area leads to the expansion of the
already open capillaries [4]. Therefore, the zone of
interest should be chosen while taking into account
these aspects, and the most significant choice will
be the choice of the zone of interest below the lung
apex by 1-2 cm vertically.

The lung is an organ with a dual circulatory sys-
tem. It has two arterial inputs: the first input, which
functions in gas exchange, is through the system of
pulmonary arteries and pulmonary veins, whereas the
trophism of the organ is attributed to the bronchial
arteries and veins. The bronchial arteries receive oxy-
genated blood from the systemic circulation, and the
caliber of these vessels is rather small; therefore,
the contribution of trophic blood flow is negligible
because of small blood volumes and time delay [39].

By definition, perfusion is a physical nonmeasur-
able quantity that represents the volume of blood
passing through 100 mL of the parenchyma of a
particular tissue per minute. When analyzing CT
and MRI data [12], the following parameters are
usually used:

* PBYV as PBF volume is the volume of blood pass-
ing through the selected area of interest during the
monitoring period.

« MTT is the average time required for a contrast
molecule or blood particles to reach the ROI.

* PBF as a value proportional to perfusion is the vo-
lume of blood that passes through the selected ROI
per unit of time, normalized to its volume. This
value is relative, as to calculate the exact values,
hematological parameters of the blood should be
measured, which can vary over a rather wide range
and cannot be determined immediately before the
examination.

Nnero4yHoe BeHO3Hoe

The existing concept of the indicator dilution
theory [28] uses the volume and velocity of blood
flow per 100 mL of organ tissue to assess tissue
perfusion, with minute as the unit of time; however,
the average passage time is expressed in seconds.

Cror (1) =C e () ® h(2) = j.CAIF (v)- At —v)dr,

where C is the concentration of the contrast agent,
¢t is the monitoring period from the beginning of
the contrast agent injection, /4 is the function cor-
responding to the distribution density of the time
that particles pass to the study area over time, T is
the variable over which the integration is performed
(the monitoring time from the beginning of the con-
trast agent injection), and d is the differential.

Several studies have proposed practical approach-
es for solving this equation and obtaining physi-
ological parameters of interest from it [27, 33, 34]
and are currently quite widespread when working
with the central nervous system.

In addition, semiquantitative approaches can be
used, as they consider function /(¢) as the probabi-
lity for a particle to pass the ROI in time t and, ac-
cordingly, calculate the average passage time as the
first moment of this function. Studies [28, 34, 35]
have indicated that for further calculations, it is con-
venient to construct a transfer function as follows:

R()=1- j h(t)dt

where R is the residual function, ¢ is the monito-
ring period from the start of the injection of the
contrast agent, / is the function corresponding to
the distribution density of the particle transit time
to the study area in time, t is the variable over
which the integration is performed (the monitoring
time from the start of contrast agent injection), d is
the differential, which can be performed both with
and without the use of models [21, 30].
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In calculations without using models, the matrix
equation should be calculated [10]:

A-b=c,

where matrix 4 and vector ¢ are created from the
input data, and vector b contains the transfer func-
tion and the value for blood flow velocity. To solve
this equation, an algebraic approach with a singular
value decomposition of the matrix 4 is used.

To obtain a graph of the dependence of the con-
trast agent concentration, we took into account the
fact that, at its low concentrations, the concentration
is directly proportional to the signal intensity [40].
To present the experimental data as desired, the
following equation can be used:

S(0)
where C is the contrast agent concentration, S is
the signal intensity, and ¢ is the transit time of the
contrast agent.

In the present study, we analyzed the dependence
of signal intensity on time in the pulmonary artery
and evaluated the dependence of signal intensity in
the apexes of the lungs with the inclusion of gravity-
dependent zones of the lungs. With this approach, the
curve of dependence of the signal intensity in the
selected area of interest on time is not approximated
by any special function [1], for example, the AIF
for the pulmonary trunk or the gamma function by
analogy with the central nervous system.

When using a semiquantitative approach, the
relative values of volume and blood flow are cal-
culated using numerical integration methods; thus
it is possible to determine the relative value of the
blood volume, which is calculated as the area of
the subgraph of the studied curve of the depen-
dence of intensity on time obtained by the trapezoid
method [6]. In this model, relative (i.e., in condi-
tional) values of blood flow volume and velocity
are obtained as results; however, the average transit
time of the contrast agent is absolute.

In addition to the semiquantitative model, we
used the method of calculating the blood flow ve-
locity using the inverse convolution function and
singular value decomposition of the matrix con-
structed from the intensity—time dependence plot
for the pulmonary trunk, as demonstrated in [30],
except for the fact that the concentration—intensity
dependence was used to plot the curves for T1 im-
ages with a low concentration of contrast agent and
was adjusted for hematocrit levels in large (pul-
monary trunk) and small vessels (pulmonary artery
branches, arterioles, etc.).

>

The forequoted findings of Hatabu et al. [18]
were confirmed in the present study by numeri-
cal calculations. Table 3 presents PBF values that
are consistent with previously obtained data from
the world literature for coronal ROI selection [20].
The values obtained are within the experimental
range.

The discrepancies in the data is possibly due to
the possible introduction of a threshold value for the
singular diagonal matrix in the calculations, which
is used in the calculations [30]. In addition, some
discrepancies in the reproducibility of results were
demonstrated for this method [26]. In addition, by
analogy with the central nervous system, with cor-
rection for the so-called contrast agent leakage [23],
the model can be used for patients with interstitial
lung diseases, which will be performed in further
studies.

CONCLUSION

Thus, the model used has demonstrated its effi-
ciency, and it can potentially be applied to patients
with interstitial changes in the lungs.
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Background. The delays in mental and speech development are caused by epilepsy, and a special place among
the forms of which is focal temporal epilepsy. The study of biomarkers of the considered pathological condition
using proton magnetic resonance spectroscopy as indicators amenable to objective assessment and measurement
determines the practical relevance of this work.

Aim. The aim of the study was to determine the role and place of proton magnetic resonance spectroscopy in clini-
cal practice in children with mental and speech retardation associated with temporal lobe epilepsy.

Materials and methods. 37 children aged 2 to 10 years were studied. Of these, 15 children with a diagnosis of
“mental and speech development delay, structural focal temporal epilepsy” were included in the first comparison
group. The second comparison group consisted of 12 children without CNS pathology undergoing 1H-MRI examina-
tion to exclude somatic diseases. The third comparison group consisted of 10 children with “structural focal temporal
epilepsy”, without mental and speech development delay.

Discussion. Multivoxel proton magnetic resonance spectroscopy (method PRESS) was used to determine the concen-
tration of neurometabolites in the brain tissues of patients. In patients with mental and speech development delay
associated with temporal epilepsy, a decrease in the ratio of NAA/Cr concentrations (p < 0.05) was revealed in the
postcentral gyrus on the right, temporal lobe on the right and hippocampus and inner capsule on both sides, due
to a decrease in the concentration of N-acetylaspartate; an increase in the ratio of Cho/Cr concentrations (p < 0.05)
in the prefrontal cortex, postcentral gyrus and inner capsule on both sides, due to an increase in the concentration
of choline. Two patients also showed lipid peaks on the lesion side when compared with EEG data.

Conclusions. The revealed metabolic changes in patients with delayed mental and speech development associated
with temporal lobe epilepsy may be useful as an additional method of differential diagnosis with other forms of
mental and speech development delay.

Keywords: mental retardation; speech delays; epilepsy; magnetic resonance imaging; proton magnetic resonance spectroscopy.
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AxkTyanbHocTb. OfHa M3 NPUYMH 33a4EePXKKM NCUXOPEYEBOro pasBUTUS — 3NUNencus, cpeam GopM KoTopoi ocoboe MecTo
3aHMMaeT dokanbHas BMCOYHAA 3nunencus. M3yyeHne GMomMapkepoB paccMaTpMBAEMOro MaToNOrMYecKoro COCTOSHMUA
C MOMOLLbI MPOTOHHOM MarHWTHO-PE30HAHCHOW CMNEKTPOCKOMMM KaK MoKasaTenei, NoaAaoWmxcs 0ObeKTUBHOW OLEHKe
W U3MepeHUio, onpeaensieT NpakTUYeCcKy akTyalbHOCTb AaHHOM paboTbl.

Uenb uccnepoBaHua — onpeaennTb posib U MECTO MPOTOHHOW MArHUTHO-PE30HAHCHOM CMEeKTPOCKONUU B KIMHUYECKOW
npakTuKe y AeTei C 3a[epXKOM MCMXOPEeYeBOro pasBUTUS, aCCOLMMPOBAHHOW C BUCOYHOW 3nunencuen.

Matepuanbl 1 metoabl. ViccneposaHo 37 peten B Bo3pacte oT 2 ao 10 net, n3 Hux 15 petei ¢ aMarHo3om «3agepxka ncu-
XOpeyeBOro pasBUTUS, CTPYKTYPHAs GOKanbHAs BMCOYHAS IMUIENCUS» BOLIM B NMepByto rpynny cpaBHeHus. Btopyt rpynny
cpaBHeHusi cocTaBunmn 12 peteit 6e3 NaTonoruu LEHTPanbHOW HEPBHOM CUCTEMbl, NPOXOAslWMe obcnefoBaHWe METOLOM
NMPOTOHHOM MarHUTHO-PE30HAHCHOM CNEeKTPOCKOMUMU ANS UCKIKYEHUS coMaTMueckux 3aboneBaHuit. TpeTbio rpynny cpas-
HeHus cocTtaBunm 10 peTteit co CTPyKTypHOW (DOKanbHOM BMCOYHOM 3nunencuen, 6e3 3afepxKu NCMXOpeyeBoro pasBUTUS.
06cyxaeHune. [1ns onpeneneHns KOHULEHTpaLMmM HeMpoMeTaboMTOB B TKaHSAX FOJIOBHOMO MO3ra Yy NaLMEHTOB MCMNOb30Ba-
NN MYNbTUBOKCE/NbHYI NMPOTOHHYK MarHUTHO-pe30HaHCHY crnekTpockonuio (MetonoM PRESS). Y naumeHTOB C 3aaepy Ko
NCUXOPeYeBOro pa3BUTUS, aCCOLMMPOBAHHOW C BUCOYHOW INUNENCUEN, BbISBUIOCH CHUKEHWE COOTHOLIEHUS KOHLEHTPALMIA
NAA/Cr (p < 0,05) B NnOCTUEHTPaNbHOM M3BUMHE CMpaBa, BUCOYHOW A0N€ CnpaBa M rMNNoOKamnax v BHyTPeHHeN Kancy-
ne ¢ obenx CTOPOH 3a CYET CHMXEeHMS KOoHueHTpauuu N-aueTunacnapraTta; yBeNMYeHWe COOTHOLEHMUS KOHLEeHTpaLui
Cho/Cr (p < 0,05) B npedpoHTanbHOM KOpe, NOCTLEHTPANbHbIX U3BUIIMHAX U BHYTPEHHEN Kancyne ¢ o6enx CTOPOH 3a cyeT
MOBbILWEHMS KOHLEHTPALMM XONMHA. Y ABYX NALMEHTOB TakxXe OOHapy>XeHbl MUKW NUMUAOB HA CTOPOHE MOPAXEHWUS MpU
COMOCTABNEHUN C AAHHBIMU 3N1EKTPO3HLedanorpamMmol.

3akntoveHue. [pOTOHHAs MarHUTHO-PE30HAHCHAs CMeKTPOCKOMNWUS C y4eTOM BbISIBNEHHbIX MeTabonnuyeckmx U3MeHeHun
y NAaLMEHTOB C 3aJ4EePXKOW NCMXOPEYEeBOro pa3BUTHUS, aCCOLUMMPOBAHHOW C BUCOYHOM anunencuei, MoxeTt BblTb UCNOJb-
30BaHa KaK AOMOMHUTENbHbIN MeTon AnddepeHUnanbHON AMArHOCTUKM C APYrMMU hOpMaMm 3a4ePXKKM NCUXOPEYEBOro
pa3BuUTHS.

KntoueBble cnoBa: 3aaep>xka NCUXUYECKOTO Pa3BUTUS; 3a4ePXKKa PevyeBoro pasBuTUs; INUNENCUS; MarHUTHO-pPe30HaHCHas

TOMOrpadus; NPOTOHHAsh MarHUTHO-PEe30HAHCHAs CNEKTPOCKOMMUS.

BACKGROUND

Psycho-speech development retardation (PSDR)
is a group of diseases induced by various causes
and includes a delay in mental and speech devel-
opment. Impairment of the formation and develop-
ment of basic mental functions in a child, such as
memory, attention, thinking, emotional-volitional
sphere, skills, intellectual growth, and cognition
refers to mental retardation. A delay in speech de-
velopment is defined as a later acquisition of oral
speech by children, with subsequent possible prob-
lems in the acquisition of reading and writing skills,
which causes difficulties in the acquisition of school
skills and affects the overall academic performance
of the child. Epilepsy is one of the causes of PSDR,
with focal temporal lobe epilepsy as a special form
[2, 3].

In Russia, on average, 5%—10% of children have
speech problems. In other countries, this figure can
reach 30% [5]. Currently, there is a growing inter-
est in the early diagnosis of speech development
disorders in children.

Most scientific papers generally focused on the
identification of the classical forms of epilepsy.
However, these studies have not compared the data
in children with disorders of psychoverbal develop-
ment. The diagnosis of patients was based only on
the identification of a focus of epileptiform acti-
vity. The development of molecular neuroimaging
technologies, which include proton magnetic reso-

nance spectroscopy ('"H-MRS), made it possible to
determine the place and role of 'H-MRS in clinical
practice in these patients.

The study aimed to determine the role and val-
ue of 'H-MRS in clinical practice in children with
mental retardation associated with temporal lobe

epilepsy.

MATERIALS AND METHODS OF RESEARCH

The study included 37 children aged 2—-10 years.
Fifteen pediatric patients aged 2-8 years [mean
age 4.6 years (SD 2.028); 8 boys, 7 girls] with a
diagnosis of PSDR and structural focal temporal
lobe epilepsy were included in group 1. Group 2
consisted of 12 pediatric patients aged 3—10 years
[mean age 5 years (SD 2.065); 7 boys, 5 girls]
without pathologies of the central nervous system
(CNS) who were undergoing 'H-MRS examination
to rule out somatic diseases. Group 3 consisted of
10 pediatric patients aged 4-9 years [mean age 6
years (SD 1.699); 6 boys, 4 girls] with structural
focal temporal lobe epilepsy, without PSDR.

The inclusion criteria were as follows: (1) pa-
tients who underwent a routine examination in
a private neurological center, with complaints of
lack of speech and mental retardation, (2) patients
aged up to 10 years, and (3) patients who had no
contraindications to the 'H-MRS procedure, i.e.,
intravenous anesthesia. The exclusion criteria were
as follows: (1) patients with severe organic brain
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lesions, including hydrocephalus, brain developmen-
tal abnormalities, genetic syndromes (chromosomal,
metabolic, etc.), etc., and (2) patients in transient
remission.

All patients underwent electroencephalography
(EEG) followed by the determination of a pattern
typical of epilepsy. To rule out organic brain lesions,
routine magnetic resonance imaging (Philips Inge-
nia 1.5 T MRI system) was performed using standard
research protocols (T1-weighted imaging, T2-weight-
ed imaging, fluid-attenuated inversion recovery-
weighted imaging, and diffusion-weighted imaging).
To determine the concentration of neurometabolites
in the brain tissues of patients, multivoxel 'H-MRS
(PRESS method) was used in the prefrontal cortex,
postcentral gyri, temporal lobes, internal capsule, and
hippocampi on both sides. When calculating the ra-
tio of the concentration of the main metabolites, we
relied on the indicators of N-acetylaspartate (NAA)
and creatine (Cr) with their characteristic chemical
shifts of 2.0 and 3.0 ppm, respectively. Spectrograms
were analyzed using the Philips IntelliSpace Portal
software package for '"H-MRS. Statistical processing
and analysis of research data were performed using
Microsoft Office Excel programs.

STUDY RESULTS

Routine magnetic resonance imaging revealed
changes in patients with PSDR associated with fo-
cal temporal lobe epilepsy, namely, one patient had

Photic |

signs of dysmyelination in the region of the islets of
the temporal lobes, eight had enlarged perivascular
spaces, six had signs of incomplete myelination, and
three had cysts of the pellucid septum.

Figure 1 shows the results of changes in the con-
centration of the main metabolites characteristic of
patients with PSDR associated with focal temporal
lobe epilepsy. Two patients with PSDR associated
with temporal lobe epilepsy, who had a lipid peak
on the side of the lesion, showed certain changes
in the main metabolites (Fig. 2).

Data on the ratio of metabolite concentrations
obtained using the PRESS program in pediatric
patients diagnosed with PSDR and structural fo-
cal temporal epilepsy from group 1 and pediatric
patients without CNS pathologies from group 2 are
presented in Table 1.

Compared with a group of pediatric patients
without CNS pathologies, metabolic changes were
revealed in pediatric patients with PSDR associated
with temporal lobe epilepsy, namely, a decrease in
the ratio of NAA/Cr concentrations (p < 0.05) in the
postcentral gyrus on the right, temporal lobe on the
right, and hippocampi and inner capsule on both
sides by reducing the concentration of NAA; an
increase in the ratio of choline (Cho)/Cr concentra-
tions (p < 0.05) in the prefrontal cortex, postcentral
gyri, and internal capsule on both sides because
of an increase in Cho concentrations. Two patients
showed lipid peaks on the side of the lesion when

Fig. 1. Left: *H-MRC of the brain of a patient with mental and speech development delay associated with focal temporal lobe
epilepsy. Field of study: poles of the temporal lobes. There is a lateralization of pathology in the right temporal lobe in
the form of a decrease in the concentration of N-acetylaspartate (A). The indicators of metabolites in the left tempo-
ral lobe are within normal values (B). Right: this patient’s EEG revealed epileptiform activity in the temporal region

on the right (arrows), without generalization
Puc. 1.

Cnesa: NPOTOHHAA MAarHUTHO-pe30HAHCHAsA CNEKTPOCKONUA roJIOBHOro Mo3ra nauueHTa 3ap.ep)|(|(oﬁ ncuxopevyeBoro passuTua,

ACCOLMUPOBaAHHOM C (POKanNbHOM BUCOYHONM 3nunencueil. 06nacTb MCCNEeAO0BaAHUA: NONKOCbI BUCOUHbIX Aoneil. OTMeuaeTcs
naTepanusaums NnaTosioruM B NpaBoil BUCOUHOM A0Ne B BUAE CHUXeHUS KoHueHTpauuu N-auetunacnaprara (A). Mokasartenu
MeTabonMTOB B JIEBOM BUCOYHOI AoNe B Npefenax HopMasbHbiX BennuuH (B). CnpaBa: Ha anekTposHuedanorpamme Bbl-
faBNeHa anunenTudopMHasa aKTMBHOCTb B BUCOUHOI o6nactu cnpasa (cTpenku), 6e3 reHepanusaumm
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Fig. 2.

*H-MRC of the brain of a patient with mental and speech development delay associated with focal temporal lobe epilepsy.

Research area: central and postcentral gyri on both sides. There is a lateralization of pathology in the right frontal and parietal
lobes with a decrease in the concentration of N-acetylaspartate (A, B). Lipid peaks are visualized (arrows). In the left parts of
the brain, these changes are not observed (C, D). There is also an increase in the concentration of choline on both sides

Puc. 2.

I'Ip0'rom-|aﬂ MarHMTHO-pe30HaHCHaA CMeKTPOCKONUA roJloBHOro Mo3ra nauueHtTa c 3ap.ep)KKoﬁ ncuxope4vyeBoro passuTuA,

accouuMpoBaHHOM C (pOKaNbHOM BUCOYHONM 3nunencueil. 06nacTb UCCNEAOBaHUA: LLEHTPa/ibHble M MOCTUEHTPabHble U3-
BU/IMHBI € 06eux cTopoH. OTMeuaeTcs faTepanusauusi NaToNorMu B NpaBbiX JIOGHOM M TEMEHHOW JONSIX CO CHUXEHUEM
KoHueHTpauun N-auetunacnaprara (A, B). Busyanusupyrorca nuku aunuaos (ctpenku). B neBbix otaenax ronoBHoro mosra
AaHHbIX M3MeHeHui He HabnopaeTca (C, D). C AByX CTOPOH NPOCNEXMUBAETCA YBEIMYEHME KOHLLEHTPALMU XONMHA

Table 1 / Tabnuya 1

Average values of the ratio of metabolites in patients from the first and second comparison groups

CpeaHve 3HAYEeHMS COOTHOLWEHUS MeTaboIMTOB Yy NaLMEHTOB U3 NEPBOIM M BTOPOWM rPpynn CpaBHeHUs

Brain area/ It group NAA/| 2" group 1%t group Cho/ | 2" group Cho/ |1t group Cho/| 2™ group Cho/
Cr(SD)/ |NAA/Cr(SD)/| NAA D)/ NAA (SD) / Cr (SD) / Cr (SD) /
O061acTh TOJOBHOTO MO3Ta

1-s rpynma 2-4 Tpynmna 1-a rpynma 2-s1 rpymmna 1-s1 rpynna 2-9 Tpymnmna
Prefrontal cortex (right) / 1.56 2 (0.162), 1.08 0.84 (0.231), 1.33 0.96 (0.166),
[IpedponTansHas kopa (crpaBa) (0.732) p=0.183 (0.442) p=0.152 (0.42) p=0.01
Prefrontal cortex (left) / 1.69 2.12 (0.181), 1.14 0.8 (0.229), 1.38 1(0.172),
[MpedponTanbHas kopa (ciesa) (0.755) p=0.167 (0.553) p=0.2 0.477) p=0.037
Postcentral gyrus (right) / 1.59 2.09 (0.183), 1.16 0.77 (0.226), 1.46 0.92 (0.175),
[NocTuenTpanpHast H3BUINHA (CIIPaBa) (0.699) p=0.041 (0.594) p=0.236 (0.356) p=0.021
Postcentral gyrus (left) / 1.62 1.98 (0.181), 1.11 0.9 (0.267), 1.25 0.88 (0.165),
[NocTeHTpanbHas M3BHIIMHA (CIICBA) (0.676) p=0.217 (0.545) p=0.323 (0.375) p=0.01
Temporal lobe (right) / 1.52 1.99 (0.223), 1.06 0.85 (0.197), 1.14 0.95 (0.299),
Bucounast noms (cripaBa) (0.463) p=0.05 (0.404) p=0.152 (0.394) p=0.347
Temporal lobe (left) / 1.67 1.89 (0.205), 1.12 0.9 (0.241), 1.36 1.06 (0.222),
Bucounas noins (cineBa) (0.474) »=0.09 (0.457) p=0.256 (0.517) p»=0.126
Hippocampus (right) / 1.47 1.95 (0.214), 1.03 0.78 (0.18), 1.08 0.98 (0.180),
l'unmokamm (cripaBa) (0.516) p=0.01 (0.361) p=0.126 (0.247) p=0.277
Hippocampus (left) / 1.69 2.17 (0.23), 1.2 0.89 (0.246), 1.26 0.99 (0.19),
lNunmokamn (ciesa) (0.58) p=0.032 (0.520) p=0.152 (0.394) p=0.067
Internal capsule (right) / 1.59 2.06 (0.226), 0.95 0.79 (0.183), 1.28 1.02 (0.191),
BHyTpeHHss Karcyna (crnpasa) (0.46) p=0.05 (0.39) p=0.456 (0.236) p=0.09
Internal capsule (left) / 1.58 1.92 (0.176), 0.99 0.75 (0.219), 1.34 0.97 (0.175),
BHyTpeHHss Kancyna (cieBa) (0.334) p=0.03 (0.339) »=0.075 (0.279) p=0.01

Note. The Mann—Whitney U-index was used for comparison. The selected values of the correlation coefficient (p) are statistically significant
(p <0.5) for these comparison areas. /lpumeyanue. JIast conoctaBieHus Ucnoiab3oBaan U-nHaekc Manua — YuTHU. BrlneneHHbIe 3HaUCHS
K03 PHULIIEHTa KOPPENALUH (p) CTaTUCTHYECKU 3HaYnMBble (p < 0,5) as TaHHBIX 00JacTel CpaBHEHHSL.
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Table 2 / Tabauya 2

The average values of the ratio of metabolites in patients from the first and third comparison groups
CpenHue 3HaYeHUs COOTHOLWEHUS MeTaboNUTOB Y MaLMEHTOB M3 MEepBOM M TPeTbel rpynn CpaBHeEHUS

1 group 3 group 1t group 31 group 1t group 3 group
Brain area/ NAA/ NAA/ Cho/ Cho/ Cho/ Cho/
O061acTh TOJIOBHOTO MO3Ta Cr (SD)/ Cr (SD) / NAA (SD)/ | NAA (SD)/ Cr (SD) / Cr (SD) /
1-s1 rpymma 3-1 rpymmna 1-st rpymna 3-arpynna | 1-s rpynma 3-1 rpymmna
Prefrontal cortex (right) / 1.56 (0.732) | 1.97 (0.226), | 1.08 (0.442) | 0.88 (0.193), | 1.33 (0.42) 1.05 (0.362),
IIpedponTtansHas xopa (cmpaBa) p=0.261 p=0.261 p=0.144
Prefrontal cortex (left) / 1.69 (0.755) | 1.98 (0.269), | 1.14 (0.553) 0.87 (0.34), | 1.38 (0.477) 1.1 (0.349),
IIpedponransHas xopa (cieBa) p=0.723 p=0.311 p=0.103
Postcentral gyrus (right) / 1.59 (0.699) | 1.9 (0.298), 1.16 (0.594) | 0.88 (0.451), | 1.46 (0.356) | 0.97 (0.258),
TocTuenTpanpHas n3BHIMHA (CIIPaBa) p=0.311 p=10.285 p=0.167
Postcentral gyrus (left) / 1.62 (0.676) | 1.93 (0.386), | 1.11 (0.545) | 0.93 (0.565), | 1.25 (0.375) 1.02 (0.319),
ToctienTpanbHast U3BMIMHA (CIIEBa) p=0.338 p=0.461 p=0.160
Temporal lobe (right) / 1.52 (0.463) | 1.58 (0.193), | 1.06 (0.404) | 0.85(0.263), | 1.14 (0.394) | 0.94 (0.368),
Bucounas nons (cipaa) p=0.261 p=0.238 p=0.129
Temporal lobe (left) / 1.67 (0.474) 1.9 (0.141), 1.12 (0.457) | 0.97 (0.471), | 1.36 (0.517) | 1.04 (0.442),
Bucounas nosns (ciesa) p=0.129 p=0.367 p=0.091
Hippocampus (right) / 1.47 (0.516) | 1.87 (0.182), | 1.03 (0.361) 0.9 (0.368), | 1.08 (0.247) | 0.92 (0.147),
I'nmnnokamn (cripaBa) p=0.023 p=0.355 p=0.103
Hippocampus (left) / 1.69 (0.58) | 1.95(0.299), 1.2 (0.520) 1.06 (0.492), | 1.26 (0.394) | 0.98 (0.244),
T'unmoxamn (cirea) p=0.338 p=0.495 p=0.048
Internal capsule (right) / 1.59 (0.46) | 1.89 (0.338), 0.95 (0.39) | 0.77 (0.235), | 1.28 (0.236) | 1.07 (0.176),
BayTpennsis kancyna (crnpasa) p=0.062 p=0.338 p=0.031
Internal capsule (left) / 1.58 (0.334) | 1.85(0.302), | 0.99 (0.339) | 0.82 (0.181), | 1.34 (0.279) | 1.08 (0.257),
BryTpennsis kancyia (ciesa) p=0.026 p»=0.129 p=0.026

Note. The Mann—Whitney U-index was used for comparison. The selected values of the correlation coefficient (p) are statistically significant
(p <0.5) for these comparison areas. /Ipumeuarnue. JInsi COMOCTaBICHUS UCTIONB30Bau U-nHIeKC MaHHa — YUTHU. BblieNieHHbIC 3HAUCHUS
ko3 dHuIMeHTa KOpPeIsny (p) CTATUCTHYECKH 3HauuMBble (p < 0,5) 1u1s TaHHBIX 00J1acTel CpaBHEHMSL.

compared with electroencephalogram data. Other
changes in the ratios of metabolites were not sig-
nificant (p > 0.05).

Data on the ratios of metabolite concentrations
obtained using the PRESS program in pediatric
patients diagnosed with PSDR and structural focal
temporal epilepsy from group 1 and pediatric pa-
tients with structural focal temporal epilepsy with-
out PSDR from group 3 are presented in Table 2.

Compared with children with structural focal
temporal lobe epilepsy without PSDR, pediatric
patients with PSDR associated with temporal lobe
epilepsy were found to have metabolism altera-
tions in the brain, namely, NAA/Cr concentrations
(p <0.05) in the hippocampus on the right and in
the inner capsule on the left decreased, whereas
Cho/Cr concentrations (p < 0.05) in the hippocam-
pus on the left and the internal capsule on both
sides were increased. Other changes in the ratios of
metabolites were not significant (p > 0.05).

The EEG showed a pathological pattern charac-
teristic of focal temporal lobe epilepsy. Data showed
a correlation between 'H-MRS and EEG.

DISCUSSION AND CONCLUSIONS

Generally, studies investigating epilepsy only fo-
cused on the identification of the pathological focus
of epileptiform activity. Data on the relationship of
such manifestations with the course of PSDR are
not presented. Thus, discussions should consider the
aforementioned difficulties.

In patients with PSDR associated with focal
temporal lobe epilepsy, NAA/Cr concentrations de-
creased due to a decrease in NAA concentrations
in the postcentral gyrus on the right and the right
temporal lobe, which most likely indicates neuronal
dysfunction of these areas and lateralization process.

In most cases, in patients with epilepsy who un-
derwent 'H-MRS of the brain, lateralization of pa-
rameters was also noted with a decrease in NAA/Cr
concentration on the side of the lesion [12]. Similar
changes were obtained in a study of 100 patients
with temporal lobe epilepsy. A decrease in NAA
concentration was registered in the focus determined
by EEG data compared with the contralateral side.
The degree of asymmetry correlated with a decrease
in NAA concentration and a pathological EEG
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pattern [9, 10]. Another study found that a decrease
in NAA concentration is not only detected in the ip-
silateral hippocampus but is also consistent with the
findings of positron emission tomography combined
with computed tomography, indicating the limbic
and subcortical nuclei involved in the pathological
processes [8].

In our case, in patients with PSDR associated
with focal temporal lobe epilepsy, metabolic altera-
tions were noted in the hippocampus and in the
internal capsule on both sides, where the main con-
ductive paths of the brain are located.

Thus, the use of 'H-MRS made it possible to lat-
eralize the epileptic focus in 19 patients. However,
mesiotemporal sclerosis was diagnosed in 57.5% of
patients in this group [8].

In another study, 30 patients with temporal lobe
epilepsy were examined using 'H-MRS. The use of
the 'H-MRS asymmetry index made it possible to
lateralize the process in 26 patients, and in 16 and
10 cases, it was lateralized on the right and left,
respectively. In the remaining four patients, later-
alization could not be performed [6].

With epileptiform activity, disorders most prob-
ably occur in neurotransmitter systems, followed by
the depletion of the concentration of metabolites.
This leads to the breakdown of neuronal bonds not
only in the cortical centers of praxis and gnosis
but also in the centers of speech, causing disorders
characteristic of PSDR [1, 13].

In addition to a decrease in NAA concentration
in the examined patients with PSDR associated with
temporal lobe epilepsy, a change in Cho/Cr concen-
trations was noted in the prefrontal cortex and re-
gion of the postcentral gyri and internal capsule on
both sides due to an increase in Cho concentration,
which corresponds to the functioning of the lim-
bic and perilimbic systems and may be associated
with disorders of higher mental functions [4, 11].
In two patients, lipid peaks were also detected on
the lesion side, which only confirms neuronal dam-
age. Similar changes were detected using 'H-MRS
in 46 patients with temporal lobe epilepsy in the
hippocampus, where a significant increase in the
concentrations of lactate, myo-inositol, choline-to-
creatine ratio, glutamine, and glutamate on the side
of the lesion was noted [7].

CONCLUSION

Significant metabolic changes in the brain were
revealed when comparing the concentrations of the
main metabolites in pediatric patients with PSDR
associated with focal temporal lobe epilepsy with
other groups of patients. Despite this, it cannot

be stated that a decrease in NAA concentration is
pathognomonic for this pathology. NAA only allows
lateralization of the focus of epileptiform activity in
the brain, as in patients with classic focal epilepsy,
which is not a specific sign of PSDR associated with
focal temporal lobe epilepsy. An increase in Cho
concentration in the internal capsule on both sides
during a decrease in NAA concentration is a dis-
tinguishing characteristic of patients with PSDR as-
sociated with focal temporal lobe epilepsy. This may
be due to an impairment of higher mental functions
caused by damage to neurons responsible for the
limbic and perilimbic systems. In two patients, lipid
peaks were also registered on the side of the lesion,
which only confirms neuronal damage.

Thus, 'H-MRS, taking into account the revealed
metabolic changes in patients with PSDR associated
with temporal lobe epilepsy, can be used as an ad-
ditional differential diagnostic method with other
forms of PSDR.
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Background. Mesocortical and nigrostriatal dopaminergic systems are highly sensitive to stressful events. One of the
most adequate models of acute psychogenic stress in animals is the death of a partner upon presentation of a predator.
Aim. To study the content of dopamine (DA), serotonin and their metabolites: dioxyphenylacetic (DOPAC), homovanillic and
5-hydroxyindoleacetic (5-HIAA) acids in the prefrontal cortex, striatum, and ventral tegmental area in rats on days 3, 7, and
14 after the acute psychogenic stress of the death of a partner upon presentation of a predator.

Materials and methods. 28 male Wistar rats were studied. Acute single psychotraumatic situation was used. A group of rats
was placed in a tiger python terrarium. One animal died as a result of its nutritional needs, the rest of the rats experienced
the death of a partner. The content of monoamines in the brain structures was carried out by high performance liquid
chromatography with electrochemical detection.

Results. Changes in the content of monoamines in the prefrontal cortex, striatum, and ventral tegmental area were found on
the 7 and 14 days after the presentation of the predator. In the ventral tegmental area on the 7 day, there was an increase
in the DOPAC/DA ratio and an increase in the serotonin metabolite 5-HIAA, which reflects an increase in the activity of
dopamine and serotonin. In the prefrontal cortex on the 14 day, the DOPAC content and the DOPAC/DA index decreased.
The 5-HIAA content in the prefrontal cortex and the 5-HIAA/5-HT value also significantly decreased.

Conclusions. Changes in the metabolism of monoamines after presentation of a predator develop gradually: increase of the
dopamine and serotonin activity in the ventral tegmental area was noted on the 7 day after presentation of the predator,
decrease in their activity in the striatum and prefrontal cortex only on the 14 day, reflecting the development of depressive
states and post-traumatic stress disorder.

Keywords: psychogenic stress; predator; dopamine; serotonin; mesocortical system; striatum.
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AKTYyanbHOCTb. Me30KOPTUKaNbHAs U HUFPOCTPUATHAN LODaMUHEPIUYECKUE CUCTEMbI BbICOKOYYBCTBUTENbHbBI K CTPECCOPHbIM
MCUXOreHHbIM Bo3aeicTBuaM. OfHa 13 Hanbonee afleKBATHbIX MOAeEsel 0CTPOro MCUXOFeHHOro CTPecca Y XMBOTHbIX — 3TO
cuTyaumsa rubenn napTHepa npu NpeabaBEHUM XULLHMKA.

Lenb nccnepoBaHus — M3yunTb AMHAMMKY ypOBHS AodamuHa (JA), cepoToHMHA M X MeTabonnTOB: AMOKCUDEHUTYKCYC-
Hoi (JO®YK), roMmoBaHMANHOBOW M 5-rupgpokcunHponykcycHon (5-TMYK) kncnot — B npedpoHTanbHoM Kope, cTpuatyme
M BEHTpanbHOM 06/1aCTU MOKPBIWKK Y KpbiC HA 3, 7 u 14-i4 gHM nocne OCTPOro NMCUMXOreHHOro BO3LENCTBMA CUTYaLUH
rmbenn napTHepa Npu NpeabsBAEHUN XULLHMKA.

Matepuanbl n Metopbl. B paborte 6bin0 MCNonb3oBaHO 28 Kpbic-CaMUOB AuMHUMKM Buctap. MpumeHanu ocTpyt ofHo-
KpaTHYI NCUXOTpaBMUpYlOLY0 cuTyauuto. Kpbic momelwanu B TeppapuyM K TMUrpoBoMy MUTOHY. OfHO XMBOTHOe mno-
rmbano B pesynbraTe MULLEBbIX NOTPEOHOCTEN MUTOHA, OCTa/bHblE KPbIChl MepexuBanu CUTyauuto rubenu naptHepa.
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OnpepeneHne ypoBHS MOHOAMUHOB B CTPYKTypax MO3ra NMpOBOAWIN METOLOM BbiCOKO3I(hGHEKTUBHOM XMUAKOCTHOM XpoMa-

Torpadun C 3NEKTPOXUMUYECKOM AeTeKUUen.

Pesynbratbl. O6HapyXeHbl U3MEHEHUS YPOBHS MOHOAMMHOB U X MeTabonnTOB B NpedpOoHTaIbHOM KOpe, CTpUaTyMe U BEHTpab-
HOM 06NMacTV MOKPBIWKKU Ha 7-i U 14-i aHWM nocne npeabsaBneHUs XMLLHUKA. B BeHTpanbHOM 061acTi NOKPbLIWKK Ha 7-i AeHb
oTMevanocb noebiweHne nHaekca JODYK/LA v ypoBHa MeTabonuTa cepoToHuHa 5-TMYK, 4yTo oTpaxaeT Bo3pacTaHue aKTMB-
HOCTM JOpaMMH- U CEPOTOHMHEpPrMyeckoit cuctem. B npedpoHTansHoi kope Ha 14-it feHb cogepxkanne JODYK u nokasatenb
NOM®YK/OA cHmxanuch. YpoBeHb 5-TUYK u unpekc 5-TUYK/5-T'T B npedpoHTanbHOM KOpe TaK e 3HAYMTENIbHO CHUKAUCh.
3aknwoueHue. VI3MeHeHUs 06MeHa MOHOAMUHOB Pa3BMBAOTCS MOCTEMEHHO NOC/e NPeAbABAEHUS XULLHUKA, B BEHTPA/IbHOM
061aCTM NOKPbIWKK OTMEYaeTCs NOBbIEHME AKTMBHOCTM AO0DAMUHOBOM M CEPOTOHMHOBOM CUCTEM Ha 7-M AeHb nocne
npenbsaBAeHUS XULWHKKA, @ HA 14-11 AeHb CHUXEeHME UX aKTUBHOCTU B CTpMaTyMe u npedpOoHTaNbHOM Kope, OTpaxas pas-
BUTUE AEMNpPECcCMBHONOAOOHbIX COCTOSAHUI M NOCTTPAaBMATUMUYECKOrO CTPECCOPHOro pacCTpoiCTBa.

KnioueBble c10Ba: NCUXOreHHbIN CTPECC; XMUILHUK; LO0DaAMMUH; CEPOTOHWMH; ME30KOPTUKANbHAs CUCTEMA; CTPUATYM.

BACKGROUND

The study of the consequences of the influence
of extreme environmental factors on the body is of
great medical and biological importance [4]. Stress
factors cause mobilization of body systems, which
is accompanied by the release of adrenaline, nor-
epinephrine, and corticosteroids from the adrenal
glands. The stress response under the influence of
environmental factors (stressors) can cause both
protective and damaging effects, which are mani-
fested by a shift in various systems and indicators,
including the metabolism of brain monoamines [11].
The reactivity to the action of stressors is associated
with the activities of the dopaminergic, noradren-
ergic, and serotonergic systems of the brain [2].
The brain structures that are highly sensitive to
stress factors include the mesocortical dopaminergic
system, prefrontal cortex, ventral tegmental area,
and striatum, which belong to the nigrostriatal do-
paminergic system [13]. One of the most adequate
models of acute psychogenic effects on animals is
the situation of the death of a partner upon the
presentation of a predator [3]. Despite publications
on the analysis of the effects of acute mental stress
on the functioning of the neurochemical systems in
the central nervous system, there is a clear lack of
research on the dynamics of changes in the levels
and metabolism of monoamines in stress-reactive
dopaminergic structures of the brain. Thus, a com-
parative study of the time evolution of the effects
of acute mental stress on the levels and metabolism
of monoamines in the structures of the mesocortical
and nigrostriatal dopaminergic systems of the brain
is desirable.

The study aimed to perform a comparative analy-
sis of the levels of dopamine (DA), serotonin (5-HT),
and their metabolites in the prefrontal cortex, stria-
tum, and ventral tegmental area in rats on days
3, 7, and 14 after the acute psychogenic effect of
the death of a partner upon the presentation of a
predator.

MATERIALS AND METHODS

The study used 28 male Wistar rats obtained
from the nursery of laboratory animals Rappolovo
(Leningrad region). The animals were kept under
vivarium conditions in four standard cages in groups
of seven with free access to water and food under
artificial 12-h illumination from 8.00 to 20.00 at
a temperature of 22 +2°C. All experiments were
conducted in accordance with the Geneva Conven-
tion “International Guiding Principles for Biomedi-
cal Research Involving Animals” (Geneva, 1990),
Declaration of Helsinki 2000, and GLP protocol on
the humane treatment of animals (Directive of the
European Community No. 2010/63/EC), with the
approval of the ethics committee of the Institute of
Experimental Medicine. The experiment was started
no earlier than 3 weeks after the arrival of rats
from the nursery.

The rats kept in cage 1 were not exposed to
stress and were used as controls (n =7). Animals
kept in three cages (n=21) were subjected to an
acute single psychotraumatic situation. To do this,
all rats were simultaneously placed in a terrarium
(1.2 x 0.7 x 1 m) with a black-tailed python. After
one animal died as a result of satisfying its nutri-
tional needs, the remaining rats were taken from
the terrarium and randomly assigned to three li-
ving cages [3]. On days 3 (n=6), 7 (n=7), and
14 (n=7) after the presentation of the predator,
the rats were decapitated. Euthanasia of control
animals was performed similarly. From the coronal
sections of the brain, the prefrontal cortex, stria-
tum, and ventral tegmental area were isolated on
ice. Rat brain samples were frozen and stored until
chromatographic analysis at —80°C. Brain samples
were homogenized in 0.1 N HCI solution and cen-
trifuged at 14,000 g for 15 min. The levels of DA,
dihydroxyphenylacetic acid (DOPAC), homovanil-
lic acid (HVA), 5-HT, and hydroxyindoleacetic acid
(5-HIAA) were determined by high-performance lig-
uid chromatography with electrochemical detection
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using a Beckman Coulter chromatographic system
with an amperometric detector LC4C (BAS). A Phe-
nomenex analytical column (4.6 x 250.0 mm) with
a SphereClone ODS(2) sorbent was loaded with
20 pL of the brain sample supernatant. The level of
monoamines and their metabolites was measured at
a potential of +0.70 V. The mobile phase contained
5.5 mM citrate-phosphate buffer, 0.7 mM octane-
sulfonic acid, 0.5 mM EDTA, and 8% acetonitrile
(pH 3.0). The flow rate of the mobile phase was
1 mL/min. The level of monoamines and their me-
tabolites in brain structures was expressed in ng/mg
of tissue.

Data obtained were analyzed using the Graph-
Pad PRISM 6.0 statistical software package. Dif-
ferences in the rates of monoamine metabolism in
brain structures were assessed using one-way analy-
sis of variance using the Bonferroni correction for

multiple comparisons. Differences were considered
significant at p <0.05. Data are presented as the
arithmetic mean =+ standard error of the arithmetic
mean.

RESULTS AND DISCUSSION

In this study, we analyzed the levels of DA,
5-HT, and their metabolites (DOPAC, HVA, and
5-HIAA) in brain structures on days 3, 7, and 14
after predator presentation, by high-performance
liquid chromatography with electrochemical detec-
tion. In rats, significant changes were registered
in the prefrontal cortex only on day 14 after the
presentation of a predator compared with control
(intact) animals (Figs. 1 and 2). No significant dif-
ferences were noted in the first 2 weeks after the
presentation of a predator. The level of DOPAC
on day 14 after the predator presentation decreased

20- DA / IIA 61 DOPAC / 0®YK 10 DOPAC/DA / MOOYK/AA
15 c <24
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= 0 ES =561
8 2 1 # 234
*é 0.51 ‘é <5,
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7 nHeit 14 nHeit Koutponb 3 gHA 7 oHelt 14 gneii

After exposure to predator / Mocne xuuwHuka

Fig. 1. Content of dopamine (DA) and its metabolite DOPAC in the prefrontal cortex rats on 3, 7 and 14 days after exposure
to predator. *p < 0.05 - significantly different from control group; #p < 0.05 - parameter is significantly different
between rats on 7 and 14 days after stress

Puc. 1. CopepxaHue podamuHa (JA) u ero MmeTabonuta — auokcudeHunykcycHoit kucnotol (JOMDYK) B npedpoHTanbHoOi kope Mo3ra KpbIC
Ha 3, 7 u 14-i gHu nocne npeabaeaeHUs XUIHKUKA. “p < 0,05 — pocToBepHble OTIMYMA MO CPABHEHUIO C KOHTPOJIbHOM rpynmnoi;
#p < 0,05 — nokasarenb AOCTOBEPHO OTIMUAETCA MEXKAY rpynnamMu Kpbic 7-ro u 14-ro gHA nocne CTpeccopHOro BO3AenCTBUS
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Fig. 2. Content of serotonin (5-HT) and its metabolite 5-HIAA in the prefrontal cortex rats on 3, 7 and 14 days after exposure

to predator. *p < 0.05, **p < 0.01 - significantly different from control group; #p < 0.05 - parameter is significantly
different between rats on 7 and 14 days after stress

CopepxaHune cepotoHnHa (5-I'T) u ero metabonuta — ruppokcumHAonykcycHou kucnotbl (5-TMYK) B npedpoHTanbHoi
KOpe Mo3ra KpbiC Ha 3-i, 7-ii u 14-i1 AHK nocne npeabsaBAeHUa XULWHKUKA. *p < 0,05, **p < 0,01 — pocToBepHble oTIMuMA
No CpaBHEHMUIO C KOHTpOAbHOM rpynnoi; #p < 0,05 — nokasarenb AOCTOBEPHO OTAMYAETCS MEXAY rpynnaMu Kpbic 7-ro
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Fig. 3. Content of dopamine and its metabolite DOPAC in the striatum rats on 3, 7 and 14 days after exposure to predator.
##p < 0.01 - parameter is significantly different between rats on 7 and 14 days after stress
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Fig. 4. Content of dopamine (DA) and its metabolite DOPAC in the ventral tegmental area rats on 3, 7 and 14 days after exposure
to predator. *p < 0.05 - significantly different from control group

Puc. 4. CopepxaHue podamuta (JA) u ero metabonuta — amokcudeHnunykcycHoi kucnotol (AODYK) B BeHTpanbHOI obnactu no-
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from 1.54+0.31 to 0.52+0.18 ng/mg of tissue
(p <0.05) compared with the values measured in
control rats. Moreover, the level of DOPAC in the
prefrontal cortex on day 14 after the predator pre-
sentation was significantly lower than the values
measured 7 days after the stress exposure (p < 0.05).
The DOPAC/DA index also decreased only on day 14
after the predator was presented compared with
the control animals, namely, from 3.73 £1.21 to
1.10 £ 0.33 (p <0.05) (Fig. 1). The 5-HIAA level
decreased from 17.29 = 1.68 to 12.70 £ 1.08 ng/mg
of tissue (p <0.05) compared with the values mea-
sured in control rats. Furthermore, the 5-HIAA level
in the prefrontal cortex on day 14 after the preda-
tor presentation was significantly lower than the
values measured on day 7 after the stress expo-
sure (p <0.05). Compared with the index in con-
trol animals, the 5-HIAA/5-HT index also decreased
on day 14 after the predator was presented, from
6.75+0.77 to 3.70 £ 0.28 (p < 0.01) (Fig. 2). More-
over, the 5-HIAA/5-HT ratio in the prefrontal cor-

tex on day 14 after the predator presentation was
significantly lower than the values measured 7 days
after the stress exposure (p < 0.05).

Compared with the control animals, significant
changes in the rat striatum were registered only on
day 14 after the presentation of the predator. In the
first 2 weeks after predator presentation, no signifi-
cant differences were noted. The DOPAC/DA ratio
decreased from 1.11 £0.22 to 0.71 £ 0.05 (p < 0.01)
compared with values measured 7 days after stress
exposure (Fig. 3).

In the ventral tegmental area, significant changes
were registered on day 7 after the predator pre-
sentation in comparison with the control animals
(Fig. 4, 5). In week 1 after the predator presen-
tation, no significant differences were noted, just
as no differences were registered on day 14 af-
ter the stress exposure. The DOPAC/DA ratio in-
creased from 1.52 £0.25 to 2.22 £ 0.22 (p <0.05)
on day 7 after the predator presentation, compared
with the values measured in control rats (Fig. 4).
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Fig. 5. Content of serotonin and its metabolite 5-HIAA in the ventral tegmental area rats on 3, 7 and 14 days after exposure
to predator. *p < 0.05 - significantly different from control group
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The 5-HIAA level on day 7 after the predator presen-
tation increased from 39.1 + 1.6 to 45.7 £ 2.2 ng/mg
of tissue (p < 0.05) compared with the values mea-
sured in control rats (Fig. 5).

The HVA levels in the studied brain structures in
control and experimental animals on days 3, 7, and
14 after acute stress were not different. No signifi-
cant differences were found in the HVA/DA ratio.

Thus, this study shows changes in the levels of
monoamines and their metabolites in the mesocorti-
cal (ventral tegmental area, and prefrontal cortex)
and nigrostriatal (striatum) dopaminergic systems of
the brain only on days 7 and 14 after the predator
presentation. This proves that these changes after
acute stress develop gradually. Post-stress changes
were registered in the ventral tegmental area on day
7 and in the striatum and prefrontal cortex on day
14 after the stress exposure. Thus, stress affects
earlier the state of monoaminergic systems in the
brainstem, where the bodies of the corresponding
neurons are localized. The increase in DOPAC/DA
ratio and an increase in the level of the 5-HT me-
tabolite 5-HIAA in the ventral tegmental area re-
flect an increase in the activity of the dopaminergic
and serotonergic systems. By contrast, in stressed
rats, DA metabolism in the prefrontal cortex and
striatum decreased. In addition, indicators of 5-HT
metabolism (5-HIAA level and 5-HIAA/5-HT ratio)
also significantly decreased in the prefrontal cortex.
Thus, changes in the activity of monoaminergic sys-
tems in the brainstem and forebrain structures were
opposite, as it increased in the ventral tegmental
area, whereas it decreased in the striatum and pre-
frontal cortex.

The reactions of the dopaminergic system of the
brain are of interest, first, because it participates
in the genesis of human psychopathological states,

which are known to be aggravated after stress.
Mesocortical and mesolimbic DA pathways from the
ventral tegmental area to the telencephalon are in-
volved in the mechanisms of memory and emotion.
Dopaminergic cells of the substantia nigra are also
projected into the striatum and form the nigrostriatal
system, which is involved in the organization of
motor reactions. A study reported that the meso-
cortical dopaminergic system is more sensitive to
stress than the nigrostriatal system [5]. The results
of our experiments ascertain these data, showing
that the peak of delayed stress-induced changes oc-
curs in an earlier period of the experiment (7 days)
in the midbrain region than in the structures of the
forebrain (14 days). Under conditions of space-re-
striction stress, an initial increase in mesolimbic DA
release was followed by its decrease, suggesting that
repeated exposure to the same stressor leads to the
inhibition rather than the activation of dopaminergic
neurons [9]. Mice with knockout of the DA trans-
porter (DAT) gene, which had high levels of ex-
tracellular DA, were highly reactive in response to
novelty stress compared with control animals [15].
Since DOPAC is formed under the influence of
monoamine oxidase, an enzyme localized intracel-
lularly, the level of this metabolite may indicate the
intensity of DA reuptake. Therefore, the post-stress
changes in DA metabolism revealed are possibly as-
sociated with changes in DAT activity. Social damage
in the alien-resident test in male rats leads to a de-
crease in DAT in the striatum [9], which is consistent
with our results on a decrease in the DOPAC/DA
ratio on day 14 after stress exposure. In the li-
terature, stress changes not only DA metabolism
but also the state of receptors for this mediator.
In the model of psychosocial stress in shrews, the
count of D1 receptors in the striatum and prefrontal
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cortex increased [12]. The above changes in DAT
and DA receptors indicate a stress-induced disorder
in DA release. A decrease in DA release, may also
cause anhedonia and a decrease in motivation in de-
pression [14]. The data obtained in this study are
also largely consistent with the data on the level
and metabolism of monoamines after acute mental
stress, particularly electrocutaneous stimulation in
rats. In stressed rats, DA resynthesis was ahead of
its release [1]. Possibly, this may have provided the
delayed effects noted in the present work on day 14
after the stress exposure in the structures of the ni-
grostriatal and mesocortical systems of the rat brain.

Changes in serotonergic neurons are known to
underlie depressive disorders. The most widely used
antidepressants serve as 5-HT reuptake inhibitors
and increase its extracellular level [6]. The action
of these drugs are noted only after 7-14 days, in
accordance with the delayed changes in the me-
tabolism of 5-HT in our studies. 5-HT is known
to regulate mood, and its receptors become targets
for several psychotropic drugs [6]. Rhesus monkeys
with a short sequence of the 5-HT reuptake trans-
porter allele have a low concentration of 5-HIAA
in the cerebrospinal fluid. This is consistent with
the statement that low 5-HT levels in the brain,
corresponding to a decrease in the activity of the
serotonergic system, impair emotionality. Moreover,
people with a high level of expression of the 5-HT
breakdown enzyme monoamine oxidase-A (MAO-A)
are less likely to develop post-traumatic stress dis-
orders [7]. According to the literature, stress ex-
posure increases the concentration of 5-HT and its
metabolites in some brain regions. In addition, stress
causes changes in brain areas that serve as targets
for serotonergic neurons. Space-restriction stress
caused an increase in 5-HT metabolism and reduced
the activity of 5-HT1A receptors in rat hippocam-
pus, which the present authors explain by a stress-
dependent increase in the level of glucocorticoids
that regulate the transcription of many genes [8].
Repeated forced swimming caused an increase in
5-HT levels in the rat striatum [10]. However, ac-
cording to our data, the delayed effects of stress
on the serotonergic system in the striatum include a
change in the concentration of not the mediator itself
but its metabolite, 5-HIAA, which may be associated
with an increase in 5-HT transporter activity. This
assumption requires direct experimental verification.

CONCLUSION

In this study, changes in the levels of mono-
amines and their metabolites in the prefrontal cor-
tex, striatum, and ventral region of the tegmental

area were registered on days 7 and 14 after the
predator presentation. On day 3 after stress expo-
sure, no significant changes in the parameters of the
metabolism of the studied mediators were found.
This proves that changes in the state of monoami-
nergic systems after the presentation of a predator
develop gradually, reflecting the delayed develop-
ment of a depressive-like state.

In the ventral tegmental area, an increase in
DA activity and 5-HT systems was observed on
day 7 after the stress exposure. Opposite and later
changes were noted in the striatum and prefrontal
cortex, namely, a decrease in the activity of the
DA and 5-HT systems on day 14 after the predator
presentation. The effect of acute predator presenta-
tion stress on the state of monoaminergic systems
is possibly associated with the course of an initial
adaptive reaction, characterized by the activation of
brainstem structures, and subsequent disadaptation,
namely, a decrease in the activity of telencephalon
structures, revealing the development of post-trau-
matic stress disorder.
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AUHAMUKA AHTUBUOTUKOPE3UCTEHTHOCTU CTA®UJIOKOKKOB
B MHOronpoOo®nJ/1ibHOM CTALMOHAPE
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AKTyaanOCTb. CTaq)IAﬂOKOKKIA npoao/KakT 0CTaBaTbCA BeayWMMU BOB6y,EI,MTeJ1ﬂMM IAHCDeKLI,lAﬁ, CBA3aHHbIX C OKa3aHuem
MeOMUMHCKOM MOMOLLK, U n3yyeHune ux aHTM6MOTMKOPEBMCTEHTHOCTM No-npexxHeMy akTyasibHO.

Uenb — n3yvyeHune aHTVI6VIOTVIKODGSMCTEHTHOCTVI rocnUTasbHbIX WTaMMOB CTad)VIﬂOKOKKOB B AMHaMUKe.

Marepuanbl u MetToabl. MeTOA0OM CEPUMHBIX MUKPOpPa3BeAEHWU NpoBeAEHO onpeaeneHmne YyBCTBUTENbHOCTM 554 wTam-
MOB CTa(MIOKOKKOB, BblE/IEHHbIX OT MAaLMEHTOB MHOronpo@uIbHOro cTauuMoHapa, K 16 aHTUMUKpPOOHbIM NpenapaTam.
Pesynbratbl. Cpeayn cTadunokokKoB B CTaLlMOHape NpeBannpoBann aHTMOMOTUKOPE3UCTEHTHbIE KynbTypbl (85,4 %). Yoenb-
Hblii BEC METULUNNIUHPE3UCTEHTHBIX U MOAMPE3UCTEHTHBIX WTAaMMOB Obin B NATb pa3 Bbiwe (75,2 u 74,1 % cooTBETCTBEHHO)
y KOarynasoHeraTuMBHbIX CTadUIOKOKKOB, YeM y Staphylococcus aureus (14,2 w 15,4 %). BbiIBNeHO CHUXEHWE yAeNnbHOro
BeCa METULMANMH- U MONMPE3UCTEHTHbIX wTtammoB S. aureus B 2015-2016 rr. no cpaBHeHuto ¢ 2011-2012 rr. 8 non-
TOopa pasa W yBeJMYeHUe AO0NM MEeTULMINMHPE3UCTEHTHbIX M30NSTOB KOAryna3oHeraTUBHbIX CTaduNOKOKKOB Ha 50 %.
B LenomM MeTUUMNIMHPE3UCTEHTHbIE KYNbTYpPbl COCTABUIM NMOYTH NONIOBUHY 0OLLEr0 YMCNA BblAENEeHHbIX WTaMMoB (48,7 %).
Hanbonbliyto akTMBHOCTb B OTHOLEHUM CTAadUIOKOKKOB MPOSIBASAM BAHKOMULMH, AANTOMULMH M TUFELMKIIUH, @ B OT-
HOWeEHUW S. aureus ewe U NMHE30MUA, K KOTOPbIM OblM YyBCTBUTENbHbI BCE BbIAENIEHHbIE KY/bTYypbl. BbiCOKYy akTuB-
HOCTb B OTHOLIEHMM S. aureus COXPaHAIM TaKXKe aMUKaUMH, Qy3MAMH, pudaMnuumMH U CynbOaMeToKCA30n/TPUMETONPUM.
MuHUManbHble UHIMBMpyoLwmMe KoHueHTpaumn (MUK) npenapaTtoB Ang cTadbMIOKOKKOB BapbMpOBanM B LUMPOKUX UHTEpBa-
nax ot 0,06 go 2128 mr/n, npu 3tom MUK, 1 MUK, 601bLIMHCTBA M3YYEHHbIX MPenapaToB B OTHOWeHuK Staphylococcus
epidermidis 6bln1 3HAYMTENBHO Bbile MO CPaBHeEHWIO C S. aureus.

3aknueHne. BapnabenbHoCTb YCTOMYMBOCTU CTAaUNOKOKKOB K aHTMMUKPOOHBIM mMpenapataM B MHOronpopuibHOM
CTauMoHape MoATBEPXKAAeT He0BXOAMMOCTb NPOBEAEHUS MOCTOSHHOrO MOHUTOPMHIA UX AaHTUMBUOTUKOPE3UCTEHTHOCTY.

KntoueBbie cnoBa: ctadpunokokkn; MRSA; MRSE; aHTMOMOTUKOPE3UCTEHTHOCTb; METULMNIUHPE3UCTEHTHOCTD.

DYNAMICS OF RESISTANCE TO ANTIBIOTICS IN NOSOCOMIAL STAPHYLOCOCCI
FROM MULTIDISCIPLINARY HOSPITAL
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Background. Staphylococci are still the leading causative agents of infections associated with healthcare, and the
study of their antibiotic resistance is still relevant.

Aim. The research is aimed at study of antibiotic resistance of hospital strains of staphylococci in dynamics.

Materials and methods. Susceptibility to 16 antimicrobial agents was studied in 554 Staphylococcus strains, isolated
from patients in a multidisciplinary medical centre. The method of serial microdilutions was used.
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Results. Antibiotic-resistant strains prevailed (85.4%). Methicillin-resistance and multy-resistance were found to be
more typical for coagulase-negative strains = 75.2% and 74.1% respectively, than for Staphylococcus aureus - 14.2%
and 15.4% respectively. Methicillin-resistance and poly-resistance in S. aureus was found to decrease - it was 11.1%
and 12.8% in 2015-2016 (17.1% and 17.9% respectively in 2011-2012). On the contrary, methicillin-resistance
in coagulase-negative staphylococci strains during the same period increased 1.5 times. Totally, methicillin-resistant
strains composed a half of the isolates - 48.7%. The studied Staphylococcus strains were susceptible to vanco-
mycin, daptomycin, tigecycline. Resistance to linezolid and amikacin was 2.2% and 2.7% respectively. S. aureus
strains were all susceptible to linezolid, fusidic acid, rifampicin, trimethoprim-sulfamethoxazole. Minimum inhibitory
concentrations (MIC) of antibiotics for staphylococci varied in wide ranges from 0.06 to 2128 mg/l. For S. aureus
and S. epidermidis, the MIC50 and MIC90 of only five drugs (benzylpenicillin, tigecycline, vancomycin, linezolid,
and daptomycin) were the same, while the MIC, and MIC, of most of the other studied drugs against S. epidermidis
were significantly higher compared to S. aureus.

Conclusion. The variability of resistance of staphylococci to antimicrobial drugs in a multidisciplinary hospital con-

firms the need for continuous monitoring of their antibiotic resistance.

Keywords: staphylococci; MRSA; MRSE; resistance to antibiotics; methicillin resistance.

AKTYAJIbHOCTb

VYenexu MeAMIMHBI MOCIEAHNUX JIECATHWIETUH NpH-
BEJM K TOSIBJICHUIO M PA3BUTHUIO ONPEICICHHBIX TCH-
JICHIIMI B TOCNIUTAILHOM cekTope. [Ipexiie Bcero, 3To
IIMPOKOE HCIIONB30BAHME IEJIOTO Psia MEAUINHCKUX
JieBaiicoB, TaKUX KaK HMCKYCCTBEHHbIE CYCTaBBbl, IpO-
Te3bl, CEpACUYHbIE KJAllaHbl, BEHO3HbIE KaTE€TEpbl, CO-
Cylsl U T. 1., @ TaKXKe YBEJIMYCHHE B CTAlMOHapax
yhciaa TSDKEIBIX W MMMYHOKOMIPOMETHPOBAaHHBIX
MAIMEHTOB, IS TPEAYNPexKIAeHUS WHQHUIUPOBAHUS
W JIEYEHUS KOTOPHIX YacCTO NPUMEHSIOTCS pa3iny-
Hble aHTUMHUKpOOHBIe mpenaparbl (AMII) mmpoko-
ro cnekrpa aeicteus [8, 9, 13]. Bce sTto mpuBogut
K CeNeKIIMM yCTOMYMBBIX K aHTHOMOTHKAM W JE3WH-
(dexTaHTaM WITaMMOB YCIIOBHO-IIATOTEHHBIX OaKTe-
pHii, BBI3BIBAIOIIMX B CTAl[OHApaX HO30KOMHAJbHEIC,
NpPEeXJe BCEro THOMHO-CENTHYECKUE, MH(MEKINH pa3-
nuaHor nokanm3anuw [8, 10, 12]. Cpenn Takux BO3-
OyauTeneil BaKHOE MECTO 3aHMMAIOT CTa()UIIOKOKKH,
npexzae Bcero Staphylococcus aureus [2, 7, 12, 14].
B Poccum B oTAeneHUsX ¢ MHTEHCHBHBIM HCIIOJIB30-
BaHMEM aHTHMOMOTHKOB YacCTOTa BBIACICHUS S. aureus
coctaBnsieT 75 % cpemm BceX TPaMIOIOKHUTEIHHBIX
Bo3Oyauteneit [10, 12]. B omiuume oT BHEOOIHHMY-
HBIX IITaMMOB 0oJiee MTOJOBUHBI TOCITUTATIBHBIX H30JI5-
TOB S. aureus SBISIOTCS METHLMIMHPE3UCTEHTHBIMU
(MRSA) [4, 7, 14] ¢ onHOBpEMEHHOW YCTOWYMBOCTHIO
K HeckoinbkuM AMII pa3HbIX MEXaHU3MOB JECUCTBUS.
Takue MWTaMMBI SBISIOTCS BEAYLIMMH BO3OYIHMTEIsI-
MU HHQEKOUH XUPYPrHYecKOM paHbl, TOCIUTAIBLHON
MMHEBMOHUHU M OakTepueMun B cranuonapax [8—10].

Kpome 3TOro, B pa3BUTHM I'OCHHMTAIBHBIX HH(]EK-
IUH yBETMYMBAETCS ITHOJOTMYECKas pojb Koaryla-
300TpunaresibHbIX craduiokokkoB (KOC), 60-90 %
KIIMHUYECKUX H30JSTOB KOTOPBIX OTHOCSTCS K BHIY
Staphylococcus epidermidis [4, 7, 11]. dma KOC,
ocobeHHo S. epidermidis, XapakTepHa ITOBBIIICHHAS

CIOCOOHOCTh K aJre3ud K OMOTHYECKHM U abuoTuye-
CKHUM ITOBEPXHOCTSIM, UTO MO3BOJISIET UM 00pa30BbIBATH
OMOIUIEHKH Ha TOBEPXHOCTH METUIIMHCKHX JIeBalCOB
Y BBI3BIBATh PAa3BUTHE YHIOKAPIUTOB, KaT€TEP-aCCOIH-
WPOBAHHBIX WHQEKIHMH, BOCHATUTEIBHBIX IMPOIECCOB
B 00J1aCTH MPOTE30B CEPACUYHBIX KIIAaHOB M CYCTaBOB
uT 1 [l, 5, 8, 9]

[IpeBamupoBanuto S. epidermidis B OOILHUIHON
cpefie MOTyT CIIOCOOCTBOBAaTh KOHKYPEHTHBIE MTPEHMY-
IIECTBA MOCJIEAHETO, MO3BOJIAIONINE eMy OJOKHPOBAaTh
C MOMOILBIO CUHTE3UPYEMBIX ayTOMHAYKTOPOB TOKCH-
HOOOpa3zoBaHKe y OONBIIMHCTBA INITAMMOB S. aureus,
B TO BpeMs Kak BEIECTBa, IPOLyIHpYyeMBbIe S. aureus,
HE MpPersTCTBYIOT Nponudepannu S. epidermidis [5].
[Momumo 3TOTO, CITOCOOHOCTH K (hOPMUPOBAHHIO OHO-
IUIEHKU MIPUBOJMT K YBEIMYECHHUIO B €€ COCTABE YCTOM-
YUBOCTU K pasnuuHbiM AMII, npexne Bcero BaHKO-
MHIIHHY, KOTOPBIN OTIN9aeTcst HU3KoH mudpy3noHHOM
CIOCOOHOCTBIO M €J1a00 MPOHHUKAET BITyOb OMOILICH-
KH, a TaKKe IMOSIBICHUIO INTaMMOB S. epidermidis,
TOJIEPAHTHBIX K BaHKoMuUUHY [3, 8, 9, 18].

B psine uccnenoBaHuil oTMeUaeTcsl TaKxKe, YTO s
mramMmmMoB MRSA xapakTepHO OIpe/eleHHOe CHHKe-
HUE BUPYJIEHTHOCTH, IIOKa3aHHOE B MOJENN cercuca
Ha MBIIIAX, KOTOPOE MOXKET OBITh CBSI3aHO C TEM, YTO
Monu(pUKanrs KIETOYHOM CTEHKH, XapaKTepHas JIs
METHIMILTHHPE3UCTEHTHOCTH, BIMSIET HA CUCTEMY agr
quorum-sensing W IPUBOJUT K YMEHBIIIEHUIO 3KCIIpeC-
cuu nuTonu3uHoB [15]. (Agr — accessory gen regula-
for — cHUCTeMa PEeryJsIUU aKCeCcCyapHOro TeHa IS
KOHTPOJISL OKCIIPECCUH TEHOB, OTBETCTBEHHBIX 32 (Op-
MHpPOBaHUE MUKPOOHOI OMOTIJIEHKH ¥ HEKOTOPHIX (paK-
TOPOB BUPYJIEHTHOCTH, B YAaCTHOCTH, T€MOJU3WHOB
U IpYTUX LUTOJIM3UHOB.) BO3MOXHO, HUMEHHO 9TO CHU-
KaeT aKTUBHOCTh pacrpocTpaHeHuss MRSA Bo BHe-
OOJTHLHUYHBIX YCIOBHUIX. AHTHOHOTHKOPE3UCTECHTHOCTD
rocuTanbHBIX U30is1TOB KOC XapakrepusyeTcs mpe-
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BAJIMPOBAaHUEM METHLIMJUIMH- WU MOJUPE3UCTEHTHBIX
MTaMMOB, a S. epidermidis CIyXHUT pe3epByapoM re-
HOB PE3HCTEHTHOCTH, Takux kak SCCmec, KOTOPBIHA
MOJKET TepenaBarbCsl S. aureus W MPUBOIUTH K yBe-
JUYCHUI0 BHUPYJICHTHOCTH KaK TOCIHUTAIBHBIX, TaK
u community-associated MRSA (CA-MRSA) [18].
beiroBoit mmu CA-MRSA  METUITMIUTHHPE3UCTEHT-
HBIH CTAQHUIOKOKK HWMeeT mecCA-pe3UCTEHTHBIN TeH
4-ro m 5-r0 THUIOB B XpOMOCOME B OTJIIMYHE OT BHY-
TPUOOJIBLHUYHOTO METULWIIMHPE3UCTEHTHOTO  CTa-
(hUIIOKOKKA, y KOTOPOrO ATOT TeH |-3-ro THMOB.
Ilo MHEHHIO HEKOTOPBIX aBTOPOB, YCTOWYHMBOCTH
KOAryJa30HEraTUBHBIX CTA(QHUIOKOKKOB, BBIJICICHHBIX
OT nanueHTa, K mectu AMII u Gonee MOXKET SBISATHCS
MIPEIUKTOPOM BO3HUKHOBEHHS y HETO B JaJbHEUIIEM
OaxrepueMun u cercuca [19]. YduTwiBass BBICOKHA
YPOBEHb PE3UCTEHTHOCTH CTA(PHIOKOKKOB B TOCITH-
TaJbHBIX YCJIOBUSX K aHTHMHUKPOOHBIM Tpernaparam
pa3HOro MexaHu3Ma ACWUCTBUSL M €ro BBIPAKECHHYIO
BapnalOelbHOCTh B 3aBHCHMOCTH OT reorpadmuue-
CKOTO PaCIONIOKCHHsI W BpeMeHHU wm3oismuu [S5, 14],
OYCHb Ba)KHBIM IIPEJICTABIISCTCS M3YUCHHUE aHTHOMO-
TUKOPE3UCTEHTHOCTH 3THUX MHKPOOPTraHHW3MOB, OCO-
OCHHO BBIIENIEHHBIX B MHOTONPOQMIBHBIX CTaLHO-
HapaX, B JIMHAMHUKE, YTO W CTal0 yeivio Hauie2o
uccne0o8aHusl.

MATEPWANbI U METObl

B 2011-2012 u 2015-2016 rr. B MHOTOTIpOdUIB-
HoM craionape Cankr-IlerepOypra npu o0cnenoBaHul
OO0JIBHBIX THOWHO-CENTUYECKUMH MH(EKLIUSIMH U3 pas-
JMYHOTO MaTepHaia, BKIouas MpoObl U3 CTEPHIIBHBIX
U HECTEPHJIbHBIX JIOKYCOB C MpH3HAKaMH HH(EKInu
M KOJOHM3ALUMH, ObLIM BbIIENIEHBI 554 mTaMma cTa-
(mnokokkoB, B ToM umcie 240 xymeTyp S. aureus,
260 mramMmMoB S. epidermidis u 54 KynbTypbl IPYTHX
KOaryJja30HeraTuBHbIX cTauIoOKOKKoB (Tadi. 1). [Tou-
TH TIOJIOBHHA KYJIBTYP CTa(QHUIOKOKKOB Oblia BbIACICHA

13 KPOBH M BEHO3HBIX KareTepos (46,6 %), B Tpu paza
MEHbIIEE KOJINYECTBO — M3 ABIXaTEIbHOM CHCTEMbI
(14,6 %), pau (14,3 %) 1 MOYCBBIICTUTEIIHHON CUCTE-
Ml (9,4 %).

Wnentudukanuss 3THOJOTHYECKH 3HAYUMBIX MH-
KPOOPraHU3MOB ~ OCYILECTBIISUIaCh  (PEHOTUIIMYECKH,
a Takxke Mo mnocienoBarenbHoCcTH TepBbix 500 map
nykneorugos rera 16S PHK [6]. Ompenenenne uays-
CTBHUTEJIBHOCTU BBIJICICHHBIX YHCTBIX KYJIBTYp CTa-
(PUITOKOKKOB K aHTHOMOTHKAM MPOBOIWIOCH METOAOM
CepHIfHBIX MHKpOpa3BeleHuid B OyaboHe Mrosiepa —
XWHTOHA ¢ JAWama3oHoM KoHmeHTpamuii ot 0,015
mo 128 mxr/mm [12].

Brina onpeneneHa 4yBCTBUTEIBHOCTD BCEX ILTaM-
MOB K 16 aHTHOaKTepHaJbHBIM Npernaparam: NeHHU-
mwuuHy (Pn), okcammmmmay (OX), UnpogIokcanuay
(Cip), Mmokcuduokcanuny (Mox), nokcunukiuny (Dx),
rearamuiiuHy (Gm), amwukanuny (Ak). kiapurpomu-
muny (Clr), xmuapamununy (Cld), ¢ysuaunny (Fz),
pudamnununy (Rif), Bankomunmuy (Van), turenu-
xmay (Tig), mantomunmuy (Dpt), muaesomumy (Ln),
cynbhameTokcazoy/TpuMeTonpumy (Stri). [Tpu onenke
YYBCTBHTEJILHOCTH CTa()MIOKOKKOB K aHTHOMOTHKaM
BMECTO METULMJUIMHA 32 cYeT OonblLIel CTa0MIbHOCTH
IpU XpPaHEHUH HCIIOIb30BAIN OKCALMJUIMH, B 3TOM
cllydae TEPMHH «OKCAMJITMHPE3UCTEHTHOCTD)  SIB-
JSIETCSL TOMHBIM CHHOHMMOM METHIMJUTHHPE3UCTEHT-
HOCTH. bBbUT wHcnosnb3oBaH pedepeHTHBI  TaMM
S. aureus ATCC 29213. OmnpeneneHue Kareropui
qyBCTBUTEJIBHOCTH Ha OCHOBAaHHM IOJMYYECHHBIX MH-
HUMAaJbHBIX HHTHOMpyrommx KouneHtpanuii (MUK)
MPOBOAMIM B COOTBETCTBHM C pEeKOMEHAauusiMu EB-
POIEHCKOr0 KOMUTETA 110 OIPEACICHNUIO YyBCTBUTEIb-
HOCTH K NPOTUBOMHUKPOOHBIM mpemnaparam (European
Committee on Antimicrobial Susceptibility Testing,
2017) [17]. Ilpu OTCYTCTBHM KPUTEPHUEB OIEHKH HYyB-
CTBHUTENBHOCTU K omnpeneneHHoMmy AMII ucnons3osa-
mu xputepun CLSI [16].

Tabnuya 1 / Table 1

Buposoi coctaB cTadMNOKOKKOB, BblAENEHHbIX B MHOTONPO®UAbHOM CTaLMoHape
Species of staphylococci isolated in multidisciplinary hospital

Bixst / Species UYwuceno mrrammoB / Number of strains
2011-2012 rr. 2015-2016 rr. Bcero / total

Staphylococcus aureus 123 117 240
Staphylococcus epidermidis 158 102 260
Staphylococcus haemolyticus 3 20 23
Staphylococcus hominis 2 21 23
Staphylococcus warneri 3 1 4
Staphylococcus saprophyticus 3 -

Staphylococcus simulans - 1 1
Bcero / Total 292 262 554
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PE3YNbTATbl N OBCYXXAEHUE

CranIIOKOKKH B MHOTOMPO(GHIBHOM CTaIloHape
OBLTH TIPEICTABICHBI CEMBIO BHIIAMHU, CPEAN KOTOPBIX
npeanupoBanu S. epidermidis (47,2 %) u S. aureus
(43,1 %). Pexe BcTpewanmuch Ipyrue Koarysaso-
OTpHIIaTeIbHBIE CTAPUIOKOKKH. Tak, yAembHBIH Bec
S. hominis n S. haemoliticus coctaBun mno 4,1 %,
S. warneri, S. saprophyticus u S. simulans ObUH TIpEJI-
craBieHbl equHUYHBIMU mTammamu (0,7, 0,5 u 0,2 %
cooTBeTcTBeHHO). B 2015-2016 rr. mo cpaBHEHUIO
¢ 20112012 rr. B cTanmoHape CHU3WICS YACIbHBIN BeC
S. epidermidis (39,8 u 54,1 %) v yBenmuumnach MO
S. hominis u S. haemoliticus (7,8 u 0,7 %, 7,4 u 0,1 %
COOTBETCTBEHHO). YIENbHBIH BeC CTapHIOKOKKOB
JIPYTUX BHJOB OCTAJICS MPAKTHYECKH MPEHKHUM, IS
S. aureus — 44,2 n 42,1 % coorBercTBeHHO. MHTe-
PECHO OTMETHUTB, YTO B cTaunoHapax Poccuiickoil ®e-
Jiepanuu, Mo naHHbIM uccienoBanuss MAPA®OH [7],
noist S. aureus cpead Bo30ynuTenel BHYTPHOOIbHNY-
HbeIX nHpeknui B 2013-2014 rT. cHE3MIIACh B MTONTOpa
pasza o cpaBaenuto ¢ 2011-2012 rr. (11,0 u 16,7 %).

VnenabHbIH BeC  CTa(UIOKOKKOB, BBIJICICHHBIX
u3 kposu (puc. 1), B 2015-2016 rr. (46,8 %) BBIpOC
o cpaBHenuro ¢ 2011-2012 rr. (35,1 %) nouru B mo-
TOpa pasza, JA0JS MITaMMOB, BBIJICICHHBIX U3 MOYEBBI-
JICIATEIPHON CHUCTeMBbI, HAalpOTHB, CHHU3WIACh Ooiee
gyem Ha 50 % (9,3 u 14,4 %). HTepecHO OTMETHUTH,
4TO CpeAr CTa(hUIOKOKKOB, BBIJICJICHHBIX C KaTeTEPOB
U KinamaHoB, 82,6 % cCOCTaBWIM KOaryna3oHEraTHB-
HbIE CTA(HIOKOKKH C 0€3yCIOBHBIM IpeoliagaHueM
S. epidermidis (64,7 %), 4To TIOATBEp)KIAeT NaHHEIE
00 X TPEHMYILECTBEHHOM PaclpOCTPaHEHUH NPU Ka-
TETEP-aCCOIUUPOBAHHBIX MH(PEKIUIX [5].

Bonpias yacte n3ydeHHbIX KynsTyp (85,4 %) oxa-
3aJlach YCTOMYMBA XOTS OBl K OMHOMY aHTHOAKTEpH-
aTpHOMY TIperapary, YIeIbHBIM BEC TaKUX IITAMMOB

KpoBb 1 BeHo3Hble
katetepsl /
Blood and venous
catheters

351%

[Lipyroe / Others
55%

Panbi / Wounds
185%

> 23
s
2222222232

a MoueBblzenmTenbHas
cuctema / Urinary tract
144 %

Nose, pharynx
124 %

[bixaTenbHas cuctema /
Respiratory tract
141 %

MoueBblaennTens

OBUT BBINIE CPEIN KOAryla300TPHIATENLHBIX CcTadu-
TOKOKKOB (92,3 % nns S. epidermidis m 92,6 % st
npyrux KOC), uem cpenu S. aureus (76,2 %).

Cpenu  CTaUIOKOKKOB IPEBAIIMPOBAIM  KYJIBTY-
pol (puc. 2), ycroituusble Kk neHnuwuinay (80,3 %).
OKOJIO TIOJIOBHHBI IITAMMOB OBIITH PE3UCTEHTHBI K OK-
cauiney (48,7 %), kmaputpomununy (46,0 %),
munpoduiokcanuay (42,1 %) u  MoOkcH]IOKCalUHY
(39,0 %). AKTUBHOCTh MOKCH(IOKCAIIMHA B OTHOIIIE-
HUU CTa(HIOKOKKOB ObIJIa JIUIIb HEMHOTO BBIIIE, YEM
IHATIPOQITOKCAITHHA, YTO MOXKET OBITh CBSI3aHO C aKTHB-
HbIM IIPUMEHEHHEM A3TOr0 Iperapara B CTallMOHape.

VYrenbHbIN BeC METUIIWILTMHPE3UCTEHTHBIX KYJIBTYP
cpenu S. aureus, S. epidermidis (MRSE) u npyrux
BHJIOB KOAryJa30HETaTUBHBIX CTa(UIOKOKKOB Ipe-
cTaBieH Ha puc. 3. Uucno TakWx MTaMMOB cpe-
I KOaryJla30HeraTHBHBIX cTaduinokokkoB (75,2 %)
B IATH pa3 Oousbine, ueM cpenu S. aureus (14,2 %).
B 1nienomM MeTHIMIUTMHPE3UCTEHTHBIEC KYJIBTYPhl COCTAa-
BHJIM TIOYTH TIOJIOBMHY OT OOIIET0 YMCIIa BBIJEIIEHHBIX
mTaMMoB. OTYETIMBO 3aMETHO CHUIKCHUE YIEIBHOIO
BECa METHIMUIMHPE3UCTCHTHBIX IITAMMOB CPEIH 30-
norucroro craduiokokka B 2015-2016 rr. (11,1 %)
o cpaBHeHuto ¢ 2011-2012 rr. (17,1 %) Gonee yem
B IONTOpa pa3a. AHAIOTHYHBIC JaHHBIE TOTYYECHBI
B uccinegopann MAPA®OH [7], ananu3 mTuHAMUKH
yaensHoro Beca MRSA B cranmonapax Poccum mo-
Ka3all, 4TO JOJsl TOCIEIHEr0 IMOCTEIICHHO YBEIMYH-
Baiach ¢ 33,4 % B 2001-2002 rr. mo 54,4 % B 2006—
2008 rr. m 66,9 % B 2011-2012 tT., a 3aTeM pe3Ko
ymenbmwiace 10 24,9 % B 2013-2014 rr.

B EBpone ynenpHblii Bec MRSA B 1nienom cHu3ui-
cst ropazno mensine (¢ 18,8 % B 2012 . go 16,8 %
B 2015 ) u cocraBun B 2015 . or 0 mo 57,2 %
B pPasHBIX CTpaHax, MpPU ITOM €ro JOJs CHJIBHO 3a-
BHCeNIa OT Teorpa)uueckoro pacrojokeHus U Obuia

KpoBb 1 BeHo3Hble
katetepsl /
Blood and venous
catheters

46,8 %

[Lipyroe / Others
43%

PaHbl / Wounds
145% _

Hoc, 3e8 /

Nose, pharynx
10,2 %

Hag cuctema /

Urinary tract
3%
b DbixatensHas cucrema /
Respiratory tract
6%

3

Puc. 1. [luHamuKa ypenbHoro Beca CTaUIOKOKKOB, BbIAENIEHHbIX M3 pa3sHOro matepuana oT 6onbHbix: a — 2011-2012 rr,

b—-2015-2016rr.

Fig. 1. Dynamics of the proportion of staphylococci isolated from various materials from patients: a - 2011-2012,

b—-2015-2016
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ropaszo MEHbLIEC B CEBEPHBIX M 3HAYUTEIHHO OOJIbIIE
B IOKHBIX U IOTO-BOCTOUHBIX cTpaHax [14]. B To xe
Bpemst B EBpone yBenmunBaetcs yaenbHblii Bec MRSA,
BBI3BIBAIOIUX BHEOOJIBHUYHBIC 3a00JIEBaHUsI, YTO TO-
BOPHUT O NPOHMKHOBEHUH M PACIpPOCTPAHEHUU TOCIIH-
TaJbHBIX KJIOHOB BO BHEOOJBHUYHBIX yCIOBHX [14].
OO0parHast KapTHHA BEISBJICHA B HAIIEM HCCIICIOBAHUH
B otHomennn KOC, 1051 METHIMILTHHPE3UCTEHTHBIX
U30JSITOB  KOTOPBIX yBenuumiack B 2015-2016 T
B IIOJITOpa pasa, MpU 3TOM Kak mnst S. epidermidis,
tak u g apyrux BugoB KOC. OueBUAHO, YTO BHI-
COKasl 4acTOTa BCTPEYAaEMOCTH TaKHX KYyJIBTYp CpeaH
CTa(UIOKOKKOB BEJIET K CYKEHHUIO CITMCKA aHTHOaKTe-
pHaTBHBIX TPENaparoB, WCHONb3YEMBIX ISl JICYCHHUS
BBI3bIBAEMBIX MU WH(EKIHH.

Pacripenenenne cpeny METHIMIUTMHPE3UCTEHTHBIX
(MRSA) wu wmernmmmmuHaIyBCTBUTENBHBIX  (MSSA)
S. aureus, a Takke CpeAr METHIMUIMHPE3UCTEHTHBIX
(MRCNS) n metunmumnHayBeTBUTENBHBIX (MSCNS)
KOaryJia30HeTaTHBHBIX CTA(MIOKOKKOB TIOKa3bIBAET,
YTO HauOONbIIee pAcIpOCTpaHeHHWE B CTalMOHApE
nonyumiin MRCNS, ynensHbIit Bec kKoTopbix B 2015—
2016 rr. yBemmumics 3a cuyer MSCNS, moms MRSA
u MSSA mnpu 5TOM HU3MEHWJIACh HE3HAYUTEIHHO
(puc. 4).

Heckonmpko peke BBISBISUTUCH Cpelu CTa(pHUIOKOK-
KOB KYJBTYPBI, YCTOWYHBBIE K CYyJb(aMeTokcazory/
tpumetonpumy (34,8 %) u renramunmny (31,2 %),
eme pexxe — Kk ximHaamunuHy (18,1 %), mokcuiu-
kimuHy (10,5 %), pudammununy (7,2 %) n dy3ununy
(5,6 %). Ilpu sTOoM CcyabhamMeToKCa30J1/TPUMETOIIPUM
U pUQAMIUIHH MPOAESMOHCTPUPOBAIN in Vitro BBI-
COKYI0 aKTHBHOCTb B OTHOLICHUH S. aureus, TOJIBKO
4 (1,7%) n 2 (0,8 %) mramMma KOTOPOTO COOTBET-
CTBEHHO OKAa3aJIMCh YCTOWYHMBBIMH K 3THM IIpemapa-
TaM. bbuta BBISIBIEHA TOJBKO OJIHA KYJIBTYypa S. aureus,
ycroiumBas K (y3unuHy. Peako BcTpeyanuch mTam-
MBI, PE3UCTEHTHBIE K aMuKauuHy (2,7 %) u nuHeso-
muny (2,2 %), Ipu 3TOM BCE H3YUCHHBIE KYJIBTYpBI
S. aureus OBITM YYBCTBUTENBHBI K MOCIEIHEMY.

HauGonblryto akTUBHOCTH B OTHOIICHHWH CTa-
(MIIOKOKKOB B HAamleM HCCIEAOBAaHUM IOKa3alu
TUTEIMKINH, BAaHKOMHUIIMH W JAlTOMHIIMH, K KOTO-
pBIM HE OBIIO BBISBIEHO HU OJHOTO YCTOWYHUBOTO
nrraMma.

[Ipu cpaBHEHMH YYyBCTBHTEILHOCTH K OTAEIBHBIM
npenaparam S. aureus u S. epidermidis BBISBICHO,
YTO YCTOWYMBOCTH KO BCEM H3YyYEeHHBIM aHTHOaKTe-
pHAIBHBIM TIperaparaM OKa3aiach 3HAYUTEIHHO BBIIIE
y S. epidermidis. VIckitoueHre COCTaBUI TOJBKO aMU-
KaIllH, yACIbHBI BeC PE3UCTEHTHBIX LITAMMOB K KO-
TOopoMy ObIT oguHAKoB y S. aureus (2,9 %) u S. epi-
dermidis (3,1 %). 3HauuTENHHO BHIIIE, YeM Y S. aureus,
OblTa aHTHOMOTUKOPE3UCTEHTHOCTh U apyrux KOC.
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Puc. 2. YcroiiumBoCTb CTaMNOKOKKOB K OTAE/bHbIM  aH-
TUMUKPOGHLIM  npenapataM. Pn  —  neHuuun-
avH, Cip — uunpodnokcauuH, Dx — [OKCMLMKAMH,
Ak — amukauuH, Stri — cynbameTokcason/Tpu-
metonpuM, Cld — kaMHAaAMUUMH, Lh — nuHe3onua,
Tig — Tureunknud. KOC — koarynasooTpuuatenbHbie
CTaMNOKOKKH

Resistance of staphylococci to different antibiotics.
Pn - penicillin, Cip - ciprofloxacin, Dx - doxycycline,
Ak - amikacin, Stri - sulfamethoxazole/trimethoprim,
Cld - clindamycin, Ln - linezolid, Tig - tigecycline.
CNS - coagulase-negative staphylococci

b

T

S. epidermidis

Fig. 2.
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Puc.3. [MHaMMKa yAenbHOro Beca METULM/UTMHPE3UCTEHTHBIX
wTamMmoB ctacpunokokkos B 2011-2012un 2015-2016 .
Fig. 3. Dynamics of the share of methicillin-resistant strains
of staphylococci in 2011-2012 and 2015-2016

BbIsiBlIEHBI OTIIMUUS B YZIEIBHOM BECE YCTOHYH-
BbIX K oTaenbHbIM AMII mTaMMOB cTaQHIOKOKKOB
B CTallUOHApe B HU3YYECHHBIE MPOMEXKYTKH BPEMEHHU:
YBEIIMYMWIACh JONIA M30JIATOB, PE3UCTEHTHBIX K IECHHU-
LWUIMHY, OKCAllWJUIMHY, T€HTAMULIMHY, KIMHAAMHULUHY
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Fig. 4. The proportions of MRSA, MSSA, MSCNS and MRCNS among staphylococci: a - 2011-2012, b — 2015-2016
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[OuHamuKka yCTOMUMBOCTU CTAa(PUNOKOKKOB K aHTUMMU-
Kpo6HbIM npenapatam B 2011-2012 1 2015-2016 rr.
3pecb 1 Ha puc. 6-8: Pn — neHuumnnuu, Ox — okcaumn-
nuH, Cip — uunpodnokcaumt, Mox — MOKCUGIOKCALMH,
Dx — pokcuumknmH, Gm — reHTaMuumH, AK — aMUKaLMH,
Clr — knaputpomuumH, Stri — cynbgametokcason/
TpumeTonpum, Fz — dysmuamH, Cld — kaMHAAMUUMH,
Rif — pudamnuumu, Ln — nuHesonna, Dpt — panToMuumH,
Tig — Tureumknmu, Van — BaHkomuumnH. KOC — koaryna-
300TpuULaTeNbHble CTahUNIOKOKKU

Dynamics of resistance of staphylococci to anti-
microbial drugs in 2011-2012 and 2015-2016.
Here and in fig. 6-8: Pn - penicillin, Ox - oxacillin,
Cip - ciprofloxacin, Dx - doxycycline, Ak - amikacin,
Stri - sulfamethoxazole/trimethoprim, Cld - clindamy-
cin, Ln - linezolid, Tig - tigecycline, Mox - moxifloxacin,
Gm - gentamicin, Clr - clarithromycin, Fz - fusidine,
Rif - rifampicin, Dpt - daptomycin, Van - vancomycin.
CNS - coagulase-negative staphylococci
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Fig. 5.

U pU(aMIHIIHY, U B TO K€ BPEMsl HECKOJIbKO CHU3UIICS
VACNBHBIN BEC KYJIBTYD, YCTOHUHMBBIX K (PTOPXMHOIOHAM,
JIOKCHUITUKIIMHY W KIapUTPOMHUIIMHY (PHC. 5), 9TO MOXKET

OBITH CBA3aHO C OCOOeHHOCTSIMH TpuMeHeHuss AMII
B CTALMOHApE B YKAa3aHHBIC IPOMEXYTKH BPEMEHM.
Bonbiast wacts kyneTyp S. aureus (76,2 %) okazanach
ycToHuMBa XOTsI Obl K OHOMY mpenapary. Yare BcTpe-
YaJlUCh LITAMMBI, YCTOHUMBBIE K MEHUIMUTHHY (68,8 %).
Kak yxe ormedanoch, A0 METHLMUIMHPE3UCTEHTHBIX
IITAMMOB ObLTa HEOONBITION 1 coctaswia 14,2 %. Takas sxe
KapTUHa Habmonanach B oTHoueHnu apyrux AMIL: Tak,
K nunpoduiokcaHy ObLIM PE3UCTeHTHBI Bcero 16,2 %
KyIBTYp S. aureus, kK Mokcuduokcauuny — 14,6 %, xia-
purpomminy — 11,2 %, x renrammmmny — 10,4 %,
KMHAaMAIHY — 6,2 % U Jokcurmkmay — 5,8 %.
Haunbonpiryto akTUBHOCTh B OTHOLICHUH 30J0TH-
CTOTO CTa()MIIOKOKKA MPOSBISUIM aMukauuH (2,9 %
YCTOMYMBBIX H30JIATOB), CYyJIb(pamMeTOKCca30/TpuMe-
torpuMm (1,9 %), pudpammunun (0,8 %) u ¢y3umun
(0,4 %), He OBLIO BBIABICHO MITAMMOB, YCTOHYMBBIX
K THTCUUKJIHHY, JaITOMUIHHY, JIMHE30IUAY H BaHKO-
MULMHY. BbIsiBIIeHa oTpuLaTenbHas IUHAMUKA YIEIb-
HOTO BeCa METHLWIUIMHPE3UCTCHTHBIX INTaMMOB
S. aureus, on cum3mica B 2015-2016 r. mo cpas-
mennto ¢ 2011-2012 rr. B monropa pasza (puc. 6).
AHAJIOTUYHOE CHI)KEHHE JOJHM YCTOMUYUBBIX KYIBTYP
npousonuio U kK apyrum AMII — drTopxuHomoHaM,
JOKCULIMKIIMHY, TEHTAMULMHY, KJIAPUTPOMHLIUHY, Cyib-
(hameTokcazony/TpuMEeTONpUMy U aMuKauuHy. OTHaKo
OTpHLATENbHAS TUHAMUKA aHTHOMOTHUKOPE3UCTEHTHO-
CTH CBS3aHa, IPEXIE BCEro, CO CHIKEHHWEM pacIpo-
CTPAaHEHHOCTH B craiuoHape mrtammoB MRSA, npu
9TOM PE3UCTEHTHOCTDH MOCIETHUX OCTAJNacCh Ha MPEXK-
HeM ypoBHe. OJIHOBPEMEHHO YBEJIWYMICS Y/IENbHBIH
BEC KYJBbTYp, YCTOWYMBBIX K NEHULUWUIMHY W KIIHH-
JaMULMHY, MOSBWINCH H30JSTHI C PE3UCTEHTHOCTBIO
Kk pudammunuay. B 2015-2016 TT. Bce BBIICICHHBIC
mTaMMbl OBUIM YyBCTBUTEIBHBI K aMHKalMHY, (y-
3UJMHY, THICUUKIMHY, JIaNTOMHUIMHY, JHUHE30IUILY
u BankomuiuHy. B uccnenosanuun MAPAD®OH, kak
1 B IIPOBEICHHOM HaMH HMCCIIEIOBaHWHU, HE OBLIO BBI-
SBJICHO KyJbTYp S. aureus, yCTOWYMBBIX K Qy3uau-
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Puc. 6. AuHaMuKa ycTOMYMBOCTU S. aureus K aHTUMUKPOGHbIM
npenapatam B 2011-2012 n 2015-2016 rr.

Fig. 6. Dynamics of S. aureus resistance to antimicrobial drugs
in 2011-2012 and 2015-2016

mBcero / Total

HYy, TUTCUUKIWHY, JUHE30JUAY M BaHKOMHUIMHY [4].
B 10 %€ Bpemsi B EBpore yke perucTpupyrorcst ITaMMbl
S. aureus, ycroitunBble K JmHEe30muAy [14], onmHako moka
UX yAenbHBIN Bec kpaiiHe He3HauutenbHbIH (0,1 %).

VYeroitunBocts k AMIL y S. epidermidis Obina ropas-
1o Oonee BeIpaxkeHHOH. [lomaBmsromias nx yacTb Obuia
pe3ucCTeHTHA XOTsl OBl K OMHOMY aHTHOWOTHKY (92,3 %).
VhenbHbI Bec Kynsryp S. epidermidis, yCTOWYMBBIX
K otaenbHeIM AMIL, ObUT 3HAYUTENBHO BBIIIE, YeM CPEAr
S. aureus. BOIBIIMHCTBO U30JISITOB OBIJIO YCTOWYHMBO K I1e-
HUUIAHY (89,6 %), OOJbBIIE MOJTOBUHBI SBISUINCH Me-
TUIIDIHpe3ucTeHTHRIMA (73,5 %). Yare BcTpedannch
KyJBTYpBI, YCTONuUMBBIe K KiapuTpoMuiiuay (71,6 %),
cynbamerokcazony/tpumeronpumy (65,0 %), dhropxu-
HosoHaM  (unpodmokcatay — 60,4 %, mokcuok-
carmHy — 56,2 %), rearamunmny (43,5 %), KnuHIaMuU-
uuHy (31,5 %). 3HaunMTENbHO MEHbIIas 4acTh MITaMMOB
OKazajach ycTolumBOi K Aoxcuuukinnny (12,7 %), pu-
dammumny (11,9 %) u dysununy (10,4 %). Hanboms-
[IyI0 aKTUBHOCTh B OTHOIICHUH S. epidermidis miposiB-
s JaHesonu (4,2 %), amukaima (3,1 %), a Taroke
TUTCMKIINH, JaNTOMHIMH W BAaHKOMHUIIMH, K KOTOPHIM
OBbUIM YyBCTBHUTEJIBHBI BCE M3YUCHHBIC KYJIBTYPBL.

B otnuume ot S. aureus, yaenbHBIN BEC yCTONYH-
BbIX K OombmmHCTBY AMII m3onstoB S. epidermidis
B 2015-2016 r. mo cpaBuenmio c¢ 2011-2012 rr.
yBenmmumics (puc. 7). B monTtopa paza Bo3pocia cpe-
O HUX JONS METHUWIIMHPE3UCTCHTHBIX H30JITOB
U IITaMMOB, YCTOWYMBBIX K aMUKallMHY, Oojee deM
B /Ba pa3a — K KIMHAAaMHULUUHY U pudaMIulIuHY,
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Fig. 7. Dynamics of S. epidermidis resistance to antimicrobial
drugs in 2011-2012 and 2015-2016
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Puc. 8. [IMHaMMKa ycTOMUMBOCTHU APYrMX KOarynasooTpuuaTeb-
HbIX CTaMNIOKOKKOB K aHTUMMKPOOGHbIM mpenapatam
B 2011-2012 1 2015-2016 rr.

Dynamics of resistance of other CNS to antimicrobial
drugs in 2011-2012 and 2015-2016

Fig. 8.

B MEHBILEH CTENEHU BBIPOC YIAEJBHBIA BEC WU30JSATOB
C PE3UCTEHTHOCTHIO K MNEHULMUINHY, T€HTAMHULUHY,
KIIAPUTPOMHUIIMHY, CYIb(aMETOKCa30ITy/ TPUMETOTIPUMY.
B TO xe Bpemsi ymMeHbIIUIach J0Js 1LITaMMOB, YCTOM-
YHUBBIX K JOKCHUIMKIUHY, (y3UIUHY W JTHHE30THIY.
YCTOMUNMBOCTh ~ JPYyTUX  KOAryla30HEraTUBHBIX
CTaQUIOKOKKOB B CTallMOHApe Takke Obula Ha BBI-
cokoM ypoBHe (puc. 8). HecMoTpsi Ha BBISBICHHYIO
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BupoBoit cocTas CTaCbl/IJ'IOKOKKOB, BblAENTEHHbIX B MHOFOI'IpOCbl/II'IbHOM CTaunOHape

Species of staphylococci isolated in multidisciplinary hospital

Tabauua 2 / Table 2

AntuGnorik / Antibiotic MUK S/ ;L;rceus Mr/f/{i/lig/l/ MIC MI/IKS e/P;Zfémidis, 1\14\;/;12 m;g ;lfﬂc
50 50 90 90 50 50 90 90

ITennuunausn / Penicillin >128 >128 >128 >128
Oxkcaumnnns / Oxacillin 0,5 >128 >128 >128
Jokcunuknun / Doxycycline 0,25 1 2 16
Turenuknusn / Tigecycline 0,125 0,5 0,125 0,5
Kaapurpomunun / Clarithromycin 0,125 32 64 >128
Kmamagamunus / Clindamycin 0,06 0,25 32 >128
Cynb(haMeToKCa301/TPUMETONIPUM /
Sulfamethoxazole/Trimethoprim 0,06 0,25 >128 >128
Bankomunun / Vancomycin 1 1 1 1
JIunesonun / Linezolid 1 2 1 2
Moxkcudaoxcanusn / Moxifloxacin 0,25 32 >128 >128
Hunpognokcaunn / Ciprofloxacin 0,5 64 >128 >128
Pudamnunusn / Rifampicin 0,25 0,5 0,06 64
®y3uaun / Fusidin 0,06 0,25 0,125 8
T'enramunun / Gentamicin 0,5 32 64 >128
Amukanun / Amikacin 1 2 1 8
Jantomurus / Daptomycin 0,25 1 0,5 1
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S aureus S epidermidis [Dpyrve KOC / " Bee cragwno-
Other CNS KOKKM /
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Puc.9. [uHamuKa yaenbHOro Beca noJIMpesnCTEHTHbIX LWTaMMOB
crapunokokkoB B 2011-2012 n 2015-2016 rr.
Fig. 9. Dynamics of the proporions of multidrug-resistant
staphylococcal strains in 2011-2012 and 2015-2016

TEHJCHIMIO K YBEIMYEHHUIO YJEIbHOTO Beca ITaM-
MoB Jipyrux KOC ¢ pe3rCcTEeHTHOCThIO K OOJIbIIWH-
ctey AMII B 2015-2016 rr. mo cpaBHenuto B 2011—
2012 rr. OUeHUTh TOCTOBEPHOCTh PA3INYMN B TAHHOM
WICCIIEZIOBAaHUY HE MPEICTABISIETCS BO3MOKHBIM BBHILY
OTPaHUYEHHOTO 00BbeMa BBIOOPKH.

Cpenn cTaMIIOKOKKOB B CTallMOHape HEO0OXOAUMO
OTMETHTb BBICOKHH YIEIbHBI BEC MOIMPE3UCTEHTHBIX
KyJlbTyp (YCTOMUHBEIX K TpeM H OoJjiee mpenaparam pas-

Horo Mexanusma nercteus) — 50,4 % (puc. 9). Homnst Ta-
KHX KYIBTYp cpenu S. epidermidis n npyrux KOC Obuia
Oonee wem B 1ATH pa3 Beime (77,7 u 74,1 % cootBer-
CTBEHHO), 4eM cpenu S. aureus (15,4 %). YnensHbIN BeC
MOJNUPE3UCTEHTHBIX U30JISITOB CTAa(HIOKOKKOB B 2015—
2016 . (51,5%) mo cpaBHenuro c¢ 2011-2012 rr.
(49,4 %) mpaxkTUYecKn HE W3MEHWIICS, B TO BpeMs Kak
JIOJISI TIOJIMPE3UCTEHTHBIX ITaMMOB S. aureus YMEHBIIH-
nachk B monTopa pasza (17,9 u 12,8 % cOOTBETCTBEHHO),
a yACNBHBIA BEC MOJUPE3UCTCHTHBIX H30JSTOB JAPYTHX
KOC Bo3poc moutu aBykparHo (45,5 u 81,4 %). Hons
TaKuX KyIbTyp cpemu S. epidermidis Takke yBETHUH-
nach, HO B MeHbIlei ctenenu (¢ 74,1 % B 2011-2012
1o 83,3 % B 2015-2016 rr).

MuHUMalIbHBIE  MHTUOMPYIOIIME  KOHLEHTpAaHUU
(MUK) AMII s craduIOKOKKOB BapbHPOBAIH
B UpOKKX uHTepBanax ot 0,06 o >128 mr/n. MUK,
u MUK nsydennbix AMII st mwramMmoB S. aureus
u S. epidermidis npencraeiaensl B Tadm. 2. s 30-
JOTHCTOTO M 3MUAECPMAIBHOIO CTa(pHUIOKOKKOB OIH-
HakoBbiMH OKaszanuch MUK, u MUK Tombko msatu
AMII (nmeHMIMIIMHA, TUTELUK/IMHA, BaHKOMUIIMHA,
JIMHE30JIU/Ia U JANTOMHUIIMHA), B TO BPEeMsI KaK MI/IK50
1 MUK, 60IbIIMHCTBA OCTAIBHBIX U3yYEHHBIX Mpema-
paroB B OTHOLICHMU S. epidermidis ObUTN 3HAYUTEILHO
BBIILIE, TI0 CPAaBHEHUIO C S. aureus.
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3AKNIOYEHUE

Takum 00paszom, cpeayt CTa(hUIIOKOKKOB, BBIJIEIICH-
HBIX B MHOTONPO(MIIFHOM CTallMOHAPE, TPEBATUPOBAIIH
AHTUOMOTHKOPE3UCTEHTHBIE KYIBTYpHI (85,4 %), KoTO-
peie Yamie Bcrpevanuch cpeau S. epidermidis (92,3 %)
W JIPYyTHX KOarylla300TPHUIIATEbHBIX CTa(QHUIOKOKKOB
(92,6 %), wem cpemu S. aureus (76,2 %). YnenbHbIHA
BEC METHIMJUIMHPE3NCTEHTHBIX U TOIMPE3NCTEHTHBIX
mITaMMOB ObUT B MATh pa3 Bbiie y S. epidermidis
(73,5 u 77,7 % coorBercTBeHHO) M Bcex KOC (75,2
u 74,1 % COOTBETCTBEHHO) IO CPaBHEHHIO C S. aureus
(14,2 n 15,4 %). bputa BeIsIBIEeHa TWHAMUKA aHTHOHO-
TUKOPE3UCTEHTHOCTH CTa(HMIOKOKKOB B CTallMOHApE —
oTpunatenbHas mis S. aureus (ymenbinenue B 2015—
2016 rr. mo cpaBHeHuto ¢ 2011-2012 rr. B monropa
pasa oMM METHIUIMHPE3UCTEHTHBIX U TIONUpE3H-
CTEHTHBIX M30JIATOB) U MOJOKUTENBHAS IS Koarysaso-
OTPUIATEIBHBIX CTA(QUIIOKOKKOB (YBETHUCHUE YACTHHO-
ro Beca TakuxX KyiabTyp mouTtu Ha 50 %). YmeHblueHHe
JIOJIM PE3UCTEHTHBIX K psiny oTnenbHbix AMII kynbTyp
S. aureus BbI3BAaHO CHM)KEHHEM YaCTOTHI PaCIpOCTpaHe-
HUS cpenu HUX mTamMMoB MRSA. Hanbomnbiryro aktus-
HOCTb B OTHOIICHHHU CTA()MUIIOKOKKOB MPOSIBIISUIA BAaHKO-
MUIMH, JaNTOMHUIMH ¥ TUTCHUKINH, K KOTOPBIM OBLTH
YYBCTBHUTENBHBI BCE M3YUYCHHBIE KYIBTYpHl. M3 ocTais-
HeIX AMII HanbGonpIreii akTHBHOCTHIO 00JIa /1)y JIHE-
3001 ¥ aMHUKAIMH, K KOTOPBIM OBUIO BBISIBIIEHO BCETO
2,2 u 2,7% ycTOMYUBBIX IITAMMOB COOTBETCTBCHHO.
Bce mrammbl S. aureus ObITM YyBCTBUTENBHBI K JIHE-
30JIU/Ty, BBICOKYIO aKTHBHOCTH II0 OTHOIICHHUIO K HUM
COXpaHsUTH TaKkkKe Qy3UIHH, CYIbpaMeToKCa3ol/Tpume-
TONIPUM U pUdamMIuiH. BaprabeabHOCTh YCTOHYMBO-
CTH CTa(DUIOKOKKOB K aHTUMHKPOOHBIM Iperaparam
TIOATBEPK/TaET HEOOXOMUMOCTh IPOBEICHHS ITOCTOSH-
HOTO MOHHWTOPHWHTA WX aHTHOMOTHKOPE3UCTEHTHOCTH.

OOMNONHNTENbHAA UHOOPMALIUA

Bkiiag aBTopoB. Bce aBTOpbI MOATBEPKIAAIOT CO-
OTBETCTBUE CBOETO aBTOPCTBA MEXIYHAPOIHBIM KpU-
tepusiMm ICMJE (Bce aBTOpBI BHECIIH CYIIIECTBEHHBIH
BKJIaJ] B pa3pabOTKy KOHIIETILINH, MTPOBEJCHNE HCCIIe-
JOBaHHUS W TMOATOTOBKY CTaTbh, MPOWIH M OJOOpWIN
(uHATBHYIO BEpCHIO Tepe]] MyOauKanuei).

Kon(mkT nHTEpEeCcoB. ABTOPHI IECKIAPUPYIOT OT-
CYTCTBHE SIBHBIX U IIOTEHLUAJIbHBIX KOH(INKTOB UHTE-
pecoB, CBSI3aHHBIX C IMyOJUKAIMEWH HACTOSIICH CTaThU.

HUctounnk (puHaHCHpOBaHWs. ABTOPHI 3asBISIOT
00 OTCYTCTBUHM BHELIHEro (prHAHCHPOBAHUS TPH MPO-
BEACHUM HCCIEJOBAHMSL.

CMUCOK NUTEPATYPbI

1. Anekcees B. B., Anunos A. H., AHopeeB B. A. u ap.
MeaunumHckme nabopatopHble TexHonormu. T. 2. Mo-
ckBa: MOTAP-Meoua, 2015.

10.

11.

12.

13.

Magmu O.M., XanpynnuHa AP, Kopontok A.M., u ap.
BnpoBoi coctaB 1 YyBCTBMTENbHOCTb K aHTMOAKTEpU-
anbHbIM MNpenapaTtaM CTadUNIOKOKKOB, BblLENEHHbIX
OT MaLMEHTOB MHOronpoduIIbHOrO AETCKOro CTaLMo-
Hapa CankT-lNeTepbypra // NMeguatp. 2021.T. 12, N2 4,
C. 15-25.DO0I: 10.17816/PED12415-25

Hanunosa /1.A., bawapwuna O.b., KpacHukosa E.H., u gp.
CnpaBo4YHUK No nabopaTopHbIM MeTOAAM WMCCIen0Ba-
Hus. Mocksa: Mutep, 2003. 733 c.

Kosnosa H.C., bapaHuesuu E.I., bapaHuesmny H.E,
fonk B.I. AHTMBMOTMKOPE3UCTEHTHOCTb CTahMIIOKOKKOB,
BblAENEHHbIX U3 KpoBM // HayuHoe 0603peHue. 2014.
Ne 3. C. 184-190.

Koznoea H.C., bapaHuesny H.E. MBaHoBa J1.B., n ap.
YyBCTBUTENBHOCTb K aHTMOaKkTepuanbHbIM MNpenapa-
TaM CTa@UNOKOKKOB, LMPKYIMPYIOLMUX B MHOrOMpo-
dunbHOM cTaumoHape // lNpobnembl MeaMUMHCKOM
mukonoruun. 2015.T. 17, N2 4. C. 58-62.

MectoBa H.E., bapaHuesuy E.., PoibkoBa H.C., n ap.
M3yyeHne 3pHeKTMBHOCTU NPUMEHEHMS MeTo4a CeK-
BeHnpoBaHus IHK no ¢dparmeHTy reHa 16s pPHK gna
NOEeHTUPUKaLMM MUKpPOoopraHn3mosB // MNpodunakTmye-
CKas M KnuHmyeckaa meamumnHa. 2011. N2 4. C. 54-55.
PomaHos A.B., lexHnu A.B., CyxopykoBa M.B., u ap.
AHTMOUOTUKOPE3NUCTEHTHOCTb HO30KOMUAJBHbIX LUTaM-
MoB Staphylococcus aureus B CTaumoHapax Poccuu:
pe3ynbTaTbl MHOTOLLEHTPOBOIO 3NUAEMMOOrMYECKO-
ro uccneposaHna «MAPA®OH» B 2013-2014 rr. //
KnuHuueckas MMKpobMONornsa u aHTUMUKPOOHas Xu-
muotepanus. 2017. T. 19, N2 1. C. 57-62.
PykoBogacTBo no MeamumHckon Mukpobuonormm. K. I,
T. 1. OnnopTyHucTMyeckne uHdekuMmn: Bo3byanTenm
W 3TMONOrMYeckas anarHoctnka / nog pea. A.C. J1abuh-
ckom, H.H. Koctiokosoit. Mockea: BMUHOM, 2013.752 c.
Cb6ornuakos B.b., Mockanes A.B., AHgpees B.A., u ap.
MenonumHckas  Mukpobuonorusa. CankT-leTepbypr:
BMepA, 2017. 448 c.

CeetnnyHas H0.C., Konocosckas E.H., KadTeipesa J1.A.,
n op. Mukpobronormiyeckuin MOHUTOPUHT B CUCTEME
3NMAEMMONIOTMYECKOr0 HaA30pa 3a roCMUTasbHbIMMI
UHDEKUMAMKU // INUOEMMONOTUS U BaKLMHONPODU-
naktuka. 2014. N2 1. C. 9-14.

CrenaHoB A.C., BacunbeBa H.B. Ouerka pacnpoctpa-
HEHHOCTU MexaHW3MOB YCToMuMBOCTU Staphylococcus
Spp. Cpefu U30N9TOB, BbIAENEHHbIX U3 KIMHUYECKOro
mMaTepuana // lMpobnembl MeAMLMHCKON MUKONOTUM.
2016.T. 18, N2 3. C. 45-48.

Crpaterms u TakTMKa MPUMEHEHUS aHTUMUKPOOHbIX
cpencts B neyebHbIX yuypexaeHusx Poccum. Poc-
CUICKME HaLMOHanbHble peKkoMeHaauuu / nop, pea.
B.C. CaBenbesa, b.P. Tenbdanaa, C.B. flkoBnesa. Mocksa:
BOPTEC, 2012. 92 c.

LUnxeepanes H.H., Xybynaga I'I., Mapuerko C.I1., 1 ap.
Bbibop aHTMGakTepuanbHOro npenapata anas MecT-

@ [Negmatp. 2021.T. 12. Boin. 6 / Pediatrician (St. Petersburg). 2021;12(6)

elSSN 2587-6252



52

OPUTMHANDBHDBIE CTATbW / ORIGINAL STUDIES

14.

15.

16.

17.

18.

19.

HOMO MpUMeHeHMs Npu NPodUNAKTUKE CTEpPHASIbHOM
uHpekumn // Mepmatp. 2017. T. 8, N2 2. C. 89-93.
DOI: 10.17816/PED8289-93

Antimicrobial resistance surveillance in Europe. An-
nual report of European Antimicrobial resistance
surveillance network (EARS-net). 2015. Stockholm:
ECDC, 2017. 120 p.

Beceiro A., Tomas M., Bou G. Antimicrobial resistance
and virulence: a successful or deleterious association
in the bacterial world? Clin Microbiol Rev.2013.Vol. 26,
No. 2. P. 185-230. DOI: 10.1128/CMR.00059-12
CLSI. Performance Standards for Antimicrobial Sus-
ceptibility Testing; Twenty-second information supple-
ment. 30™ edition. CLSI document M100. V.40 (1).
Wayne, PA: Clinical and Laboratory Standards Institute,
2020. 332 p.

EUCAST (2017). Guidance Document: Important
considerations for breakpoint setting of antibiotic-
inhibitor combinations. 2017. 4 p. Pexum pocryna:
https://www.eucast.org/clinical_breakpoints/. laTa
obpawennsa: 01.10.2021.

Otto M. Staphylococcus epidermidis the “accidental”
pathogen // Nat Rev Microbiol. 2009. Vol. 7, No. 8.
P. 555-567. DOI: 10.1038/nrmicro2182

Raad I., Alrahwan A., Rolston K. Staphylococcus epi-
dermidis: emerging resistance and need for alterna-
tive agents // Clin Infect Dis. 1998. Vol. 26, No. 5.
P.1182-1187. DOI: 10.1086/520285

REFERENCES

1.

Alekseev VV, Alipov AN, Andreev VA, et al. Medicinskie
laboratornye tekhnologii. Vol. 2. Moscow: GEOTAR-
Media; 2013. (In Russ.)

Gladin DP, Hajrullina AR, Korolyuk AM, et al. Species
composition and sensitivity to antibacterial drugs of
staphylococci isolated from patients of a multidis-
ciplinary children’s hospital in St. Petersburg. Pedia-
trician (St. Petersburg). 2021;12(4):15-25. (In Russ.)
DOI: 10.17816/PED12415-25

Danilova LA, Basharina OB, Krasnikova EN, et al. Spra-
vochnik po laboratornym metodam issledovaniya.
Moscow: Piter; 2003. 733 p. (In Russ.)

Kozlova NS, Barantsevich EP, Barantsevich NE, Goik VG.
Antibiotic resistance of staphylococci isolated from
blood. Nauchnoe Obozrenie. 2014;3:184-190.
Kozlova NS, Barantsevich NE, Ivanova LV, et al. Sus-
ceptibility to antibiotics in nosocomial staphylococci
from multidisciplinary hospital. Problems in Medical
Mycology. 2015;17(4):58-62.

Pestova NE, Barantsevich EP, Rybkova NS, et al
Study of the effectiveness of DNA sequencing of the
16s rRNA gene fragment for the identification of micro-
organisms. Preventive and Clinical Medicine. 2011;(4):
57-59.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Romanov AV, Dekhnich AV, Sukhorukova MV, et al.
Antimicrobial resistance of nosocomial staphylo-
coccus aureus isolates in Russia: results of multi-
center epidemiological study “marathon”2013-2014.
Linical Microbiology and Antimicrobial Chemotherapy.
2017;19(1):57-62.

Rukovodstvo po meditsinskoy mikrobiologii. Kn. Ill,
T. 1. Opportunisticheskie infektsii: vozbuditeli i etio-
logicheskaya diagnostika. Labinskoy AS, Kostyuko-
voy NN, eds. Moscow: BINOM; 2013. 752 p.
Sbojchakov VB, Moskalev AV, Andreev VA, et al. Medi-
tsinskaya mikrobiologiya. Saint Petersburg: VMedA;
2017. 448 p.

Svetlichnaya YuS, Kolosovskaya EN, Kaftyreva LA, et al.
Microbiological monitoring in epidemiological surveil-
lance for hospital infections. Epidemiology and Vaccinal
Prevention. 2014;(1):9-14.

Stepanov AS, Vasileva NV. Widespread of Staphylo-
coccus spp. resistance mechanisms in isolates from
clinical specimens. Problems in Medical Mycology.
2016;18(3):45-48.

Strategiya i taktika primeneniya antimikrobnykh
sredstv v lechebnykh uchrezhdeniyakh Rossii. Rossiyskie
Natsional'nye Rekomendatsii. Saveleva VS, Gel'fanda BR,
Yakovleva SV, eds. Moscow: BORGES; 2012. 92 p.
Shihverdiev NN, Hubulava GG, Marchenko SP,
et al. Choise of local antibacterial medications
for prevention of sternal infection. Pediatrician
(St. Petersburg). 2017;8(2):89-93. (In Russ.) DOI:
10.17816/PED8289-93

Antimicrobial resistance surveillance in Europe. An-
nual report of European Antimicrobial resistance
surveillance network (EARS-net). 2015. Stockholm:
ECDC; 2017. 120 p.

Beceiro A, Tomas M, Bou G. Antimicrobial resis-
tance and virulence: a successful or deleterious as-
sociation in the bacterial world? Clin Microbiol Rev.
2013;26(2):185-230.D0I:10.1128/CMR.00059-12
CLSI. Performance Standards for Antimicrobial Sus-
ceptibility Testing; Twenty-second information supple-
ment. 30" edition. CLSI document M100. V.40 (1).
Wayne, PA: Clinical and Laboratory Standards Institute;
2020. 332 p.

EUCAST (2017). Guidance Document: Important con-
siderations for breakpoint setting of antibiotic-inhib-
itor combinations. 2017. 4 p. Available at: https://
www.eucast.org/clinical_breakpoints/

Otto M. Staphylococcus epidermidis - the “acciden-
tal” pathogen. Nat Rev Microbiol. 2009;7(8):555-567.
DOI: 10.1038/nrmicro2182

Raad I, Alrahwan A, Rolston K. Staphylococcus epi-
dermidis: emerging resistance and need for alterna-
tive agents. Clin Infect Dis. 1998;26(5):1182-1187.
DOI: 10.1086/520285

@ [leamarp. 2021.T. 12. Bein. 6 / Pediatrician (St. Petersburg). 2021;12(6)

ISSN 2079-7850



OPUTMHANDBHDBIE CTATbW / ORIGINAL STUDIES

53

¢ NHdopmaumns 06 aBTOpax

¢ Information about the authors

Lmumputi [Nagnosuy MMaduH — KaHA. Me[. HayK, LOLLEHT, 3aBeAyHoLLMIA
Kadenpoi MUKpobuonoruu, BUpyconorum u ummyHonoruu. Grboy
BO «CaHkT-TNeTepbyprckuii rocynapCTBEHHbIN NeauaTpuyeckuii Me-
OVUMHCKUIA yHuBepcuTeT» Mun3sgpaBa Poccuu, CankT-MeTepbypr,
Poccus. E-mail: gladin1975@mail.ru

Hadexoa CepzeesHa Ko3nosa — KaHA. MeL. HayK, LOLEHT Kadenpbl
MepmumHckor Mukpobuonoruunio. NbOY BIMO «Ceepo-3anafHbii
roCcyAapCTBEHHbIN MeAULMHCKNIA YyHUBEpCHTeT um. U, . MeuHuko-
Ba», CaHkT-MeTepbypr, Poccusa. E-mail: spbkns@gmail.com

AnekcaHdp Muxaiinosuy Koponwk — [-p Mef. Hayk, npodeccop Ka-
denpbl MUKpoburonoruum, Bupyconorum u ummyHonorun. ®rb0y BO
«CaHkT-lMeTepbyprckuii rocyaapCTBEHHbIM NeanaTpuyeckuin Me-
DMUMHCKMIA yHMBEpcuTeT» Munsapasa Poccumn, CankT-lNetepbypr,
Poccusa. E-mail: microb3@mail.ru

Hamanes EgzeHbesHa bapaHuesuy — MAAALWMIA HAYYHbIN COTPYLHUK
Hay4YHO-UCCe0BaTENbCKOM 1abopaTopumn BHYTPUBOIbHUYHDBIX MH-
dekumin. OBIY «HaunoHanbHbI MEAMLMHCKWUIA MCCNER0BaTENbCKMIA
LeHTp MmeHu B. A. AnmazoBa» MuH3gpasa Poccun, CaHkT-Tetepbypr,
Poccus. E-mail: lenabara2003@inbox.ru

Unes AHOpeesuy bapaHos — CTymeHT nevebHoro dakynbreTa.
I6QOY BINO «CeBepo-3anagHblit roCyLapCTBEHHbIN MEeLULMHCKMIA
yHusepcuteT uM. UM, MeuHunkoBa» MuHsgpasa Poccum, CaHKT-
MeTepbypr, Poccus. E-mail: vodolaz74@yandex.ru

AnuHa PamunesHa XalpynnuHa — ctypeHTka dakynsteta «Jleyeb-
Hoe genox». ®rbOY BO «CaHkT-MeTepbyprckuii rocyaapCTBEHHbIN
neamMaTpUyecKnii MeaMUMHCKUIA yHuBepcuteT» Munsapasa Poccuu,
Canxr-Tetepbypr, Poccus. E-mail: alinka_1614@mail.ru

EneHa lMemposHa bapaHuesuy — A-p Mepn. Hayk, npodeccop, 3a-
Beaytowas HayyHo-uccnenoBatenbckoi nabopatopueit BHYTpU-
60nbHUYHBIX MHPeKuuiA. DBIY «HaunoHanbHbIi MeAULMHCKUIA
nccnenoBatenbckuit LeHTp uMm. B.A. AnmasoBa» MuH3gpasa Poc-
cuun, CaHkT-TeTepbypr, Poccus. E-mail: lenabara2003@inbox.ru

Dmitry P. Gladin - MD, PhD, Associate Professor, Head of the Depart-
ment of Microbiology, Virusology & Immunology. St. Petersburg
State Pediatric Medical University, Ministry of Health of the Russian
Federation, Saint Petersburg, Russia. E-mail: gladin1975@mail.ru

Nadezhda S. Kozlova — MD, PhD, Associate Professor of the Depart-
ment of Medical Microbiology. North-Western State Medical Uni-
versity named after I.I. Mechnikov, Ministry of Health of the Russian
Federation, Saint Petersburg, Russia. E-mail: spbkns@gmail.com

Alexander M. Korolyuk - MD, PhD, Dr. Sci. (Med.), Professor of
the Department of Microbiology, Virusology & Immunology.
St. Petersburg State Pediatric Medical University, Ministry of
Health of the Russian Federation, Saint Petersburg, Russia.
E-mail: microb3@mail.ru

Natalia E. Barantsevich - Junior Researcher, Research Laboratory
of Nosocomial Infections. Almazov National Medical Research
Centre, Ministry of Healthcare of the Russian Federation,
Saint Petersburg, Russia. E-mail: lenabara2003@inbox.ru

Illya A. Baranov - Student of faculty General Medicine. North-
Western State Medical University named after I.I. Mechnikoy,
Ministry of Health of the Russian Federation, Saint Petersburg,
Russia. E-mail: vodolaz74@yandex.ru

Alina R. Khairullina - Student of faculty General Medicine. St. Pe-
tersburg State Pediatric Medical University, Ministry of Health
of the Russian Federation, Saint Petersburg, Russia. E-mail:
alinka_1614@mail.ru

Elena P. Barantsevich — MD, PhD, Dr. Sci. (Med.), Professor, Head,
Research Laboratory of Nosocomial Infections. Almazov National
Medical Research Centre, Ministry of Healthcare of the Russian Fe-
deration, Saint Petersburg, Russia. E-mail: lenabara2003 @inbox.ru

@ [Negmatp. 2021.T. 12. Boin. 6 / Pediatrician (St. Petersburg). 2021;12(6)

elSSN 2587-6252



OPUTMHANDBHDBIE CTATbW / ORIGINAL STUDIES 55

DOI: https://doi.org/10.17816/PED12655-62

MOP®OJIOrTMYECKME OCOBEHHOCTU ANYHMKOB MOTOMCTBA JIABOPATOPHbIX
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Ans yumuposaHus: CynaiimaHosa PT., XaiipynauH P.M., Nlebenesa A.W., CynaiimaHoBa /1.M., Acxabosa 3.[. Mopdonoruyeckune ocobeHHOCTH
ANYHMKOB NOTOMCTBA /1a6OPATOPHbIX MbiLLEN, KOTOPbIM BBOAMAN 3CTPOreHbI BO Bpems bepemeHHocTv // Meamatp. —2021. —T. 12. - Ne 6. —
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Mocrynuna: 12.10.2021 Opobpena: 17.11.2021 MpuusTta k nevarn: 29.12.2021

AxTyanbHOCTb. Bonpoc 0 BO34EMCTBUM XKEHCKMUX MONOBbIX TOPMOHOB M MX QHANOFOB Ha YeNOBEKA M 3KCMepPUMEHTAsNbHbIX
XMBOTHbIX MpeacTaBnseT 60blWOoi MHTEPEC B MeLULMHE.

Lenb pa6oTbl — M3yyeHne MOpdONOrMyeckMx 0COBeHHOCTEN AMYHMKOB MOTOMCTBA NaBOPaTOPHbIX Mbllei Npu BBEAEHUM
3CTPOreHOB MAaTEPUHCKOMY OpraHU3Mmy.

Marepuanbl u Metoabl. CaMOK nabopaTopHbIX MblWweln nocne GepTuaMsaunmn pasaennnm Ha rpynnbl: ABEe KOHTPOJbHbIe
W [Be 3KCNepuUMeHTasbHble, KOTOPbIM Ha CTaguu pas3suTmsa rectaumn E11.5 6bi10 BbINOAHEHO BHYTPUMbIWEYHOE OAHO-
KpaTHOe BBeJEHME 3KCNEepUMEHTasbHbIX [03 3CTPOreHoB. [lepBoii 3KCMepuMMEHTaNbHOW Fpynne BBOAUAU CUHTETUYECKUNA
npenapaT CMHecTpon B Buae 2 % mMacnsHoro pacteopa B obweit nose 50 mkr/kr (n = 5; C-50), nepBoit KOHTPObHOM rpynne
BBOAMAM onmBkoBoe Macno B go3se 0,2 mkr/kr (n=5; MO). Btopoit akcnepumeHTanbHoi rpynne 6bin BBegeH 0,0005 %
MacnsHbliM pactBop ¢ynsectpanta 0,4 mn B gose 100 mkr/kr (n=5; ®-100), BTopas KoHTponbHasa rpynna (n=>5; MK)
nonyyana cTepuibHoe KacTopoBoe Macno B gose 0,8 MKI/KT.

06cyxaeHue. B sMyHMKax NoTOMCTBa NepBOM akcnepuMeHTanbHoi rpynnbl C-50 HabnwopatTca cToikme mMopdonoruye-
CKMEe U3MEHEeHUSs: yBeNnYeHUe cpeaHeit Niolaanm KOPKOBOro BeLeCTBa, YMEHbLIEeHUe nokasatesnei naowaanm Mo3roBoro
BELLECTBA, YBE/IMYEHUE CPELHEro KOJIMYECTBA KENTbiX Tes, YBeJMYEeHWE CPELHEro KOMMYecTBa JITEMHOBbLIX K/IETOK B
KENTOM Tene, CHUXKEHME CYMMapHOro KonuyectBa QONMMKYNOB U aTpeTUUYECKUX Tel, CBUAETENbCTBYOLWME O HapyLWeHUN
npouecca GONNMKynoreHesa, yBeinyeHne CpefHero AuMaMeTpa KPOBEHOCHbIX COCYAOB, AEMOHCTPUPYIOWME yCUNeHue
KpoBoobpalueHus. Mpu BBeneHun npenapata dynsectpaHta B fo3e 100 MKr/Kr BO BTOpPOM 3KCNEPWMMEHTANbHOM rpynne
®-100 Ha cpese AWYHMKOB MOTOMCTBA PACcCMATPUBAKTCA MOPGHONOrMyeckMe U3MEeHeHUs B BUAE YBENMYEHUS CpefHei
NAoWaAn KOPKOBOro BELLECTBA, YMEHbLIEHWUS CpefHel Maolaan MO3roBoro BELLeCTBa, CKIepO3MpOBaHUS CTPOMAsIbHOTO
KOMMOHEHTA, CONPOBOXAAOLLErocsi MepecTPoOKoi COCYAUCTOM CeTU C NpU3HaKaMu aTpe3un U KUCTO3HOIO NepepoXaeHuUs
$GONNUKYNSPHOTO 3NUTENUS BO BTOPUYHbBIX M TPETUYHBIX PONAUKYNAX.

BbiBoAbl. [lonyyeHHble pe3ynbTaTbl UCCNELO0BaHUS MOATBEPXKAANT aKTyasbHOCTb NMpobaeMbl BHEAPEHUS KOMMIEKCHbIX
MeponpuaTUiA, HanpaBAEHHbIX HA TMMUTUPOBAHUE BO3AENCTBUS BBOLMMbIX B MAaTE€PUHCKMIA OPraHM3M NpenapaTtoB 3CTPO-
rEHOBOro psiaa B nepuon 6epeMeHHOCTH, Ans NpefoTBpalleHus HebnaronpusTHbix 3GGEKTOB Ha pasBUTUE SUYHUKOB
noTOMCTBa.

Kntouesbie cnosa: CUHECTpPON; q)yJ'IBECTpaHT; ANYHUKMU; na60paToprle MbILWN; NOTOMCTBO; NPpeHaTaIbHOE BBEAEHUE.
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Background. The question of the effect of female sex hormones and their analogues on humans and experimental animals
is of great interest in medicine.

Aim. The aim of the work was to study the morphological features of the ovaries of the offspring of laboratory mice during
the administration of estrogens to the maternal body.

Materials and methods. Female laboratory mice after fertilization were divided into groups: two control and two experimen-
tal, which at the stage of development of gestation E11.5 underwent intramuscular, single administration of experimental
doses of estrogens. The first experimental group was injected with the synthetic drug synestrol in the form of a 2% oil
solution at a total dose of 50 mcg / kg (n = 5; S-50), the first control group was injected with olive oil at a dose of 0.2 um/kg
(n=15). The second experimental group was injected with a 0.4 ml 0.0005% fulvestrant oil solution at a dose of 100 mcg/kg
(n="5; F-100), the second control group (n=15) received sterile castor oil at a dose of 0.8 pm/kg.

Results. Persistent morphological changes are observed in the ovaries of the offspring of the first experimental group S-50:
an increase in the average area of the cortical substance, a decrease in the area of the medulla, an increase in the aver-
age number of yellow bodies, an increase in the average number of luteal cells in the yellow body, a decrease in the
total number of follicles and atretic bodies, indicating a violation of the folliculogenesis process, an increase in the aver-
age diameter of blood vessels demonstrating increased blood circulation. With the introduction of the drug fulvestrant
100 mcg / kg in the second experimental group F-100, morphological changes in the form of an increase in the average
area of the cortical substance, a decrease in the average area of the medulla, sclerosis of the stromal component, accom-
panied by a restructuring of the vascular network with signs of atresia and cystic degeneration of the follicular epithelium
in secondary and tertiary follicles are considered on a slice of the ovaries of the offspring.

Conclusions. The obtained results of the study confirm the urgency of the problem of implementing complex measures
aimed at limiting the effects of estrogenetic drugs introduced into the maternal body during pregnancy, in order to prevent

adverse effects on the development of the ovaries of offspring.

Keywords: synestrol; fulvestrant; ovaries; laboratory mice; offspring; prenatal exposure.

AKTYAJIbHOCTb

Bomnpoc o Bo3neicTBUM KEHCKUX TOJOBBIX TOp-
MOHOB M WX aHAJOrOB Ha 4YeJOBEKA M 3KCIEPUMEH-
TaJbHBIX KUBOTHBIX MPEICTABISIET OONBILION MHTEPEC
B MeaunuHe [8, 16]. DcTporeH, KOTOpBIA BhIpadaThIBa-
10T SMYHUKH, SBIISETCS MPEJCTaBUTEIEM KEHCKUX CTe-
POUIHBIX IMOJOBBIX TOPMOHOB M TPOSIBISET LIUPOKUI
CHEKTp (U3UOIOTUYECKUX (YHKIMHA: PETyNIsusi MECH-
CTPYajbHOIO LUKJIA, PA3MHOKEHUS, MOAYJISILHUS IUIOT-
HOCTH KOCTHOM TKaHH, (YHKIIMHA MO3Ta 1 MOOHMIH3aLUs
xonecrepuHa [17]. buonoruueckue 3pdexrsr scTpore-
HOB TIEpPEJaroTCs B OCHOBHOM 4e€pe3 B3aUMOJEHCTBHE
¢ perenrtopaMu 3ctporeHoB [12, 14]. BwipabarbiBae-
MbI€ SIMYHUKAMHU CTEPOHIBI HEOOXOIMMBI JIJIs a/IeKBar-
HOTO POCTa M Pa3BUTH TUIOJA U TIOAJCpKaHus OaaH-
ca MHorux (yHKumii Bo Bpemsi OepemenHoctu [18].
CrepounoreHes yBeJlMUNBaeTCsl Ha NPOTsLKEHUN Oepe-
MeHHOCTH. [1pu oclokHEHHOW 6epeMEHHOCTH KOHIICH-
Tpamnusi CTepOMAHBIX TOPMOHOB MeHseTcs. Hemocra-
TOYHAsl UM TIOBBIILIEHHAS] KOHLIEHTPALXs CTEPOUIHBIX
TOPMOHOB TIPOBOLMPYET OECIUIOAHNE, CHHIPOM MOJHU-
KHUCTO3HBIX SUYHUKOB, BBIKUABII, NIPEIKIAMIICHIO, Te-
CTAI[MOHHBIA CaxapHbIM Aua0eT W MpekIeBPeMEHHbIC
ponsr [15].

Hecmotpst Ha OnarorBopHOe AEHCTBHE YHIOTCHHO-
r0 3CTPOTeHa, YCTOMYMBOE BO3ACHCTBHE HK30I'CHHOIO
3CTPOreHa — 3HAYMMBIA (DAKTOp pHCKa KaHIEepore-
He3a [11] ux mMeTaboMMTOB HAa MOJIEKYJSIPHO-TEHETH-
YECKOM YPOBHE B 3CTPOIr€H-UyBCTBUTENBHBIX TKaHSX,
B TOM 4YHCJIE€ M B PENpOAYKTUBHBIX opraHax [9, 19].
OHAOKPUHHBIA AucOanaHc MaTepu yBEJIUYMBAaeT Be-
POSITHOCTH IIAaTOJIOTMYECKUX M3MEHEHHH B PEHpPOIyK-

TUBHBIX OpraHax [4], KOCTHO-MBIIIEYHOM arrmapare,
WMMYHHOH W HEpBHOM cucremax oOoux monos [13].

B HacTosiee Bpemsi KOJIMYECTBO CYILIECTBYIOLIMX
Mo/IeJIel TTPOBOIUPYIOIIETO EHCTBHSI 3CTPOTEeHIT000-
HBIX BEIIECTB Ha OpPraHM3M YeJOBEeKa M MIIEKOIMTa-
IOIMX HEe3HauuTeNbHO. [IpeHaranbHOE HccliefoBaHUe
BO3/EHCTBUSl TPENapaToB C SCTPOTEHHOW AaKTHUBHO-
CTBbIO, @ TAK)KE H3YyYCHHE IIOCIEACTBUM HMX IpHUMe-
HEHHs Ha IIOTOMCTBO SIBJISIETCSl aKTYaJbHOM 3ajadeit
HCCIIEZIOBAHUS.

Lenv pabomvr — wnzyueHne MOPQOIOTHIECKUX
0COOCHHOCTEH SMYHUKOB MOTOMCTBA JIa0OPATOPHBIX
MBILIEH IIOCJIE€ BBEAEHHUSI ICTPOICHOB MAaTEPHHCKOMY
OpPraHu3My BO BpeMsi O€peMEHHOCTH.

MATEPWUANbI N METOLbI

HccnenoBanne mpoBeleHO HA ITOJIOBO3PENBIX Jia-
OopaTopHBIX MEIMIax Maccoi 19-21 1, koTophle OBUTH
noiy4eHsl B «[IuToMHUKE Ta0OpaTOPHBIX KUBOTHBIX)
(Pecrryonmuka bBamkoprocran, YumMUHCKHN pailioH,
c. Topubiit, muuensust Ne 99-04-000097 ot 25.01.2005,
OenepanpHas ciayx0a 1o Ham30py B cdepe 3apaBo-
OXpaHECHMSI W COIUAILHOTO pas3BuTHsI PD). Ycmosus
BUBApUs M COJCp)KaHUE JKUBOTHBIX COOTBETCTBOBAIH
«MeToaruecKuM pEeKOMEHJAIMAM 10  COACPIKaHHIO
na00paTOPHBIX JKUBOTHBIX B BHBapHsIX Hay4HO-HC-
CJIEZIOBATEITLCKUX HHCTUTYTOB U yUeOHBIX 3aBEICHUI»,
JPYTHUM CaHUTAPHBIM HOPMaM M TPeOOBaHUSIM BETEPH-
HApPHOTO KOHTPOJS U HaA30pa paboT ¢ 1abopaTopHEI-
MU M DKCICPUMEHTAILHBIMUA JKUBOTHBIMHU.

[Tocne peprunmzanum GepeMeHHBIX CaMOK J1abopa-
TOPHBIX MBITIEH Pa3/IeIviIN Ha TPYIIIBL: JBE KOHTPOIb-
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HBIC U JBE JKCIEPUMEHTAIbHBIC, KOTOPHIM Ha CTaIud
pazBuths recranni E11.5 G110 BBITIOIHEHO BHYTPUMBI-
[IEYHOE OJHOKPATHOE BBEACHHE DKCIIEPHMEHTAIBHBIX
1103 3cTporeHoB. PacueTsl A3 PeKTUBHOCTH 103 Tpena-
para mpoM3BOIMIM B COOTBETCTBUHU C K03(duueHTa-
MU TS TIepepacyeTa JI03 BeIIeCTB B MKI/KT [T MBITIICH
[2, 3, 5-7]. IlepBoii PKCTIEPUMEHTAILHON TPYIIIIE BBO-
JIAJTH OJTHOKPATHO BHYTPHMBIIIEYHO CHHECTPOI B BUJIE
2 % MacisiHOro pacTBopa B o0miei jgo3e 50 MKr/Kr
(n=15; C-50), mepBoii KOHTPOJBHOW TIpyINie BBOAU-
JU OJIMBKOBOE Maciio B jo3e 0,2 Mkr/kr (n=5; MO).
BTopoii skcriepuMeHTAIBHOW Tpymme OBIT BBEACH
0,0005 % wmacnsnblii pactBop (ynBectpanta 0,4 mi
B no3e 100 mxr/kr (n=15; ®-100), rpynna KOHTPOISL
(n=15; MK) nony4dana cTepuibHOE KaCTOPOBOE Maclio
B no3e 0,8 MKr/kr.

ITo mocTmxkeHnn MOCTHATAIBHOTO Bo3pacTa 90 mHei
MOTOMCTBO (IO TISITh KUBOTHBIX, POKJICHHBIX OT CAMOK
Ka)XJIOW TPyMIIbl) BEIBOAWIN U3 OIBITA B OIHY H TY K
(hazy scTpanmpHOTO mukiIa — B ¢dazy audctpyca. s
ompeneneHnus (Ppa3bl SCTPATHHOTO ITUKIIA MCTIOIb30BAH
BJIaraJIMIHbIE Ma3KH, OKpallleHHbIe 10 PoMaHOBCKOMY
u kputepun, npegioxenHsle M.C. Cora u coast. [10].
Bce skcnepuMeHTanbHbIe MAaHUMYJSLMKA BBITOJTHEHBI
B cooTBeTcTBUH ¢ JKeHeBckoi koHBeHIuel (Geneva,
1990), a Tawke XeIbCHHKCKOH nekiaparueii Bce-
MHUPHON MEIAUIMHCKOM accolMalyd O T'yMaHHOM OT-
HomeHuH K kuBOTHBIM (2000). Ha paGoty momydeHo
paspeleHne 3KCIIEPTHOTO COBETa MO OWOMEIHUIIMH-
ckoit atuke I'bOY BIIO «bamkupckuil rocyiapcTBeH-
HBIM MEAWIWHCKAN yHHBepcuTeT» (mpoTtokonm Ne 3
ot 17.03.2014).

OOBEKTOM HCCIECIOBAHUN CITYKWIIM SIMYHUKH T10-
TOMCTBa J1a0OPaTOPHBIX MBIIICH, WX H3BICKAIH
n ¢puxcupoBanu B 10 % neiiTpambHoM 3a0ydepeHHOM
¢dopmanuHe B TedueHWe 24 U, MOJABEpraid CTaHAapT-
HOH THCcTONOTHYeCKol 00padoTke. Cpe3sl TONIIMHOMN
5—6 MKM OKpalIMBajiM T€MAaTOKCHIMHOM H 303WHOM.
UccnenoBanne, BU3yanm3annio U MOP(OMETPHUIO TH-
CTOJIOTHYECKUX TIPENapaToB MPOU3BOIMIN C HCIOIb-
30BaHUEM MHBEPTHPOBAHHOTO OHOJIOTHYECKOTO MHKPO-
CKoma Juisl 1a0OpaTOPHBIX HCCIEAOBaHUN AXioobserver
co wrrartuBoM D1 (Carl Zeiss Microscopy GmbH, I'ep-
MaHHs), CO CTICIIHAIN3UPOBAHHBIM IIPOTPAMMHBIM 00¢-
cneuennem ZEN2018 (Mukpockor ObUT MpeocTaBiicH
nabopaTtopuell KJIeTOYHbIX KynbTyp LleHTpanbHOl Ha-
YUHOHU HCCIeoBaTeNbCKOM 1aboparopun bamkupceko-
IO TOCYAapCTBEHHOTO MEIHWIIMHCKOTO YHHBEPCUTETA).
DOTOCHEMKY THUCTOJIOTHYECKUX IPEraparoB MPOU3BO-
i dpoBoit kamepoit AxioCamMRce5 (Carl Zeiss,
Snonus).

brun onpenesneHs! crieyronye MophoMeTpuIecKue
TOKa3aTeNny SUYHUKOB: CPENHSAS TUIOIMAAb IOoTeped-
HOTO cpe3a, CpeaHss IUIONIAalb KOPKOBOTO, MO3TOBOTO

BEIECTB, CPEOHUH AMaMETP KPOBEHOCHBIX COCYIOB,
CpeIHss TUIOMAAb KENTHIX TeN, CPEeAHEe KOJIMYECTBO
JIIOTEMHOBBIX KJIETOK B JKEJITOM TE€J€ Ha CTAaHAAPTHOMN
TUIOILA/IN, CPEAHEE KOJMYECTBO aTpeTHYeCKUX (osu-
KyJOB B SIMYHMKE Ha CTaHAApTHOW Iuiomanu. beum
TaKXe HCCIIeNOoBaHbl (DOJUIMKYIBI Ha PA3HBIX CTaIUsIX
pa3BUTHS: TPUMOPANATEHBIE, IEPBUYHBIE, BTOPUYHBIE,
TPETUYHbIE HA CTAHAAPTHOMN IJIOIIAJH C JAJbHEHIIUM
CPaBHEHHEM MOJTYUYEHHBIX PE3YNBTATOB C KOHTPOJIBHOM
rpynmnoii [1]. Bcero mpurotosneno 97 rucromoruye-
CKUX MMKPOIIPENAPaTOB.

CraTucTuyecKyro 00pabOTKy OCYIIECTBISUIA C UC-
noJib30BaHMeM mporpammbl Statistica 7.0 (StatSoft,
CLIA). ITo xaxaomy mapaMeTpy BBIYHMCIISIIM Cpel-
Hee apu(METHYEeCKOe 3HAYeHHE M €ro CTaHIapTHYIO
ommmOKy (M £ SD). JIocTOBEpHOCTh N3MEHEHHI OIICHU-
BaJM C TOMOIIbIO #-KpuTepusi CThIONEHTA, Pa3Iudus
ONpenessuIl NMPU JOCTUTHYTOM YpPOBHE 3HAYMMOCTH
p <0,05.

PE3Y/IbTATbl U OBCYXXAEHUE

[Tpy OHOKPATHOM TpeHaTALHOM BBEIICHHU Oepe-
MEHHBIM CaMKaM JIa0OpaTOPHBIX MBINIEH Ha CTaJuu
recraunn E11.5 mpemapara cunectpona B Buae 2 %
MacisiHOro pactBopa B 03¢ 50 MKI/KT B 3KcIEpH-
MeHTanpHOM Tpyme C-50 BBIABHIO CTAaTHCTUYCCKH
3HaYMMOE YyBEJIMYCHHUE CpeIHEeH IUIONIaau IoTepey-
HOTO cpe3a SMYHMKOB IO LIEHTPY 4Yepe3 MO3roBOe
BEIIECTBO M CPEAHEH IUIOMIaJd KOPKOBOIO BEILIECTBA
(cm. Tabmuiyy, puc. 1). CrarucTHYecKH 3HAYNMOE
YMEHBIIIEHHE CPEIHEN IUIOLIaa MO3IOBOIO BELIECTBA
HaOmofgaeTcsi B JKcHepuMeHTanbHoi Tpymme C-50
(31,5+2,3 Mkm?), B OTIMYME OT TPYIIIBI KOHTPOJIS
MO (172,6 £ 2,5 mxm?). M03roBoe BEIIECTBO XOPOIIO
BaCKyJISIPU30BaHO, B CTPOME SIMYHUKA HAOIIOAAeTCs
CTaTHCTUYECKH 3HAYNMOE YBEJTMYEHHE CPETHEro aua-
MeTpa KPOBEHOCHBIX COCY/IOB B SKCIEPHUMEHTAJIbHOM
rpyrme C-50 (31,0 = 1,6 MKM), 9TO CBUAETEILCTBYET
00 yCHJIEHHMH HMX KPOBOCHAOKEHHS, B KOHTPOJIBHOH
rpymme MO (22,0 £ 3,7 MKM), KpPOBEHOCHBIE COCY-
JIbI TIPOXONAT M3 MO3TOBOTO BEIIECTBA B KOPKOBOE.
CoenuHHUTEIFHOTKAHHAS OCHOBAa Cpe3a  SIMYHUKOB
sKcnepuMeHTanbHol Tpymnmnel C-50 He ymopsaodeHa,
o0pa3oBaHa KOJUIAT€HOBBIMH BOJIOKHAMH, KIJIETKaMHU
¢hubpobmacTHIecKoro psga BepeTeHOoOOpa3Ho (op-
MbI, B Cpe3¢ HaOJIONaIoCh IepeMelieHue (HOJUTHKY-
JIOB Ha Tepudepuro OMKe K KOPKOBOMY BEIIECTBY,
COKpaTWJIOCh Ha CTaHJAPTHOHM IUIOLIAIM KOJIHYECTBO
PUMOPIUAIIBHBIX, BTOPUYHBIX, TPETUYHBIX (OJITUKY-
moB (5,4+1,7; 42+ 1,1; 3,0+ 0,7). Cpennee xonmde-
CTBO MEPBUYHBIX (OJUTUKYIOB YBEJIWYMIOCH B TPYII-
ne C-50 mo cpaBHeHHIO ¢ rpynnoil koHTpons MO.
CpenHee KOJIMYECTBO —aTPETHUECKUX  (HOJUIMKYIIOB
B JKcmepuMeHTanmbHOU Tpymme C-50 w B Tpymme
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koHTposst MO npumepHo oauHakoBoe. JKenTble Tena
MTOKPBITH COEMHUTEIBHOTKAHHOM KaIlCyJoi, 0T KOTO-
pO# K MEHTPY HAMPABJISIOTCS TOHKHUE MPOCIONUKH, CO-
JIepIKaIlie KPOBCHOCHBIC U JUMQPATUYCCKUE COCY/IBL
OOHapy»CHHBIC KENThIe Teja UMEIOT HEMPABHILHYIO

¢dopmy. HabmronaeTcs yBenuueHHe CpeIHEero Kojude-
CTBa JKENTHIX TENl B AKCIEpUMEHTaIbHOU rpynmne C-50
(4,8+1,3), B cpaBHeHun ¢ rpynmoi koHtpois MO
(2,2+ 1,3). CrarucTtu4ecku yBEIMYUBAETCS CpeaHee
KOJIMYECTBO JIFOTEHHOBBIX KJIETOK B DKCIIEPUMEHTAIIb-

Tabnuua / Table

AHanus MOdeOMETpVILIECKVIX nokasartenew cpe3a AUNYHMUKOB Ha CTaH[J,apTHOlji nnowann NOTOMCTBa NpM NpeHaTa/lbHOM
OOHOKPATHOM BHYTPUMbIWEYHOM BO34ENCTBUM 3CTpOoreHos

Analysis of morphometric parameters of the ovarian section on the standard area of the offspring with prenatal, single,

intramuscular exposure to estrogens

ITokasarens / Indication

I'pymnmer / Group

Kontposs MO /
Control (olive oil)

C-50/
S-50

Kontponas MK /
Control (castor oil)

D-100 /
F-100

CpenHsis TIIOIAb TONEPEYHOro cpesa IMUHUKOB
1o IeHTpy opraHa, Mkm> / Mean cross-sectional
area of the ovaries in the center of the organ, pm?

1249,2 £ 81,4

1628,3 + 62,1*

964,5 + 167,5

1122,3 £412,2

Cpennsist mIoIia b KOPKOBOTO BEIIECTBA Cpe-
3a SMYHUKOB 110 LEHTPY oprana, Mkm> / Mean
area of the cortical substance of the ovarian
section in the center of the organ, um?

1076,6 + 82,0

1596,7 + 62,5*

862,8 +175,3

1273,7 £ 196,7*

Cpenusisi IO b MO3rOBOTO BEIECTBA Cpe-
3a SIMYHUKOB MO IIEHTPY opraHa, MkM? / Mean
area of the medulla of the ovarian section in
the center of the organ, um?

172,6 £2,5

31,5 £2,3*%

1017 + 10,4

73,1 £22,6*

Cpennuii auaMeTp KpPOBEHOCHBIX COCYJOB Ha
CTaHJAPTHOM TUIOMIATN Cpe3a SMYHUKOB, MKM /
Mean diameter of blood vessels on a standard
ovarian incision area, pm

22,0+3,7

31,0 + 1,6*

21,5+ 6,6

22+ 6,6

CpenHee KOTMYECTBO MPUMOPAHMAIBHBEIX (HOJ-
JUKYJIOB Ha CTaHAapTHOW miomanu / Mean
number of primordial follicles per standard area

8,0+ 1,6

54+ 1,7*

8,2+37

11,0+ 1,9

Cpennee KOIMYSCTBO MEPBHYHBIX (OJUIHKY-
JIOB Ha cTaHJapTHOU uromanu / Mean number
of primary follicles per standard area

34+0,5

5,04 1,2%

4,6+1,5

7,6 + 2,4%

CpenHee KOJHMYECTBO BTOPUYHBIX (OJUIHKY-
JIOB Ha CTaHAapTHOM mromaan / Mean number
of secondary follicles per standard area

52+£29

42+ 11

6,6 1,5

10,0 + 2,7*

CpenHee KOJIHWYECTBO TPETHUYHBIX (OJITUKY-
JIOB Ha CTaHAApTHOMU miomaan / Mean number
of tertiary follicles per standard area

34+09

3,0+£0,7

24+ 1,1

3,615

CpenHee KOJINYECTBO aTPETUUECKHX (OIIIH-
KYJIOB Ha CTaHAApTHOH momany / Mean num-
ber of atretic follicles per standard area

3208

3,0+0,7

32413

74+ 1,8%

CpenHee KOJHYECTBO JKEJITHIX TEJ Ha CTaH-
nmaptHoi miomanu / Mean number of yellow
bodies in a standard area

2,2+1,3

4,8 £1,3*

1L,6+1,1

32+1,3

CpenHee KOJIMYECTBO JIFOTCMHOBBIX KIICTOK
B JKEJITOM TeJie Ha CTaHJIapTHOIl miomaan /
Mean number of luteal cells in the yellow
body per standard area

448,0 + 91,0

622,2 + 26,1%

465,8 £ 64,7

439 £ 20,4

* BeipakenHble 3 dextsl 3Haunmsbl npu p < 0,05. * Marked effects are significant at p < 0.05.
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3KcnepuMeHTanbHou rpynnbl C-50. Okpacka reMaTokcu-
JIMHOM M 303uHOM. YB. X100

Microphoto of the ovarian section preparation of the
offspring of the experimental group S-50. Stained with
hematoxylin-eosin. Magnification x100

Fig. 1.

Hoii rpymmne C-50 (622,2 +26,1), Torna Kak B rpyrie
koHTpOJsT MO 3TOT mokazarens coctaBmi 448,0 = 91,0.

[ocne nmpoBeneHHBIX MOPHOMETPHIECKUX HUCCIIEIO0-
BaHMH cpe3a SMYHUKOB IOTOMCTBA J1a0OPAaTOPHBIX MBbI-
1Iei BO BTOPOM 3KCIIEPUMEHTAIbHOM TPYIIIE IPU OAHO-
KpaTHOM BHYTPHMBILIEYHOM MPEHATaJbHOM BBEACHUU
npenapara Qymnsecrpanta B go3e 100 mxr/kr, ©-100,
YCTAHOBJICHO, YTO CHApPYXH SIMYHUK OKpYKEH Oesodu-
HOM 00O0JI0YKOHM, COCTOSIIEN M3 IUIOTHON BOJOKHHCTOM
COCTMHUTEIBLHON TKaHU, MOKPBITON Me3oTenueM. Cpen-
Hss1 IUIOILA/Ib TIONIEPEYHOIO Cpe3a SIMYHUKOB B 3KCIIEPHU-
MeHTajgbHOM rpymnmne @-100 yBenuyeHa, Mo CpaBHEHHIO
¢ rpynnoii koutpois MK (cm. tabmuiy, puc. 2).

ITon Gemounoit 00ONOYKON pacronaraeTcs KOpKO-
BOE BEIIECTBO, COCTOSILEE M3 IJIOTHO Jexamux (u-
Opo0acToB M MEXKKJIETOUYHOro BemiecTBa. CpemHas
TUIOIIAIb KOPKOBOTO BEIIECTBA B HKCIEPUMEHTAIBHON
rpynrne 3HauuTenbHo Oombme (1273,7 +196,7 mMrm?),
yem B rpymme koHtpoist MK (862,8 = 175,3 mMrm?).

Mo3roBoe BEIIECTBO Ha Cpe3e SIMYHUKOB IPEa-
CTaBJIEHO OOJBIINM KOJIMYECTBOM HEYMOPSIOYCHHBIX
3JIACTUYECKUX BOJIOKOH, IJIAJIKOMBIIIEUHBIX KIIETOK.
Cpennsist 01113 MO3TOBOTO BEIIECTBA B KCIIEPUMEH-
tanpHON Tpymme @-100 cocraBuna 73,1 22,6 MrM?,
B KOHTpoJbHO# Tpynmne MK Habmromaercs yBenmndeHne
nanHoro mokasarens (101,7 + 10,4 mxm?).

IIpn wuccnenoBaHMM CpeaHETO0 JUaMeTpa CocCy-
JIOB Cpe3a SMYHUKOB HaOJIOnaeTcs CKIEPO3UPOBAHHE
CTPOMAJILHOTO KOMIIOHEHTA, IPUBOAALICE K YCUIICHHIO
KPOBOCHAOXXEHHS B BHJE TEPECTPONKH COCYIAMCTOU
CEeTH, BBIP@KAIOIIEECs B YBEIMUYEHUH CPEIHEro Jua-
MeTpa cocynoB (22 + 6,6 MKM) B 9KCHIEpUMEHTaIbHON
rpynne @-100 B omnmune ot rpymnmsl KoHTpoiss MK
(21,5 + 6,6 MxMm).

Puc. 2. Mukpodotorpacdus npenapara cpesa sM4HMKa NOTOMCTBa
aKcnepuMeHTanbHou rpynnbl ®-100. Okpacka remarok-
CU/IMHOM U 3031HOM. YB. X100

Micrograph of the preparation of the ovarian section in
the offspring of the experimental group F-100. Stained
with hematoxylin-eosin. Magnification x100

Fig. 2.

B xopxoBoM BeliecTBe Ha cpe3e SNIYHUKOB (hOIJUTHKY-
JIbl HAXOJSITCSI HA PA3HBIX CTA/IMSAX Pa3BUTHUS: OT MPH-
MOpPJIHAIBHBIX, MEPBUYHBIX, BTOPUYHBIX, JI0 3PENbIX
TPETUYHBIX (OJIIMKYJIOB, OTMEYAETCsl CTATUCTUYECKU
3HaYMMOE YBEJIMUYEHHE B OJKCIIEPUMEHTAIBHON TpyIm-
me @-100 B ormume OT KOHTPOJIbHOU Tpymmel MK.
Ha rucromoruueckoMm cpese SIMYHUKOB SKCHEPHUMEH-
TaJbHOW TPYIIBl HAOMIOMAIOTCS KUCTO3HBIC HM3MEHE-
HUs B (DOJUIMKY/Iax pasHbIX ypoBHEH pasButus. Cpen-
Hee KOJIMYECTBO aTpeTHUYeCKUX (hOJUIMKYIIOB Ha cpese
SIMYHUKOB B SKCTIepUMeHTanbHOH Tpyrime @-100 moutu
B JIBa pasza Oosblie, yeMm B rpymie koHtpons MK.

OOHapyKEHHBIE JKENThIC Tella HMMEIOT OBaJIbHBIC
win okpyribsle (opmel. [IpoBeneHHBIE HCCIETOBAHHUS
BBISIBUJIM, YTO B JKCHEepUMeHTalbHOU Tpynme P-100
cpeaHee KOJIMYECTBO JKEJTHIX TeNl CTaTHCTUYECKH yBe-
nuauBaetcs (3,2 = 1,3) B OTIMYUE OT TPYIIIBI KOHTPO-
s MK (1,6 £ 1,1). CpenHee KoIM4ecTBO JIIOTEHHOBBIX
KJIETOK B JKEJITOM TeJe Ha CTAaHAapTHOH TUTOIAAH STHY-
HUKa B dKCIIepuMeHTanpHOU Tpynme d-100 ymensbImna-
eTcsi, B CpaBHEHUM ¢ rpymnmnoi xkoHtposss MK.

BbiBO bl

Takum oOpa3oM, aHanu3 MOP(HOMETPHUUECKHX II0-
Kazarenel cpesa SIMYHUKOB IPHU MPEHATAIbHOM OIHO-
KpaTHOM BHYTPHMBIIIEYHOM BO3JICHCTBUU CHHECTPOJIA
B 3KcnepuMeHTaibHOM rpynne C-50, mo cpaBHEHHIO
¢ KOHTpOJIbHOH rpynmnoi (MO), mokasan: yBeanueHHe
CpemHell IUIom@aan KOPKOBOTO BEIECTBA cCpes3a siid-
HukoB Ha 48,3 % (p <0,05); ymeHbImeHue cpegHei
IoIa M Mo3roBoro BeriectBa Ha 81,7 % (p <0,05);
YBEJIUUEHHE CPEIHEro AuamMeTpa KPOBEHOCHBIX COCY-
noB Ha 40,9 % (p < 0,05), nemoHCTpHUpYIOLIEe yCcHe-
HHE KpOBOOOpaIIeHUs] B OpTaHe; CHH)KEHHE CPETHETO
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KOJIMYECTBA MIPUMOPIUAIBHBIX (OITHKYIOB Ha 32,5 %
(p <0,05); yBenmudeHne CpeTHETO KOIWYECTBA TIepBUY-
HBIX (OJUTUKYIIOB Ha CTaHAApTHOI momany Ha 47,1 %
(p <0,05), cBunmerenbcTBYIONIEE O HApyIIEHUH TIPO-
necca (OJITUKYJIOTeHE3a; YBEINYCHUE CPEAHEr0 KO-
YeCTBa JKENTHIX TeJ B JiBa pasa (p < 0,05); yBenmueHue
CPEIHEro KOJMYECTBA JIIOTEHHOBBIX KJIETOK B JKEJITOM
tene Ha 38,8 % (p <0,05).

Mopdomerprueckasi oOleHKa IoKa3areneld cpesa
SIMYHAKOB [TOTOMCTBA JJA0OPATOPHBIX MBIIIEH MPH Tpe-
HaTaJbHOM OJHOKPATHOM BHYTPUMBIILIEYHOM BO3JEH-
CcTBUM (DYJIBECTPaHTa B HIKCIIEPUMEHTAIBHOH Ipymiie
@-100, o cpaBHEHHIO ¢ KOHTposbHOM rpymnmnoi (MK),
MoKa3zana: yBeJIMYeHHE CpeJHeH Miolaan KOPKOBOTO
BemecTBa Ha 47,6 % (p < 0,05); ymeHblIeHHE CpeaHEH
IIomaal Mo3roBoro BemiectBa Ha 28,1 % (p <0,05);
YBEIMYEHHUE CPETHEro KOJMYeCTBAa MEePBUYHBIX (HoJI-
nukynoB Ha 65,2 % (p <0,05); yBenuueHue cpemHe-
ro KOJMYECTBa BTOPHYHBIX (oJuuKynoB Ha 51,5 %
(p <0,05); yBenmueHne CpeIHETO YHCIA aTPETUIECKUX
¢dhommukynoB B nmBa pasa (p <0,05). Ha cpeze suu-
HUKOB HaONIOAaeTcs CKJIEPO3MPOBAHNE CTPOMAIBHOTO
KOMITOHEHTA, COINPOBOXKIAIOLIEECS NEPECTPONKON CO-
CYINUCTON CETH C MPU3HAKAMM aTpe3uu U KHUCTO3HOTO
NEPEPOXKACHUST BO BTOPUYHBIX M TPETHUYHBIX (hosu-
KyJax.

[TomyuenHnsle pe3yabTaTsl HCCIENOBaHUA  TOJ-
TBEPXKAAIOT aKTyaJbHOCTh MNpPOONEMBbl  BHEAPEHMS
KOMIUICKCHBIX MEPOIPUSATHH, HarpaBiIeHHBIX Ha JIH-
MUTHPOBaHHUE BO3/IEHCTBUS BBOAUMBIX B MAaTEPUHCKUI
OpraHMW3M TPEnapaToB 3CTPOICHOBOTO psla B MEPHOA
OepeMeHHOCTH, JJIsl TNPeJOTBpalIeHUs] HeOIaronpu-
ATHBIX 3((eKTOB Ha pa3BUTHE SMYHUKOB MOTOMCTBA.

OOMNOJIHUTENbHAA UHOOPMALUA

Bkiiax aBTopoB. Bce aBTOpBI MOATBEPKAAKOT CO-
OTBETCTBHE CBOETO aBTOPCTBA MEKIYHAPOIHBIM KpH-
tepusim ICMJE (Bce aBTOpBI BHECIH CYLIECTBEHHBIN
BKJIaJl B pa3pabOTKy KOHLEMHIHHU, MIPOBEICHUE HCCIIe-
JOBaHMsI U IOATOTOBKY CTaTbH, MPOWIM M ONOOpUIH
(UHATBHYIO BEPCHUIO Tepes] MyOIrKaIuei).

Kondauxkr naTepecoB. ABTOPHI IEKIAPUPYIOT OT-
CYTCTBHE SIBHBIX U MOTCHLIMAIBHBIX KOH(OINKTOB HHTE-
PECOB, CBSI3aHHBIX C MyONMKaLeld HACTOSILIEH CTaThbH.

HcTounnk puHAHCUPOBAHUSL. ABTOPHI 3asBIISIOT
00 OTCYTCTBHMM BHEUIHEr0 (pMHAHCHPOBAHMS TPH MPO-
BEJICHUH HCCIIEI0OBaHMS.
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EPIDEMIOLOGICAL AND CLINICAL AND LABORATORY FEATURES OF COVID-19
IN PEDIATRIC PATIENTS
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The article presents up-to-date data on the main pathogenetic mechanisms and features of the new coronavirus
infection caused by the SARS-CoV-2 virus. The review highlights the main epidemiological features of infection with
SARS-CoV-2 in children at various age periods, features of the immune response and variants of the course of the
disease with lung damage, as well as other organs and systems. The clinical and laboratory features of the course
of a new coronavirus infection in children are highlighted. It was found that children are less likely to develop
severe COVID-19 than adults. More than 95% of all cases of the disease range from asymptomatic course to clinical
manifestations of mild and moderate severity. About 2% of children’s patients need hospitalization, including in the
intensive care unit and ventilator. However, extrapulmonary manifestations are registered in children more often
than in adults, especially from the gastrointestinal tract and circulatory organs. According to numerous authors,
the features of the clinical and laboratory course of COVID-19 in pediatric patients are probably associated with
a number of factors, among which age-related features of the immune response, the functioning of angiotensin-
converting enzyme-2 (ACE-2) used by coronaviruses as a cellular receptor are indicated. Understanding the role of
the child population in the dynamics of transmission of infection is important, since children significantly affect
the rate of infection spread.

Keywords: coronavirus infection; acute respiratory distress syndrome; pathogenesis; immune response; children.

ANMNMAEMUONOTUYECKUE U KIIMHUKO-TABOPATOPHbIE OCOBEHHOCTU
COVID-19 Y NALMEHTOB OETCKOIro BO3PACTA

© H.A. benbix, O.A. ConoBbeBa, H.A. AHnkeeBa

P3aHCKui rocynapCTBEHHbIM MEAULMHCKMIA YHUBEpCUTET M. akag. W.I1. Masnosa, Pa3aHb, Poccus

[ns yumuposaHus: benbix H.A., Conosbesa O.A., AHukeesa H.A. Inuaemmnonormyeckme n KAnHWKo-nabopatopHble ocobeHHocT COVID-19
y NaupeHToB Aetckoro Bospacta // Meaumatp. — 2021. — T. 12. — Ne 6. — C. 63-76. https://doi.org/10.17816/PED12663-76

Mocrynuna: 21.10.2021 Opobpena: 15.11.2021 MpuusTta k nevarn: 29.12.2021

B cTaTbe nmpencTaBiieHbl COBPEMEHHbIE AaHHble 06 OCHOBHbIX MAaTOreHETUYECKMX MEeXaHM3Max M OCOBEHHOCTSIX HOBOWA
KOPOHABMPYCHOM MHPeKunn, obycnosneHHon Bupycom SARS-CoV-2. B 0630pe BblaeneHbl OCHOBHblE 3MMAEMMONIOTMYECKME
ocobeHHOCTH MHOMUMpoBaHUa SARS-CoV-2 peTeit B pasnuyHble BO3pacCTHble Mepuofbl, 0COBEHHOCTU MMMYHHOrO OTBeTa
W BapuaHTbl Te4yeHUs 3aboneBaHUs C NOpPaXeHUeM Nerkux, a Takxke Apyrux opraHos u cucteM. OcBeLLeHbl KIMHUKO-Nabopa-
TOpHble 0COBEHHOCTM TEYEHWUS HOBOM KOPOHABUPYCHOW MHMEKLMM Y AeTel. YCTaHOBEHO, YTO Y AeTel pexe, YeM Y B3pOCbIX,
pa3BuBaeTcsa Taxenoe TeyeHne COVID-19. bonee 95 % Bcex cnyyaeB 3a60neBaHUS BapbMpyrOT OT 6ECCMMMNTOMHOrO TeYeHuUs
[0 KNIMHWUYECKUX NPOSBAEHUI Nerkoi u cpegHei cTeneHun TaxecTu. Okono 2 % nauueHTOB AETCKOro BO3pacTa HyXAawTcs
B rOCMUTanu3aLmmu, B TOM YUC/ie B OTAENIEHUE UHTEHCUBHOM Tepanuu, U NPOBELEHUN WCKYCCTBEHHOM BEHTUMALMM NETKUX.
OpnHako y AeTeit yalle, YeM y B3pOC/bIX, PEFUCTPUPYHOTCS BHEIErOYHbIE NPOSBIAEHUS, 0COOEHHO CO CTOPOHbI XeNyA04YHO-KM-
LeYHOro TpakTa U opraHoB KpoBoobpatueHus. Mo AaHHBIM MHOFOYMCAEHHbIX aBTOPOB, 0CO6EHHOCTH KAMHUKO-1abopaTopHOro
TeyeHmsa COVID-19 y naumeHTOB [EeTCKOro BO3pacTa, BEPOATHO, CBA3aHbI C LeNbiM psaoM GakTopoB, Cpean KOTOpbIX yKasa-
Hbl BO3pacTHble 0COBEHHOCTM MMMYHHOrO OTBeTa, PYHKLMOHMPOBAHMS aHrMOTeH3MH-NpeBpaLlatowero depmeHTa-2 (ACE-2),
MCNO/b3yEMOro KOpOHaBMPYCaMK B KAYyeCTBE KNETOYHOro peuenTtopa. BaxHO NOHMMaHWe ponu AeTCKoW Nonynsuuu B Au-
HaMuKe nepenayv MHOEKLMMU, MOCKONbKY LETU 3HAYMMO BAMSIOT HA TEMMbl €€ PacnpoCTPaHEHUS.

KnioueBble cnoBa: KOpOHaBMPYCHAs MHGDEKLMS; OCTPbIN peCnupaTopHbIA ANCTPECC-CUHAPOM; NATOreHes; UMMYHHbIN OTBET; AETU.
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Over the past 20 years, humanity has faced three
epidemics caused by coronaviruses, namely, severe
acute respiratory syndrome (SARS-2003), Middle
East respiratory syndrome (MERS, 2012), and a
new coronavirus infection (nCoV) [33]. In early
January 2020, a new type of coronavirus (CoV) was
detected in a bronchoalveolar lavage sample from a
patient with pneumonia of unknown origin in China,
which was provisionally named novel coronavirus
(2019-nCoV) to distinguish it from SARS-CoV
and MERS-CoV which caused previous outbreaks.
Subsequently, the International Committee on Ta-
xonomy of Viruses identified it as SARS-CoV 2,
and the disease associated with it was named coro-
navirus disease 2019 (COVID-19) [11].

SARS-CoV-2 spread quickly worldwide; there-
fore, on January 30, 2020, the World Health Orga-
nization declared an outbreak of a disease caused
by a new coronavirus as a public health emergency
of international concern [50].

The first confirmed case of SARS-CoV-2 infec-
tion in children was reported in Shenzhen (a pro-
vince in southern China) on January 20, 2020 [10].
As early as February 10, 2020, 398 cases of
COVID-19 in children were reported in China, ex-
cept the Hubei province where initially children were
very rarely tested for SARS-CoV-2. In an analysis
of 44,672 laboratory-confirmed cases of COVID-19
from all over China, as of February 11, 2020,
0.9% of the patients were children aged <10 years,
and 1.2% of these patients were aged 10-20 years [37].
To date, we know that children get sick much less
often with the clinical forms of this infection, espe-
cially with its severe course, compared with adults.
However, data on the epidemiological characteris-
tics and clinical aspects of the course of COVID-19
in children are still scarce. A Chinese Center for
Disease Control and Prevention (CDC) report of
72,314 cases indicates that approximately 2% of
all patients were patients aged <19 years [51].
In Italy, one of the first countries affected by the
COVID-19 pandemic, 1.2% of all patients were
children [29]. In the USA, as of October 22,
2020, there were 7,207,186 cases of COVID-19,
and 11% of them occurred in children (1,053 cas-
es per 100,000 pediatric population). Moreover,
0.6%—6.9% of patients with identified cases of in-

fection requiring hospitalization, which accounted
for 1%-3.6% of all patients hospitalized. The rate
of lethal outcomes among hospitalized children was
0.23% [6, 15].

In China, 94% of children had asymptomatic
or mild/moderate disease, approximately 5% of
the pediatric patients had a severe course, and 1%
had an extremely severe disease [36]. Most often,
COVID-19 was detected in the group aged up to
5 years and older than 10 years; however, severe
COVID-19 was more common in children aged
5-10 years. Boys were sick slightly more often than
girls (52% versus 48%). The majority of confirmed
cases (68.6%) had contact with family members
with COVID-19. More than 90% of the patients
had an asymptomatic, mild, or moderate course.
A severe course was recorded in 10.6% of children
aged <1 year, 7.3% of children aged 1-5 years,
4.2% of children aged 6-10 years, 4.1% of chil-
dren aged 11-15 years, and 3.0% of children aged
>16 years [17].

According to the Russian Federal State Agen-
cy for Health and Consumer Rights, more than
3,159 million cases of COVID-19 were detected
in 85 regions of the Russian Federation in 2020.
The incidence rate was 2152.63 per 100 thousand
populations. Changes in the number of COVID-19
cases in Russia in 2020 were characterized by two
increases in incidence. Among all COVID-19 cases,
5.1% were recorded in schoolchildren and 1.8% in
students, and 3.3% in preschool children. Severe
forms of COVID-19 were mostly registered in the
group aged >55 years (77.6%) [2].

The pathogenesis of COVID-19 has already been
sufficiently studied to date. A phylogenetic analysis
revealed that the genetic code of SARS-CoV-2 is
70% similar to SARS-CoV; accordingly, the virus
can use the same receptor to enter the cell. Howev-
er, the affinity of the S-peptide for human angioten-
sin-converting enzyme 2 (ACE2) in SARS-CoV-2
is 10-20 times higher than that of the SARS-CoV
spike, which facilitates its transmission from person
to person [56]. Coronavirus susceptibility is asso-
ciated with the presence of dipeptidyl peptidase 4
and ACE2 receptors in the lower respiratory tract,
which are the main receptors for the SARS-CoV
S-peptide [33]. Evidence shows that ACE2 expres-
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sion is the highest in children, adolescents, and
young women and lowest in older men. ACE2 is
a part of the ACE2/angiotensin-(1-7)/MAS system
that counteracts the pro-inflammatory effects of the
ACE/angiotensin Il axis. It catalyzes the conver-
sion of angiotensin II to angiotensin I, 3—7, which
modulates vasoconstriction, leukocyte migration,
inflammatory cytokine expression, and fibrinogen
activation [26]. That is, a high expression of ACE2
may be beneficial, as virions compete for recep-
tor binding to angiotensin II. Children can main-
tain sufficiently high levels of angiotensin I, 3-7,
to counterbalance the pro-inflammatory effects of
angiotensin II. Thus, variable expression of ACE2
across age groups may explain why most children
and young adults shake off SARS-CoV-2 infection
without developing severe symptoms or complica-
tions and disprove the hypothesis that children are
not the source of infection because they have no
severe disease symptoms.

Several immune defense mechanisms are capa-
ble of eliminating viruses from the host organism.
Antigen-presenting cells, such as dendritic cells and
macrophages, phagocytize antigens and cleave them
into fragments using lysosomes. These fragments
are loaded onto major class I or class II histocom-
patibility complex molecules and transported to the
cell surface for antigen presentation. Toll-like recep-
tors (TLRs) on T cells, together with co-receptors,
bind to the presented antigen. Helper T cells se-
crete cytokines that activate cytotoxic T cells (T_s)
and B cells. T.s destroy infected cells through
cell-mediated immunity, and antibody-secreting B
cells mediate humoral immunity. According to Li
et al. [26], the human innate immune system de-
tects viral pathogen-associated molecular patterns
using pattern-recognition receptors represented by
TLR, RIG-I-like (RLR), NOD-like (NLR), cyto-
plasmic, and type C lectin-like receptors (CLmin).
Moreover, TLRs, having recognized the S-protein
of SARS-CoV-2, activate the production of numer-
ous pro-inflammatory cytokines by epithelial cells
and macrophages. The release of active mature in-
terleukin 1, beta (IL-1B) recruits neutrophils to the
lung tissue, increases heat production, and activates
the production of type I interferon (IFN-I). Airway
epithelial cells also secrete various cytokines, che-

mokines, antimicrobial peptides, and other factors
in response to viral infection [26, 54].

COVID-19 is accompanied by an extremely high
production of pro-inflammatory cytokines (IFN-a,
IFN-vy, IL 1B, IL-6, IL-12, IL-18, IL-33, tumor ne-
crosis factor [TNF]-a, granulocyte-macrophage col-
ony-stimulating factor, etc.) and chemokines; there-
fore, the cytokine reaction in patients with infection
was called cytokine storm syndrome (CSS). These
cytokines and chemokines recruit effector immuno-
cytes, causing the development of local inflamma-
tory response. CSS underlies the development of
acute respiratory distress syndrome (ARDS) and
multiple organ failure, which are fatal in severe
cases [54]. The lethality of COVID-19 is associated
precisely with a high level of IL-6 and a decrease
in IL-10 in the blood serum [39]. SARS-CoV-2 is
highly sensitive to the action of IFN but encodes
proteins that counteract innate immune defenses,
including suppressing the activity of IFN-I produc-
tion (immune evasion mechanism). The absence of
IFN-I leads to a defect in antibody production [46].

The development of COVID-19 is accompanied
by excessive activation of cellular immunity, as evi-
denced by a sharp increase in the representativeness
of cells expressing human leukocyte antigen-DR
and CD38, associated with a significant decrease in
the population of CD4" and NK cells in the peri-
pheral blood. Cytotoxic CD8" T cells in COVID-19
produce large amounts of granzymes A and B and
perforin. Patients have a high level of pro-inflam-
matory CCR67-Th17 cells. Excessive Th17 cell ac-
tivation and extremely high levels of CD8" T cell
cytotoxicity are believed to underlie the severity of
immune damage to the lung tissue. With COVID-19,
depletion of the pool of regulatory T cells (Treg
cells) is also registered, which predetermines the
unlimited activation of inflammation mechanisms
and delays the process of resolving the inflamma-
tory process [54]. The activation of virus-specific
B cells leads to their differentiation into the plasma
cells, which sequentially produce specific antibod-
ies of the IgM and IgG classes. Antibody-produc-
ing cells with COVID-19 appear in the peripheral
bloodstream on day 7. A gradual increase in the
concentration of antibodies of the IgM and IgG
class in the blood serum is noted from day 7 to
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day 20 of the disease. Specific IgM disappears at
the end of week 12 from disease onset, and IgG
persists for a long period, indicating the level of
protection against re-infection [1, 54].

In the early phase of the disease, which gener-
ally is mild, the main role is played by nonspecific
defense mechanisms and specific adaptive immune
response that allows the elimination of coronavirus
from the body [1]. However, if the immune response
is ineffective, a late phase develops, which is based
on the SARS-CoV-2 super-replication and CSS.
Large-scale viral replication is accompanied by
the generation of numerous virions, which leads
to massive damage to target body tissues, includ-
ing the lungs. Damaged ACE2-expressing cells
produce pro-inflammatory cytokines that recruit
effector cells (i.e., macrophages and neutrophils),
release even more pro-inflammatory cytokines, and
induce CSS development. If the immune function
of patients in the acute phase is effective, there
are no comorbid diseases, and optimal treatment
is performed, the virus can be eliminated with the
transition to the recovery phase [46].

Lung damage in COVID-19 is the main cause
of severe disease and lethal outcomes [54]. After
the penetration of SARS-CoV-2 into the body, the
production of the ACE2 protein is inhibited, which
leads to a decrease in the level of its representative-
ness, especially in lung tissues, increase in the con-
centration of angiotensin II, increase in capillary
permeability, development of pulmonary edema,
activation of apoptosis, and development of an in-
flammatory response in the lung tissue. A decrease
in ACE2 concentration also leads to the activation
of signaling pathways associated with the inducible
B1 receptor Des-Arg9 bradykinin, which further in-
creases inflammation and contributes to lung tissue
damage. At the first stage of lung damage, alveo-
lar macrophages, having recognized SARS-CoV-2,
begin to produce pro-inflammatory ILs and che-
mokines that recruit effector T-lymphocytes.
In the late period, an extremely high production lev-
el of IL-6, IL-1B, TNF-a, and other pro-inflamma-
tory cytokines causes an influx of numerous mono-
cytes and neutrophils, which enhance inflammation
and contribute to the development of pulmonary
edema. IL-1B and TNF-a induce hyaluronan syn-

thase 2 activity in endothelial cells, lung alveolar
epithelial cells, and fibroblasts, resulting in excess
hyaluronic acid production and fluid accumulation
in the alveolar space [23, 24].

With COVID-19, other organs and systems are
also affected. SARS-CoV-2 infection, by suppress-
ing ACE2 expression, can lead to excessive ac-
cumulation of angiotensin II, which causes the
development of fulminant myocarditis and ARDS.
Two-thirds of patients who died from COVID-19
had a history of arterial hypertension, cardiovas-
cular disease, or diabetes mellitus [1, 20]. It is
assumed that the COVID-19 course associated with
cardiovascular diseases is predetermined by the state
of the renin—angiotensin system. The mechanism
of acute myocardial injury caused by SARS-CoV-2
is perhaps associated with increased expression
of the ACE2 protein, CSS, and hypoxemia [55].
Two competing hypotheses are put forward: First,
the blockade of the renin—angiotensin system re-
duces the pro-inflammatory activity of angioten-
sin II, reducing the risk of ARDS, myocarditis, or
mortality. Second, the blockade of the renin-angio-
tensin system increases the expression of ACE2,
contributing to the internalization of SARS-CoV-2
into lung and heart cells, which leads to ARDS,
myocarditis, and death [20].

The kidneys also become a specific target for
SARS-CoV-2, since ACE2 is actively expressed in
the epithelial cells of the proximal tubules [52].
With COVID-19, pro-inflammatory macrophages
are recruited into the tubulointerstitium, and a pro-
nounced deposition of complement C5b-9 in the
renal tubules occurs, which can cause acute renal
failure. In addition, 78%—-88% of patients with se-
vere COVID-19 have signs of damage to the central
nervous system, such as impaired consciousness,
cerebrovascular disorders, reduced taste (hypo-
geusia), and olfactory sensitivity (hyposmia) [31].
It is assumed that SARS-CoV-2, like other coro-
naviruses, initially infects peripheral nerve endings
and then, using the mechanism of transsynaptic
transfer, penetrates the tissue of the central nervous
system, mainly affecting the cells of the thalamus
and brainstem [27].

In children, the disease is usually mild/moder-
ate, and only in rare cases, CSS occurs. There are
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suggestions on various factors contributing to these
aspects, as children travel less, which reduces the
risk of communication, and this may have played a
role in the beginning of the pandemic; in adults, es-
pecially in risk groups (elderly patients), the clear-
ance of the pathogen may be reduced [1]. Children
have a lower burden of comorbid pathology. Some
authors also indicated the characteristics of the im-
mune response in children compared with adults,
including the presence of strong innate and weaker
adaptive immune responses. These aspects contrib-
ute to a more effective containment of the virus
and/or reduction of lymphocyte-mediated secondary
inflammation. The role of the local microbiome and
presence of concomitant viral infections (includ-
ing joint sanitation), which contribute to a milder
COVID-19 course in children, has been discussed
[15, 17].

The protective role of routine vaccination against
bacterial and viral infections in the formation of
resistance against SARS-CoV-2 is also considered.
Live-attenuated vaccines (e.g., against measles or
Calmette—Guerin bacillus (BCG)) provide protec-
tion beyond the intended target antigen. This het-
erologous immune response is probably mediated
by changes in innate immune mechanisms. Thus,
according to some data, in individuals who re-
ceived the BCG vaccine, the production of IL-1§
and TNF-a increases in response to the invasion of
Staphylococcus aureus or Candida spp. In addition,
a decrease in mortality from sepsis is registered
among children vaccinated with BCG [13]. Thus,
recent vaccinations in children may protect against
COVID-19, and immune aging and associated de-
cline in T cell clonality in the elderly predispose
to severe disease. Given the structural similarities
between coronaviruses and SARS-CoV-2 (e.g.,
common viral S proteins), an adaptive immune
response against coronaviruses may also provide
protection against SARS-CoV-2 [19]. That is, the
high recurrence rate of respiratory tract infections
in children, combined with the nonspecific effects
of mandatory vaccinations, may also protect against
SARS-CoV-2.

Other possible protective mechanisms are dif-
ferences in endothelial damage due to age-related
changes in protein concentration in the blood co-

agulation system. In addition, quantitative and al-
most certainly qualitative differences occur in the
hemostasis system with age. Finally, children, espe-
cially younger children, have healthier airways than
older people and are not affected by cigarette smoke
and pollution, which may reduce the risk of severe
COVID-19. The question of whether the geographi-
cal location of the regions affects the incidence rate
remains debatable, as there are many other factors
including migration, population density, etc.

The role of children in infection transmission
at home and in organized settings is still at the
center of debates. Possible explanations for con-
flicting reports on the incidence and prevalence of
SARS-CoV-2 infection among children and ado-
lescents are caused by the use of various testing
methods (polymerase chain reaction (PCR) and se-
rology). According to Stringhini et al. [43], home
contact with patients with SARS-CoV-2 infection
results in seroconversion in 17.9% of children,
which is comparable with adults, and lower se-
ropositivity rates are detected in young children
(0.8%) and elderly (4.1%), with the highest se-
roconversion rates in middle-aged people (9.9%).

The routes of SARS-CoV-2 transmission in the
pediatric population are similar to those in adults,
namely, airborne droplets, airborne aerosols, fecal—
oral, and household contact. The virus can persist
in aerosol form for up to 2 h and 6-8 hours on
plastic/metal surfaces, 3 days on hair, and several
days in the room where the patient stayed [3].

According to different authors, 7.5%—86.4% of
children with COVID-19 had close contact with pa-
tients in intrafamilial foci [16]. The most common
source of infection for children and adolescents was
a parent or a sibling, followed by contact with
a person outside the family or an unknown person.
Posfay-Barbe et al. [34] reported that in 40 children
with COVID-19, the onset of the disease clinical
presentation occurs after or simultaneously with the
disease of adult family members and suggested that
children were probably not the source of infec-
tion. Moreover, adult patients remain PCR-positive
for a longer time than children [42]. Close contact
(e.g., sleeping in the same room with the patient)
or even casual contact (eating in the same room
with the patient) increases the risk of transmission.
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The shedding of the virus may precede the onset of
symptoms, which facilitates the spread of the infec-
tion. Given that not all family members coughed,
most of the viruses were possibly transmitted via
the saliva, as SARS-CoV-2 was also found in sa-
liva [45]. To date, repeated cases of diagnosing the
disease in children have been described, which pre-
ceded the onset of symptoms in parents on days 6—8
[7, 57]. This raises the question, is the incubation
period in children shorter than that in adults? Did
the parents develop an infection following contact
with the child? A German study reported that the
viral load in children aged <6 years did not differ
significantly from that in adults [38]. This means
that even if children exhibit fewer symptoms, they
can still infect others, just like adults.

Children with COVID-19 usually have typical
symptoms of acute respiratory infections, such
as fever (95%), headache (60.3%), and asthenia
(57.8%). Cough, tachypnea, hypoxia, and diarrhea
were registered in 39%, 41.7%, 34.2%, and 34.7%
of cases, respectively, whereas rhinorrhea and
sore throat were detected in 18.3% of cases [21].
The severity of clinical symptoms in children with
COVID-19 depended on the age of the child and the
presence of risk factors, such as unfavorable pre-
morbid background, comorbid pathology (lung and
cardiovascular diseases, neuromuscular pathology,
anemia, and type 1 diabetes mellitus), immunode-
ficiency states of various origins, and co-infection
with respiratory syncytial and other viruses at the
time of infection or in presence of infection with
SARS-CoV-2 [30].

In the USA, the incidence of severe COVID-19
in children has been low. An analysis of the medi-
cal records of 177 children and adolescents with
COVID-19 treated between March 15 and April 30,
2020, at a medical center in Washington, D.C., re-
ported that 25% of the patients were hospitalized
among those who fell ill, and 20.5% of them re-
quired emergency care (89% of patients required
respiratory support, and one child developed Ka-
wasaki-like syndrome) [14]. Among children ad-
mitted to the New York City Children’s Hospital,
80% had fever, 64% had respiratory symptoms, and
6% had only gastrointestinal symptoms. The most
common comorbidity was obesity (22%). Moreover,

the authors note that obesity was associated with
the need for artificial lung ventilation in children
aged >2 years. Patients with severe COVID-19 had
significantly higher levels of C-reactive protein,
procalcitonin, IL-6, ferritin, and D-dimer. Lym-
phopenia was usually noted at admission, but the
indicators did not depend on the severity of the
disease course. A long-term positive PCR test result
(maximum 27 days) was registered in 8% of the
patients [55].

In Egypt, 25.9% of 398 children hospitalized
with COVID-19 had a severe disease course. Fur-
thermore, 41.7% of children with severe disease
required mechanical lung ventilation, and 20.4%
of these patients died. Atypical manifestations were
registered in 3.5% of children, including acute pan-
creatitis, deep-vein thrombosis, and multisystem
inflammatory syndrome in children (MIS-C) [40].
The authors stated that COVID-19 was significantly
severe in patients with high D-dimer levels, hy-
poxia, shock, and mechanical lung ventilation.

Approximately from day 7 to day 14 of in-
fection, COVID-19 begins to affect the lungs,
heart, and gastrointestinal tract with typical clini-
cal symptoms and increased levels of inflamma-
tory mediators and cytokines [26]. At this disease
stage, hematological changes develop particularly
significant lymphopenia. This can be due to several
mechanisms: (a) exposure to SARS-CoV-2 caus-
ing lysis of lymphocytes, since lymphocytes have
ACE2 receptors on their surface; (b) apoptosis of
lymphocytes caused by a systemic inflammatory
process with subsequent production of cytokines;
and (c) atrophy of lymphoid organs, such as the
spleen, which impairs the circulation of lympho-
cytes [35].

In 28.9% of pediatric patients with COVID-19,
hematological changes occurred, such as leukope-
nia/lymphopenia [16, 22] and increased levels of
C-reactive protein [40], erythrocyte sedimentation
rate, and D-dimer in children with severe disease
[35, 44]. Moreover, the erythrocyte sedimentation
rate and D-dimer levels correlated directly with the
severity of the patient’s condition [35].

Chest computed tomography (CT) changes in
children with COVID-19 are recorded with vary-
ing frequency depending on the severity of the
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lesion. Children with severe disease with lung in-
volvement had ground-glass changes in CT (68%)
and crazy paving (ground-glass combinations with
thickened interlobular septa, and crazy paving pat-
terns) (16.5%) [40]. In asymptomatic COVID-19,
no changes on CT scan were noted in more than
1/3 of children; in 50% of children with moderate
or severe COVID-19, bilateral multilobular diffuse
ground-glass opacities, crazy paving patterns, and
lung tissue induration were noted (consolidation,
a symptom of halo). Lung consolidation results
from the combination of numerous desquamated
and exudate cells and proteins that fill lung tis-
sues to form hyaline membranes in the alveoli.
A systematic review study of 674 children with
COVID-19 demonstrated abnormalities in 50% of
the patients. Among 605 children who underwent
chest CT, 29% had ground-glass opacities, 27% had
nonspecific unilateral lesions, and 23% of had bi-
lateral lesions [59].

Unlike adults, children more often have extra-
respiratory symptoms, with diarrhea (9.4%) and
vomiting (7.3%) as the most frequently reported,
usually preceding the onset of typical respiratory
symptoms [59]. Previous studies have demonstrated
the presence of the virus in intestinal and stool
biopsy samples of recovered patients, indicating
a possible tropism of SARS-CoV for gastrointes-
tinal tract cell receptors [25]. This partly explains
the extrarespiratory symptoms and persistent fecal
viral shedding [54]. At present, increasing evi-
dence reveals that this isolation mechanism may be
characteristic of SARS-CoV-2. In 10 children with
COVID-19, SARS-CoV-2 was detected in rectal
swabs after a negative nasopharyngeal PCR test
[32, 53].

Some researchers have noted abdominal pain
and loss of appetite in children with COVID-19.
Cases of necrotizing pancreatitis have been report-
ed, including in a 7-year-old girl, when, in addition
to respiratory symptoms, the child had anorexia,
abdominal pain, fever, and high serum lipase Ie-
vels (1,672 U/L) [4]. This was probably due to
the pathophysiology of the SARS-CoV-2 pancreatic
lesion as a result of ACE2 expression in both islet
and exocrine cells. Pancreatic injury in COVID-19
is secondary to an immune-mediated process.

While most children and young people have
mild or asymptomatic COVID-19, more recently,
severe cases have also been reported. In the litera-
ture, pediatric inflammatory multisystem syndrome
temporally associated with SARS-CoV2 (PIMS-TS)
and MIS-C are used to describe the phenotypes
of hyperinflammatory diseases associated with
SARS-CoV-2 infections in children [12]. Manifes-
tations of PIMS-TS/MIS-C vary considerably and
include clinical and laboratory evidence of sys-
temic inflammation. A wide range of symptoms
vary from fever and systemic inflammation to
myocardial lesion, leading to tissue damage and
shock and, in some patients, to the development
of coronary artery dilatation/aneurysm [32]. How-
ever, it is still unclear whether excessive inflamma-
tory manifestations in children are directly related
to active SARS-CoV-2 infection or whether they
result from immune activation to the presence of
the virus. Some authors support the hypothesis that
PIMS-TS/MIS-C is caused not by the pathogen it-
self but by host immune mechanisms in the context
of infection control [38]. Arguments in favor of this
hypothesis include the finding that PIMS-TS/MIS-C
first appears several weeks after the first peak of
COVID-19 in adults and that the majority of pa-
tients with PIMS-TS/MIS-C have negative PCR
tests when testing nasopharyngeal and/or fecal sam-
ples. A significant proportion of children and young
adults with PIMS-TS/MIS-C have gastrointestinal
symptoms. IgG antibodies against SARS-CoV-2 are
found in a significant proportion of patients with
PIMS-TS/MIS-C at the time of diagnosis. Since se-
roconversion usually occurs approximately 14 days
after infection, this is indicative of a para-/post-
infection immune activation underlying PIMS-TS/
MIS-C [18]. Another possible explanation for the
development of PIMS-TS/MIS-C is closely related
to the presence of laboratory signs of CSS. Un-
hindered viral replication in the early stages of the
disease, for example, in the respiratory epithelium,
leads to cell death and the release of the virus
and intracellular components into the extracellular
space. This activates the complement system and
leads to the mobilization of immune cells to the
infection site, their activation, local inflammation,
tissue damage, and finally systemic inflammatory
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reactions. Variable T cell activation and response
contribute to various disease outcomes [38]. The
temporal—spatial composition of immune responses
is likely to play a key role in determining the dis-
ease progression and outcomes [31]. The hyperin-
flammatory syndrome in children is possibly due
to uncontrolled viral replication in the presence of
an impaired antiviral response (PIMS-TS/MIS-C),
for example, as a result of a decrease in INF-I
production, which may contribute to the develop-
ment of CSS. Most likely, the mechanisms that
play a key role in determining disease susceptibility
and severity, including an increased risk of adverse
outcomes, are not yet recognized.

Extensive venous thrombosis and severe venous
outflow obstruction with COVID-19-associated limb
gangrene were described in a 12-year-old girl [47],
although it was previously believed that venous
thromboembolism occurs in adults with
COVID-19 [48].

In Bergamo, the province of Italy most affected
by the epidemic, from February 18 to April 20,
2020, 10 children with Kawasaki-like syndrome
were admitted to the intensive care unit of the city
hospital. Moreover, five children had the classic
form of Kawasaki disease, and five had MIS-C with
non-exudative bulbar conjunctivitis, changes in the
lips and/or oral cavity, polymorphic rash, and elec-
trocardiogram changes [47]. In the UK, during the
COVID-19 outbreak, eight children with hyperin-
flammatory shock were admitted to the clinic with-
in 10 days alone, although the usual hospitaliza-
tion rate for such patients is 1-2 people per week.
Among the patients, boys predominated (5 of §),
7 of 8 children were overweight, but none of the
children had lung lesions. In addition, in all patients,
the primary PCR test for SARS-CoV-2 was nega-
tive, the repeated test was positive in 2 of 8 cases,
but a week later, antibodies to SARS-CoV-2 were
detected in all patients. One Afro-Caribbean patient
aged 15 years who was obese died of acute heart
failure despite therapy [47].

In India, among children admitted to the inten-
sive care unit, 7 (36.8%) patients were in a critical
condition, 4 (21%) required mechanical lung venti-
lation with a mean duration of 14.1 days, and 1 had
a lethal outcome [5]. The authors note that older

only

children, African Americans or Hispanics, as well
as boys are at risk for severe COVID-19, and signs
such as hypoxia, thrombocytopenia, and elevated
C-reactive protein levels may be useful markers
for predicting a severe disease course.

To date, the role of intrauterine infection of the
fetus in pregnant women with COVID-19 is still
discussed. A study of nine infants born to women
with laboratory-confirmed COVID-19 by cesarean
section revealed that all newborns later had nega-
tive PCR results for COVID-19 [41]. However, the
authors suggested that newborns born through vagi-
nal delivery from infected mothers may still be at
risk of infection because of close contact during
childbirth. SARS-CoV-2 test results on amniotic
fluid, cord blood, nasopharynx swabs from new-
borns, and colostrum samples from infected moth-
ers were negative. According to some researchers,
SARS-CoV-2 can be transmitted vertically from an
infected mother to her infant, although very rarely.
However, this issue remains debatable, since IgM
antibodies are found in newborns born to mothers
with COVID-19 [9]. Of 91 newborns born to mo-
thers with SARS-CoV-2 infection, 3 had elevated
serum IgM levels at birth. A systematic review of
65 articles suggests that the clinical presentation
in newborns may be somewhat different from that
in older children, with 12% experiencing severe
COVID-19 [28]. To minimize infection during the
neonatal period, in China, all children are separated
from mothers with SARS-CoV-2 infection for at
least 14 days [37, 49]. However, the CDC in the
USA recommends that the issue of temporary sepa-
ration of an infected mother from her child should
be resolved in each case [8].

Thus, nowadays, a severe COVID-19 course is
known to develop in children less often than in
adults, and 95% of all cases vary from asymptom-
atic to clinical manifestations of mild-to-moderate
severity. By contrast, approximately 2% of pediat-
ric patients require hospitalization in the resusci-
tation and intensive care unit or mechanical lung
ventilation. Understanding the role of the pediatric
population in the rate of infection transmission is
important, as children influence significantly the
spread of infection. The reaction of the innate
immune system in patients remains insufficiently
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studied. Therefore, more extensive epidemiological
and clinical cohort studies are required to under-
stand better the course and possible consequences
of COVID-19 in children.
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TEPANNA NCOPUA3A — UCKYCCTBO, OCHOBAHHOE HA OIMbITE?
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Mcopuaz — XpOHMYECKOE MMMYHO-aCCOLMMPOBAHHOE BOCManuTeNbHoe 3abosieBaHMe KOXM C MOPAKEHWEM OMOPHO-ABUra-
TENbHOro annapaTta MynbTUPAKTOPUANbHOM MPUPOAbl C HanMuMeM GEHOTUNMYECKOro pasHoobpa3usa B obuer nonynaumu,
a Takxe 60nbWOro yncna KoMopbuaHbix 3aboneBaHuii y naumeHToB. [eHepanu3oBaHHas Gopma NyCcTynesHoro ncopuasa,
MCTOPUYECKM CUMTABLUAACS OLHUM U3 BAapMAHTOB TEUEHUS NMCOPMA3a, CEroAHsa YaCTbi aBTOPOB KnaccuduuupyeTcs Kak Co-
yeTarLleecs ¢ BynbrapHoi GopMoi OTLENbHOE COCTOSIHUE, TEHETUYECKM OTIMYHOE. TPUITEPOM K MPOSIBEHUIO NMYCTYNE3HOM
(OpMbl MOXKET MOCNYXUTb BbIDpaHHas TaKTUKA TepanuM BybrapHOro ncopuasa. HecMoTps Ha HanuyMe COBPEMEHHbIX AaHHbIX
06 MMMyHoMaToreHese 3aboneBaHns, HeT CTaHAAPTU3MPOBAHHbBIX METO0B JleYeHUS, CNOCOBHbIX YYUTbIBATb MHAMBUAYANbHbIE
0C0H6EHHOCTU BOMbHbBIX, YTO BABOMHE aKTyallbHO B AETCKOM NpakTUKe, TakK KaK apceHan CpeacTB, 0406pEHHbIX ANs NpUMeHe-
HUsI, orpaHuyeH. [MpencTaBNEHO OMMCaHWE KJIMHUYECKOro C/lyyas NaumMeHTa C NPOrpeccupylowmm GasweyHbiM NCopuasom,
paHee ANUTENbHO MOJyYaBLIEro CUCTEMHYHO U HAPYXXHYH TEPanuUio FIOKOKOPTUKOCTEPOUAAMM, KOTOPAs HE MO3BONIUA B3Tb
TeyeHue 3aboneBaHMs NoL KOHTPOb, @ HA0BOPOT CTana NPUYMHOM BO3SHUKHOBEHMS OCNOXHEHWUN. [pUBELEHHbIN HaMK Npu-
Mep M3 KJIMHUYECKOW NPaKTUKM NO3BONISET 3a0CTPUTb BHUMAHME Ha NpobneMe 0CN0XHEHWUI KNAacCMYecKol Tepanuu ncopuasa
M TOHKOCTSIX Ha3HauyeHUs KaK TOMMYECKMX, Tak U CUCTEMHbIX npenapaToB. CMCTEMHas Tepanus HyxAaeTcs B pa3paboTtke
QNrOPUTMOB, OCHOBAHHbIX Ha OGBEKTUBHbBIX KPUTEPUSAX AMATHOCTUKM U pe3ynbTaTax UccnenoBaHuii 3ppekTMBHOCTU U Bes-
OMACHOCTM COBPEMEHHbIX JIEKAapCTBEHHbIX CPELCTB B LETCKOM MpaKTUKe.

KnioueBble cnoBa: ncopuas; neanatpus; yCTEKMHYMab; reHHO-UHXeHepHas buonoruyeckas Tepanus; MeToTpekcar.

IS PSORIASIS THERAPY AN ART BASED ON EXPERIENCE?

© Denis V. Zaslavsky?, Igor N. Chuprov?, Ruslan A. Nasyrov?, Olga L. Krasnogorskaya !,

Elena S. Bolshakoval, Elena S. Manylova?, Olga K. Mineeva?!, Lyudmila N. Drozdova?,

Ksana V. Shternliht?, Akmal A. Sidikov?, Kseniya A. Kovalenko?, Alena P. Brazhnikova?!, Dariya V. Kozlova*

1 St. Petersburg State Pediatric Medical University, Saint Petersburg, Russia;
2St. Petersburg State North-Western Medical University named after I.I. Mechnikov, Saint Petersburg, Russia;
3Fergana Medical Institute of Public Health, Fergana, Uzbekistan Republic

For citation: Zaslavsky DV, Chuprov IN, Nasyrov RA, Krasnogorskaya OL, Bolshakova ES, Manylova ES, Mineeva OK, Drozdova LN,
Shternliht KV, Sidikov AA, Kovalenko KA, Brazhnikova AP, Kozlova DV. Is psoriasis therapy an art based on experience? Pediatrician
(St. Petersburg). 2021;12(6):77-88. https://doi.org/10.17816/PED12677-88

Received: 20.10.2021 Revised: 11.11.2021 Accepted: 29.12.2021

Psoriasis is a chronic immune-associated skin disease of a multifactorial nature with phenotypic diversity in the
general population, as well as a large number of comorbid diseases in patients. The generalized pustular psoriasis,
historically was considered one of the variants of the course of psoriasis. Today some authors classify it as a geneti-
cally different condition combined with a plaque psoriasis. The selected tactics of psoriasis therapy can become a
trigger for the manifestation of a pustular form. Despite the availability of modern data on the immunopathogenesis
of the disease, there are no standardized methods of treatment that can take into account the individual charac-
teristics of patients, which is doubly important in pediatric practice, since the arsenal of drugs approved for use is
limited. We demonstrate the clinical case of a patient with progressive plaque psoriasis, earlier getting systemic
and topical corticosteroids for a long time. This therapy did not allowed to take the course of the disease under
control, even more it caused appearance of complications. Our clinical example from practice allows us to focus on
the problem of complications of classical therapy for psoriasis and the intricacies of prescribing both topical and
systemic drugs. Systemic therapy requires the development of algorithms based on objective diagnostic criteria and
the results of studies on the effectiveness and safety of modern drugs in pediatric practice.

Keywords: psoriasis; pediatrics; ustekinumab; biologic therapy; methotrexate.
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BBEOEHUE

[Icopnaz — 3To XpoHHUYECKOE ay TONMMYHHOE MYJTh-
THCHUCTEMHOE 3a00JIeBaHNE, KOTOPHIM Ha CETOMHSTITHII
IeHb cTpagaeT okono 1 % mereit B momymsmuu [12].
PacnpocTpanenHocTh mcopuaza cpeaud AeTel B BO3-
pacte 0—14 net B 2020 1. coctaBuina 68,1 na 100 TbIC.,
3abomeBaemoctb — 20,0 Ha 100 TBIC. COOTBETCTBY-
fomero HaceneHUs. CaMBIMH BBICOKUMH  SIBJISTFOTCS
MoKa3aTejy PaclpOCTPAHCHHOCTH M 3a00JIeBaeMOCTH
rcopua3oM cpenu aeteit B Bospacre 15—-17 ner: 276,4
u 75,0 sa 100 teIc. B 2020 T. coorBeTcTBEeHHO. [InkKm
MaHu(decTaru 3a00JeBaHUSA: Y MaJTBUUKOB — B 14—
17 net, y neBouek — B 6—7 net. B 2017 . B KOXKHOA
kinuHuke CII6I'TIMY konmudectBo jeTeil ¢ mcopuazom
cocraBisuio 12,8 % (240 denosek), a k 2019 . ux
monst Bo3pocima o 20 % (278 nereii). 3aboneBaHue
XapaKTepU3yeTCsl TIOJUTCHHBIM THIIOM HACJICOBaHUS,
XPOHMYECKUM pPEelHIUBUPYIOMIUM TeueHuem [4, 20].
Jonroe Bpemst [-TeMOJIMTHYECKHI CTPEHTOKOKK,
a IMEHHO €TO TOKCHHBI, CIUTAIHN B KAYECTBE TIIABHOTO
TpurrepHoro gakxropa MaHudecTar ¥ 000CTpEHUI
ncopuasa. B HacTosiiee BpeMs y jeredl Oojiee 4acto
BBISIBIISIETCSL 30JIOTUCTBIN CTa()UIOKOKK M TeMO(UIIb-
Has nayiouka [5]. Y Tpetu nmanueHToB Ae0r0T 3a00eBa-
HUSI TIPOUCXOUT B JIETCKOM BO3pacTe, a y ITONABIISIO-

ero OONBITUHCTBA — B MOJPOCTKOBOM. KitmHMYecKast
KapTHHA TICOprasa y JeTe TPYJHOTO W paHHero JeT-
CKOTO BO3pacTa MOXKET CYIIECTBEHHO OTIHUYATHCS OT
TAKOBOW Yy JIETE€H IOHOILIECKOr0 BO3pacTa U B3POCIHBIX.
Tak, BIUIOTH JT0 IIKOJILHOTO BO3pacTa pedeHKa C IMCOopH-
a30M MOXKET MYYHUTh BBIPKCHHBIN 3y, a BHICHIIAHUS
MOTYT XapaKTepU30BaThCS HAJHMUNEM JKCCYIATHBHOTO
KOMITIOHEHTa, YTO CBSI3aHO C aHATOMO-(PU3UOJIOTHYE-
CKMMH OCOOCHHOCTIMH Koxku neteii [10]. B mocien-
HUE TOJIbI TaKke OBbLIT BBIACIICH PSJl aCCOIMUPOBAHHBIX
¢ TICOpHa3oM 3a00JICBaHWI: OXKHpPEHHE, MeTaboimde-
CKMI CHHJIPOM, TUCIUNUAEMUS, CEPACUHO-COCYIUCTHIC
3a00JICBaHUS, TUTICPTCH3US], UHCYJIMHOPE3UCTCHTHOCTD,
oosiesnp Kpona u nmenpeccus [3, 24].

Kak mpaBuiio, nedeHre maluenTa JeTCKOTo BO3pacTa
KaK C OTpaHWYCHHBIMH, TaK M C PaCMpOCTPaHEHHBIMHU
(hopmamMu 3a00JIeBaHMs HAUMHACTCS C HAPY)KHOU Tepa-
Iy, 1 Ha CeI‘OHHHIHHHfI JCHb HaI/I6OJ'Iee MOITYJISIPHBIMU
SIBIISTFOTCS. TONMMUYECKUE TIIFOKOKOPTHKOCTEPOH bl CTOUT
OTMETUTh, YTO JAHHBII BUJ Tepariu WMEET ITUPOKHMA
MepedeHb OCIOKHEHUH, 0COOCHHO TIPH JOJITOCPOYHOM
UCIIOJNIb30BaHuM. [10TOMY B TOCIEAHUE TOABI OOJIBIIOE
BHUMaHUE MHUPOBBIM HAyYHBIM COOOIIECTBOM YCICHO
pa3paboTKe HE TOJIBKO CHUCTEMHBIX, HO W HapyKHBIX
TapreTHBIX mpemaparos [1, 7, 21, 37].

AlbTepHATHBHbIE TOMHYeCKHe NMpenapaTsl A Je4eHHs ncopuasa

HaumenoBanue I'pynna npenapara Mexanusm geiicTBus

Topauutuaud | Uuaruburtop JAK1/3, a raxxe yactuuno JAK?2 [lonaBnser nepegayy HUTOKMHOBBIX CUTHAJIOB IO MYTH

PyKCOTUTHHUG WnruGutop JAK1/2 JAK/STAT, ocranaBnuBaet Tpanckpumnuio JJHK

Bapunutuauod WNurubutop JAK1/2

PAP-1 WHrHOuTOp KaaueBhIX KaHAJIOB PE3UACHTHBIX biokupyer kaHanabl OTTOKA Kalus, U3-3a YEro B KJIETKY HE
T-xneTok mamsTu noctynaeT Kaiabluil 1 T-KJIeTKH MaMsITH He aKTUBHPYIOTCS

rS3-PA Tonnueckuit marubuTop Stat3 biokupyer nepegady HUTOKMHOBBIX CUTHAJIOB 110 BHYTPHUKJIIC-

TOYHBIM CUTHAJIBHEIM ITYTAM C ydacTueM Stat3
SIS3 Tonnueckuit uaruOuTOp Smad3 bnokupyer nepenady npoaudepaTUBHBIX CUTHAJIOB 10 BHY-
TPHUKJIETOYHBIM CHUTHAJIBHBIM ITyTSAM C ydacTueM Smad
ASB16165 Tonunueckuii uurudutop pochonuscrepassl 7 Broxupyer npoayKIuo IpoBOCHATUTENbHBIX HIUTOKHMHOB
Kpuzabopon Tonuveckuii mHTHONTOP PochoamdcTepassr 4

PF-06763809 Tonmyeckuit uHTHOUTOP penentopa ROR

Bbrokuposka Tpanckpuniuonsoro ¢pakropa RORC2 npusoaut
K OCTaHOBKE CHHTE3a MPOBOCIAIUTENIbHBIX UTOKUHOB

KepaTHHOIUTOB, GUOPOOIACTOB U UMMYHO-
KOMIIETEHTHBIX KJIETOK

AVX001 Tonmveckuit uHTHONTOP Pochomumnaser A2 Brokupyet pacnan riunepodocdoaumiIoB, 13 KOTOPBIX MTPOUC-
XOJIUT CUHTE3 MTPOBOCHAIIUTENBHBIX MOJIEKYI, B TOM uncie TNF-o
DZ2002 Tonuyeckuid HHTHOUTOP THIPOIIA3 [Honasasiet sxcnpeccuto TLR Ha mOBEepXHOCTH aHTUT€H-TIpe-
3eHTHPYIOMINX KJIETOK, aKTUBANNIO T-KI€TOK M CHHTE3 Mpo-
BOCTIAJIUTENBHBIX IUTOKUHOB
Tannnapod ATOHHCT apUITyTIEBOLOPOIHBIX PelenTopoB | Morekya nmpemapara cBI3bIBACTCS C APUITYTICBOAOPOIHBIM

PeIenTopoM, KOTOPBIN SBISETCS TUTAHI-3aBUCUMBIM (haKTo-
poM TpaHckpumniuu. COOTBETCTBEHHO, PELENTOP HE MOTydaeT
TPAaHCKPUNIIMOHHBIX CUTHAJIOB, YTO MPUBOAMUT K OCTAHOBKE
nposxudepanuy JMUTENH, a TAKKES OCTAHOBKE MPOAYKIIHH
MIPOBOCTIAIUTEIBHEIX INTOKUHOB UMMYHHBIMH KJIETKaMH
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CpaBHUBasi KypalMIO MAOUEHTOB C IICOPUA30M
B3pOCIIOTO U JIETCKOTO BO3pacTa, HeoOXonnuM Oosee Cu-
CTEMHBIN MEXIUCIUTITHHAPHBIN TTOIX0I B OTHOIICHUH
rcopuasa B MEAMATPUHU, TaK KaK y4eT KaKJIOW COIyT-
CTBYIOIIEH WM aCCOIMUPOBAHHON MATONIOTHH MOXKET
CBITPaTh BECOMYIO POJIb B (DOPMHUPOBAHUM TEpaIreBTH-
YECKOW TaKTHUKHU I MHAMBHIyyMa. CTOUT OTMETHTH,
YTO apceHajl Pa3pelIeHHbIX K NPUMEHEHHIO y JaeTeil
CPEJICTB OTpaHHUYEH.

[lonsaTe knaccudyeckol Tepamuu Icopuasa y Jie-
TE CO CPENHETSKEION WM TSDKEJIOW CTENEHBIO Tsi-
JKECTH BKIIIOYAae€T HECEJNEKTUBHBIE HMMMYHOeTpec-
CaHThbI, a Jy4llas ajJbTepHaTUBa €i Ha CEroJHSAILIHUM
JeHb — 3TO TEHHO-MH)XEHEepHasi OWOJOormyecKast Te-
panust (TUBT), B cBsSI3M ¢ BBICOKOW CEIEKTUBHOCTHIO
K ONpelesieHHOMY TapreTy W MEHBIINM CHCTEMHBIM
BO3/ICHICTBHEM. B COOTBETCTBMH C KIIMHUYECKUMH pe-
KOMEHJALMAMU TIO JICYEHUIO M HAOIO/IEHUIO JeTel,
OOJIHBIX TICOPHA30M, Ha TeppUTOpuH Poccuiickoit
®denepauuu NEpBOM JTUHUEH Tepanuud MNPU3HAH IIpe-
rmapar METOTpPEeKCcaT — HECENeKTUBHBIH WHTHOUTOP
KJICTOUHOro mukia (auruapadonarpenykrassl) [6].
st cpaBHEHUS!, B 3apyO€KHBIX HCCICIOBAaHHUAX H all-
TOpUTMaxX IO JICYEHUIO AETEH C ICOpHUa3oM, B BIOXY
OHMOJIOTHYECKON Tepanuu, METOTPEeKcaT YHOMHHAeTCs
y)Ke€ B KadecTBE 30J0TOr0 CTaHAapTa B MPOIIEAIIEM
BpemeHu [24]. Taxxke cpenu KIacCHYECKUX METO-
JOB Tepanuu OOJBHOTO TICOPHA30M CpeiHEed W Ti-
JKEIION CTETeHN THKECTH peOeHKa B OTEUYECTBEHHBIX
pPEKOMEHIAIUAX (PUTYpUPYIOT TaKue Mpernaparsl, Kak
UKJIOCTIOPUH, allUTPETHH, cyibdacanasuH, aHTHOAK-
TepuagbHas Tepamnusi IPOTHB FEMOJIUTUYECKOTO CTpeI-
TOKOKKa [8].

Crout OTHENFHO OTMETUTh TPUMEHEHHE TOIHYe-
CKHX W CHCTeMHBIX TimokokoptukocteponnoB (I'KC)
y JleTeil B CBSI3W C MX BO3PACTHBIMH OCOOCHHOCTSIMHU
CTPOCHUS OpraHoB M (H)YHKIHMOHUPOBaHUS cucteM. To-
nunyeckue 'KC I-1II kmacca moTeHTHOCTH NMPHUMEHH-
MBI UCKJIFOYUTETFHO KOPOTKHM KypcoM He Ooiee 14
JTHEH B CBSA3HM C BBHICOKHM PHCKOM IOSBICHHS OCIIOXK-
HeHui. JIonoJyIMHHO M3BECTHO, YTO HPH JUIUTEIHHOM
HCIIONIb30BAHUM CTEPOUJHBIE CPEICTBA HHUIIMHUPYIOT
TIOSIBTICHUE CTPUH (CTPUU — paCTSDKEHHsI, pyOroBas
atpodus, «pacTsDKKNY; striaedistensae, stretchmarks),
KOTOpBIE, K COXKAJICHHIO, HE TIOAJAIOTCS KOCMETHYe-
CKOH KOPpEKLHUHU Jake B JOJITOCPOYHON MEepCHEeKTHBE
[28, 32]. [Tokazanusimu k cuctemMmHoMy BeeneHuto I'KC
Ha Teppuropun Poccuiickoil denepanuu CUUTAIOTCS
pacrpocTpaHeHHbIE (GOpPMBI 3a00JICBaHUS, TOPITHIHOE
TEUeHHUe, a TaKXKe CTaAMs MPOrpecCUpOBaHUs Mcopra-
3a. B To e BpeMs MMPOKO U3BECTHO, YTO JJIUTENIBHOE
npumeHeHue cucteMHbix ['KC MoxeT nmpuBecTH K re-
HEepaTN3aIiy KOKHOTO TIPOoIIecca ¢ pa3sBUTHEM dPUTPO-
JEpPMUU WU JaKe IyCTYJAE3HOTO TICOpHa3a, a MMEHHO

3TH COCTOSIHUSI MOTYT TIPEICTABISTH YIpO3y >KHU3HU
pebenka [8].

KNMHUYECKUA CNYYAN

(0CJIOKHEHUI OT JeYeHHs NAUEHTKU IOHOIIECKOro
BO3pacTa ¢ OJSIIeYHBIM MCOPHA30M JIUTEIbHBIM
KyPCOM TOMUYECKUX M CHCTEMHBIX INIIOKOKOPTUKO-
CTEPOHU/I0B)

[Manmentka, 17 7neT, mocTynuia Ha KOXKHO-BEHE-
ponornueckoe otnenenue CIIOITIMY ¢ nuarnozom
BYJIBFapHOTO TICOpHa3a, OJsimiedHast popma, B CEHTS-
ope 2020 1. VM3 aHamHe3a W3BECTHO, UTO IMAIMEHTKA
BIIEPBHIC OTMETHJIA TIOSIBICHUE BBICHITIAHUI Ha KOXKE
criuHbl B ceHTsa0pe 2019 1. Ilpu oOparieHuu B KOXK-
HO-BEHEPOJIOTHYECKUH JTUCTIAHCED 110 MECTY YKUTEIb-
CTBa JIeBOYKE OBLT TIOCTaBIEH TUArHO3 aTOMNYECKO-
ro JepMaruTa W Ha3Ha4YeHa JEeCEHCHOMIU3UPYIOIas
Tepanus, aHTUTUCTAMUHHBIC CPEACTBA M TOMMHMUYECKHUE
kopTuKocTepou bl 11 kitacca (amepukaHckas cucTema).
[TomoOHBIN MMOMXOM HECKOIBKO BHJIOM3MEHHI BBICHI-
MaHus, HO HE TpHBEN K WX paspemieHuro. B Hauaie
2020 r. y neBOYKH TOSIBUJINICH HOBBIC BBICHITIAHUS HA
KOX€ TYJIOBHILA, Il Kypalud KOTOPBIX OBbLI MOBTOP-
HO Ha3HA4YeH TOMHYECKUU Mpemapar ¢ COACp:KaHHEeM
I'KC II kmacca nmoreHtHocTH. Ha (one mpumeHeHus
CpEICTBa JIEMEHTHI PacIpOCTPAHSIIACh, U OBUIO TIPH-
HATO peIIeHHe O HA3HAYCHWH CHCTEMHOTO ITUTOCTATH-
YeCcKOoro rnpenapara (LIMKJIOCIOPHH) B CYyTOYHOM J03€e
300 mr [6 mr/(xr - cyT)] B COYETaHHH C TOMHUYECKUM
I'KC II kmacca ais €XEOHEBHOIO HCIIOJIb30BAHMUS.
HecmoTpsi Ha mNpeBBIICHWE O3B IUTOCTATHYECKO-
ro mperapara, MPOBOJUMOE JIeUeHHE He MO3BOJIMIIO
JIOOUTBHCS KOHTPOJSL HaJ[ 3a00JIeBaHUEM, U B HIOJE
B YCIIOBHUSIX JIHEBHOTO CTallMOHapa KOKHO-BEHEPOJIO-
THYECKOTO JAWCIIAaHCEpa MO MECTy XHUTEIhCTBAa OblIa
MIPEANPUHSATA TOMBITKA JOOABUTH B TEPAIMIO CHUCTEM-
ueie ['KC. JleBouka Hauana moiaydaTh €KeIHEBHBIC UH-
¢y3un npegan3onoHa ¢ 90 MI/cyT ¢ MOCIEAYIONINM
CHIDKEHHEM J103bl. Bcero ObLIO TpoBemeHO 5 TIpo-
Ieayp, Mmocjiae 4ero Ha go3e B 60 Mr mpeaHm3o0i0Ha
Tepanus OblIa TIpepBaHa B CBSI3U C TPeOOBAHUEM pO-
UTEeNIe O MepeBofe B APYTroe METUIIMHCKOE YUpPEexkK-
nenue. Tak, B aBrycte 2020 r. 1eBoYKa MOCTyNUIa Ha
oOcieoBaHre W JIEYeHNE B KIMHHUKY KOKHBIX Ooje3-
merr CIIGITIMY.

[Ipu mocTyrmieHUN COCTOSIHHE MAIlMEHTKH paclie-
HUBAJIOCh KaK TSIKEIOE MO COBOKYMHOCTH KIMHHUYE-
CKHX JIaHHBIX. /[eBouKa mpeapsBisiia xano0sl Ha OoH
B KOJIEHHBIX cycTaBaX. [lopakeHne KOXHOTO MOKpOBa
HOCHJIO PacHpOCTpaHEHHBIH XapakTep (BOJIOCHUCTAS
4acTh TOJIOBBI, TYJIOBHIIE, MTPEIILICYbS U Oeapa, Oosee
M0 pa3rudaTeIbHON TTOBEPXHOCTH) U OBLJIO MPEJICTaB-
JIEHO OOIIMPHBIMU WHQWIBTPUPOBAHHBIMU JpHUTEMa-
TO3HBIMHU OUaramu, C CHHIOITHBIM OTTEHKOM B 00JIaCTH
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[eHepanu3oBaHHble BbICbINAHWUS NPU  BO3HMKHOBEHUM
nycTyNe3HOro ncopuasa Ha (oHe A/IMTENBHOIO JieUeHUs
TONUYECKUMU U CUCTEMHBIMM [IIOKOKOPTUKOCTEPOUAAMU
Generalized pustular psoriasis manifested on the back-
ground of long-term usage of topical and systemic cor-
ticosteroids

Puc. 1.

Fig. 1.

oar 5.

MukpodoTtorpadus, okpacka reMaToKCUIMHOM U 303UHOM,
x200. B anupepmuce onpenensieTcs perynsipHblii akaHTo3
(4epHas ABYCTOPOHHSA CTPENKa), arpaHynes (6enbie Tpey-
rofibHUKK), MMKpoabcuecc MyHpo (yepHas cTpenka), B co-
COYKOBOW U PETUKYNSIPHON AepMe onpenensieTcs retepo-
FeHHbIM NepUBACKYNAPHbIA MHGUALTPAT U3 MMGOLIUTOB,
rMCTUOLIMTOB C NPUMECHIO HeliTpodunos (6enble cTpenku)
Micrograph, hematoxylin-eosin staining, x200. There
is a regular acantosis in the epidermis (black double
arrowheads), agranulosis (white triangles), Munromi-
croabscess (black arrow), heterogeneous perivascular
infiltrate of lymphocytes, histiocytes with an admixture
of neutrophils (white arrows) is determined in the pap-
illary and reticular dermis

Puc. 2.

Fig. 2.

HIDKHUX KOHEYHOCTEW, THUPISIHA0OOOPa3sHOM W Kpyro-
BUIHOW (POpPMBI ¢ TeHIeHIMer K ciaustauro (puc. 1).
Ha noBepxHOCTH ouyaroB HaONIOAAIMCh MEJIKHE IIy-
CTyNE3HBIE DJIEMEHTBI, PACIOIOKEHHBIE MPEeUMyIIe-
CTBEHHO MO Tepudepuu, a TaKKe 30HBI MAacCUBHOH
JIECKBaMalluy, Hanboiee BBIPAKCHHBIC HA KOXKE MEXK-
JIOTIATOYHOW OOJIaCTH, TNIA U HaJl TpyauHoil. Horresbie

IUTACTUHKYA HUKHUX KOHEUYHOCTEH HMENU MPU3HAKU
TICOPHATHICCKON OHMXOAUCTPOGUN: TUCTATLHBIN OHU-
XOJIM3UC, CUMIITOM «MAcCJISTHOTO TISITHA», 9acTh HOTTE-
BBIX IUIACTHUH OOEUX CTOIl UMEJIa «HANEPCTKOBUTHBIC)
BIABJICHUS U KOWNOHMXWMU. Ha MOMEHT mepBUYHOTrO
OCMOTpPa WHJIEKCHI OIIEHKH CTEMIEHH TSHKECTH TIcoprasa
cocrasmiu: BSA (Body Surface Area) — 72 %, PASI
(Psoriasis Area and Severity Index) — 35,4. Ha koxe
BHYTPEHHUX MOBEpPXHOCTEe Oelep M HWXKHEH TpeTu
TYJOBHILA OMPENCTSUIUCh KPYIMHbBIE CTPUHM IIHPUHOMN
mo 3 cm u gmuHOH 1o 20 oM (puc. 1).

Knuandecknx u 1abopaTopHBIX JaHHBIX O CH-
CTEMHOM TMOpaXeHUHU He 0OHapykeHo. Ha ocHoBaHum
aHaMHe3a O paHee CYIIECCTBOBABILIEM BYJIbapHOM IICO-
puase, pe3yabTaToB MaToMopOIOTHIECKOTO UCCIIE0-
BaHUs (puc. 2), BBISIBUBIIETO HEHTPODMIBHBIE ITyCTY-
Jbl W TCOPHA3M(OPMHBIC HM3MEHEHHUS DIHJICPMHUCA,
a TaKke MOPQOJIOTHH BBICHIIIAHUM, BO3HUKIIIHMX TOCTC
OTMEHBI TITOKOKOPTHUKOCTEPOUIOB, OBUT YCTaHOBJICH
muarno3: «l'eHepann3oBaHHBIN IMyCTYJIE3HBIHN MICOpHUa3s,
anuysIpaas gopma, tun Milian — Katchouray.

Ha nepBoM sTare neueHus: Hall MOAX0A 3aKIIova-
Csl B aKKypaTHON U MIOCTETIEHHON OTMEHE HA3HAUYCHHBIX
paHee mpemnapartoB. Tak, IIUKIOCIIOPUH BO300HOBHIIN
B nmo3e 2,5 mr/(xr - cyT) (MUHHMaabHas pEeKOMEHY-
eMasl J103a) C MOCTETICHHBIM CHIDKCHHEM J0 TIOTHOU
OTMEHBI (peKoMeHayercs jo3a 1o 0,5 Mr/kr ¢ marom
B 2 Hen.) [33] u mepeBenH MalMEHTKY Ha MEPOpPab-
HBI TIPUEM TPEAHHU30JI0HA, HAYMHAS ¢ MHHUMAJBHOMN
036l 7,5 MTI/CyT, ¢ MEIJICHHBIM CHIDKCHHEM (JOITy-
CTUMO CHW)KCHHE O3Bl Ha 2,5 MT KaKable 3—5 mHEi)
C OINOpON Ha COCTOSTHME KOXHOTO IOKPOBA JI0 MOJIHOM
orMeHbI [16]. Crnemyrommm 3TanoM OblIa WHUIHAIIHS
I'MBT. Ilanuentka noiayuyuna 3 MHBEKUUU PACTBOpA
yCcTekuHyMala 10 CTaHJapTHOMY IPOTOKONY. YKe TI0-
CJIe UHAYKIMOHHOM J103bl OCHOBHAs YacTh MOPAKEHUM
paspemmnack (PASI 90): ocranuck enuHUYHBIE cl1ab0
WH(UIBTPUPOBAHHBIE TAITYJBI B 00IACTH BOJIOCUCTOM
yacTu rojoBel. [lo Mepe mpomomkeHns Kypca Tepaniuun
KOKa TAIMeHTKH OYHMCTHIACh OT BbIChmanmii (PASI
100), onHako cTpum Ha Koke Oenep M TYJIOBHIIA CO-
XPaHSIOTCS M HAa CETOJHSLIHMNA JeHb (puc. 3).

[lo Hamemy MHEHHIO, MPE/CTABICHHBIA KIMHHYE-
CKHMH CTydail XapaKTepu3yeTcsl pa3BUTHEM HECKOJIbKUX
BHUJIOB OCJIO)KHEHUW OT MPOBOJMMOM Tepanuu. Jnu-
TEIbHOEC MPHUMEHEHHE LUTOCTATHUYECKOTrO IIperapara
B BBICOKOM /103€, a TAaKXKE IMOIBITKA €ro «YyCHUJICHUS
BBeeHUEeM Tonuuyeckux u cucreMHblx ['KC ¢ mocne-
JyIoTei pe3koil OTMEHOW OKa3ajviCh IyCKOBBIMH (paK-
topamu Manugectanuu [Tl u npuBenn K MOSBICHUIO
HEOOPaTUMBIX U3MEHCHHMI KOXKH JCBYIIKH — CTpPUH.
PexoMeHayemblii B KauecTBE MEPBOW JTHMHHUH TEParuu
CHUCTEMHBIN PETHHOW]I allUTPETHH MBI HE paccMaTpH-
BaJIi M3-32 OTHOCHUTEIHHOTO IMPOTHUBOIOKA3AHUS Y JIe-
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BOYEK B PENPOAYKTHBHOM Bo3pacTe M OOJBIIOro Yyucia
M0O0YHBIX PPEKTOB, ONMMUCAHHBIX B juTeparype [14].
‘YMeHbIIIeHHe 103bI Mperapara, Ha3HaueHne KeTIerOH-
HBIX ¥ TENaToNpPOTCKTUBHBIX CPE/ICTB, KaK IMPaBHIIO,
HOPMaJM3YIOT TOKa3zaTeldu JUnuIHoro oOmena [9].
B kauecTBe mpemnapara A TapreTHOH Tepamuud ObLT
BBIOpaH ycTekuHyMad [MHTHOUTOp p40 CyOBEeITUHUITEI
uHTepneriknHoB 12 n 23 (IL-12, IL-23)] no Heckomb-
KAM COOOpaXCHUSIM: TIO JaHHBIM JIUTEpaTyphl M Ha-
MM KIMHUYECKUM HaOMIONCHUAM Pa3BUBAIOLIMICS
napajoKcalibHbIi Mcopua3 Ha (hOHE Teparuyd WHTHOU-
topamu TNF (tumor necrosis factor — dQakrop He-
Kpo3a oImyxoiiu) uMeeT uepthl myctyne3a [34]. Kpo-
Me TOT0, YCTeKUHyMa0 o0iamaeT 0oyiee BhIPAKEHHBIM
cradunuzupyommM 3¢dexrom T-xenmnepos 17-ro Tuna
3a CYET COYETAaHHOH OJIOKMPOBKH perentopoB u 1L-12,
u [L-23, gacTtora OCIIO)KHEHHHA TIO JAaHHBIM 0030pOB
B JICTCKOW TMpPaKTUKE 3HAUUTETHHO HmDKe [15], ¢ yue-
TOM IyOEpTaTHOrO MEepUOoAa MAIMEHTKH HE NCKITI0YeHa
BO3MOXXKHOCTh CITy4aifHOH OepeMeHHOCTH, a B TaKOM
cmygae mHTHONTOPSEI TNF He pexomenmoBans! [13, 17].

CTOUT OTMETHTh, 4YTO TMPEJCTABICHHBIA CITy-
yail XapakTepusyeTcs HaJuuueM Kak MOJHHEHOC-
HBIX M TSDKEJIBIX, TaK M JOJITOCPOYHBIX OCIOKHEHHN
OT KIJIACCHMYECKOW Tepamuu OINSAIIeYyHOro TcopHasa.
Tak, K coalleHHIO, TOCJIEACTBUSA B BUJIE CTPUM OCTa-
HYTCSl HEpa3pellMMbIMH M OTPa3sTCs Ha KayecTBE
KU3HH JICBYLIKH.

DNUIeMHOTIOTHYECKUE TaHHBIE O PaclpoCTpaHeH-
HOCTH TICOpHa3a B MUPE BapbUPYIOT B 3aBHCUMOCTH OT
reorpaduu 1 BO3pacTa NanrueHToB, TaK, MAKCHMallbHast
4acToTa perucTpaliy ByJIbrapHOTo Icoprasa y B3poc-
aeix coctaBisier 11,43 %, y nereit — 1,37 %, toraa
kak ['TIIT siBasieTcst peaKUM COCTOSIHUEM € 4acTOTOM
BCTpEYaeMOCTH 2—7 dYenoBeK Ha MmnIunoH [18, 29].
Hexortopeie apropsl  knaccupuiupyror [TIIT  Ha
TUIBI OT Haumbonee TsKeno (opmel (THI, OMH-
cauupiii B 1910 . Jleo ¢don LymOymem — Leo
Rittervon Zumbusch [40]) 10 oTHOCHUTENBHO TOOpO-
KaQueCTBCHHO MPOTEKAIONINX BapPHAHTOB: aHHYISPHO-
ro I'TIII, xapaxkrepHoro mjsi Aerei (IOBEHMIIBLHOTO),
U repneTu(OpMHOTO HMIIETUTO OEpeMEeHHBIX, MOJ-
YepKHUBasi, YTO TEeTEPOTeHHOCTh KIMHWUYECKUX IpPH-
3HAKOB MOYKET HAXOAWTHCS B 3aBUCUMOCTH OT Te-
HETHYECKUX U cpenoBbix (akropoB [31]. «Ilcopuas
MYCTYJIE3HbIH  JTOOpPOKAuUeCTBEHHBIH», WM aHHY-
nsipHas ¢opma, BhepBble Ob1 omucan B 1933
A.Milian wu V. Katchoura [30], 3arem mocie-
moBanu myonukanmmm B 1959 1. S, Lapiere [25]
u B 1966 . R. Degos u coaBt. [17], KOTOpBIE yKa3bI-
BaJIM Ha 00T OOJIE3HH B ICTCKOM BO3pacTe, MpHUYI-
TUBYI0 (KPYTOBHUIHYIO, THPISHIO000pa3Hyw) dopmy
2JIEMEHTOB, d(heMepHOCTh MyCTys, OoJiee JIETKUi Xa-
pakrep Teuenus, B cpaBHeHnu ¢ ['TII1 tuma [ymGyma.

Puc. 3. KnuHuueckune dportorpacum naumeHTKM nocae Havyana Kyp-
ca 61onorMyeckoi Tepanum UHMGUTOPOM MHTEPNEKu-
HoB 12, 23 (ycTreknHyMa6). BbicbinaHus Ha KoXe TyNoBULLA
M KOHe4HocTel paspewunnucb, PASI 90

Clinical images of the patient after the initiation of bio-
logical therapy with interleukin 12 and 23 inhibitor
(ustekinumab). Rashes on the skin of the trunk and
limbs resolved, PASI 90

Fig. 3.

O6mmm anst rpynmsl ['TIT siBisiercst Hammuue pac-
MPOCTPAHECHHBIX BBICBHIIAHUN HEUTPOPHUIIBHBIX CTe-
PWIBHBIX TYCTYII, pacIoiararoliuxcs Ha dPUTEMaTo3-
HOM (OHE, TPUTTEPOM K IMOSBICHHIO KOTOPBIX MOXKET
CTaTb OTMEHA CHCTEMHBIX ITIOKOKOPTHKOCTEPOHIOB.
Tun I{ymOymia Teyetr HempeackasyeMo — Jiaxe y Ofl-
HOTO M TOTO € MallMeHTa TAKECTh M BBIPAXKEHHOCTb
CHUCTEMHBIX TPOSBICHWH MOTYT BapbHpOBaTh OT pe-
IUANBA K PEIUANBY U JOCTUTAThH KU3HEYTPOKAIOIINX
COCTOSIHMI (Cercuc, KapAuopecnuparopHas HemocTa-
TOYHOCTh U T. 1.) [14, 19]. [nsa aHHYIApHOH (POPMBI
HE XapakTepHO HAJIWYHE CHCTEMHBIX MPOSBICHUH,
a M30JIMPOBAHHOE TOPAKEHHE KOKU B pAJE CIIydaeB
paspemaeTcst camocroaTenbHO. Cpeau ONMHMCaHHBIX
TPHUITEPHBIX (AKTOPOB OCOOEHHO BBIIEISAIOT OTMEHY
cucreMHubix/ronuueckux ['KC [23].

Knuangeckn anHymsipHast (hopMa 1MouTH HEOTIIHYH-
Ma oT cyOKopHeanmpHOTO mycTyne3a CHemnona — Buib-
KMHCOHA, OJHAKO aHaMHE3 IPeIIIeCTBYIOIIETO BYJIb-
rapHOTO TICOpHa3a M THCTOJOTHYECKHE KPUTEPHUU
(akaHTO3 W Mapakeparo3 B SMHUAECPMHUCE, NAUTIOMATO3
COCOYKOB JIEPMBI, HaJHUWE CIIOHTHO3U(OPMHBIX CyO-
KOpHEAJIbHBIX MYyCTYJ) IO3BOJSAIOT BepU(HUIIMPOBATH
I'TIIT [39].

B ciiyuae oOHapyXeHUSI B SNHIEPMHCE CKOILIE-
HUsl aHTHTEN Kiacca IgA Kk mecMokoumuHy-1 w/nnm
JIECMOTJIEMHAM HMMMYHOTHCTOXUMHYECKHM METOA0M
MOYKHO TOBOpPUTH 00 IgA-my3sipuarke Tuma cyOkop-
HeaJbHOTO MycTy/e3a. JTa Pa3HOBUAHOCTH IY3BIPHOTO
JIepMaTo3a He UMeeT NaTOTHOMOHUYHBIX KIMHHUYECKHUX
nii 71ab0paTOPHBIX MPHU3HAKOB, OTIUYHBIX OT CYO-
KopHeanbpHOTO mycTyie3a CHenmgoHa — BuibkuHCOHAa,
W TMarHO03 MOXKHO YCTQHOBHTbH TOJIbKO Ha OCHOBaHHUH
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JIOTIOJTHUTEIIBHBIX CEPOJIOTHYSCKUAX W/WIA UMMYHOJIO-
THYECKUX HccienoBanuil [2, 36].

VY ManyeHToB ¢ aHAMHE30M NpUeMa JIEKApCTBEH-
HBIX IIp€raparoB, B TOM 4YHCJIIC W NUKIOCIIOpUHA,
HEOOXOAMMO TMPOBOAUTH UG (GEpPeHINANTBHYIO JHa-
rHoctuky ['TIIT ¢ ocTphiM TeHepaTu30BaHHBIM IK3aH-
TEMaTO3HBIM ITYCTYJIe30M. 3a00JieBaHHWE Pa3BHBACTCS
NIPEUMYIIECTBEHHO y B3POCIBIX W KIMHUYECKH Xa-
PAKTECPU3YCTCA BHE3AIMHBIM IIOSABJICHHUEM CTCPUJIbHBIX
MENKUX (JI0 2 MM) IyCTya Ha OTEYHON M SPUTEMATO3-
HOM KOKe, CHavaJia Ha JIMIE WIA B HHTEPTPUTHHO3HBIX
o0macTsax, ¢ TOCIEeIyIOIUM paclpoCTpaHEeHHEM Ha
TYJIOBUIIIE U KOHCUHOCTHU, a TAKKE meopam(oﬁ n us-
MEHEHHEM J1a00paTOPHBIX MoKa3zarenen (HelTpoduies,
s03uHOGMIHS). ['HcTonaTonornyeckue NaHHbIe CBHIC-
TEJIBCTBYIOT O Pa3BUTHUU HHTep(eiic-aepMaTuTa ¢ He-
KOTOPOH Tcopra3zudOpMHON THIIEPIUTA3UECH ATHICPMU-
Ca U HCKPOTUYCCKUMHU HU3MCHCHUAMU KCPATUHOIIUTOB,
[IPH ATOM CIIOHTHO3U(OPMHBIE CYOKOPHEAIbHbIC U/UIH
BHYTPHUATIHIEPMaJIbHBIE ITyCTYIbI COAEPIKAT HE TOIBKO
HEUTPO(WIbHBIE, HO ¥ J03WHO(UILHBIC JCHKOIIUTEI.

OcCTpblil TeHepaTn30BaHHbII YK3aHTEMATO3HBIN MyCTY-
ne3 OOBIYHO MPOXOAMT B TEUCHHE ABYX HEIelb I0Cie
OTMCHBI TIPUINHHO-3HAYUMOTO TIpemnapara [35].

OcoOble TPYIHOCTH TPEACTABIISICT Kypalus Malu-
enrtoB ¢ ['TII1: Bo-mepBbIX, HET TOUHBIX JAHHBIX 00 UM-
MYHOIIaTOT€He3e 3a00JIeBaHMsl, HA OCHOBAaHUHM MOJIE-
KyJISIPHO-TEHETHYECKUX WCCIIEAOBAaHUM JHINb Y TPETH
MAIUCHTOB ObLIN BBISBJICHBI MyTaluu B reHe /L36RN,
konupyromeM Mmonekyny IL-36RA, 4Tto mo3BONUIIO
MPEANOIOKHUTE BKJaJ THUIEPAKTUBALUUM HMMYHHOTO
OTBETa, pEalU3yeMblii 4Yepe3 CEMEWCTBO IMTOKHMHOB
IL-1 m mpennoXuTh B Ka4eCTBE TApreTHOM Tepamuu
a"TaroHuct peuentopa IL-1 (aHakuHpa) 1 HHTHOUTOP
IL-1pB (reBoKM3yMal), HO 3TH Mpenaparbl HEe TPUMEHS-
otes y aereit [22, 27, 38]; BO-BTOPBIX, MPOTUBOPEUH-
BBl JaHHbIC 00 3(PPEKTUBHOCTH CHCTEMHOHN Teparuu
C IPUMEHEHHEM ITIOKOKOPTHKOCTEPOU/IOB, IINTOCTATH-
yeckux npenaparos, [ BT, Tak kak MHOTHE U3 HUX,
HampuMep mMerorpekcar, uHruouropsl TNF-a, npenan-
30JI0H (M MPUMEHEHHE, U OTMEHA), MOTYT BBICTYHAaTh
B Ka4eCTBE TpUITepHBIX ais pasButus ITIII

0030p n10004HBIX 3¢ (PheKTOB NpeNnapaToB, KOTOPbIe HCHOJIb3YIOT AJIsl JIeYeHUs] MALUEHTOB ¢ Pa3IH4YHbIMH (popmMaMu
ncopuasa, 1 3PpGeKTHBHOCTb U 0€30IaCHOCTh TONMYECKHX NIPenapaTos

HaumenoBanwue npemnapara /
(apmakosoruyeckas
rpymmna

Bospact nauuenta

HexenatenbHbie sIBICHUS

Tonmueckue TJIFOKOKOPTH- MeTHHHpBHHHC&OJ’IOHa

ancroHart

— ATpodus >nuaepMuca U IePMbI, THOAECPMHUSI, Tele-

CTEPOUIbI

KOCTEPOH B ¢ 4 wmec. I'mapoxopruson 0,1 % — AQHTMOAKTA3UM, THUIEPTPUXO3, CTCPOUJHBIC aKHE,
¢ 6 mec.; 1% — c | rona. Ilpenunso- ctpun, cuHapom Kymmara, cTepouIHEIH quader, ap-
non 0,5% — ¢ 1 roga. OnyTHKa30H TepUaJIbHasl TUIIEPTEH3US
0,05 % xpem — c¢ 6 wmec.; 0,005 %

Ma3sp — ¢ 1 roma. Momera3oH —
¢ 2 ner

Wuruburops! kaneuuHeBpuHa: | [Tumekponrnmye — ¢ 3 Mec. Hepnonrocpounele MeCTHbIE peakLUU — XOKEHUE,

MUMEKpOoNIUMyc, Takpoaumyc | Taxporumyc 0,03% — c 2 ger. sputema; QOJITUKYINT, TepHeTHIecKas HH(eKus,
Takpoaumyc 0,1 % — ¢ 16 ner aKHe, TMIEPICTE3UN

Kanprunorpuon C 6 ner MecTHble peakuuu (KOHTAKTHBIM [OEPMATHT), TPH

nepenoszuposke — Oosnee 100 r/Hen. — HapyUICHUS
MeTabosIn3Ma KalbIus
CucTeMHbIe INTIOKOKOPTUKO- C 3 ner* OcoXHeHHs. OT JeueHus IpenapaTaMu JaHHOH

rpynmsl 3aBUCAT OT AO3bI U JJIMTEJIBHOCTHU IIPUMEHE-
HHS M MOT'YT 3aTparuBaTh KaX1yl0 CUCTEMY OpPraHoB
0e3 HUCKIIOYEHHs, MOTOMY Ienecoodpa3eH momdop
MUHUMaJIbHO 3()()EKTUBHOH 103l U JUIMTEIBHOCTH
Kypca, a TaKKe y4eT COOTHOIICHUS PUCK/TONb3a

CucTeMHbIe apOMaTUUECKHE
peTHHOUB! (ALUTPETUH)

Het yetkoro periaMenTa, Ha3Ha4CHUEC
npu 0COOBIX MOKa3aHUIX

Xelnaut, Kcepo3, 3yl, HOCOBBIC KPOBOTCUYCHUS, IO-
BBIIICHUE YPOBHS JIMIHUIOB KPOBH M MEYCHOUHBIX
(hepMEHTOB, TEPATOTCHHOCTh, KOCTHBIC H3MCHCHUS
(runepoctos)

OTpeTHHAT

Het dgertkoro periaMeHTa, Ha3Hayde-
HHUEC ITpU 0COOBIX MOKA3aHUIX

Kcepo3 koxu, KpaTKOBPEMEHHOE TTOBBIIICHUE YPOB-
HsI TICYCHOYHBIX (DEPMEHTOB B KPOBH, JaKTATICTH-
JpOTeHa3bl, X0JIeCTeprHa, TPUTIINLECPUIOB, TEPATO-
TeHHOCTH, KOCTHBEIE H3MEHEHHS (THIIEPOCTO3)
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00630p No004HBIX 3 eKTOB NpPeNnapaToB, KOTOPble HCMOAb3YIOT AJIs1 Je4eHUs MalUeHTOB ¢ pa3JHYHbIMH (popmMaMu
ncopuasa, M 3PpPeKTUBHOCTHL U 0€30MACHOCTh TONMYECKUX NpenapaToB

HanmenoBanue npenapara /
(dapmakomornyeckas
rpymmna

Bospact nanuenta

HexemnarenbHble SIBICHUS

MeTtoTpekcat

TOBEPXHOCTHU TEJ1a

He pexomenmoBaH 1 NpUMEHEHUS
y nereid muraame 3 JeT, B OCTaIbHOM —
MpUMEHEHHUE y JeTel 1O CTPOTrUM MOKa-
3aHUAM B COOTBETCTBHHM C PEKOMEHIY-
€MBIMH JI03aMU Ha EIMHUIY ILJIOIIAa’

TomHoTa, pBOTA, YTOMJISIEMOCTH, TEHATOTOKCHU-
HOCTB, (H)UOpPO3 TEUEHHU, OTKIOHEHHS B T'€MAaTOJO-
HYECKUX MapaMeTpax, JEero4yHas TOKCHYHOCTb,
JICKapCTBEHHBIC B3aMMOJCHCTBUS, MH(EKIMOHHbIC
3aboneBaHus

Huxnocnopux C 1 rona

HedpoTOKCHYHOCTD, apTepuabHas THIEPTEH3HS,
HHQpEKINOHHBIe 3a0o0JieBaHUs, TOLIHOTA, auapes,
MHUQJITHI, MUTPEHb, JJICKTPOJMTHBIE HapyIICHHUS,
CHICPIUIIHIEMHUs, THIIEPTPUXO03, THIEPIIA3Us Jie-
CeH, TNOBBILICHUE PUCKA BO3HHUKHOBCHHS 3JI0Kaye-
CTBEHHBIX HOBOOOpa30BaHUM

A3zaruonpun
MIpU 0COOBIX MOKA3aHUAX

Het deTrkoro periiaMeHTa, Ha3HA4YCHUC

Muernoenpeccusi, MOBBIIICHHBIN PUCK HH(EKIIHOH-
HBIX 3a00JeBaHUU, METAJIOOJACTHBIH IPUTPOIOI3,
TOLIHOTA, PBOTA, AHOPEKCHS, apTPaIruy, MUAJITHH,
9PO3UBHO-S3BCHHBIC IOPAXKEHUsI CIHM3UCTOH pTa,
TOKCHYECKUH TeNaTUT, MOSIBICHUE PUCKA PAa3BHTHS
3JIOKAYECTBCHHBIX HOBOOOpa3oBaHMM, HEPPOTOK-
CHYHOCTh

DTaHepuenT C 6 net

[NoBbImeHHBIH pUCK MHPEKINOHHEBIX 3a00JIeBaHUH,
MECTHBIC PEaKINH, aHa(UIAKCHS, NMPOTYKIUs aH-
THHYKJICAPHBIX aHTHUTEN, BOMYAHOYHBIH CHHAPOM,
MaHIUTONICHU S

Yerekunymad C 6 net

HeT cooOmennii o cnenupuveckux HexKeaaTelb-
HBIX SIBICHHSIX

A nanumymad C 4 ner

[NoBbImeHHBIH pUCK NMHPEKINOHHEIX 3a00JIeBaHUH,
MECTHBIC PEeaKINH, aHaQIIIAKCUs, OSBICHIE aHTHU-
HYKJI€apHBIX aHTHUTEN, BONYAHOUHBIH CHHIPOM,
NaHLUTONCHUSA, MaHu(ecTalus Win 000CTpeHHe
JIEMUETMHU3UPYIOMUX 3a00IeBaHUN

CexykuHyMmab C 6 ner

Hetr cooOmenuit o crnenupuyecKux HEKeIaTeIb-
HBIX SBJICHHUIX

WNndnnkcnmad* C 14 ner

TpaHC(y3HOHHBIE pEaKIWH B BHJE TOJOBHBIX 00-
JIed, TOUIHOTHI, PBOTHI, 0OJieii B )KUBOTE, OPOHXO-
crasMma, TOBBIIICHHBIH PUCK MH()EKIHOHHBIX 3a-
OOJICBaHUI, peaKIHH TUIIEPYYBCTBUTEIBHOCTH
3aMEIJICHHOT'0 THIa, aHA(UIIAKCHS, TOSBJICHHUE aH-
THHYKJICAPHBIX aHTHTEN, BONYAHOUYHBIH CHUHIPOM,
MaHIUTONCHHS, MaHudectanus uid 060CTpeHHUEe
EeMHUETUHU3UPYIOIINX 3a00IeBaHUM

*C paspeuICHu s JIOKAJIbHOI'O 3TUYCCKOI'0O KOMUTETA

B-Tperbux, paHIOMHM3UPOBAaHHBIE HCCIIETOBAHUS
tepanuu ['TIII mpoBecTu KkpaliHe 3aTpyaHUTENBHO,
TaK KaK KOJIMYECTBO HAIMEHTOB HE3HAYUTEIBHO,
M B KaXIOM KOHKPETHOM cCiydae HEoOXOIuM WH-
JTUBUIYalbHBIN TOAXOJ, BCIEACTBHE HAJIWYUSA pa3-
HOOOpasusi KIMHUYECKHX TPOSIBICHUH, 3a4acTyro
YTPOXKAIOIIUX JKU3HHU, U KOMOPOUIHBIX 3a00JeBaHUN
y TaInueHToB [26].

3AKJTOYEHUE

B namewm ciayuae Mbl onmupanuch Ha JaHHBIE YIIO-
MSHYTBIX 0030pOB, KIIMHUYECKHX pPEKOMEHIANNH, Cy-
mectByomux B Poccuiickoit @enepanuu s J1eTeH,
a TaKKe MYJIBTHUIICHTPOBBIX HCCJICIOBAaHUN 10 3(-
(exTUBHOCTH M 0€30MACHOCTH CHUCTEMHBIX Tpernapa-
ToB U 'BT ana neueHus manueHTOB € BYJIbrapHBIM
ricopuazom u I'TIIT.
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Takum 00pazoM, HEOOXOAMMBI TOYHBIE KPHUTEPUHU
JUIS. Ha3HA4YeHUs TOTO WM HMHOTO TIperapara, paspa-
OOTaHHBIC aNTOPUTMBI WM WHBIC PEKOMEHJIAINU JUISI
NPOQHUIAKTHKA U YMEHBIICHHUs MOOOYHBIX d(PPEKTOB
JIeYeHus1, IPOTHO3a U KOHTPOJIsl HaJl TeUeHUueM 3a00J1e-
BaHus. [lonoXKuUTEBbHBIE PE3yNNbTaThl OLEHKH JCYCHHS
NAalMeHTaMU BIHUSIOT Ha AEATEIBHOCTh MEAUIIMHCKO-
rO NepCOHAJIA U MOBBIMIAIOT KOMILIAGHTHOCTh Teparuu

6, 11].

AOOMNONHUTENbHAA UHOOPMAL KA

Bxaan aBropoB. Bce aBTOphI MOATBEPKIAIOT CO-
OTBETCTBHE CBOETO aBTOPCTBA MEKIYHApOIHBIM KpH-
tepusim ICMJE (Bce aBTOpBI BHECIU CYLIECTBEHHBIN
BKJIaJl B pa3pabOTKy KOHLEMNIHH, MPOBEICHHE HCCIIe-
JOBaHMsI U IOATOTOBKY CTaTbU, MPOWIM M ONOOpUIH
(hMHATBEHYIO BEPCHIO TIepen ITyOIuKaImeii).

Kongaukr wuHTepecoB. ABTOPHI IEKIAPUPYIOT
OTCYTCTBHE SIBHBIX M TOTEHIHMAIbHBIX KOH(MIMKTOB
WHTEPECOB, CBS3aHHBIX C MyOnIMKauued HacTosen
CTaTbH.

Hcrounnk puHaHCcHpOBaHHMA. ABTOPHI 3asBISIOT
00 OTCYTCTBHMM BHEUIHETO (pUHAHCHPOBAHUS TPH MPO-
BEJICHUN HCCIIEIOBaHMS.

HNudopmupoBanHoe coriiacue Ha NMyOJMKALMIO.
ABTOpBI TOJIyYWJIN IHCHbMEHHOE COINIACHE 3aKOHHBIX
MIpeCTaBUTENEH MalenTa Ha MyOIuKaIio MEAUIINH-
CKUX JaHHBIX M (oTOrpaduid.
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COYETAHUE TYBEPKYJNIE3A BHYTPUTPYAHbBIX TMMOATUYECKUX Y3J10B
M OCTPOIro TIMM®OBJIACTHOIO JIEUKO3A Y PEBEHKA
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Ans yumuposaHus: Nozosckas M.3., Aposas t0.A., Bacunbesa E.b., Knoukosa /1.B., Manbiwesa E.A., Hockosa O.M. CoueTaHue Tybepkynesa
BHYTPUIPYAHbBIX IMMPATUYECKUX Y3/10B U OCTPOro IMMdobAacTHOro Nelikosa y pebexka // Meguatp. — 2021, — T. 12. — Ne 6. — C. 89-96.
https://doi.org/10.17816/PED12689-96

Moctynuna: 27.10.2021 Opobpena: 17.11.2021 Mpunsta K nevatu: 29.12.2021

Mo [aHHBIM Hay4HbIX UCCNEA0BaHMMI, 3/10KaYeCTBEHHbIE HOBOOOPA30BaHMS y AeTeil OTHOCATCS K MeAuKOo-6MoNnornyeckum
dakTopaM pucka pa3BuTus Tybepkynesa. HanpoTue, BO3HMKHOBEHME OHKOMOrMYeckoro 3aboneBaHusa y pebeHka Ha doHe
cylecTBymoLlero Ty6epkynesHoro npouecca BCTpeyaeTcs KpaiiHe peako. CoueTaHuWe 3/10KaYecTBEHHOr0o HOBOOOGpPa3oBaHMS
n Tybepkynesa co3paeTt TPYLHOCTU B auddepeHunanbHOM AMArHoCTUKe, NeYEeHMU MaLMEHTOB, NpodunakTuke 060CTpeHui
“ peumamBoB. B paHHOM cTaTbe nNpencTaBNeHO KAMHMYECKoe HabnwieHne — passuTue y pebeHka 6 net octporo numdo-
611acTHOro neliko3a Ha GoHe Tybepkynesa BHYTPUIPYAHbIX MMMdATUYECKMX Y310B B Npouecce nevyeHus. Tybepkynes npoTe-
Kan 671aronpuaTHO, HECMOTPS HA MHOXXECTBEHHbIN CEMEVHbIM KOHTAKT y pebeHka 1 yCTOMYMBOCTb MUKOBakTepuii Tybepkynesa
K NpOTUBOTYBEpKyne3HbIM NpenapataM y B3poC/blX POACTBEHHMKOB NauueHTa. Mpu aebiote octporo nMMpobnacTHOro ne-
K03a Habnofanoch NosBieHUe ABYCTOPOHHUX MHOUNBTPATOB B IETKMX WM MAEBPANbHOrO BbINOTA, KOTOPblE He OblIM CBA3aHbI
c Tyb6epkynesoM. lpoBefeHHas cneunduyeckass NOAUMXMMUOTEPANUS OCTPOro NMMPO6MACTHOrO /1eiKo3a U MPOLOSIKEHUE
XuMUHoTepanuu Tybepkynesa npueBenu K usnedeHunto oT obounx 3abonesanuii. MopaepkuBaroLLlas LUTOCTaTUYECKAS U UMMY-
HOCYNpeccHMBHas Tepanus oCcTporo MM@o6nacTHOro nelikosa notpeboBana NepuoiUMyeckMX KypcoB MpOTMBOPELUAUBHON
npoTuBOTY6epKynesHon Tepanmu B TedeHue 5 net. Yepes 10 net HabnwopeHus pebeHoK 340poB. TakMM 06pa3oM, BO3MOX-
HOCTb pPefKOro B KJIMHMYECKOM MpakTuKe coyeTaHus Tybepkynesa M oCTporo nMMQobnacTHOro nerkosa y aeten cnepyet
YYMTbIBATb MPU LMATHOCTMKE M NeyvyeHun 3Tux 3abonesaHuit. [pu nposBeseHMM KypCOB MMMYHOCYMNPECCMBHOW Tepanuu
0oCcTporo NMMdO61aCTHOrO Neiko3a BO3HWKAET PUCK peakTuBaumu Tybepkynesa. HeobxoamMmo pekoMeH[0BaTh ANUTEbHOE
HabnoaeHue Takux aeteit GTU3MATPOM U OHKONOTOM Ans NpodUNaKTUKM peuuanBoB 06onx 3aboneBaHuit.

KnioueBble cnoBa: feTy; Ty6epKynes BHYTPUrPYAHbIX TMMbATUYECKUX Y3N10B; OCTPbI TMMbOBNACTHBIN NEIKO3; coYeTaHue
TybepKynesa u OHKONOTUK.

COMBINATION OF TUBERCULOSIS OF THE INTRA THORACIC LYMPH NODES
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According to scientific research, malignant neoplasms in children are biomedical risk factors for the development
of tuberculosis (TB). On the contrary, the occurrence of oncological disease in a child against the background

@ [Negmatp. 2021.T. 12. Boin. 6 / Pediatrician (St. Petersburg). 2021;12(6) elSSN 2587-6252



90 KNMHUYECKMI CTYYAN / CLINICAL OBSERVATION

of an existing tuberculous process is extremely rare. The combination of malignant neoplasm and tuberculosis cre-
ates difficulties in differential diagnosis, treatment of diseases, prevention of exacerbations and relapses. This article
presents a clinical observation - the development of acute lymphoblastic leukemia (ALL) in a 6-year-old child against
the background of TB of the intrathoracic lymph nodes during treatment. TB proceeded favorably despite multiple
family contact in the child and resistance of Mycobacterium tuberculosis to anti-tuberculosis drugs in adult relatives
of the patient. At the onset of ALL, bilateral pulmonary infiltrates and pleural effusion were observed, which were
not associated with TB. Specific polychemotherapy for ALL and continued chemotherapy for TB led to the cure of
two diseases. Supportive cytostatic and immunosuppressive therapy for ALL required periodic courses of anti-relapse
anti-tuberculosis therapy for 5 years. After 10 years of observation, the child is healthy. Thus, the possibility of a rare
in clinical practice combination of TB and ALL in children should be taken into account in the diagnosis and treat-
ment of these diseases. During courses of immunosuppressive therapy for ALL, there is a risk of reactivation of TB.
It is necessary to recommend long-term observation of such children by a phthisiatrician and an oncologist to prevent
recurrence of both diseases.

Keywords: children; tuberculosis of intrathoracic lymph nodes; acute lymphoblastic leukemia; combination of tuberculosis

and malignancy.

BBEAEHME

Ty6epkyne3 (Th) u onHkonmormueckoe 3aboieBa-
HUE — yYacTas COYeTaHHasl MaToJOTHs Yy B3POCIHBIX,
Yy KOTOPBIX paK JIETKOI0 OOBIYHO Pa3BHBACTCS B pe-
3y/bTaTe METAIUIA3UU SIUTENNS CIN3UCTON 000I0UKH
OpOHXOB HMJIM yYaCTKOB 3IUTENN3AINN CTEHOK KaBEpH,
YTO CYMTAETCS MPEeIPaKOBBIMU U3MEHEHUsIMH [6, 8, 11].
VY nereil camMbIM 4acThIM OHKOJIOTMYECKHUM 3a0o0JjeBa-
HUEM SIBJISIETCS] OCTPBIM JIEHKO3, IPU 3TOM B CTPYKType
NETCKUX JICMKO30B JOMUHHUPYET OCTPHIi MuMdoOIacT-
Helid Jneitko3 (OJIJI), Ha 1050 KOTOPOTO MPUXOIUTCS
75-80 % cmyuaes [3, 4, 10]. U3BecTHO, 4TO pUCK pe-
OcHka 3a007eTh TyOepKyae3oM B OOJNBILOW CTENEHH
omnpenensieTcs HaJMYUEeM COIYTCTBYIOIICH HaTolIoruu
[2, 7]. 3aboneBacMOCTh TyOEPKYII€30M B TPYIIIIE ICTCH
C OHKOJIOTMYECKHMH 3abosieBaHusIMH B 11 pa3 BbIie,
yeM B OOIIEH MOMmyJsiMM 3TOW BO3PACTHOH TIpyII-
nel [15], y gereli ¢ ocTpeiM TUMGOOIACTHBIM JICHKO-
30M B 22 pa3a BHIIIE, YeM Yy OCTalbHBIX aered [14].
[Ipu sTom B 47 % cimydaeB akTUBHBIN TyOepKyse3 pas-
BUBAJICSl B TEUCHHUE MEPBBIX IMSATH MECSICB XUMHUOTEPa-
UM JIEWKO03a, YTO CBUJICTEIILCTBYET O PEaKTHBALMH JIa-
TEHTHOW MH(EKInH Ha poHe UMMyHOcympeccun [14].
ITanueHTBl ¢ reMaToJOrMYeCKUMH 3JI0Kau€CTBEHHBI-
MU HOBOOOpPa30BaHUSMHU TOABEPraroTCs IMOBBIIICHHO-
My PHCKY pa3BHTHs TyOepKyses3a u3-3a T-KIETOUHOTO
MMMYHOAE(UIUTA, CBSI3aHHOTO ¢ 3a00JI€BaHUEM W/UITH
ero nedenueM [13]. B aTom cimyuae TyOepkynes, Kak
MIPaBUJIIO, TIPUCOETUHSIETCS K paHee BO3HUKIIEMY OHKO-
JorudeckoMy mporieccy. TakuM o0pa3oM, OHKOJIOTHYE-
ckue 3a00JeBaHus Y AETEH OTHOCATCSA K MEIUKO-OHO-
morudeckuM (akropam pucka TyOepkynesa [9]. Jns
ONpeneNeHUs PUCKA pa3BUTUS TyOepkysesa y nerel
C JIeMKO3aMU UCIIONb3YIOT TECTHI in Vitro, OCHOBaHHbIE
Ha BBIPaOOTKE MHTepepOoHa-raMMa KIETKaMH KPOBHU
MO BO3ACHCTBHEM CHEUU(PUYHBIX AHTHI'€HOB MHUKO-
Oaxrepuit Tyoepkynesa (MBT) — Interferon-Gamma
Release Assays (IGRA) tectwr [5, 12]. Hampotus,

BO3HHKHOBEHHE OHKOTEMAaTOJIOTHUECKOTO 3a00JIeBaHMUS
y peOeHka Ha (POHE YXKEe CYIISCTBYOILErO TYOepKyIIe3-
HOTO Ipolecca SBIeTCs KpailHe peakoil cUTyalueH,
MBI He OOHApYXWJIM ONMUCAHHS TAaKWX CIlydaeB B Ha-
Y4YHOU suTeparype. B CBSI3M C ATUM JI€MOHCTpAIUS
JAHHOTO KJIMHUYECKOTO HAONIOACHUS TPECTABISIET
WHTEpPEC C TOYKH 3pEHHs KaK TEueHHs IByX 3a0oie-
BaHWH, TaK ¥ TAKTUKU JaJbHEHUIIETO0 HAOIFOICHIS.

KNNHUYECKOE HABNIOOEHUE

ITamueHT, 5 JeT Ha MOMEHT BBISABICHHUS 3a0oJIe-
BaHusi TyOepkynezom (2006 r. p.), xurtenbp CaHKT-
[lerepOypra. M3 paHHero anamHE3a H3BECTHO, 4TO
MaJBIAK OT TIEPBOH OEpEeMEHHOCTH, MPOTEKaBIIeH
C Yrpo30H TIpephIBaHUsS Ha Cpoke 26—27 Hexd., Tpe-
sKIaMIicued 2-i monoBuHBL Poxpl Ha cpoke 35 Hen.,
Bec 2280 r, anmuHa 44 cM, OLIEHKA MO IIKane Armrap
7/8 Gannos.

AHaMHe3 N0 TyOepKyJe3Hol MHGeKIuu

[Ipusur BLUK B poamnbHOM JoMe Ha 5-€ CyTKH
KU3HH, pyOunK 3 MM. PeOCHOK W3 HeOnarompusTHBIX
COLIMAIBHBIX M 3MHIEMUONIOrHYecKuxX yciaoBuid. C BO3-
pacta 1 rox (2007) cocTost Ha AWCIIAHCEPHOM HAOIIO-
JICHUHU TI0 TIOBOJY MHO>KECTBEHHOTO CeMeWHOro Tyoep-
KyJIE3HOTO KOHTaKTa. Bcero B cembe ueTBepo OONBHBIX
TyOepKyJie30M (IIOMUMO JIaHHOTO peOeHKa): 0aldyr-
ka — BbIsIBIeHa B Mapte 2007 I. ¢ JUCCEMHHUPOBAH-
HBIM TyOepKyse30M JeTkuX, BoifenenneM MBT, wys-
CTBUTEJIBHBIX TOJBKO K 3TaMOyTONy U BBICOKHM J103aM
n3oHuazuaa, ymepna B anpene 2007 r.; aemymika 6oiaeH
¢ 2010 . — wWHQHUIBTPATHBHBIA TyOEpKyJe3 JIETKHX,
MBT (+), 9yBCTBUTEIILHOCTD TOIBKO K TTapaaMUHOCAITH-
ool kuciote (ITACK) m xanpeoMuIuHy, ABaX bl
OTIEPHUPOBAH; B MOCIEIYIOLIEM MEPEX0/l B XPOHUUECKYIO
¢dopmy, ¢ 2011 . mpoKUBAET B APYrOM PErHOHE; MaMa
oompHa ¢ 2010 . — WHQWIBTPATHBHBIA TyOepKyIe3
nerknx, MBT (—), kmuamaeckoe m3neuenue ot 2011 r;
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tetss OompHa ¢ 2011 . — ouwaroBeli TYyOEpKyIe3
MBT (-), KIMHWYECKOe HW3JICYeHHEe B TOM JKE€ TOY.
Junamuka mpoosr Manty ¢ 2 TE y pebenka: mait
2007 r. — namyna 6 mwm, centsiops 2007 . — 17 mmM,
2008 . — 14 mm, 2010 . — 12 mm, 2011 . — ma-
nyna 7 MM, 4TO yKa3blBaJIO HAa MH(UIMPOBAHHOCTD
MBT ¢ 2007 r. TIpoba ¢ ammepreHOM TyOepKyIe3-
HBIM pekoMOnHaHTHBIM B 2011 . — mamyna 10 mwm.
MaJib4K TONYy4YHST KypChl NPEBEHTHUBHOIO JICYCHUS
TyOepKyne3Hol MH(EKIUH: B caHaTopuu «MaloTka»
B 2007 u 2008 rr. npenaparaMy U30HUA3U] U TUPA3U-
Hamuz (170 mgaeit). Jlanee amOymatopHO MPEBEHTUBHBIC
kypeel B 2009 u 2010 rr. mo 2 mec.

Ilepenecennvie u conymcmeyioujue 3a001€6aHUA.
C Bospacra 1 rom uwacto Oonen OCTpOH pecrnuparop-
HOW BHPYCHOH WH(EKInel, 00CTpyKTHBHBIM OpOHXH-
ToM. B BO3pacte nByx Jer Obuta JHAarHOCTUPOBaHA
OpoHXHMalbHASI acTMa, aroluyecKas, ObITOBas CEHCH-
Oowmzanust. [Ipuctynsl 3—4 pasa B rof, KynupoBaJIHCh
unparpornus OpoMuaoM + (heHOTeposIoM, OYyIEeCOHUIOM
uHramsinuonHo. Ilomywan ©OasucHyro Tepamnuio cai-
MeTteposioM + (uryTnkazoHom. B mepron HaOmoneHus
no TyOepKyJe3y MpUCTYIIOB OpPOHXUAbHOW acTMBI
He Obuto. M3 nerckux uMHQEKUUi nepeHec BeTPSHYIO
ocny B 3 roxa.

Hacrneocmeennocms. Y mMarepu B JSTCKOM BO3pac-
Te ObLIO 3a00JICBAHME KPOBU (IOKYMEHTOB HET).

Anamnes 3abonesanus. B npouecce AUCIaHCEPHOTO
HaOMIOEHUST IO TyOCpKYJIE3HOMY KOHTAKTy, B CBSI3H
C TIOJIOKUTENBHOM MPOOOH ¢ alllIepreHoM TyOepKyIes-
HBIM PEKOMOMHAHTHBIM, IPOBEICHA BIIEPBBIC MYIIb-
TUCTIMpalibHass KoMmmbioTepHass Tomorpadus (MCKT)
opraHoB TpymHoM momoctu 22.08.2011 (puc. 1)
C BHYTPHMBEHHBIM KOHTPAaCTHPOBaHHMEM. 3aKJIIOYCHUE:
«B nerkux 0e3 oyaroBbIX M MH(UIBTPATUBHBIX H3MeE-
HeHHUH. BBISBISIOTCS JTMMQOY3TIBI TpaxeoOpoHXHaIIb-
HOU Tpynmsl cnpasa (10 8 MM), TpaxeoOpOHXHaTbHON
IpyIIbL cieBa (10 7 MM), TUM(AaTHUECKUE Y3Jbl KOpP-
HEell JIeTKUX C JABYX CTOpOoH (mo 6 MMm), oudypkamu-
oHHOH rpymmsl (1o 7 MM). B cTpykType nmumdarmye-
CKHX y3JI0B KOPHEW JIETKUX U BJIOJIb MPOMEKYTOYHOTO
OpOHXa MHOXECTBEHHBIE KaJIbLIMHATBD).

VYcranosnen aumarHos3: «TyOepkyne3 BHYTPHUIPYA-
HBIX JIUM(ATHUECKUX Y3JI0B OpPOHXOIYIbMOHAJBHBIX,
TPaxeoOPOHXUAIBHBIX TPYII C JIBYX CTOPOH, OUdyp-
KallMOHHOM Tpymnmbl B (pa3e HEMONHON KaJbIMHA-
i, MBT (—)». MnTtencuBHas aza XxumuoTepanuu
MpoBe/icHa B ychoBusix cranuoHapa c¢ 23.09.2011
mo 21.03.2012. C y4eToM pe3mcTOrpaMMBl HCTOYHU-
Ka, BO3pacTa, IMEPEeHOCHMOCTH MPOTHUBOTYOEpKye3-
HBIX MpenaparoB W XapakTepa mpolecca Moao0paH
WHIMBUAYAJIbHBIM PEKUM XHMHOTEparuu: aMHKa-
nuH, uzoHmasuna, IIACK, stamOyron. 3aboneBaHme
TyOepKyJe30M TMPOTEKaJ0 C YMEPEHHO BBIPAKEHHBI-

Puc. 1. MNauueHT, 5 ner. KomnblotepHasa Tomorpadus rpyaHoi
KneTkn (Ty6epkynes BHYTPUrpyAHbIX NuMGOY3NOoB)
or 22.08.2011

Patient, 5 years old. Computed tomography of the
chest (tuberculosis of the intrathoracic lymph nodes),
22.08.2011

Fig. 1.

MH CHMITOMaMH MHTOKCHKALUH: OJIEHOCTb, IEPU-
OpOHTANBHBIA 1MAaHO3, TEepUPEPUUECKUH MHUKPOIIO-
naneHutT. dusndeckoe pasBurhe: 4-¢ LEHTUIBHBIC
KOPHIOPBl O Macce Tena M pocty. KnmHuueckuit
aHaJIM3 KPOBU IPH IOCTYIUIEHMHM B CTAlOHAp: Te-
mormobun (Hb) — 121 r/n, spurpoumts (Er) —
4,2 - 10'%/nn, metixonutsr (L) — 7,2 - 10%/mn, mamouxos-
nepHble HelTpoduisl (/1) — 2 %, cerMeHTOsIepHbIC
Herrpoduisr (¢/s1) — 36 %, MmoHOUUTHI (MOH.) — 4 %,

a3uHOwIEL (303.) — 15 %, mumdonmter (mumd.) —
42 %, 6azoduasr (6a3.) — 1 %, cKOpOCTh OcemaHUs
spurporutoB (COD) — 4 wmMm/4. buoxumudeckue

MoKazaTreiay B Ipejaeraax HOpPMBL. AHaIU3 MOYHM —
B HOpPME. YJIBTPa3BYKOBOE HCCJIEJOBAHUE OPraHOB
OpromrHO¥ TTonocTr 6e3 maronorun. PuOPoOOPOHXOCKO-
must: «Crm3ucTas 000I0uKa Tpaxew W OpoHXOB 0e3
BOCIIAJIUTENBHBIX HM3MEHEeHUH. PyOroBble M3MEHEHUs
Ha CTEHKE BEpXHe0JeBOro Oponxa cieBay. Mccaeno-
BaHHUsS MOKPOTHI, IPOMBIBHBIX Boz OponxoB Ha MBT
orpuuarenbHel. Ha ¢one mpoBoanMoro sieueHus mnomy-
YeHa IOJIOKUTEJIbHASL JAMHAMMKA: MCUE3HOBCHHME HH-
TOKCHUKAIIMOHHOTO CHHJpOMa, MpuOaBKa Macchl Tela
(2,6 xr). Konrponsnass MCKT ot 20.02.2012, 3axio-
yenue: «llonoxurenpHasi AMHAMHUKA B BU/IEC YMCHBIIIC-
HUSI BHYTPUIPYAHBIX JIUM(OY3JI0B, HApACTaHUs KaJlb-
nuHanum». Bemucan 23 mapra 2012 1. u3 cranuoHapa
Ha aMOyJnaTopHOE JIeYeHHE, OT CaHATOPHOTO JICUCHUS
otkazancs. OCHOBHOM KypcC JICUCHHSI K MOMEHTY BBIIHU-
cku coctaBuil 6 Mec. KinnHnueckuii aHanus KpoBU Ipu
Beinucke, 20.03.2012: Hb — 137 v/, L — 7,4 - 10%/1,
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b
Puc. 2. MaumeHr, 6 ner. KomnblotepHas Tomorpadumsa rpyaHoit knetku ot 04.06.2012: MHOXeCTBEHHbIE ABYCTOPOHHUE CYGnieB-
pa/ibHble UHPUNLTPaTbl B NErKUX, ABYCTOPOHHUIM TMAPOTOPAKC (a — akcuanbHas npoekuus, b — ppoHTanbHas npoekuus)
Fig. 2. Patient, 6 years old. Computed tomography of the chest, 04.06.2012: multiple bilateral subpleural infiltrates in the

lungs, bilateral hydrothorax (a - axial projection, b - frontal projection)

tpombormthl (Tr) — 214 - 10%m, /s — 1 %, c¢/s —
49 %, moH. — 3 %, 303. — 3 %, mumdp. — 43 %,
MoH. — 4 %, COD — 6 mm/u. da3y NpoAOILKEHHUS
MPOTHUBOTYOEPKYIC3HOW XUMHOTEPAIMH  ITPOBOIMIH
JIByMsI TIPOTHBOTYOEpKYJIE3HBIMU TIperaparaMu (H30-
HUa3u] + 3TaMOyTONI) B MPOTUBOTYOEPKYIIE3HOM JIHIC-
nancepe. [lepeHOCHMOCTD JieueHHs Oblla XOPOIICH.
[Tocnennee noceuieHne AUCIancepa nepes yxXyAaeHn-
eM cocrosausa 23.04.2012, OblI BBIIOJIHEH KJIMHUYE-
ckuii ananms kposu: Hb — 129 r/n, L — 5,5 - 10°/m,
/s — 0, ¢/s — 48 %, 303. — 5 %, mumdp. — 43 %,
MoH. — 4%, COD — 16 mm/u. PebGeHok xamo0
HE TPEIBSBISUL, MPH OCMOTPE TATOJOTHH HE BBHISB-
JISHO.

Pe3koe yxymimeHWe COCTOSIHHSI C CEpEAWHBI Mas
2012 1., Xorga MOSBWINCE OOJIH B JKHUBOTE, OJIEIHOCTH
KOKHBIX TOKPOBOB, JIUXOpaJKka a0 (HeOpuiIbHBIX L.
O6parunuch B nomukauHuKy 23.05.2012, cocrosiHue pac-
[IEHEHO KaK OCTpasi pecrmparopHas BUpycHast HH(EKIHs,
OT TOCIHUTAIM3AINH OTKa3aics. BeimonHeHa o030pHas
pEHTreHOrpaMMa OpraHoOB TPyIHOM IOJoCTH — 0e3
naroyiornd. Mama mnanueHta u3-3a OoJed B IKHUBOTE
y peOeHKa CcaMOCTOATENhHO TPHHSIA pEIIeHHe O Ipe-
KpalleHnd UM TIpHeMa TPOTHBOTYOEpKYJIE3HBIX Mpera-
paroB. 30.05.2012 B cBs3U ¢ AaTbHEHIINM YXyIIICHAEM
COCTOSIHHSI MAJIBIHK TOCIMTAIM3UPOBaH B JleTckyro nHpek-
MOHHYI0 OonbHUITy Ne 5 ¢ amarHo3oM «/H(EKIMOHHBIH
MOHOHYKII037», OTKy[a TIepeBe/icH B OT/CNICHIE XHMHO-
Tepanuy JIeHko30B JleTckoi Topozckoi OompHUIBT Ne 1.

[lpn mocTymieHHH B TeMaToOJOTHYECKOEe OTAese-
HUE: COCTOsTHUE Tshkenoe. JKanoObl Ha 00U B KHBO-
Te, c1aboCTh, OTCYTCTBHE alllleTUTa, KOCTHBIC OOJIH.
Temmieparypa cyddedpunbHast. [lepudepuueckue mum-
(Goy3ibl IICHHON TPYIIbI, MOJAMBIIICYHbIC, TaXOBbIC
mo 1,0 cm miotHble, Oe30ose3HeHHbIe. JKHUBOT yBe-
JUYEH 3a CYET BBIPAXKCHHOM TI'enaroCIICHOMETaNu:
nedeHb +16 cm, cemesenka +14 cMm m3-mox Kpas pe-
OepHOI Ayru, Oo4YeHb IUIOTHBIC. TOHBI Cepilia sSCHEIE,

putmuuabie 110 B MunyTY. OABIIIKA HET, 9acTOTa JbI-
XaHusa 24 B MMHYTY, JIbIXaHHE JKECTKOE, XPUIIOB HET.
B anamuse kpoBu ot 31.05.2012: Er — 3,84 - 10%/n,
Hb — 103 r/m, Tr — 129-10%n, L — 7,2-10%mn,
omacter — 27 %, /s — 5%, ¢/ — 6 %, MOH. —
3 %, mum@p. — 59 %, COD — 43 mm/u.

Muenorpamma ot 04.06.2012. SnepHOCTh KOCTHO-
ro mo3ra — 250 - 10°/n, 6nacter — 98,4 %. Ummy-
HO(EHOTUIHPOBAaHHE MOHOHYKJIEAPOB KOCTHOTO MO3Tra
MeTomoM TpoTouHoit nuromerpuu: OJUJI. broxmmmst
kpoBu 04.06.2012: Gemok — 46 1/, anaHWHAMHUHO-
tpancdepaza — 52 E/n, acnapraramumHoTpaHcdepa-
3a — 51 E/n, Owmpyobun — 11,8 MkM/1, MOueBH-
Ha — 2,5 mm/n, kpeatmanH — 0,04 MM/, MoueBast
kuciora — 0,13 mwm/m, caxap — 4,7 mm/a, Na —
135 mm/n, K — 4,52 mm/n, Ca — 1,19 MM/, mak-
tataerunporenasa — 1275 E/m.

MCKT rpyanoii monoctu 04.06.2012 (puc. 2, a, b):
«KT-kapTiHa MHOXECTBEHHBIX JIBYCTOPOHHHUX CYO-
TUIEBPANIbHBIX HMHQWILTPATOB JIETOYHOW TKAaHH, JIBY-
CTOPOHHMU T'UAPOTOPAKC. BhIpaxkeHHas TenarToCIuIeHO-
Meranus. JInMQoy3nbl CpefoCTeHUs] 1 KOPHEH JIETKUX
ctabunbHbl, 0 cpaBHeHuto ¢ MCKT ot 20.02.2012
C MpHU3HAKAMHU KaJbLIMHALIMM B IPEKHEM OObEME».
Uccnenoanns Ha MBT MOKpPOTBI, NPOMBIBHBIX BOZ
OpOHXOB (MHKPOCKOIIHUS, TIOJMMEpa3Hasi IIeIHas peak-
LUsl, TIOCEB) OTPHULIATEIbHBI.

[locne xoHcynmpranmu (rusmarpa crenupuIecKuit
XapakTep JUCCEMHUHAIUK B JITKUX OTBEPrHYT. B cBs-
31 C BO3MOXHOCTBIO IPOrpEecCHUpOBaHHs TyOepKyle-
3a 07.06.2012 B0o300HOBJIEHA MPOTHBOTYOEPKYIIE3HAS
Tepanusi TpeMs MIPOTUBOTYOEpPKYJIE3HBIMU Ipernapara-
MU — H30HHA3UI0M, [TUPA3UHAMUIOM, 3TaMOYTOIOM.

Knunundeckuit nuaruos: «Octpeiii sumboOiact-
HBIM Jeliko3, Common-MMMYHOJIOTHYECKHI BapHaHT,
1-s axtuBHas aza». ComyrcrByroumid: «TyOepkyies
BHYTPHUIPYAHBIX JUM}OY370B B (ha3e KaJlbLHHALMH.
bponxuanbHas acTMa, PEeMUCCHS».
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C 07.06.2012 nauvato sneuenune OJIJI mo mporpam-
me ALL-MB-2008. PebeHox momydan JeKcameTasoH,
BUHKPHUCTHH, pyOOMHIIMH Ha (OHE MACCHBHOM aHTH-
OakTepuallbHOM Teparnuu (MeporieHeM, aMUKalluH, QIy-
KoHa301). OTMeYanuch OCIOKHEHHUS: HEUTPOIEeHHS,
TOKCHYECKOE TOpaKCHUE TICYCHH, IOYeK, IOJHHEH-
poraTusi, sI3BEHHO-)PO3UBHOE TOpaKeHHE NHINEBOaA
C MOJIOKUTEIIFHON TUHAMHUKON Ha (oHE TpOBOIUMON
Tepanuu. Pemuccus focturayra kK 36-My JHIO Tepanuu
OJIJI (12.07.2012). MuenorpamMma Ha 36-i JeHb Tepa-
nuu. 12.07.12: saepHocTh kocTHOTO Mo3ra 40,0 - 10%/m,
omacter — 0,4 %. IIpoBenenHs! Kypchl KOHCOMHIAINHA 1,
2, 3. CocrosiHue pebeHKa yaydIImioch, KOHTPOILHOE
MCKT-uccnenoBanue nerkux 27.06.2012 BuIaBuiio
MIOJIOKUTEIFHYI0 JHHAMUKY PacCachblBaHUS WH(WIb-
TPATUBHBIX W3MEHEHHI B JISTOYHOW TKaHH, IUIEBPAIb-
HOTO BbITTOTa. OTHAKO B CBSI3U C TOSBJICHHEM XPHUIIOB
B sierkux 19.07.2012 Boimonnena xkontposasHas MCKT
IPYIHOW KJIETKH, HA KOTOPOW OOHApY:KEHO MOsIBICHHE
MHOXXECTBEHHBIX JBYCTOPOHHHX OYaroB B JIETKUX
(puc. 3).

20.07.12 npoBeaeHa HuOPOOPOHXOCKOIUS CO B3si-
THeM OponxoasbBeossipHoro naBaxa (BAJI). Mccneno-
Banue bAJI na MBT: nonumepasnas nenHas peakuus
JIBYKPAaTHO, MHUKPOCKOIIUS H TIOCEB OTpPHUIATEIbHBI.
Mukpockorust u 1moceB BAJI Ha TpuOBI BBIIBUIH
Aspergilla niger, THarHOCTUPOBAH WHBA3UBHBIN acrep-
riiuie3. [IpoBenen Kypc Tepamuu TPOTUBOTPHOKO-
BBIM IIpENaparoM BOPHUKOHA30JIOM C IOJOKHUTEIBHOMN
TUHAMUKOW KIWHWYeckod u jaboparopuoit. MCKT:
KOHTpoJbHOE obcnenoBanne 21.08.2012 — 6e3 ma-
TOJIOTUYECKUX HM3MEHCHUH B jerkuX. Bcero Ha otne-
neranu remaronorun JI[I'b Ne 1 pebGeHok Haxomuics
¢ 31.05.2012 mno 06.02.2013 (c mepepwsiBamu). Bech
9TOT TIEPUOJ MAJBIMK HaOMomancs (QTH3naTpom,
HoJy4ai MpPOTUBOTYOCPKYIE3HYIO TEparuio: H30HU-
asug (c 08.06.2012 mo 25.10.2012), mupazuHamun
(c 08.06.2012 4yepe3 nenp mo 25.10.2012), stamOy-
ton (08.06.2012-23.07.2012 wuepe3 nens), IIACK
(24.07.2012-28.10.2012). 25.10.2012 ycTaHOBIEHO KIH-
HUYECKOe H3JiedeHne TyOepKyses3a, TMepeBoi B TPYIILY
[II-b nucnancepHoro yuera.

IMonnepxuaromas tepanus OJIJI nposegena
¢ 06.02.2013 mo 19.08.2014 (Ha3Ha4yeHBI Kypchl MET-
arpekcara, JeKcaMeTa3oHa), y peOeHKa KOHCTaTHPO-
BaHa CTOWKas pemuccus Jeiiko3a. Ha ¢one mmmyHo-
CYNIPECCHBHOM TEpalnu OTMEYAJIUCh TPaH3UTOPHBIE
W3MEHEHHUS CO CTOPOHBI aHAJHM30B KPOBU (aHEMHUS,
nelkorienns, TpomooruTonenns) ot 12.03.2014: Er —
3,75-10%n, Hb — 105 r/m, Tr — 142 - 10%n, L —
2,9-10%n, n/s — 4%, c/a — 41 %, moH. — 5 %,
303. — 5%, mamp. — 45%, COD — 16 mMm/y,
¢ moclienyoome HopMmanuzauue. B ocramsHOM co-
CTOSIHHE peOcHKa 0e3 IMaToJOTHYSCKUX H3MEHCHHH.

Puc. 3. Maument, 6 net. KomnblotepHaa Tomorpacdusa rpyaHoi
knetkn 19.07.2012: nosiBneHne MHOXXECTBEHHbIX ABY-
CTOPOHHMX OYaroB B BEPXHUX OTAENax Nerkux
Patient, 6 years old. Chest computed tomography
19.06.2012: the appearance of multiple bilateral foci
in the upper lungs

Fig. 3.

Kypchl mpoTHBOTYOEpKYIE3HOH XUMHOTEPAITUH JIBYMSI
npenaparamu (M30HUA3M]] + MUPa3UHAMHUL U HM30HHA-
3un + [TACK) npoBogmimm B meproasl UMMYHOCYIIpEC-
cuBHOM Tepanuu. llognepkusatomas Tepanus OJIJI
npekpamiera ¢ 2015 r. IlporuBopenuanBHoe jgeueHne
TyOepkynesa npogonkan B 2014 u 2015 rr. B nerHuit
nepuon B canatopuu «llerpomBopery (pexuM XUMH-
oTepanuu W30HUA3N + nupasuHamun). [locie 2016 r.
KypCOB ITPOTHBOTYOEPKYIIE3HOM XUMHUOTEPAK HE TO-
Jdy4al, HO KOHTPOJNb B MPOTUBOTYOEPKYJIE3HOM JIUC-
naHcepe ObuT mpogonkeH. OcoOeHHOCTh KOHTPOJIBHOM
MMMYHOJIMAarHOCTHKH TyOEpKyie3a COCTosa B CIIEdy-
fonieM. B ¢Bsi3u ¢ MeZOTBOIOM reMaroiiora ¢ MOMEHTa
3aboneBanus OJIJI B 2012-2014 TT. KO’KHBIE HMMYHO-
noruyeckue npoosl He nmpoBoauan. B 2013 u 2014 rr.
nposeneH in vitro IGRA-tect — T-SPOT.TB, pe3synsb-
Tar monokuTenbHEI. B 2015 1. mpoba Manty ¢ 2 TE:
namyna 17 MM, mpoba ¢ ajuiepreHoM TyOepKyJIe3HbIM
pexkoMOMHaHTHEIM — 20 MM. B CBsSI3UM c BbIpakeH-
HOI MECTHOH peakuuedl MaThb MajlbuMKa OTKAa3alach
OT MaJIbHEUIEro MpoBedeHUs KOKHBIX 1po0. MCKT
opranoB rpyaHoi momoctu 2013, 2014, 2015 rr:
«O4aroBelx W MHQUIBTPATUBHBIX W3MEHEHUH HE BbI-
SABJICHO. VI3MeHEeHHs BO BcCeX Tpymniax BHYTPUTPYA-
HBIX TUMQPATUIECKUX Y3JI0B CTAOWIBHBI, HX Pa3Mephl
W CTerneHb KambIUpUKamu He HapacTtaioT». [locnen-
Hee oOciefoBaHWE B TMPOTHBOTYOSPKYJIC3HOM JIHC-
nancepe nposenaeHo B 2018 r. Pebenky Obuto 12 e,
300poB. TyOepKyne3Hblii KOHTAKT OTCYTCTBYET (Marh
U TeTS — KIMHUYECKOe M3JICUCHNUE, JISMYIIKa TIepeexalt
B apyroii peruon). T-SPOT.TB — mOnI0XUTECTBHEII.
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Puc. 4. MNauueHT, 12 net. 0630pHas peHTreHOorpamMMa OpraHoB
rpyaHoi knetku 16.08.2018 (6 ner HabnwopeHus).
Matonoruu He BbiIBNEHO

Patient, 12 years old. Plain X-ray of the chest organs
16.08.2018 (6 years of observation). No pathology
was revealed

Fig. 4.

O030pHas peHTreHorpaMMa OPTaHOB TPYAHOW TOJO-
CTH — TIATOJIOTUW HE BBIABIICHO (pHC. 4).

Knunuueckuii aHanu3 KpoBu — 0€3 MaTOJOTHH.
HaGmronenue B TpOTUBOTYOEPKYIIC3HOM JUCITAHCEPE
obuto 3aBepmieHo B 2018 ., B mampHeimieM 10 Ha-
CTOSITIIETO BPEMEHU HAOIIOMAeTCsl JIeTCKOW ITOJKITH-
HUKOM, 3/I0POB.

OBCYXAOEHUE U 3AKNIOYEHUE

[IpuBeneHHbIH KIMHUYECKUM claydail mOpelcTaB-
nsteT penkoe HaOmomenwe pazButus OJIJI y pebenka
Ha (one nedenuss Th BHYTpUTPYIHBIX JIMMQOY3IIOB.
Oco0eHHOCTBIO TyOepKyJIe3HOro mpolecca crana TeH-
JCHLUS K 3aKMBJICHUIO, HECMOTpPS HAa MHOXECTBCH-
HBII TyOepKyJIe3HBI KOHTAKT, JIEKAPCTBEHHYIO YCTOH-
ynBocTh MBT y OGonbHBIX TyOGepKyae3oM B3pOCIBIX
POJICTBEHHUKOB, YTO CBHJIETEIBCTBYET O JIOCTATOUYHO
CTOHKOM HPOTUBOTYOEPKYJIE3HOM HMMYHHUTETE y pe-
Oenka. [IpuumHHO-ClEeNCTBEHHON cBsi3M Mexay Thb
n OJIJI B maHHOM cioydae HE MPOCMATPUBACTCS, TY-
OepKyie3 XpOHOJIOTHYSCKU ObLI MEPBLIM 3a00JICBaHU-
eM. Ha srane auarHOCTHKHM JieliKo3a BO3HHMKIJIA HEOO-
XOJUMOCTb HUCKITIOYEHHUS] 000CTpeHHs TYyOEepKyJIE3HOTO
mpolecca, MOCKOJIbKY Y peOeHKa MOSBHIMNCH MHOXKE-
CTBEHHBIEC yYaCTKU MH(QUIBTPALUYU B JIETOYHOH TKaHU
W IUIeBpalIbHBIA BBINOT. Hanbosiee BEpOSITHBIMU ITpH-
YMHAMH 3TUX M3MEHEHHMH OBbUIM JIeHKO3Has MHOWIb-
Tpauusi JETKUX, KoTopas HaoOmromaercsi y 60-90 %
OOJBHBIX OCTPBIM JICHKO30M [1], u Hecnermubuaeckas
(vadexnuonHas) mnHeBMOHHUA. Ha »sTame Tepanum
OJIJI BHOBb MOTpebOBANOCh HCKIIIOUEHHE pPEeaKkTHBa-
UM TyOEpKyJIEe3HOTO IMpoliecca B CBSI3M C MOSBICHH-
€M MHOKECTBEHHBIX JIBYCTOPOHHUX OYaroB B JICTKHX.
OrcyrctBrue MBT B maTonormdeckoM Matepuaie u 00-

HapyXeHue A. niger MO3BOJWJIO TPAKTOBATH IMPOLECC
KaKk WHBa3WBHBIM acmepruiuie3 Ha (OHE CHIKCHHS
UMMYHOJIOTUYECKON PEaKTUBHOCTH OpTaHW3Ma IIpH
OoCTpoM Jieliko3e. bricTpoe paccacbiBaHME W3MEHEHUI
B JIETKUX Ha (JOHE IUTOCTATHYECKOW M aHTHOAKTEpH-
aJbHOM Tepamuu, a 3aTeM aHTUMHUKOTHYECKOW Tepa-
MUY TOATBEPAWIO OTCYTCTBUE TIporpeccupoBanus Th.
B npanpmeitmem Ha Bcex osrtamax jedeHust OJUI pe-
OCHOK moJy4yan «()THU3UATPUYECKOE COIMPOBOKICHUC)
B BHJIC IPOAOKEHUS OCHOBHOTO Kypca HpPOTHUBOTY-
OepKyie3HON Tepanuy | MPOTUBOPEIMINBHBIX KypPCOB.
OO0 cpok HaOJONEeHUsT peOCHKa B HACTOSIIEE Bpe-
Mst coctaBisier 10 Jier or MOMeHTa BbIsBIIeHUS Tb
u 9 net ot aebrora OJIJI. Takum 0Opa3oM, COBMECTHOE
HaOIoIeHNe U JiedeHne peOeHKa OHKoIIoTaMu U (PTH-
3HaTpaMU TIO3BOJIMIIO TOOWTHCSI CTOMKOTO HW3IICUCHHS
MaJBIMKa, HECMOTPS Ha CEpbe3HBIA MPOTHO3 0 000-
WM B3aHMHO OTSATOLIAIONIUM 3a0o0JieBaHMsIM. JlaHHBIH
MIPUMEP CBHUJICTEIBCTBYET O HEOOXOAMMOCTH OHKOJIO-
THYCCKOW HACTOPOKEHHOCTH HETCKUX (DTH3HATPOB,
a TaKKe JETCKUX OHKOJIOTOB B OTHOIICHHUH TYOCpKY-
7e3a, MOCKOJIbKY BO3MOXKHO COYETaHUE ABYX 3abole-
BaHUU: TyOepKyJsesa U JeiKo3a.

OONOJIHNTENbHAA UHOPOPMALLUA

Bruaa aBropoB. Bce aBTOpBI MOATBEPIKIAIOT CO-
OTBETCTBHE CBOETO aBTOPCTBA MEKIYHAPOIHBIM KpH-
tepusim ICMJE (Bce aBTOpBI BHECIH CYIECTBEHHBIN
BKJIaJ B pa3pabOTKy KOHLEMIHMH, NMPOBEICHHE HCCie-
JOBaHHUS W MOATOTOBKY CTaTbh, MPOYIM M OJOOpMIN
(hMHATBEHYIO BEPCHIO TIepel MyOauKarumeii).

KonduaukT nHTepecoB. ABTOPHI JAEKIAPUPYIOT OT-
CYTCTBHE SIBHBIX U MOTEHLMAIBHBIX KOH(OINKTOB WHTE-
PECOB, CBA3aHHBIX C MyONMKAMEel HACTOSILICH CTAThH.

HUcrounnk ¢puHAHCUPOBAHUA. ABTOPHI 3asIBIISIOT
00 OTCYTCTBHHM BHEIIHEro (PMHAHCHPOBAHUS TPU TPO-
BEJICHUH HCCIIEIOBaHMUS.

HNndopmupoBanHoe coriiacue Ha MyOJIMKAIHUIO.
ABTOpBI TONYYHIH MHUCBMEHHOE COINIACHE 3aKOHHBIX
IIPeACTaBUTENEH MaleHTa Ha MyOIUKALU0 MEANIIH-
CKUX JIaHHBIX M (QoTorpaduil.
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OCOBEHHOCTU CTPYKTYPHOU 3I]W'IEI'ICMM Y DETEWN,
NEPEHECWUUX TEMOPPATUYECKWUUN UHCYNIbT
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Ana yumuposarua: Pomuua M.KO., fymeHHuK E.B., Kopoctosues A.[., KoseneHoBa M.B. OcoOBEHHOCTM CTPYKTYPHOWM 3MUNENcUn y aeTen,
nepeHecLInX remopparniecknin uHcynst // Mepmatp. — 2021, — T. 12. — Ne 6. — C. 97-106. https://doi.org/10.17816/PED12697-106

Mocrynuna: 19.10.2021 Opobpena: 23.11.2021 MpuusTta Kk nevaru: 29.12.2021

AKTYanbHOCTb M3y4YeHUs MOCNEeACTBUI reMopparnyeckux MHCYNbTOB Yy AeTell paHHero Bo3pacta obyc/loBfeHa 4acTo-
ToW uepebpoBacKkynsapHoi natonoruun, GOpMUPOBaHUMEM CTOMKOrO HEBpONOrMyeckoro aeduuuTa, B TOM UYMCAEe MOCTUH-
CYNbTHOM 3MMUAENCUM, BbICOKOM NeTanbHOCTblO. M3BECTHO, YTO reMopparuu AMArHOCTUPYOT B nepBble 28 LHEN XMU3HM
y 6,7 n3 100 000 mnapeHues, y geten ¢ 28-ro aHa xu3Hu o 18 net — o1 0,7 po 5,1 cnyyas Ha 100 Tbic. geTckoro Hace-
neHus. JleTanbHOCTb NMPU reMopparnyeckmx U UILEMUYECKUX UHCYNbTAX y AeTell CoCTaBnseT oT 7 fo 28 %. dnunentuyeckue
MPUCTYMbl OCTPENLIEro 1 0CTPOro Nepnoaa MHCYNbTa — NPOrHOCTUYECKKU HebnaronpusTHble GakToOpbl TeYeHUs 3aboneBaHus.
B cTaTbe npuBeaeHbl KpaTKue NMTepaTypHble faHHble 06 3TUONOrMU U NOKaNU3aLuM reMopparmyeckux MHCYAbTOB, UX POU
B GOpMUPOBaHMU GapMaKope3nCcTEHTHOM anunencun. Ocoboe BHUMaHWe yaeneHo posu No3LHeN reMopparmyeckoi 601e3Hn
HOBOPOXAEHHbIX, COMPOBOXAAKLWENCH BHYTPUYEPENHbIMU KPOBOU3NUSHUAMU, B POPMUPOBAHUU CTPYKTYPHOM 3nunencum
B nocnepywouwem. B paboTe npencraBneHbl Takke COOCTBEHHble KAMHM4YecKMe HabnwpeHus 25 naumeHToB, CTpagaroLmx
3NuNencuei, nocse nepeHeceHHoOro reMopparMyeckoro MHCYNbTa C OMUCAHWEM KJMHUYECKOW KapTWHbI, 0COBEHHOCTEN
MapoKCM3MalNbHbIX COCTOSIHUM W MX Tepanuu, AaHHbIX HEeMpOBM3yanusauuu, 3nekTposHuedanorpapuyeckux GeHOMeHOB.
MpeacTaBneH KAMHUYECKMI NpUMep, B KOTOPOM PacCMOTPEeHbl KIMHUKO-aHAaMHeCTUYecKue, INeKTpODU3N0Noryeckme naH-
Hble NnaumeHTa ¢ GapMakope3uCcTeHTHOM anunencuen, pasBuBLLIENCS BCNEACTBUME NEPEHECEHHOMO reMOppParniyeckoro MHCynbTa
Ha $OHe Mo34Hel remMopparMyeckoi 601e3HU HOBOPOXKAEHHbIX.

CTpykTypHas anunencusa y aeter, GopMUpYOLLANCS NOC/Te NepeHeCceHHOro reMopparnyeckoro MHCYAbTa, CONpPOBOXAAET-
€S 3HAYUMbIMU MYNBTUPErMOHANBHBIMU MOBPEXAEHWUSMU, BBIPDAXKEHHBIM HEBPONOrMYECKUM AedULUTOM U XapaKTepusyeTcs
(hapMaKope3nCTEHTHbIM TEYEHUEM.

KnioueBbie cnosa: MHCYNbT; CTPYKTYpHaA anuaencua; no3gHgaa reMmopparmnyeckas 60/1e3Hb; HOBOPOXAEHHbIE.
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The relevance of studying the consequences of hemorrhagic strokes in young children is due to the frequency of
cerebrovascular pathology, the formation of persistent neurological deficits, including post-stroke epilepsy, and high
mortality. It is known that hemorrhages are diagnosed in the first 28 days of life in 6-7 out of 100,000 infants,
in children from the 28th day of life to 18 years of age from 0.7 to 5.1 cases per 100 thousand children. Mortality
in hemorrhagic and ischemic strokes in children ranges from 7 to 28%. Epileptic seizures of the acute and acute
period of stroke are prognostically unfavorable factors of the course of the disease. The article presents brief
literature data on the etiology and localization of hemorrhagic strokes, their role in the formation of pharmaco-
resistant epilepsy. Special attention is paid to the role of late hemorrhagic disease of newborns, accompanied by
intracranial hemorrhages, in the formation of structural epilepsy in the future. The paper describes own clinical
observations of 25 patients suffering from epilepsy after a hemorrhagic stroke with a description of the clinical
picture, features of paroxysmal states and their therapy, neuroimaging data, electroencephalographic phenomena.
A clinical example is presented in which the clinical, anamnestic, electrophysiological data of a patient with
pharmacoresistant epilepsy developed as a result of a hemorrhagic stroke on the background of late hemorrhagic
disease of newborns are considered.
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Structural epilepsy in children, formed after a hemorrhagic stroke, is accompanied by significant multi-regional damage,
pronounced neurological deficit and is characterized by a pharmacoresistant course.

Keywords: stroke; structural epilepsy; late hemorrhagic disease; newborns.

BBEOEHUE

[Ipobmema WHCyNMBTa y AeTeH W ITOAPOCTKOB IIPH-
obperaer Bce OONBIIYIO aKTyadbHOCTh, YTO CBS3aHO,
B YaCTHOCTH, C COBEpIICHCTBOBAaHHEM METOJIOB HeHpo-
BU3yaJM3alluy B Neanarpun. YacTora MHCYIBTOB B JET-
CKOM Bo3pacte coctapisieT oT 2 10 13 na 100000 nereit
©XKEeroflHO, JaHHas Maroiorus — omHa n3 10 cambIxX
YacThIX TPUYMH JeTCKoM cmepTHOCcTH [22]. YacrtoTa
BCTPEYAEMOCTH HIIEMHYECKUX M TeMOpparudeckux
WHCYJBTOB B JIETCKOM BO3pacTe NPUMEPHO OJMHAKO-
Ba. leMopparuueckue HWHCYNIBTHl B MEIUATPUUECKOU
mpakTuke BcTpedatorcs y 50 % mammenTtoB (y B3poc-
aeix — 20 %) [11, 21]. K remopparndeckuM HHCYIIb-
TaM y JAeTel U MOAPOCTKOB OTHOCST BHYTPHUMO3IOBOE
KPOBOMBIIUSIHAE B COYETAHHU C BHYTPHIKEITYJOYKOBBIM
KPOBOVBIUSHAEM WM 0e3 HEero, HeTpaBMaTHYECKOe
cyOapaxHOWIAILHOE KPOBOHM3IMSHUE. B TpoBeneHHOM
uccleioBaHuM W3 2,5 MIH JeTeill 3aperucTpupona-
HO 322 peOeHKa C WHCYITaMH BHE HEOHATAIBLHOTO
nepuoaa (2,9 macynsToB Ha 100000 yenoBex B o).
W3 mmx 140 wmmemmueckux (46 %) u 165 remoppa-
TMYECKUX HHCYNbTOB. CpemHuil BO3pacT Ha MOMEHT
HapyIICHUS MO3TOBOTO KpPOBOOOPAIICHHS COCTaBHII
13,1 roma [19].

CymecTByIoT JBa BO3PACTHBIX IMHKAa B Pa3BUTHU
WHCYJIBTOB y JeTell — 1o 1 roma W TOIpOCTKOBBIMA
nepuon. JleransHocTh pocturaer 12 % mnpu wuie-
MUYeCKoM U 27 % Tpu reMopparuuyeckoM HHCYJIbTE.
UzBectHO, uTO y 25 % pmerelt HaOmOmaeTcsi MOBTOP-
HBIH 3TTHM30]T HAPYIIEHUST MO3TOBOTO KPOBOOOpaIeHus,
CTOMKHMI HEBPOJOTMYECCKHHA JeGUIHUT (POopMUpyeTCs
y 66 % nereit [8].

Cynopo)XHblE MPHUCTYNBI NPU HHCYJIBTE KIJIACCH-
(GUIMPYIOT TI0 BpeMEHW WX BO3HHKHOBEHHUS Ha paH-
HHUE CYIOpOTH, KOTOpPBIE Pa3BHUBAIOTCS B TEpBbIe 48 U
3a0oieBaHMs, W TIO3[HUE CYJOPOTHM — TMPUCTYIIBI
CO BTOPBIX CYTOK 10 4 HeJ. mociie MHCyibTa. BakHo
MOJJYEPKHYTh, YTO AMIJIECNTHYSCKAE TPUCTYIBI (J1axe
MTOBTOPHBIC) MPH OCTPOH COCYTUCTOH HEIOCTATOYHO-
CTH CYHUTATh JMIIENCHEeH HEe CleAyeT. DnuienTHye-
CKHME MAapOKCU3MBl B OCTpPEHIIMM MEpUOJ HHCYIbTA
B 85 % cilyyaeB — 3TO MpPHUCTYNHI OCTPOrO Mepuoaa
(octpeie cumnromarnueckue). Tompko B 15 % mpu-
CTYTIBI, TIOSIBUBIIMECS B OCTPEHIINN TTEPHO HHCYIIBTA,
MOYKHO paccMaTpHuBaTh Kak JeOI0T MOCTHHCYIBTHOM
(v JOKanbHO OOYCIIOBICHHOM CHMITOMAaTH4eCKOM)
snwiencun [1,2]. V gerell ¢ HapylIeHHEM MO3rO-
BOTO KpPOBOOOpAIEHUS TI0 BPEMEHH BO3HUKHOBEHHS
MApOKCU3MOB BBIJICIISIIOT CIEAYIONINE BapHaHTHI Cy-

JOPOXKHBIX TPHUCTYTIOB: HEMEIJIEHHBIE — B TEUEHHE
24 u; panHWe — B TeYeHWEe | wWiam 2 HEM.; IO31-
Hue — mocne 2 Hen. (HempoBorupyemsbie). [locme-
WHCYJBTHAs SMUIETICHS — 3TO JIBa HENPOBOLIMPOBAH-
HBIX TIPUCTyINa W Ooyiee B TedyeHue Oonee dem 24 d,
mocie 30-ro IHS OT TMEepPEeHEeCEHHOTo WHCyabTa [13,
17]. B HacTosiimee Bpems, COIVIACHO OIPEAEICHUIO
MexayHapoJHOH  NPOTHUBOSMMWIECITUUYECKON  JIUTH,
JOCTaTOYHO PETUCTPAIM OJHOTO SMUJIENTHYECKOTO
npuctyna [21]. CoBpeMeHHbIE HCCIEIOBATEIN MNpPE-
JIATaloT BBLIETATH OCTPBIE CHMIITOMATHYECKHE Cy-
JIOPOTH, KOTOpBIE Pa3BUBAIOTCA B TeUeHUE 7 HHEHN
OT uepeOpanbHOW KaracTpo(dbl M HENPOBOLHMPYEMBIE
cynoporu [18].

CrpykTypHas SIWJIETICHs y B3POCIBIX TAIMEHTOB,
MIEPEHECHINX HapyIIEHHEe MO3TOBOTO KPOBOOOpAIIIeHNS,
pazBuBaercss B 3-9 % ciyuaeB. CornacHO aHHBIM
MYJBTULEHTPOBOTO MEKAYHAPOIHOTO HCCIEIOBaHMS
Seizures After Stroke Study (mpunaaku mocie WHCYIb-
Ta) SMIIENTHYECKHE MPHUCTYMHI MOCIE HUIIEeMHYECKO-
rO MHCYJIbTa B TEUEHHE MEPBOTO Tojia HaOIIoNaiCh
y 14 % nauuenTtoB u 'y 20 % mnocie reMopparu4eckoro
uncynsta [23]. Ilpu 3TOM Haluyue BTOPOrO HECHPO-
BOIIMPOBAHHOTO TIPUMAJKa OBUIO 3apeTHCTPUPOBAHO
TOJIBKO ¥ 2,8 % MAaIMeHTOB, YTO CTAJIO0 KPUTEPUEM T10-
CTaHOBKM Juartosa snwierncuu. [lo apyrum gaHHbIM,
PHUCK pa3BUTHA SIHICIICUH Y B3POCIBIX COCTaBISIET
10-12 % 3a 5-10 ner [20].

KyMyisITHBHBII pHCK pa3BUTHS SMHIEIICHH TTOCTE
WHCYIJIBTOB y JI€TEell BBIIIE, YEM Yy B3POCIHbIX, ATOT IIO-
Kazarenb jocturaet 33 % Mpu JIUTEIbHOCTH HAOMO-
nenust 1o 10 mer [19]. ¥V 20 % gereii, nepeneciux
TeMOpparnyecKuil WHCYJIBT, SIMUJICTICUS Pa3BUBACTCS
B TedeHHe TepBbIX ABYX JieT [15]. Ilo maHHBIM ATHX
aBTOpoB, y 80 % nereil MpUUMHONW TeMOopparndecKux
WHCYJBTOB SIBIISIIOTCS aHOMAJIWU PAa3BHTHUSL COCYIOB
(60 %) u Hapywmwenus cBepThiBaHus KpoBH (10 20 %).

KyMynaTUBHBIN pHUCK pa3BUTHS DIHICIICUU Y Je-
Tel, TIepeHeCIInX WHCYAbT B TeUeHue 5 yer Habmio-
nenust, cocraBun 13 %, B Teuenuu 10 jer gocTu-
ran 33 %. KyMynsTUBHBIA PHUCK SMHIIEHCUU IOCIE
WIIEMUYECKUX HHCYIBTOB B TE€UYEHHE 2 JIeT (MCKIO-
yasi TepUHATadbHbIe WHCYABTB) — 7 %. W3ydenwue
73 nmeteil, mepeHECIINX UHTpaIepeOpaIbHyI0 TeMOop-
paruto, mokasano, yTo u3 67 BBDKMBIIMX JeTei y 14
Pa3BUIIMCHh CIIOHTaHHbBIE CYIOpOTM B TEUYEHHE 2 JIeT
(20 %), meBATH M3 HUX elle MOJy4yald K TOMY Bpe-
MEHH «MPO(HUIaKTHYECKYI0» aHTHIMUICTITHIECKYIO
Tepanuio [16].
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Tabnuua 1 / Table 1

3TMONOrUA M NoKanu3auus reMopparMyeckux UHCYNbTOB Yy feTel

Etiology and localization of hemorrhagic strokes in children

Jloxanuzauus u 9THOIOTHS / [TepuHaTanbHble HHCYIBTHI / WHCyIbTHI B IETCKOM BO3pacrte /
Location and Etiology Perinatal strokes (n = 20) Childhood strokes (n = 53)
Jlokanmm3anus / Location
[Tapenxumaro3nsle nHCYIBTH / Isolated parenchymal 3 (15 %) 29 (55 %)
CoueranHble nHCYIbTH / Combined 14 (70 %) 18 (34 %)
VHTpaBeHTPUKYISIPHBIE HHCYIBTHI / 3 (15 %) 6 (11 %)
Isolated intraventricular
Otuonorus / Etiology
AHeBpu3MbI / Aneurysm 0 509 %)
ApTepHOBEHO3HbBIE MaTb(hOpMALHH / 1(5%) 20 (37 %)
Arteriovenous malformation
Kaseprosubie Manbhopmanmu / 2 (10 %) 7 (13 %)
Cavernous malformation
AHOMaJMHU Pa3BUTHS BEH / 0 1(2%)
Developmental venous anomaly
Bbonesns mosimost / Moyamoya 0 12 %)
Koarymnomarun / Coagulopathy 525 %) 6 (11 %)
AnTuKoarynanus / Anticoagulation 0 509 %)
Hesprsicuennsie npuunnsl / Unknown 12 (60 %) 9 (17 %)

W3ydeHne mpeauKTOpOB SIWICTICHU TIOCTe Tepe-
HECCHHOTO MHCYNIbTa Yy JeTed — aKTyajbHas Ipo-
Onema. Hanbosnee 3HaYMMBIMU CUUTAIOTCS CIEAYIOIINE
(hakTOpBl: CynpaTeHTOPHAIbHOE BOBJCUECHHE, IeMOp-
parus, BOBIIEKaromash KOPTHKAIbHBIC 30HBI, WHCYIET
C TSDKEJBIM HEBpOJIOTHUECKUM nedunuroM mRS > 3,
CY/IOpOTH, BO3HHUKAIOIIME yepe3 15 aHed u Oosee mo-
cie uHcynbsra. Viemusi, BoBJeKaomas KOpTUKAIbHbIE
U KOPTHKAIbHO-CyOKOPTHKAIIbHBIE O0JNACTH, HIIEMUS
W TIPOAOIDKAIOIINICS HEBPOJIOTHUECKHUN JIe(DUITUT, Cy-
Jopord B TeueHue 14 mHel mocne nedroTa WHCYIb-
Ta — mnpenukropsl Bropoi nuxuu [10, 24]. Ilo nan-
HBIM APYTHX HCCICAOBAaHUHN, MPEIUKTOPAMH Pa3BUTHUS
STMHJIETICHH TTOCIIe WHCYIBTA Y IeTEH SBISIOTCS OCTPhIE
CyIOpOTH, BO3pacT (4eM MJjajaime peOeHOK, TeM BHIIIIE
PUCK, CHIDKCHHE BO3pacTa Ha | TOJ MOBBINIAET PUCK
pa3zButus snwiencud Ha 4 %), NOBBIINIEHWE BHYTpPH-
YEepernHoro JAaBleHUs, Tpedyroliee oCTPOi MHTEPBEH-
IIUU, KOPKOBas JIOKaNW3alus KpoBowsnusHUS. Jlerw,
y KOTOPBIX pa3BUBACTCSl DIHICICHUS IOCIe TepeHe-
CEHHOTO WHCYJIbTA, UMEIOT HEOJIaroNpUsTHBIA MTPOTHO3
M0 YPOBHIO IICUXOMOTOPHOTO pa3Butus [15]. B Tabm. 1
MIPEJICTaBICHBI JaHHBIE 00 STHOJOTHH W JIOKAJIH3aIHH
HWHCYJIBTOB Y aetei [14].

[IpuurHBl TIEpUHATANBHBIX WHCYJIBTOB  HEPEIKO
OCTalOTCsI HEBBIICHEHHBIMH, TOTJa Kak TeMopparuye-
CKHE HapyLICHUs y JIeTel MepBbIX MECSIEB KU3HU SIB-
JISIIOTCSl YPTEHTHBIMUA COCTOSIHUSIMU C BBICOKUM PHUCKOM
HEONMarompusATHOTO MCXO/a M Pa3BUTHS CEPbE3HBIX OC-

JIOKHEHWH y BDKUBIIHX [7, 14]. B npyrux mureparyp-
HBIX JIAHHBIX aHAJIN3 TIPUYMH TSHKEJBIX TEMOPPArnIeCcKuX
HapYIICHUH y JIOHOIIICHHBIX JeTel B Bo3pacte 1—6 Mec.
(n =41, nepuox nadmonenuss — 2013-2017 rr.) mo-
Kazas, 94To0 B 68,3 % cimydaeB NPUYMHOW TKEIIOTO
reMOpparndeckoro CHHApPOMAa OKa3alloch BUTAMUH
K-nepunurHoe cocrosiHue. 3HAUUTEIBHO pEXke Mpu-
YHHAMU TSKEJIOTO TeMOPPArHYeCcKOro CHHAPOMa ObLIH
CEMNCHUC C CHHAPOMOM JMCCEMHHHPOBAHHOTO BHYTPH-
cocyauctoro cBepteiBanus (9,7 %) W HaCIeICTBEHHBIE
koarynonatuu (4,9 %). B equHUYHBIX Cciydasx MUMEIH
MecTo TpombouuTonenus (2,5 %), BpoKaeHHass MaJib-
(dopmanmsi COCy0B TOJIOBHOTO Mo3ra (2,5 %) u psn
npyrux Oomee penxux 3aboneBanmid (12,1 %) [4-6].
N3 280 mereit, mepenecuux WHCYIBT B mepuon ¢ 2013
mo asryct 2015 1. (MCKJIIOYEHBI JETH C MepHUHaTalb-
HbIM WHCYJIBTOM U KPOBOMBIIUSHUSMHU IPH TSHKEIBIX
TpaBMax TOJOBHOTO MO3Ta) JUArHO3 SIUJICTICUU BIIO-
ciencTBum ObUT ycTaHoBIeH 24 netsam (8,6 %). Ume-
MUYECKHIl MHCYIBT AMarHocTupoBaH B 62 %, remop-
parnyeckuit — B 38 % ciyuaeB. C remMopparndeckum
WHCYIIBTOM TIpeoOnajanyd JeTH B BO3pacTe J0 3 IeT,
¢ uuemMuueckuM — ot 6 g0 14 ner. Yame Bcero npu-
CTYTBI AeOOTHpOBAIM B Tepwox oT 12 go 24 wmec.
nocjie HWHCYNbTa, Oojee paHHEe TNOSBICHHE MpU-
CTYIIOB OTMEYEHO IPU TeMOPPArHYECKOM HHCYJIBTE,
or 1 no 12 mec. (77 %). Tompko y 3 u3 24 (12,5 %)
JleTed MPUCTYIIbl OTMEUAIUCh B OCTPBIA MEPUOJ UH-
cynbta [12].
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B teuenne 2017-2019 rr. Ha ©0a3e ropoicko-
ro Cankr-IleTepOyprckoro kaOwHeTa TO JICYCHHIO
netel ¢ ommiencueit Habmromanock 2700 yemoBex.
Bcem netsaM mpoBeneHO KIMHUYECKOE HEBPOJIOTHYE-
CKOe HCCIIeIOBaHne, 3NeKTpodHuedanorpadus, mar-
HUTHas pe3oHaHcHas Tomorpadus (MPT) romoBHOTO
Mo3ra. Cpenn HEX 1o HabmromeHweM ObUIo 1570 me-
Tel CO CTPYKTYPHOH 3MUJIETNICUEN, IOATBEPKIACHHOM pe-
synbraramu MPT. V 41 peGeHka snuierncusi pa3Buiiach
BCJIC/ICTBUE TICPEHECCHHOIO HHCYJBTA: HIIEMUYECKHIA
WHCYJBT 3aperucTpupoBaH y 16 nerei, remopparuye-
ckuil mepenecn 25 u3 41 manmenta (62,5 %).

B nanHo#l paboTe mpencTaBieHbl pe3ylbTarhl CO0-
CTBCHHBIX HAOJIOJICHUI 3a MaIlMeHTaMU C SIHICTICHU-
e, TMepeHeCHInX KIMHUYECKH IPOSBUBIIUICS OITH-
3071 TEMOPPArM4eCcKOro MHCYAbTa ¢ 28-ro JHSA >KU3HU
1o 18 meT ¢ MoBTOPHBIMH HECTIPOBOLIMPOBAHHBIMH JITH-
JICIITUYECKUMU TIPUCTYIIAMH, TIPH 3TOM HEOOXOIUMBIM
YCIOBUEM OBLJIO COOTBETCTBUE KIIMHUKO-3JIEKTPODU3UO-
norudyeckux U MPT-gaHHBIX, MO3BONSBILUX CUYUTATh
TIEPEHECEHHBIM MHCYIBT HanOoJiee BEPOSTHON IPHUH-
HOM srmnencur. M3 ucciaeaoBaHuss ObUIM MCKIFOUECHBI
JISTU C TIEPUHATAJILHBIM THIIOKCHYECKU-UIIIEMUYECKUM
MOBPEXKICHUEM IICHTPaJIbHOW HEPBHOM CHCTEMBI, JIETH
¢ u3MeHeHussMu Ha MPT, no3BoMsIBIIMMU TyMaTh O Iie-
pEeHECEeHHOM HWHCYJIBTe, HO 0€3 perucTpaluyd B aHaM-
He3e COOBITHS, KOTOpOe Obl OTBEYAIO0 KIMHHYSCKHUM
KPUTEPHUSIMHU JTUATHOCTHKH OCTPOTO MHCYIIBTA.

Br1ieneHo iBe rpyiiiel IeTei B COOTBETCTBHH C TIPH-
yuHaMu UHCynbTa. IlepBas rpynna — 10 narueHTOB
(40 %) c pa3NMUIHBIMUA STHOJOTHICCKUMHU (DaKTOpaMm
WHCYJBTA: AaHOMAIIUSAMHU PA3BUTHS COCYNOB, OOJC3HIMU
KPOBH M HEHM3BECTHBIMHM NpWYMHAMU. Bropas rpyr-
na — 15 xereli ¢ mo3AHEH TeMopparndeckoi 00Ie3HbIO
HOBOPOJKJCHHBIX, IIEPEHECIINX HAapyIIeHHE MO3TOBOTO
KpoBooOparenus. Bo3pacT manmueHToB mepBOil TPYIIIEI
coctraBwi oT 1 . 10 mec. o 18 ner. JleGroT remoppa-
THYECKOTO WHCYJIBTa OTMEYAJICS B Pa3IMYHbIC BO3PaCT-
HbIE MEPUObL: OT HEOHATaJbHOTO N0 § JieT. OCHOBHAA
MIPUYMHA TEMOPPArMYeCKOr0 WHCYIIBTa — 3TO BPOXK-
JIEHHBIC AHOMAJIUU PA3BUTUS COCYIOB TOJIOBHOTO MO3-
ra (7 pmereii). Y OJHOTO MAalUeHTa JIMArHOCTHUPOBAHBI
TeMaToJIOTUYECKHe HapylleHus, y peOeHKa B BO3pac-
Te 21 JHS MHCYJBT Pa3BUJICS BO BPEMs ONEPATUBHOTO
BMEIIATEILCTBA IO TMOBOAY KOPPEKIMH BPOKICHHOTO
nopoka cepaua. Octaiach HEyCTaHOBJIEHHOM NMpHUYMHA
WHCYNbTa y OJHOM mainueHTku 13 ner. B Hacrosmiee
BpeMsi B TpyIe JeTed, MepeHecHInX TreMopparude-
CKWAW WHCYJBT, HaOMIOMAIOTCSl JABUTATEIbHBIE HapyIlle-
HUS B BUJE TeMHIIApe3a Pa3IUIHON CTEMEHHU TSKECTH
(4 pebcHKa) M CHACTUYECKOTO TETpamape3a y OJHOTO
MAaIeHTa, pPEYeBble W30JUPOBAHHBIC PACCTPOUCTBA
(apazmss) — y 2 nmereit, Tpyboe oTCTaBaHWE B pas-
BUTHH, (POPMUPOBAHUE CUMIITOMOKOMILIEKCA JIETCKOIO

LepeOpaabHOro Mapajuya AWAarHOCTHPOBAHO Y IBYX
nmanenToB. He WMEIOT 04aroBBIX HEBPOJIOTHYECKHUX
CHUMIITOMOB M HE OTCTalOT B pa3BUTHU 2 peOeHKa.
Pemuccust snmnencum JOCTUrHYyTa y 4 MAIMEHTOB (HE 10-
Jy4aroT aHTUAIHJICHTUYECKYIO TEPAlMIO /1Ba PeOCHKa),
MPUCTYIIBI COXPAHAIOTCS HA (OHE IpHeMa IPOTUBOSIIH-
JIETITUYIECKUX TIperaparoB y 4 OonbHBIX, (hapmaxopesu-
CTeHTHasi Tepanusi c(hopMHUpOBaIach y 2 MalleHTOB.

VY netelt paHHero Bo3pacTa Cpeay NMPUYUH BHYTpPHU-
YEpenHbIX I'eMOpparuii JOMHHUPYET IeMOopparndeckas
00JIe3HP HOBOPOXKACHHBIX. | eMopparmueckas Oo0Je3Hb
HOBOPOXKJIEHHBIX, WJIM BUTaMUH K-3aBHCHMBII remop-
parvvecKuii CHHAPOM, — TNPHOOPETEHHOE WM BPOXK-
JCHHOE 3a00JIeBaHUe, NPOSBISIONICECS MOBBILICHHON
KPOBOTOUMBOCTBIO Y HOBOPOXKICHHBIX U JIETEH INEPBBIX
MECSIIIEB JKH3HU BCIIEJICTBHE HEJIOCTATOYHOCTH (AaKTOPOB
cepthiBanus kKposH (11, VII, IX, X), akTHBHOCTH KOTOPBIX
3aBucHUT oT BuTamMuHa K. JlanHoe 3a0oneBanue o0ycioB-
JeHo (usnonornyeckuM aedpuuuTomM ButamuHa Ky ne-
TeH, HAXOMAIMXCS HA TPYTHOM BcKapmimBanum [4, 11].
Buramun K| ((pnutoXuHOH) Kak ONTHMAIBHOE CPEICTBO
IPOQUITAKTHKY TIO3THEH TeMOpparndeckoil 6one3Hu mo-
3BOJISIET NMPAKTUYECKH MOTHOCTBIO UCKITFOUUTH 3TO COCTO-
siHAEe, OH He 3apeructpuposadH B Pocculickoit denepa-
LM B KaYEeCTBE Nperapara, KOPPeKTUPYIOLIEr0 BUTAMHH
K-meumuTHBIN reMOpparndecKuil CHHIPOM.

Jdnst mpoHUIaKTHKA W JICYCHUST HOBOPOXKIICHHBIX
C FeMOpPParu4€eCcKon OOIE3HBIO UCTIONB3YIOT BUTaMUH K,
(MeHaguoHa HaTpust Oucynbput). CUMIITOMBI 3200J1eBa-
HUSI TIOSABIISIIOTCS B IIEPUOJ € 8-T0 AHS HOCIE POXKICHUS
o 6 Mec. JKM3HH, Kak IPaBHIIO, MaHU(ECTAIS TIPH-
xomuTcs Ha Bo3pacT 2—12 Hex. OcOOEHHOCTHIO KIU-
HUYECKOW KapTUHBI MO3JHEH (OpMBI reMopparnyeckon
00JIe3HN HOBOPOXKACHHBIX SIBJISIETCSl pa3BUTHE BHYTpPU-
YEpEeIHbIX KPOBOM3NMUAHUN ¢ yacTtoTod oT 30 1o 75 %,
kxotopeie B 30-50 % ciaydaeB BeAyT K WHBAIAIU3AIIH
WIHA JIETaJIbHOMY HCXOAY. Y 4YacTH JETeH 3a HEKOTO-
poe BpeMsi 0 KPOBOM3NIUSHUS B MO3T (OT AHS O He-
Jena) HaOMIONAIoTCsl Mallble  «IPEeIyHNpEeKAA0IIne)
remopparuu [9]. Ilo maHHBIM HamWX HAOIIOACHUM,
y 15 mammeHTOB BTOpOM TpyHmbl B OCHOBE HHCYJIBTa
Jexana Mo3qHssl reMopparndeckasl 00Jae3Hb. JTO eTh
c npebOrotoMm 3aloneBaHusi mocie 28-ro ITHS SKU3HU.
Butamun K He BBOAWIM MM NpPOQUIAKTHYECKH, He-
CMOTpsI Ha CYILECTBYIOIINE KIMHUYECKUE PEKOMEHMa-
uuu Coro3a nmeauarpoB [3]. YV 8 u3 15 manueHToB niepen
pa3BHTHEM MHTpanepeOpatbHOr0 KPOBOUIUSIHUS OTME-
YaJMCh «IIPEAYNPEKIAIONINE TeMOPpParum»: HOCOBBIC
KPOBOTEUEHHSI; KPOBOTCUCHUSI U3 IIyIIOYHON PAHKH; IIe-
TEXUH 1 SKXUMO3bI Ha KOXKE WM CIIM3UCTBIX 000JIOUKAX;
MEKMBIIIEYHBIE TEMAaTOMbI WJIM KPOBOTEUEHUS U3 MECT
WHBA3UBHBIX BMEILIATENLCTB (MHBEKIMH, BaKLMHAIHH,
MecTa 3a0opa kpoBH). [eOroT srmierncun HaOIroIacs
B Pa3IM4HbIE CPOKH: OT OCTPOro nepuona 3adosesa-
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HUg 10 9 ner xu3HH, y 8 u3 15 yenoBek — mozxe
1 roma xu3Hu. Y 9 nereil orMedanach dapMakopesu-
CTeHTHas dNWJIeNcus, y 6 U3 HUX OTMEYajHcCh ABYCTO-
poHHuEe mnoBpexaeHus npu MPT-uccienoBanuu, 4to
HCKJIIOYAJ0 BO3MOYKHOCTH pPaJUKaJIbHOM XHUPYpruu.
VY 13 naumeHToB HAOMIOOATUCH MPOSBICHUS Tpy0o-
IO HEBPOJOIMYECKOTo JepuIUTa M KOTHUTHBHBIC
HapymeHus. CTpyKTypHasi OSNHJIETICHS BCJEICTBHE
MO3/HEH TeMOpparudeckor OOJE3HU HOBOPOXKIICH-
HBIX Je0l0THpoBaja B Bo3pacTe 3 mec. y 4 neTei,
¢ 3 no 12 mec. — y 3, y oCTalbHbIX NAllUEHTOB MPH-
CTYTIBI Pa3BIIIMCH TIociie 12 Mec., MaKCUMaTbHBIA BO3-
pact cocraBun 8 u 9 ner. Y 9 gmereit (60 %) u3z 15
chopmupoBasach (papMakOpe3UCTEHTHAS SIUIICTICHS,
y BOMX — SIWIENTHYCCKHE dHIE(ATONaTHH: dIEK-
TPUYECKHUH JMUIENTHYECKUI CTaTyc MeJIEHHOBOIHO-
BOTO CHa M KOTHUTHUBHBIN 3MMIIENITH(OPMHBIN perpecc.
Tonbko 2 (13 %) pebenka u3 15 pa3BUTHI B COOTBET-
CTBUM C BO3pacTOM, OJHAKO Yy OAHOTO W3 HHUX Ha-
Omromaercst adakus M cIenorTa, y ABOMX — JIETKHUE
HapylIeHUsl Pa3BUTHUs (OU3apTpUs, 3aJeprKKa pPas3BU-
tus). Y 73 % pmereid, mepeHECHINX MO3IHIO TeMOop-
parudeckyro 0olie3Hb, BBISBICHBI IpyOble HEBPOJIOTH-
YeCKHe HapyILIeHus], IeTCKUH LepeOpanbHblid napaind,
YMCTBEHHasi OTCTainocTh. Y 4 u3 9 nmereit ¢ dapmako-
PE3UCTEHTHOM JNMWICTICUeH HWMEIOTCSl JIByCTOPOHHHE
repedpanbHble TTOBPEXKIEHHS, YTO 3aTPyAHAET XUPYp-
rudeckoe JsedeHde. Hamm HaOnrofeHHs MOKa3bIBAIoOT,
YTO y BCEX MAIMEHTOB TMO3IHSA TIeMopparnyeckas
00J1e3Hb HOBOPOXICHHBIX HE OBLTa BOBpPEMS JIHArHO-
CTHpOBaHa (IMAarHOCTHKA 3aKIFOYAeTCs B TPOBEICHHUH
71a00paTOPHBIX TECTOB — YIUIMHEHUE MPOTPOMOMHO-
BOTO BPEMEHH IPU HOPMAJBHOM YPOBHE TPOMOOLMTOB
u (pubpuHoreHa). J[marnos Taxxe MOATBEPIKAACTCS TIPH
HOpMaJTM3aIAN MPOTPOMOMHOBOTO BPEMEHH W/WITH TIpe-

KpalleHn KPOBOTEUEHHS 1TOCIIe BBeIeHU BUTaMuHa K
(ypoBenb nokazarensHoCcTH A) [23]. Kimmandeckue mpo-
SIBJICHUSI TIO3[HEH reMopparuyueckoil 0oje3Hu y aereit
MOSIBUJIACH 32 HECKOJIBKO YacOB WM CYTOK (110 2 Hejl.)
JIO HACTYIIJICHUSI MHCYJIETA B BUJIE «IIPEITYTIPEIKITAFOIIIX
remMopparuii». ¥ 6 naieHToB OTMEYAIUCh KPOBOU3IIHSI-
HUS B MECTE yKOJIa, TeMaTOMBI Ha KOK€, KPOBB B CTYJIC.
VY 3 nereii HaOmomanach 00OIIEMO3roBasi CUMIITOMATHU-
Ka — HapacTarollas COHJIMBOCTh, YTHETEHHE CO3HAHUS
1 KIIOHWYECKHE IOJICPTUBAHHS KOHEYHOCTEH.

[lo maHHBIM TIPOBEIEHHOTO WCCIEAOBaHUS, Qapma-
KOPE3NCTEHTHAs SMWIETNICUs (HOPMUPYETCS Halle IMpH
paHHeM 1e0roTe 3a00JeBaHUs U JBYCTOPOHHEM Xapak-
Tepe MOBPEKACHUSI TOJIOBHOTO MO3ra. Tskenbie HEBPO-
JIOTUYECKHE OTKIIOHEHUs HaONIOauch y BCeX JeTei
¢ dhapMakope3nCTeHTHOM Anmyencueii. B tabm. 2 mpu-
BEJICHBI TAHHBIE JETEH, MePEeHEeCITNX MO3IHIOI0 TeMOop-
paru4eckyro 00Je3Hb HOBOPOXKICHHBIX, OCIOXKHEHHYO
HapyIIEHUEM MO3TOBOTO KPOBOOOPAIICHUSI.

Haimu HaOmroneHus mokasbIBaoT, YTO OQHOM U3 OC-
HOBHBIX INPUYHH pa3dBUTUA UHCYJIbTa WU BIOCICACTBUU
MOCTUHCYJIBTHOM AIUJIENICUU Y JIETE€H SABIISIETCS MO3/-
Hsisi TreMopparuyeckas OOJIC3Hb HOBOPOXKJICHHBIX.
JlaHHOE COCTOSIHME€ — 3TO TMPAKTHYECKH ITOJHOCTHIO
npodumakTupyeMas mpooinema, IpUBOIIIas K GopMu-
POBaHHIO TPyOBIX HEBPOJIOTUUCCKUX HAPYIICHUH, ATIH-
JIeTicuy U JeOIoTHpYyIomas 10 9-ro rofa )KU3HHU, 4acTo
(hapMakope3uCTeHTHasl. 3HAYMMbIE MYJIbTHPETHOHAIh-
HBIE TIOBPEXKICHHUS TOJOBHOTO MO3Ta YacTo JearoT
HEBO3MO)KHBIM XHPYPTHUECKOE JICUYCHHE, BCIIEICTBHE
9TOr0 Kak OCHOBHOM CIOCOO KOPPEKIHH HCIIONB3YIOT
MEIMKAMEHTO3HYIO (aHTUAHUICITHYCCKYI0) TePaIHo.

[MomuepkuBasi COXpaHSIONIYIOCS aKTyallbHOCTD JIaH-
HOW TIPOOJIEMBI, MPUBOAUM CIEAYIONUN KIMHUYECKHHA
IIpUMeEp.

Tabnuya 2 / Table 2

KnnHMKO-aHaMHeCcTUYeCKMe AaHHble MaLMEHTOB, nepeHecwnx MHCYNbT Ha dJOHE nosgHen reMoppaqueCKoﬁ 6ones-

HU HOBOPOXOEHHbIX

Clinical and anamnestic data of patients who suffered a stroke on the background of late hemorrhagic disease of newborns

Bospact Jle6ror mo3aueit | JleGrot smuencuu / Jlokanu3zamus Hcxon / Outcome Teuenwue >muencuu /
ManuenTa / | reMopparndeckoit Epilepsy debut ouara / Course of Epilepsy
Patient, age 6one3nu / Focus localization

Disease debut
1. 10 net / 1,5 mec. / 6 net / JleBast TeMEHHO- 3aepiKKa ncuxope- TIpuctynos Hert /
10 years 1.5 month 6 years BucouHast / Left YEeBOTO Pa3BUTHS / No seizures
parietotemporal Mental retardation
2.4 rona/ 6 mec. / 6 mec. / [MpaBas remucde- | AUII, neBoctoponnunii | @apmMakope3UCTEHTHOCTb.
4 years 6 months 6 months pa / Right hemi- remunapes / Cerebral | Xupyprus snunerncuu /
sphere palsy, Left-sided hemi- Pharmacoresistance.
paresis Epilepsy surgery
3.4 rona/ 3 mec. / 3 rona / JleBast 106HO-BU- Juzaptpus / DJIEeKTpUYEcKHil cTaTyc
4 years 3 months 3 years couHas / Dysarthria (ha3pl MEIJICHHOTO CHA,
Left frontotemporal ESES, ropmonanpsHas Te-
panus / Hormonal therapy
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OkoHn4yaHue mabnauusl 2 / Table 2 (continued)
Bo3spacr Je6tor mo3aueit | JeOrot smusencuu / Jloxanu3zamnus Hcxon / Outcome Teuenwue >muiencuu /
ManpenTa / | reMopparndeckoit Epilepsy debut ouara / Course of Epilepsy
Patient, age 6one3nu / Focus localization
Disease debut
4.5 ner/ 28 neub / 3,5 romga / JleBast TeMeHHO-3a- | JIerkast 3agepxka ncu- | [IpUCTymnoB HeT, BEICOKUI
5 years 28 days 3.5 years TeutouHas / Left XOMOTOPHOT'O pa3BU- |HHJIEKC JMUIETTH(HOPMHON
parietal-occipital | Tus, nusaptpus / Mild | akruBHOCTH / NoO seizures,
Psychomotor Develop- | High index of epileptiform
ment Delay, Dysarthria activity
5. 10 nmet / 1 mec. / 8 met / JleBast mobnas u 3a- | JILII. Terpamape3. | IIpucTymnoB HeT, BEICOKHUIt
10 years 1 month 8 years TBUTOYHAS / Tsoxenas 3[IMP /  |unaexkc snunenTudOpMHOM
Left frontal, Cerebral palsy, AKTHBHOCTH /
left occipital Tetraparesis, Severe No seizures, High index
psychomotor Develop- | of epileptiform activity
ment Delay
6. 3 roma / 2 mec. / 3 mec. MudanTHIb- JIBycTOpOHHSS. JUIL. Tsoxenas Cunpapom Jlennokca — Iacro.
3 years 2 months HBIE CTIa3MBbI / JleBast mo6Ho-Te- [3[IMP / Cerebral palsy,| Papmakope3ncTeHTHOCTH /
3 months. Infantile MEHHasl, paBas Severe Psychomotor | Syndrome Lennox — Gastaut,
spasms 3aTbUTOYHAs / Development Delay pharmacoresistance
Double-sided.
Left frontal-parietal,
right occipital
7.2 roma / 1 mec. / 6 mec. Uudan- JBycTopoHHSs / JUII. Tsoxenas 3a- Cunnpom JleHHOKCa —
2 years 1 month TUJIBHBIE CIIa3Mbl / Double-sided nepxka / Cerebral lacto. dapmakopesu-
6 months. Infantile palsy, severe delay CTEHTHOCTH / Syndrome
spasms Lennox — Gastaut, pharma-
coresistance
8. 3,4 roma / 28 nmHeit / 5 mec. Uudan- JleBas BucouHas / JII. Temumapes / DNUJICNTUYSCKHH dITeK-
3.4 years 28 days THJIGHBIE CTIA3MBI / Left temporal Cerebral palsy, Hemi- | Tpuueckwuii crayc B pa3zy
5 months. Infantile paresis Mennennoro cuaa / ESES
spasms
9. 10 net / 4,5 mec. / 9 ner / JleBas 3aTputOuHAs / Adazus / [Ipuctymnos uer /
10 years 4,5 months 9 years Left occipital Aphasia No seizures
10. 5 met / 35 nueit / 5 et / IIpaBoe momymra- 3[IMP. JleBocTo- Cungpom Jlennokca — la-
5 years 35 days 5 years pue / Right hemi- | ponnumii remumapes / | cto. PapMaKOpe3UCTEHT-
sphere Psychomotor Develop- | HocTh / Syndrome Len-
ment Delay, Left-sided nox — Gastaut,
Hemiparesis pharmacoresistance
11. 3 roma / 23 mus / 1 ron/ JBycroponnsisi /  |[lannuaTuBHbli cTaTyc.| @apMakope3UCTEHTHOCTb.
3 years 23 days 1 year Double-sided JILIIT / Palliative status.| Xupyprudeckoe jgeueHue /
Cerebral palsy Pharmacoresistance.
Surgery treatment
12. 5 ner/ 1 mecsin / 3 mec. / [TpaBas no6Ho-Te- | Jlerxas 3[IMP / Mild [Mpuctynos Het /
5 years 1 month 3 months MeHHast oosacTs / | psychomotor develop- No seizures
Right frontal-pari- ment delay
etal region
13. 5 met / 1 mec. / 3 mec. Uudan- JByctoponnsis / | JUIL 3[IMP. Jleocto- | dapmMakope3uCTEHTHOCTD,
5 years 1 month THJIBHBIE CIIA3MBI / Double-sided pOHHUI remumnapes / TOpPMOHAJIBHAS TEpamus /
3 months. Infantile Cerebral palsy, psycho- Pharmacoresistance,
spasms motor development delay. hormonal therapy
Left sided hemiparesis
14. 7 net / 1 mec. / 6 net / [IpaBocTopuss / JUII T'emunapes / | ®apMakope3uCTEHTHOCTb.
7 years 1 month 6 years Right-sided Cerebral Palsy. Hemi- | Xupypruueckoe yieuenue /
paresis Pharmacoresistance.
Surgery treatment
15. 3 rona / 1 mec. / 3 mec. / JleBast TeMEHHO- JUII, rerpanapes. | ®apMakope3MCTEHTHOCTD /
3 years 1 month 3 months 3aTBLIOYHASA U I'py6as 3[IMP / Cere- Pharmacoresistance
Bucounas / Left |bral palsy, tetraparesis,
parietal-occipital severe psychomotor
and temporal development delay

Ipumeuanue. JUI1 — netckuii nepedpanpubiii mapanuy, 3[IMP — 3anepxka MCHXOMOTOPHOTO Pa3BUTHUAL.
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KNMHUYECKUA MPUMEP

IMarment, 9 mer. OOparmics Uit KOHCYJIBTAaIdH
snmnentoniora B 2021 . XKanoOpl Ha mapokcH3Malb-
Hble cocTosiHus. [IpenocraBnena Bujeo3amuch Ipu-
CTyma: MOBOPOT TOJOBBI U IVIA3 BJIEBO, OMEPKYJSIPHbBIE
ABTOMATU3MBI, aBTOMATH3MbI B JIeBOW pyke. [lpuctyrisr
exeJiHeBHbIe, oT |1 710 3 pa3 B CyTKH, yalile MpoBOILUPY-
IOTCSI YMCTBEHHOM Harpy3koi. OTMeuaroTcsi Takoke mpu-
CTYNbI BO BpeMs CHa CJEIYIOIIEro XapakTepa: Hayaylo
MPUCTYTIA C CHUIALICTO JBbIXaHUS, CIABICHHOTO KaIllis,
3aTeM ClielyeT TOHHMYECKOE HaIpshKeHHE KOHEYHOCTEH,
TIOBOPOT TOJIOBBI B CTOPOHY, PACIIMPEHHE 3PadKoB,
cepuieOneHre, 3aMUpaHie, MUMHKa CTpaxa, IMaHWKH,
0cJ1a0eBaloT MBIl HOT. B 3TOT MOMEHT peGeHOK co-
XpaHsSeT KOHTAKT, BBIOJHAET WHCTPYKIMH, HO HE MO-
JKeT roBoputh. lIpomomkurensHOCTh mpHcTyna 3-5 c.
IIpoBommpytorie (hakTOpel: MEPEBO30OYKIACHUE, IIIyM,
My3bIKa. HacTasi mpoBOKalMs PUCTYIIOB BO3MOXKHA TIPH
HEO)KHJIAHHBIX PE3KUX 3ByKax. Mcmonb3oBanue npodec-
CHOHAJIbHBIX OepylIel MPUBEII0 K CHM)KEHHIO YaCTOTHI
MIPUCTYTIOB. B HacTosIee BpeMs MPHUCTYIBI TPOAOIHKa-
I0TCSl C MPEXKHEW 4acToToM Ha ()OHE aHTHAIUIICTITHIC-
CKOM Tepanuu, HO MEHEee BBIPAKEHBI 10 JUINTEIbHOCTH.

Tepanust mpu oOpaieHun: oxckapbazenun (Tpu-
nenran) B goze 1200 Mr B CyTKH, JieBEeTHpaleTam
(Kermmpa) B no3e 2000 mr B cyTku, pypunamun (Uuo-
BesioH) B no3e 2000 mr B cyTku. Bec pebenka — 35 kr.

AmnamHe3 0osie3Hu: B Bo3pacTe 4 Mec. Ha (oHe ra-
CTPORHTEpHUTA Y pebeHKa pa3BUIICS TeMOpParndeCKHi
cuHApoM. [ocrUTanu3upoBaH MO MECTy KUTEIhCTBA
(BmamuBoCTOK), MpOBEZEHA KOMIIBIOTEpHAs TOMOTpa-
(¢us TOJOBHOrO MO3ra W BBISBICHA IPAaBOMONyIIAP-
Hasi cyOnypanbHas rematoma. [IpoBenmeHo Heiipoxwu-
pyprudeckoe BMemIaTeNnbCcTBO. OTMedanuch paHHUE
CyIOpOTH B TIOCIIEOTEepaioHHOM Tepuozae. Yepes
3 Hen. MOSBUINCH T€MaTOMBI Ha KOXE JKHBOTa, Oe-
nep, pyk. IIpoBeaeHo rematonoruueckoe oOciienoBa-
HUE, MPEINOJI0KHUTEIbHBI TUarHo3 — TEeMOQIIHSI.
Ha xonTtposbHOM KT roioBHOro Mo3ra BbISBICHBI TPU
CBE)XHE TreMaToMbl. PeOeHOK MOBTOPHO OMEpPHPOBaH,
3aTeM HampaplieH B OHKOJIOTHYECKUH neHTp (MockBa),
HCKJIIOYEHA TMAaTOJIOTHsI COCYAUCTO-TPOMOOIIUTAPHOTO
Y KOATyJISIIMOHHOTO 3BEHBEB T'€MOCTa3a. YCTaHOBIICH
OKOHYATENbHBIA JIMArHO3 MO3JHEH reMopparudeckoi
00JIe3HN HOBOPOXKICHHBIX. B mampHEWmeM mpoBoau-
Jach peadMIUTAalUOHHAs TEpanus MO MOBOLY KOPPEK-
UM JIEBOCTOPOHHETO reMumnapesa. [ledroT npuctymnos
B 2017 . (B Bo3pacte 6 ner). Ha3znmaueH neBeTHpa-
meramM, Ha 5ToM (DOHE OTMedYasach IOJOKHUTEITbHAs
MUHAMUKA, IPUCTYIBI KYMUPOBAaHBL. Peruans mpucty-
noB B Mae 2018 r. (Ha QoHe mpuema NeBeTHUpaLeTa-
Ma B j103¢ 900 Mr B CyTKH), IOCTENICHHO KOJIHMYECTBO
MIPUCTYTIOB HApacTajo, A0 ABYX JSMHU30[0B B CYTKH.
K Teparmu noGaenen Bampnpoar B jo3e 30 MI/KT,

spdekxra He oTMmedeHo. Ha DDI' permctpupoBaivch
paspsiabl SrniIenTuGOpMHON aKTUBHOCTH HaJ| JIEBBIM
noiymapueM ¢ auddy3HBIM  pacnpocTpaHEHHEM.
MPT ronoBHOro Mo3ra nposezieHa B asrycre 2019 r.:
MP-kapTuHa OOMIMPHON 30HBI JICHKOIHIIEpaIOMaIls-
MY, CyOTOTAIbHO 3aHWMAIOIICH TpaByro reMuchepy
W TlapacarruTajibHbBIC OTHIEIBI JICBOW JIOOHOW HOJH.
HeBblpaxxeHHble aTpouUYecKHe H3MEHEHHS MpPaBOro
THIIIOKAMITa [TPaBOro MUHAAJIEBUAHOTO Tena (puc. 1, 2).
Beenen oxckap6azermu (TpumenTan, 20 mr/kr), or-
MeHeHa BaibIipoeBas kuciora (Jlemakwm). Ha done
OTMEHBI BaJILIIPOEBOW KUCIIOTHI — YITydllieHHe oOIiie-
IO COCTOSIHHSA, PeOCHOK cTan Ooiee aKTHBHBIM, BHH-
MarelbHBIM, OJHAKO YacTOTa MPHUCTYIOB OCTaNach
npexkaer. K cxeme siedeHus 1o0aBiIcH JTaMOTPHIIKIH,
MaIMeHT cTaj Bo30yIuM, mpernapar oTMeHeH. BBeneH
pypunamun (Muoenon B mo3e 800 Mr B CyTKH),
Ha 9ToM (poHE B TEUEHHE 5 Mec. MPUCTYNOB HE OBLIO.
C okta6pst 2020 . mapoKCU3MbI BO30OHOBUIIHCH.

[lepunaranbHblii, paHHUN aHaAMHE3 HE OTSTOIIEH.
Macca npu poxaenun 3500 1, oleHKa MO IIKajie
Arnrap 8/9 6amnos. [IpodunakTuky mo3gHel remMop-
paruueckoi 6one3Hu He moiydai. HacrmencTBeHHOCTB
0 3MWICIICHH, 3a00JIEBaHUAM KPOBETBOPEHHUS HE OTS-
romena. HeBpomorndyeckuii craryc: peGeHOK OTCTaeT
B INICUXOMOTOPHOM pPa3BUTUHU. JIEBOCTOPOHHUI TeMu-
napes, Oonee BbIpaKEH B ITUCTAJBHBIX OTAENAX JIEBOH
pyKu. MplIeuHBI TOHYC, TIIyOOKHEe pedIeKchl BbILIE
cinesa. Ilaronornyeckux 3HaKOB HET.

O30 or 27.04.2021. IlpoBeaeHa 3amuch B CO-
CTOSIHUM CIIOKOMHOTO OOAPCTBOBAHUSI TPH OTKPBITHIX
ma3ax. OTMmedaercsl BbIpaKEHHAss aCUMMETpPHUSI BOJIb-
TaXka, C YrHETEHHEM (HU3HOJIOTHUYECKONH aKTMBHOCTU
HaJ JIeBbIM monymapueM. Hapn jesbiM momymapuem
JIOCTAaTOYHO yCTOWYMBBINA anbda-putm 8 ['m. Dnwmern-
TU(POPMHAST AKTUBHOCTH B BHJIE HEYACTBIX OJMHOYHBIX
U CIBOCHHBIX Pa3psizioB, 1o Mop¢oiaorun — ao0opo-
Kaue€CTBEHHBIX JSMMJICHTHYECKUX Pa3psioB OETCKOIO

Puc. 1. MarHutHo-pe3oHaHCHas TomorpamMma naumeHTta. Kopo-
HapHble cpesbl, T2 B3BelleHHOe u3o6paxeHue. JIeiKkosH-
uecdanomansaumua npasov reMucepbl U napacarrutanb-
HbIX OTAENOB JIeBOM NO6GHOM A0NK

MRI of a patient M. Coronary sections, T2 VI. Leukoen-
cephalomalacia of the right hemisphere and parasagit-
tal parts of the left frontal lobe

Fig. 1.
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Puc. 2. MarHuTHo-pe30Hchuaﬂ TOMOrpamMmma nauueHTa. 4 mec. AKcanbHble cpe3bl. KMCTOBHO-anOd}M‘-IeCKMe U3MEHEeHUd B npaBoﬁ

remucdepe

Fig. 2. MRI of a patient. Axial sections, T1 VI, T2 VI, Flair. the cystic-atrophic changes in the right hemisphere

BO3pacTa HaJ| JIEBBIM MOIyIIapUeM, ¢ MHBepcuel (asbl
HaJ 3aJHEBHCOYHBIMU OTBEICHUSMHU U PACHpPOCTpaHE-
HUEM TI0 TIONYIIApHIO W PEIKO — KOHTPIATEPabHO.
3aKIroueHNE: aCHMMETPHSI BOJIBTaKA. DIMIICITH(DOPMHAS
aKTHUBHOCTb B BHUJAC HECYACTBIX OAMHOYHBIX, CABOCHHBIX,
peKe KIACTepPHBIX PaspsloB HAJ JIEBBIM TONYyLIAPHEM,
WHBEPCHS HAJl 33/IHEBUCOYHBIMU OTBEACHUAMH. J[Harnos:
«®DokanbHasi CTPYKTypHasi Smpvlericusi, (hapMakopes3u-
crentHad. STARTL-mpuctynsl. JleBOCTOpOHHUMI Temu-
napes. 3a/iep>kka IICUXOMOTOPHOTO pa3BUTHs» (puc. 1, 2).

[lpuBeneHHOE KIMHWYECKOE HAOMIOOCHHE  Jie-
MOHCTPHUPYET 3HAYUMOCTh NPOPWIAKTUKA BUTAMUH
K-nedunutHO# KoarymomnaTHy HEOHATaJIhHOTO IepH-
olla B MPEAyNpeXICHUH MO3AHEH TeMOopparuvyeckoit
00JIe3HU HOBOPOXKICHHBIX, OCIOKHEHHOH BHYTpHYE-
PENHBIM KPOBOUBIUSHUEM U PA3BUTUEM BIOCICACTBUU
CTPYKTYPHOH (papMakope3MCTEeHTHOW SIHJICTICHU.

CrpyKTypHas snwiencus y aereit, popmupyromiasi-
sl TIoCTIe IEPEHECEHHOT0 TeMOPPAaruiecKkoro HHCYIbTa,
CONPOBOXKIACTCS 3HAYUMBIMH MYJIBTUPETHOHATBHBIMU
MTOBPEXK/ICHUSM, BBIPAKEHHBIM HEBPOJIIOTHYECKUM JIe-
(¢uIMTOM W XapaKTepusyeTcs (papMaKOpe3UCTECHTHBIM
TCUCHUCM.

OOMNONHUTENbHAA UHOOPMAL NS

Bxuan aBTopoB. Bece aBTOpBI HMOATBEPXKIAIOT CO-
OTBETCTBHE CBOETO aBTOPCTBA MEXKAYHAPOAHBIM KpHU-
tepusim ICMJE (Bce aBTOpBI BHECIH CYIIECTBEHHBIN
BKJIaJ] B pa3pabOTKy KOHIIEMIIMH, NPOBEIEHHUE HCCIIe-
JIOBaHUsI M IMOATOTOBKY CTaTbd, MPOWIN M ONOOPUIH
(PMHANBHYIO BEPCHUIO TIepe]l MyOIuKaImei).

Kondaukr uaTepecoB. ABTOPHI JEKIAPUPYIOT OT-
CYTCTBHE SIBHBIX U MOTEHIIMAILHBIX KOH(JIMKTOB UHTE-
PECOB, CBSI3aHHBIX C MyONMKaIeld HACTOSIIEH CTaThH.

Hcrounnk puHaHCcHpOBaHMsA. ABTOPBI 3asBISIOT
00 OTCYyTCTBHM BHENIHETO ()WHAHCHPOBAHUS MPH TIPO-
BEJICHUN HCCIIEIOBAHMS.

HNudopmupoBanHoe coriiacue Ha MyO0JMKAIUIO.
ABTOpPBI NOJYYWIN NMHUCBMEHHOE COINIACHE 3aKOHHBIX
NpeACTaBUTENCH MaleHTa Ha MyOIMKALUI0 MEeIUIMH-
CKUX MaHHBIX U (oTorpadmid.
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JIN30COMHDbIE BOJIE3HN HAKOMNEHNA. MYKONOJIMCAXAPULOO3bI
IV, VI U VII TUNOB — CUHAPOMbI MOPKUO, MAPOTO - JAMU U CNAA
© B.H. lopbyHoBa !, H.B. byunHckas 2
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Ana yumuposaHus: TopbyHosa B.H., byunHckaa H.B. /lnsocomHblie 6onesHu Hakonnenus. Mykonoavcaxapuaossl IV, VI n VII Tunos —
cuHapombl Mopkuo, MapoTo — flamu u Cnas // NMeamnatp. — 2021. - T. 12. — Ne 6. — C. 107-125. https://doi.org/10.17816/PED126107-125

Mocrynuna: 21.10.2021 Opobpena: 18.11.2021 MpuHaTa K nevatn: 29.12.2021

CTaTbs NOCBsLLEHA KNMHUYECKOMN, BUOXMMUUYECKON M MOSTIEKYNSPHO-TEHETUYECKOW XapaKTepUCTMKE ayTOCOMHO-peLeCCUMBHbIX
mykononucaxapuzosos (MMC) IV, VI u VII tunos. MMC IV tuna, unm cuiapom Mopkuo, npeactaBneH AByMs Tunamm — A u B.
MpuunHa Hanbonee yactoro MIMC IVA — HacnencTBEHHAs HEAOCTATOYHOCTb ranakTo30-6-cynbdartasbl, 06yCNoBAEHHAS Npu-
CYTCTBMEM WHAKTUBMPYIOLLMX MyTaumi B reHe GALNS. lNatoreHeTnyeckne OCHOBbI 3aboneBaHMs CBA3aHbl C M3ObLITOYHLIM
HaKoM/JeHWeM B IM30COMaX, FMaBHbIM 00pa3oM, XpALLEBOM TKaHW MMKO3aMUHOMMKAHOB — KepaTaHCynbdaTa U XOHAPOUTUH-
6-cynbdaTa. Bepywmumn knnHudeckumu nposisneHnamm MMC IVA gBna0TCS HaHU3M M nporpeccupylowas gepopmaums
MO3BOHOYHMKA, TPYAMHbI, KONEHHbIX cycTaBoB. bonee markuit MIMC IVB obycnosneH HacnencTBeHHOW HeAO0CTaTOYHOCTbIO
B-ranakTo3naassl U ABNSETCS annenbHbIM BapuaHToM GM1-raHrnmosunaosa. B ocHose MIMC VI, unu cuiapoma MapoTto - Jlamu,
n MMC VII, unn cunppoma Cnas, NexuT HacneACcTBEHHAs HeAOCTAaTOYHOCTb apuncynbdartasbl B u B-rnokypoHuaasbel coot-
BETCTBEHHO. [aToreHe3 3Tnx 3aboneBaHuii 06ycnoBaeH U36bITOYHBIM HaKOMIEHNeM AepMaTaHCynbdaTa U BO BTOPOM Cllyyae
[ONONHWUTENbHO — renapaHcynbdata. bonbHbie MIMC VI u VII TROB UMetoT rypnepo-nofo6Hblin GeHoTHM, HO B NEPBOM Ciyvae
MHTeNNeKTyasnbHble pacCTPOMCTBA, KaK NMPaBMI0, OTCYTCTBYHOT, B TO BpeMs Kak npu cuHapome Cnas Habnogaetcs yMepeHHas
YMCTBEHHas oTcTanocTb. O6CyXAaeTCs BO3IMOXHOCTb HEOHATANIbHOTO CKPMHUHIA M paHHen auarHocTnku 3tux MIC c uensto
NoBbIWeHUs 3OOEKTUBHOCTU UX NPODUNAKTUKM U nedveHus. [ToauepkMBaeTCs 3HAUYEHME SKCMEePUMEHTANbHbIX Moaenen Ans
M3yYeHUs MONIEKYNSIPHbIX OCHOB MATOreHe3a 3TUX TSXKeNblX HacnenCTBEHHbIX 3aboneBaHuit M pa3paboTKu pas3nMyHbIX Tepa-
neBTUYECKMX NMOAXOAO0B, TAKMX KaK TPAHCMAAHTALMS KOCTHOro Mo3ra, GepMeHTHas 3ameluatowas u cybcTpaTpenyumpyoLias
Tepanus. MNpeacTaBneHbl onucanus knuHuyeckux cnydaes MIMC IVA m VI tunos.

KntoueBbie cnosa: 0630p; JIM30COMHble H6ONe3HU HaKoMneHna; MyKonoimcaxapuaos, natoreHes; AMarHoCcTuka; tepanmsa.

LYSOSOMAL STORAGE DISEASES. MUCOPOLYSACCHARIDOSIS TYPES 1V, VI, AND VII -
MORQUIO, MAROTO-LAMY AND SLY SYNDROME
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The review is devoted to the clinical, biochemical, and molecular genetic characteristics of autosomal recessive muco-
polysaccharidoses (MPS) types IV, VI, and VII. MPS |V type, or Morquio’s syndrome, is represented by 2 types - A and B.
The cause of the most frequent MPS IVA is hereditary deficiency of galactose-6-sulfatase, due to the presence of inac-
tivating mutations in the GALNS gene. The pathogenetic basis of the disease is associated with excessive accumulation
in lysosomes, mainly of cartilage tissue of keratan sulfate and chondroitin-6-sulfate. Main clinical manifestations of MPS
IVA are dwarfism and progressive deformity of the spine, sternum, and knees. The milder MPS IVB is due to hereditary
B-galactosidase deficiency and is an allelic variant of GM1 gangliosidosis. The cause of MPS VI, or Maroto-Lamy syndrome,
and MPS VII, or Sly syndrome, is hereditary deficiency of arylsulfatase B and -glucuronidase, respectively. The pathogen-
esis of these diseases is due to the excessive accumulation of dermatan sulfate and, in the second case, additionally, hepa-
ran sulfate. Patients with type VI and VIl MPS have a Hurler-like phenotype, but in the first case, intellectual deficiency
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are usually absent, while in Sly syndrome, moderate mental retardation is observed. The possibility of neonatal screening
and early diagnosis of these MPS in order to increase the effectiveness of their prevention and treatment is discussed.
The importance of experimental models for studying the molecular basis of the pathogenesis of these severe hereditary
diseases and the development of various therapeutic approaches, such as bone marrow transplantation, enzyme replace-
ment therapy and substrate-reducing therapy, is emphasized. Descriptions of clinical cases of MPS IVA and VI types are

presented.

Keywords: review; lysosomal storage diseases; mucopolysaccharidosis; pathogenesis; diagnosis; therapy.

B npenpitymux Homepax xKypHalia OblU1a MpeJicTaB-
JeHa oOmas Kinaccu(UKaus JTU30COMHBIX OoJe3Hen
HakorwieHus [3] u Oonee mompoOHast XapaKTepUCTHKA
mykomonucaxapumao3oB (MIIC) I u II tumos [5], a Tak-
xe Il Tuna [6]. B HacTosIemM HOMepe MBI TPOIOIIKIM
onrcanne MIIC u npencraBum xapakrepuctuky MIIC
IV, VI u VII Ttumnos.

MIIC IV tuna, unu cuaapom Mopkuo, — 3TO ay-
TOCOMHO-PEIIECCHBHOE 3aboseBaHne, 00yCIOBICHHOE
M30BITOYHBIM HAKOIUIEHHWEM B JIM30COMax KJIETOK Ke-
paraHcyab(ata U XOHIAPOUTHH-O-Cynb(ara, KOTOpEIE,
[JIaBHBIM 00pa30M, CHHTE3UPYIOTCSI B XPSILLIEBOI TKaHH.
[TosTomy cyOcTparhl B IEPBYIO Ouepeib HAKAIUINBAIOT-
Csl B XpAIIIE U SKCTPALSIUTIONIIPHOM MaTpHUKCe, HapyIiast
nporecc KOCTeoOpa3oBaHMs M MPUBOIS K Pa3BHTHUIO
CHCTEMHOM coHAnMno3nuu3apHoi nucmiasuu [4, 53].
3a0oneBaHue MpeCTaBiIeHO AByMs Tunamu — A u B.
[Ipu tume IVA y OGompHBIX Me(EKTHONW OKa3hIBaeTCS
N-aneTuiranakro3aMuH-6-cynbdar-cyiabgaraza, KOTO-
PYIO Ha3bIBAIOT TAKXKE TaJlakTo30-6-Cynbdarazoi, nim
GALNS, — depmeHT, ydacTByroIuii B Karabonuzme
KeparaHcynb(daTa U XOHIPOUTHH-O-cynbdara [2, 23].
Y HEKOTOpHIX OOJBHBIX HAPAMAY € NE(UIIMTOM ITOTO
(depMeHTa HAOTIONACTCS BTOPHYHAS HEIOCTATOUHOCTh
AaKTHBHOCTHU HeWpamuHuaassl. [Ipu Gonee MArkom Ture
IVB niepBuYHBIM OMOXUMUYECKUM J1e(DEKTOM SBISIETCS
HEIOCTaTOYHOCTh [-TalakTo3uja3bl U HAKaIIUBAETCs
TOJILKO KepaTaHcyibdar [13, 49].

Puc. 1. Mpumep runepMo6bunbHOCTU MeXdanaHroBbIX CycTaBoB
KUCTU Y NaumeHTa ¢ Tsxenoi ¢opmMoit Mykononucaxa-
puposa IVA Tuna

An example of hypermobility of the interphalangeal
joints of the hand in a patient with severe MPS IVA

Fig. 1.

MIIC VI tuna, unu cunapom Mapoto — Jlamu, —
9TO ayTOCOMHO-PEIeCCUBHOE 3a0olieBaHMe, O0YCIIOB-
JIGHHO€ NPUCYTCTBUEM TOMO3UIOTHBIX WJIM KOMIIa-
VHA-TETCPO3UTOTHBIX ~ WHAKTUBHPYIOIIMX  MYTAaIlHid
B reHe ARSB nu3zocomHON N-ameTuiraiakTo3aMuH-4-
cynbdarassl, wiu apwicynbdarasel B [39]. Benencrue
HACJIEJICTBEHHOW HEAOCTAaTOUYHOCTH (DepMEHTa B JIN30-
coMax MHOTHX KJIETOK, TKaHEH W OpraHoB OOIBHBIX
MIPOUCXOANT W30BITOYHBIC HAKOTUICHHUE EPMATaAHCYIIh-
(hata, KOTOpPOE COMPOBOXKIACTCS PA3BUTUEM MATOJIOTH-
YECKUX TPOIIECCOB CUCTEMHOTO XapakTepa ¢ Hauboee
TSDKEJIBIMU POSIBICHUSIMU CO CTOPOHBI  KOCTHO-MBI-
IIEYHON CHCTEMbl U COCAMHMUTEIBHON TKAHM.

MIIC VII twuma, win cungpom Chras, 3TO
OYCHb PEJIKOC ayTOCOMHO-PEIIECCUBHOE 3a00JIeBaHUE,
00YyCJIOBJICHHOE TPHUCYTCTBHEM TOMO3HUIOTHBIX WIIH
KOMIIayH/I-T€TEPO3UTOTHBIX MHAKTUBHUPYIOIIMX MYyTa-
muii B reHe GUSB nm30COMHOU P-TITIOKYPOHHUIA3HI.
BcenencrBue HaclieICTBEHHON HEJOCTAaTOYHOCTHU 3TO-
ro ¢epMeHTa TPOUCXOAUT U30OBITOYHBIC HAKOILICHHUE
rermapancyiabdara U aepMarancyibdara.

Mykonosmcaxapuaos IV tuna, cunapom Mopkuo

Knunuxa u snuoemuonocus

KintoueBbIMU  KIMHUYECKUMU TPOSIBICHUSAMH 3a-
0oJIeBaHMsI CTAHOBSATCS BBIPAKEHHBIH HAHW3M, MPO-
rpeccupyiomas Aedopmanys TO3BOHOYHHKA (darre
B BHJE KH(DOCKOINO32 B TPYIONOSICHUYHOM OTICIe
MO3BOHOYHHUKA), TPYAHOW KIETKHU, BajblyCHas Je-
(hopMmarysi KOJIEHHBIX CYCTaBOB, THIIEPMOOMIEHOCTb
cyctaBoB (puc. 1) m JKCKpeuus ¢ MOYOH KeparaH-
cynbdara. J{OMONHUTEIbHBIE CHMIITOMBI BKIJIFOYAKOT:
IIOMYTHEHHE pOTOBHIIBI, MAaTOJOTHI0 A0pPTaJIbHOTO
KJlarnaHa, aHOMaluu 3yOOB, HEHPOCEHCOPHYIO TYroy-
X0CTh. VIHTEIIeKT OOJBHBIX COXpaHEH W, KaK IpaBH-
710, TIPSIMOTO BOBJICUEHHUS 1IEHTPaAJIbHONM HEPBHOM CH-
CTeMbI B TATOJIOTUYECKHU TIpOILlecC HE HaOIomaercs,
HO MOTYT pPa3BUBAThCS BTOPUUYHBIC HEBPOJIOTUYCCKHE
OCIIOKHEHWsI, 00yCIIOBIICHHBIE CKEJIIETHOW JUCTLIA3UEH.
XapakTepHBIH PEHTICHOJIOTHICCKAN MpHU3HAK 3a0oJie-
BaHUA — OJOHTOMUAHAA TUITOILIa3usl BTOPOIo IEHHOTO
MO3BOHKA, KOTOpasi MOXKET MPHUBOJIUTH K KOMIIPECCH-
OHHOMY IOBPEXAECHUIO CIIMHHOIO MO3ra, a ClIef0Ba-
TENBbHO, K TapanuyaMm, ¥ TaKXKe MOXeT OBITb TpH-
YUHOW BHE3aIMHOW CMEPTU MPHU MOBPEKIECHUU CTBOJA
mo3ra. HacTtoil MpUYMHOMN JIETAbHOIO MCXO0Ja TAKKE
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SIBIIIETCSL MIPOrPECCUpYIOIIas JpIXaTeiabHas HEJ0CTa-
TOYHOCTb. POCT OOJIBHBIX PE3KO 3aMeassieTcs Iocie
TIepBOTO roja Xu3HU. Tak, B BeIOOpKE 13 354 OONBHBIX
MIIC IVA cpennuii pocT IOHOWIEH W JEBYIIEK, JO-
CTUTIIHX Bo3pacTa 18 ner u BeIme, coctaBun 1224
u 113,1 cm, a cpegHuil UHOEKC Macchl Tela y B3pOcC-
JBIX OOJMBHBIX 24,7 U 25,6 KT/M Y MY)KIUH ¥ SKESHIITIH
cooTBeTCTBEHHO [45]. BonbHbIe TOABEPKEHBI YaCTHIM
OTUTaM W PECHUPATOPHBIM HMHQEKIMSIM H3-3a IT0opa-
JKCHUS JIBIXaTeNbHBIX MyTeH (YTONIIEHHE CIM3HCTON
000J104KH, TUNepria3us JUMGOUTHON TKaHU M BSI3-
KUH CEKpET) U HOYHBIM AIHO3.

Cunngpom Mopkno A xapakTepusyeTcs BBIPaKEH-
HBIM KJIMHUYECKUM IMOJMMOP(U3MOM, B €T0 pa3iels-
0T Ha 3 (GOpPMBI — KIIACCHUYECKYIO TSDKENyIo, Ipo-
MEXYTOUHYI0 U MATKyro [48]. Ilpu TsbkenoM TedeHun
CKeJIeTHas JUCIIIa3usl MOXKET Pa3BHBATHCS YK€ B IIIe-
CTHMECSTYHOM BO3pacTe M OONbHBIC MOTHOAIOT BO BTO-
poli ninu Tperbe nexane xu3Hu. Ilpu msrkux gopmax
0oJie3Hb 1e0I0TUPYET B KOHLIE NEPBOM MM BO BTOPOI
JeKaae XHU3HHU, U OONbHBIC MOTYT JI0XKHMBaTh OO IIpe-
KJIOHHOTO Bo3pacTa. TskecTh TedeHus 3a00jeBaHUS
3aBUCUT OT OCTATOYHOM aKTUBHOCTHM TajlaKT030-6-
cynbarasbl, KOTOpas Opu MITKUX (opmax coxpaHs-
€TCsl Ha JOCTarOYHO BBICOKOM ypoBHE — oT 1,3 1o
13,3 % [62].

VY psina manueHToB ¢ MATKUM TE€UEHHEM CHHIpOoMa
MopKuo B KyJIBTUBHPYEMBIX (rOpoOIacTax akTHBHOCTh
rajgakTo30-6-cynbdarasbl COXpaHseTcs B Ipenenax
HOPMBI, HO OTCYTCTBYET WJIM PE3KO CHMXKEHA aKTHB-
HOCTH OeTa-rajakTo3uaa3bl M3-3a HAJIWYHs crenuu-
YECKUX MHAKTUBUPYIOMUX MyTanuuii B rene GLBI [50].
Ota dopma 3aboneBanus mnomyumna HazBanue MIIC
IVB. C myrauusmu B reHe GLBI cBs3aHO Apyroe
ayutenbHOe 3a00JIeBaHNE W3 TPYMIBI JIN30COMHBIX 00-
ne3neit HakoruieHuss — GMI1-ranmmosuno3. OaHaxo
kimandeckn MIIC IVB — 310 denokonus MIIC
IVA, xapakrepusyromascs aHaJOTWMYHOH CIIOH]U-
T03MH(U3APHON AWCIUIA3MEeH ¢ BOBIICUCHHEM Tpa-
OCKyISApHBIX 4YacTel JUIMHHBIX TPyOUaThIX KOCTEH
U TI03BOHOYHMKA. OCHOBHBIMH CKEJIETHBIMU IIPOSIB-
JICHUSIMH 3a00JIeBaHHS SIBJISIIOTCSl TPOTPECCHpPYIOIIee
OTCTaBaHUE B POCTE OT CBEPCTHUKOB, KU(OCKOIHO3,
BajIbrycHast Aeopmanus Ta300eIpEHHBIX U KOJICHHbBIX
CyCTaBOB, TMIIEPMOOMILHOCTh CYCTaBOB BCEX TPYII,
IUIATUCTIOHAMINS W OJOHTOMJHAs rumorasusa. He-
BPOJIOTUYECKH OOJIe3Hb MpOSBISIETCS B BUJAE arak-
CHM, JUCTOHUM, WHTEJUICKTYaJbHBIX HW/WIM PEUEBBIX
paccrpoiictB. TunmuaasiM ocnoxaeHueM MIIC TVB,
TaK ke Kak 1 [VA, cTaHOBUTCSA KOMIIPECCHUS] CTUHHOTO
Mo3ra.

Tounas yactora MIIC IV neusBecrna. I1o HekoTo-
pBIM OLleHKaM B bpuranuu oHa kxonebiercs B mpene-
nax ot 1:200000 mo 1:600000 HOBOPOXKIEHHBIX,

a B ABCTpalluM npuMepHO BiBoe pexe [11, 41, 49].
B Poccun cormacHo (denepanbHBIM KINHUYECKUM
pexomenganusam vactrora MIIC IV cocraBmsger
1:250000 noBopoxkneHusix [7, 8].

buoxumuueckue ocnosbi namoeenesa

Beimenenue W OYMCTKa TanakTo30-6-Cylb(arasbl
W3 TIEUYEHH YeJOBeKa IO3BOJIMIN OIpPENeNUTh CTPYK-
TYpy M KaTaJuTH4ecKue cBoicTBa (epmenta [, 28].
OcHoBHas ero (pyHKLUUS — 3TO OTUICIJICHUE CyNb(a-
Ta B LIECTOM IIOJIOKEHUU OT TEPMHUHAIBHOIO OCTaT-
ka N-aneTwiralakro3amMHHa B KepaTaHcyibdare,
KOTOpPBIH BXOJIHUT B COCTaB TOJIBKO XPSIIEBOW TKaHU
U POTOBHUIBI, & TaKXe XOHIPOUTHH-6-Cynbdara, Ko-
TOPBIH HIMPOKO MNPEACTABICH BO MHOIMX COEIUHM-
TETbHBIX TKaHAX. Kommpyembrii reHOM OeloK cocTo-
UT U3 522 aMUHOKHCIIOT, BKJtOUast 26 aMHUHOKHCIIOT
N-TepMHHAJIBHOTO CUTHAJBHOTO NEenTuaa u 2 To-
TEHLHAJIBHBIX asN-CBSI3aHHBIX CAWTOB IIMKO3UJIMPO-
BaHUsA [64]. 3pernas ramakTo30-6-cymbdarasa, cocTo-
stmast u3 496 aMUHOKUCIIOT, UMEET BBICOKHUM MPOIICHT
TOMOJIOTHH C JPYTHMH Cylb(aTazaMu ueloBeKa, Ta-
KUMU Kak apuicyibdarassl A, B u C, mroko3aMuH-6-
cynbdaraza U uIypoHaT-2-cynbdarasa.

Onna W3 aKTUBHOCTEH MONMM(YHKIIMOHATHLHOU Oe-
Ta-ranakto3uaasbl, aedexrnoi mpu MIIC VB, —
9TO BBICBOOOXKACGHUE TalakTO3bl M3 YIJIEBOAHBIX
KOMIUJICKCOB U HEKOTOPBIX APYrux cyocrpartoB. [le-
¢uuut Oera-ranakro3unasbl SBISETCA I[IEPBUYHBIM
MeTabonnYecKiM JedekToM mpu Tpex popmax GMI-
ranruosuosa [50].

Kapmuposanue u uoenmugpuxayus eena GALNS

MIIC IVA 00ycnoBiIeH HPHUCYTCTBHEM TOMO3HTOT-
HBIX WJIM KOMIIayH/I-T€TePO3UTOTHBIX HHAKTUBHPYIOIIIX
MyTallii B TEHE TraJlakTo30-6-cynbdarazel — GALNS.
OmnpezielieHne  aMUHOKHUCIIOTHOH — ITOCIIEIOBATEIILHO-
CTH OYHIIIEHHOW TaJlaKTO30-6-Cylb(arazbl MO3BOIUIO
CKOHCTPYHPOBATh OJHMTOHYKJICOTHIHBIE 30HIBI, C TIO-
MOUIBIO KOTOPBIX U3 TKaHECTIEH(DUIECKUX OMOIHOTEK
TeHOB YeJioBeKa ObUla H30JIMpOBaHa MOIHOpa3MepHast
k/IHK rema GALNS [64, 66]. Metogom (roopeciieHT-
HOW rubpuan3annu in situ TeH GALNS ObII KapTHPOBaH
B obmactu 16q24.3 [14, 66]. On coxepxutr 14 sK30-
HOB, paclpeleNieHHbIX Ha TUIOUIad NPHOIU3UTEIBEHO
B 40-50 k0 renomuoit JIHK [46, 47].

Mymayuu 6 cenax GALNS u GLBI

OcHOBHBIM THIIOM MyTanuii B rene GALNS'y 60ib-
Heix MIIC IVA saBnsitoTcs 3aMeHbl HYKJICOTHIOB,
COTIPOBOXKJAIONIUECS 3aMEHON aMHHOKHCIOT B Oell-
Ke, TO ©CTh MHCCeHc-myTamuu [18, 42, 66]. Hnen-
THPUIIUPOBAHBI TaKXe HOHCEHC-MYTaIluu, HEOOIb-
Iue CTPYKTYPHBIE TEPECTPONKH, 3aTparuBarollne
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oT 1 10 27 HYKJI€OTUAOB, U CIUIACUHTOBBIE MYyTaIUH.
Bbonee uem B 20 % cny4yaeB y eBpONEHCKUX OOJBHBIX
npucytcTByer 3amena [113F [67, 68, 70], Torna kak
B JlaTuHCKOM AMepuke 4acToOil CTaHOBHUTCS MHCCEHC-
myTtaus R386C [71].

Myrauuu B rene GALNS, accouuupoBaHHbIE C Ts-
KEJNBIMA (hopMaMu CHHApoMa Mopkuo Tuma A, Mpu-
BOJIAT K TIONHOM TOTEpe AaKTHBHOCTH TajlaKT030-0-
cynbgaraspl. [Ipu «MITKUX» MyTalusX aKTUBHOCTH
¢depmenrta coxpansiercs B mpeaenax oT 2 go 13 %.
buoxumuueckuii U CTPYKTYpHBI aHaIU3 IOKa3al,
9TO «TSDKENbIE)» MUCCEHC-MyTalud JIMOO IIPHUBO-
AT K aMHUHOKHCJIOTHBIM 3aMEeHaM B Tuapo(oOHOM
KOpoBoil 4yacTu (epmenTta, aub0 MoAu(UIUPYIOT
TPETUUHYIO CTPYKTypy Oenka, 1u00 3arparuBaioT
AKTHBHbIE CalWThl. B TO >Xe Bpemsl IpU <«JIETKHX»
MyTaluAX aMHUHOKHCIOTHBIE 3aMEHBI, KaK TIpaBH-
JI0, OKa3bIBAIOTCS JIOKAJM30BaHbI Ha MOBEPXHOCTH
Oenka [62].

[Ipu npoBeneHNH MOJIEKYJIIPHOM ANArHOCTUKU MY-
Tanmii B reHe GALNS y 23 manueHToB, 15 u3 KOTOpBIX
3 ABctpanuu u 8§ — u3 CeBepHoit Mpnanauu, 0pu1H
BBISIBJIEHBI 2 Ma)XOpHbIE MMCCEHC-MYTAIH, KOTOpbIE
C paBHBIMH YacTOTaMH BCTPEYAJIHCh B KKIOH M3
JBYX HMCCJIEIOBAaHHBIX MOMYJSIUMNA U BMECTE COCTaBH-
mu 32 % Bcex mytaHTHbIX amwiened [81]. Orto I[113F,
ACCOIIMMPOBAHHAS C TSDKEJIBIMU (opMamu 3a0oseBa-
Hust, 1 T312S, kotopast oOOHapyKUBaeTcsl y MalueHTOB
¢ 6onee msarkum tedenueM MIIC IVA. Ananus rario-
THUIIOB I10KA3aJl, YTO KaXJasi U3 3TUX MyTalUd UMeeT
o011ee MPOUCXOKICHHE, U 00€ OHM ObUIM 3aBE3CHBI
B ABCTpanuio MurpantamMud u3 HVprmaHaum B KOHIE
XIX B.

I'en GALNS otnuuaercs reTeporeHHbIM CIEKTPOM
MyTaruii. Tak, peTpoceKTHBHBIN aHamu3 148 yHuKaib-
HBIX MYyTalMd, WICHTH(OUIMPOBAHHBIX, TIABHBIM 00-
pa3oM, y eBpOIeHCKUX OONBHBIX, MMoKa3al, uto 78,4 %
W3 HUX 3TO MHCCEHC-myTanuu, 9,2 % — HeOosbime
neneruu, 5 % — HOHCeHCc-MyTanud, 2,4 % — 0omb-
mue genennu u 1,6 % — wHCepuuu. Tpu MHUCCEHC-
myTtanuu R386C, G301C u I113F cocrasmstor Gonee
5 % Bcex myrtaumii B rene GALNS [72].

VY nmATH HEpOIACTBEHHBIX SMOHCKUX OONBHBIX Haii-
JICHBI JBE NPOTSHKEHHbIE BHYTPUICHHBIC JICJICLUH Pa3-
Mepamu okoJio 6 U 8 KO B yuc-nonoxenuu. Mx mpowuc-
XOXKJICHHE CBSI3BIBAIOT C PEKOMOMHALIUEH MEKAY IBYMS
BHyTpUreHHbIMU Alu-nosropamu [33]. OauH u3 matu
OOJIBHBIX OBLT TOMO3WTOTEH IO JABOMHOW Jenenwu,
a y IOpyrux 3TH [eJleMd HaXOAMJIMCh B TeTepoall-
JeNbHBIX KOMOWHAIMSAX C ONHOW HOHCEHC- U TpeMs
MHUCCEHC-MYyTalUIMHU.

Cnektp myrtammii B reHe GALNS y xuraiickux
OOJBHBIX TaK)Ke OTINYAETCS OT eBporeiickoro: 63 %
u3 27 uaeHTUUIUPOBAHHBIX MYTAllMid HH pa3y He

BCTpeUajuch B JApyrux crpanax [77]. Yacroih sB-
nsercs muccenc-mytamus G340D, xoropas mpu-
CYTCTBOBaJla y ISTH MAalMEHTOB W3 OJHOTO paiioHa
Kurasg. AHanu3 ramioTunoB 53TUX OONBHBIX YKa-
3pIBaeT Ha ydacTtHe «3(dexra ocHoBarens» B HUX
pacupocTpaHeHUH.

Mytamuu B rene GLBI 00BIYHO OOHAPYKUBAIOTCS
y mauueHToB ¢ GMI-raummo3uno3zoM. OnHako 3a-
meHa W273L B rene GLBI B KoMmmayHe ¢ ApYyTru-
MH MHUCCEHC-MYTallMsIMH YacTO MPHUCYTCTBYeT y Tia-
muentoB ¢ MIIC IVB [52]. Jlpyras gactas mMyTammus
B reHe GLBI, mpuBoxdmias K pPa3BUTHIO CHHIPOMA
Mopxkuo tuna B, — T 500A. Onna u Ta xe My-
tauus R482H, mpuBoxsdmias k 3aMeHe apruHuHA Ha
TUCTUAMH B 482-M IOJ0KEHUU OeTa-rajlakTo3uaasbl,
Obutla WACHTH(UIMPOBaHA KaK y MAIMEHTOB C TaH-
TJIMO3HI030M, TaK U ¢ CHHIpOMOM Mopkuo tuma B [63].
OTH JaHHBIE JIOKa3bIBAIOT AJUICNBbHYIO IPUPOIY
pazmuuHbix ¢dopm GMI-ranmmo3umoza W CHHAPO-
Ma Mopkno Trma B. Octarodnas akTHMBHOCTH OeTa-
raJlakTO3M/1a3bl HE KOPPETUPYET CO CTENEHBIO TAKECTH
(EHOTHITUYECKUX TPOSIBICHUI.

Oxcnepumenmanvhvie mooenu

[TyTem HampaBiIeHHOTO pa3pylICHUS K30HA 2 TeHa
Galns co3nana TpaHCT€HHAs «HOKAYT»-JTMHUS MBIIIEH
C HEJO0CTaTOYHOCTHIO TaiakTo30-6-cynbdaraszer [70].
AKTHUBHOCTHh (pepMEHTa y MyTaHTHBIX TOMO3HUTOT IO~
HOCTBIO OTCYTCTBOBaJja, IIPH TOM BO MHOTHX OpraHax,
BKJTIOYAs TICYCHb, TOYKH, CEJIe3CHKY, CEpIIle, TOJIOB-
HOWM W CIIMHHOW MO3T, B BO3pacTe 2 MecC. HaOJonaiu
HakoIieHus mDirko3amuHornkanoB (I'AlT), kotopeie
B OCHOBHOM OBUIM TpPEICTABIIEHBI KepaTaHCYIb(haToM
1 XOHIPOUTHH-O-CYIh(aTOM. DTH HAKOTUICHHUS HAXOTH-
JICh B JIN30COMAaX PETUKYIOIHIOTEIHAIBHBIX KIETOK
1 M30BITOYHO IKCKPETUPOBAIHUCH ¢ MO4oi. B Bo3pac-
Te 12 Mec. OTMeuanu NOsBICHUE BaKyOJIU3UPOBAHHBIX
KJIETOK B TIOYEYHBIX KIyOOUKax ¥ KiallaHaxX cepila,
OITHAKO TIPYU PEHTTCHOJIOTHUECKOM aHAIN3¢ HUKAKHX
CKEJICTHBIX HApYIICHUH HE OBUIO BBISBJICHO.

[IpoBeneHHble Ha 3TOW Mojenu HcHbITaHUs hep-
MeHTHOH 3amematomiedi tepamuu (P3T) ¢ ucmomns-
3oBanueM HatuBHOW W SUMF |-MonudummpoBaHHOMA
rajgakTo30-6-cyiab(darasbl I[OKa3aJd 3HAYUTEIBHOEC
yMeHblleHne otnoxkeHudt Al B BucuepanbHBIX
opraHax, KOCTHOM MO3Te, KJallaHax cepila, CBs3-
KaX M COCIMHUTEIIBHOM TKaHU yXe mnociue 12 Hex.
nedenus [73]. JlozozaBucumoe cHmwkenue [AlT Ha-
OJIFO/IAJIOCh TAK)KE B MO3TE€ MYTAHTHBIX JYKUBOTHBIX.
B kpoBu coxmepxkaHue KepaTaHCyib(para CHU3UIOCH
MPaKTHYECKH JO0 HOPMAIbHBIX 3HadeHW. dapma-
KOKMHETHKa, TKaHecnmennduieckoe pacmpeeieHue
1 HaAOII0JaeMOoe YITYUIIeHWE COCTOSHHS >KUBOTHBIX
OKa3aJIUCh CXOAHBIMH TIPHU HCIOJIb30BAHUU O0OHX
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npemnapatoB. [lonmy4yeHHble pe3yabTaThl MOATBEPXKAA-
IOT MEPCHEKTUBHOCTh ucnoiab3oBaHuss 3T nnsa ne-
genuss MIIC IVA [73].

Jlabopamopnas ouaznocmuxa u neveHue

OcHoBHOe kimHH4Yeckoe mposieienne MIIC IVA
COCTOWT B CUCTEMHOM CTIOHIMIOATH(DU3APHON CKEIeT-
HOM AucIuIa3uu. XapakTep MOPaKeHNs KOCTHON TKaHU
npu cuHApoMe MOpKHO MMeeT psili crenu(uaecKkux
0COOEHHOCTEH, KOTOphIe MOTYT OBITH BBISIBICHBI TPH
NpoBeJeHNH paauorpaduueckoro axamusa. B 1o ke
BpEMsl MHOT'ME HapyLICHUs Pa3BUTHUS KOCTHOW U Xpsi-
IIeBOM TKaHW HaOMIOAAIOTCA U MpH JApyrux (opmax
CKeNeTHBIX auciuia3uid. Takum oOpasom, auddepen-
uuaneHas nuardoctuka MIIC IVA u mporHos B oT-
HOILLIEHWU Ppa3BUTHs 3a00JIEBaHHUS BO3MOMKHBI TOJIBKO
C TIPUBJIEYCHHEM COBOKYITHBIX JaHHBIX KIMHUYECKO-
ro, paauorpaduieckoro U OMOXMMUYECKOTO aHaln3a
[53, 58]. CornmacHO MEXIyHapOAHBIM KpUTEPUAM Ja-
6oparopHas auarsoctuka MIIC IVA Ha mepBuuHOM
Jrame Oa3upyeTcs Ha IOBBIIICHUHM KepaTaHCyIbdara
B MOY€ WIH CHWKEHHH AaKTHBHOCTH TaJjlaKT030-6-
cynb(arasbl B CyXuXx MsTHaX KpoBH. /st moaTBepxke-
HUSl AMarHo3a MPOBOJUTCS UCCIIEOBAaHUE AKTUBHOCTH
rayakTo30-6-cynbdaraszpl B Jelkonmrax wuian (Gpuodpo-
6nacrax. JlnarHo3 CUUTAETCs IOJIHOCTBIO JOKA3aHHBIM
npu oOHapyXeHUH MyTauuu B reHe GLBI y manueH-
ta [11]. CornacHo ¢enepalibHbIM KIMHUYESCKHM PEKO-
MeHIalMsAM B Poccum [U1s MOATBEpXKAEHHS AMarHo3a
MIIC IV HeoOXomuMo MOJICKYISIPHO-TEHETHIECKOES
obcremoBaHne BO Bcex ciydasx [8, 9].

B psae MeaMIMHCKHMX IIEHTPOB JJIsl JIEUEHHs Tia-
mueHtoB ¢ MIIC IVA mpumensiercss TpaHCIIaHTAIMA
reMaTolo3THYECKUX CTBOJIOBBIX KJIETOK, HO IO JIAHHBIM
METaaHaJIM30B IMOCIEAHUX JIET OHA HE SIBIIIETCS Tepa-
nuel nepBoit K npu cunapome Mopkuo [8]. Bornb-
[IMM TEPaNeBTUYCCKUM IoTeHImanom oodnamaer O3T.

B 2014 r. B mupe Obu1 0000peH Ipenapar 30Cyib-
(haza amp(a, eTMHCTBEHHBIN CICMPUISCKUH Tperapar
g jgedenus: namuentoB ¢ MIIC IVA, noka3zaBiiuii
CBOIO 3(P(PEKTUBHOCTh B KIMHMYCCKUX HCIIBITAHUSX.
Wcnonb3yercss B 03¢ 2 MI/KI €KEHEACIBHO ITyTEM
BHYTPUBEHHBIX MH(]Y3ui. JlaHHBINA Tpemapar 3aperu-
ctpupoBad u B Poccum [8]. [Ipu nedyennn cHmkaercs
YPOBEHb DKCKpELUH KeparaHcyibdara ¢ mouoi. Kiu-
HUYECKH MallMeHThl OTMEYAIOT MOBBIIIEHHE BBIHOCIH-
BOCTH U pabOTOCIIOCOOHOCTH (IO pe3ysbTaTaM LIecTU-
MUHYTHOTO TE€CTa XOAbOBI), YBEIUUCHUE €KECAHEBHOU
aKTUBHOCTH. O(P(HEKTHBHOCTh TEPANMUHA CKEJICTHBIX
U3MEHEHM npu cuHApoMe MOpKHMO OrpaHHuY€Ha W3-
3a TUIOXOTO TPOHUKHOBEHHS PEKOMOWHAHTHOTO (hep-
meHTa [11]. B3auMocBs3u Mexay CHUKCHHEM YPOBHS
T'AT" MOYM M KIMHMYECKUM YIYYLIEHUEM COCTOSHHS
MAIMEHTOB HE BEIBICHO [12].

B Hacrosmee Bpemsi mnepcriekTuBHBIM Juist D3T
MIIC IVA paccmatpuBaercsi peKOMOMHAHTHBIN (ep-
MeHT prGALNS, npou3BoguMblii B IpOAIKEBON cHCTe-
Me Pichia pastoris [56]. Ha cragum npexiImHHYECKUX
ucneiTaguit Teparmmu MIIC IVA HaxomsaTess HECKOIBKO
aJbTEPHATHBHBIX cTparernil. [louMck moTeHIHaIbHBIX
Onomuieneit, npuroaubix st teparun MIIC VA,
OCYUIECTBIISIOT C HCIOJIb30BAHUEM DPA3JINYHBIX METO-
JIOB, IPUMEPOM KOTOPBIX SIBISIETCA, B YaCTHOCTH, MPO-
TEOMHbIA aHanu3 [12].

B03MOXHOCTB MAaTOreHETUYECKOTO JICYECHUS Malu-
eutoB ¢ MIIC IVB paccmarpuBaeTcs B KOMILICKCE
MEpPOIPUATHH, pa3padaTeiBaeMbIX i Tepanuu GM1-
ranrnosujiosa [84].

Knunuuecxuii cnyyaii nezxoti popmor MIIC IV muna

Hesouka, 17 ner, pomom u3 Pecrmybmmxu [lare-
CTaH, OT HEPOACTBEHHOTO Opaka, HACIIEACTBEHHOCTH
He oTdAromieHa. PeGeHOK OT TpeTheil OepeMEeHHOCTH
(OT mepBoii U BTOPOH OEpPEeMEHHOCTEH JBOE 30POBBIX
neteil) Ha (hoHEe MHOTOBO/IMS, 3aTPyAHEHHS BBIBEICHNUS
rieunkoB. [Ipu poxxaenun Bec 5100 1, qmuHa 54 cwm.
Ha nepBom roay pocna u pa3BuBajach IO BO3pPACTY.
C 1,5 ner nabmogaiach HEBPOJIOTOM C 3aJEP>KKOH pe-
4eBOro pa3BuTHA. B 2 roma mpu ocMoOTpe OpToIeaoM
OoTMeYallaCh PaxUTONoNo0Has JeopManus TPyTHOH
kiaetkn. K 7 romam pasBuiics KHU(OCKOIHNO3 TPYIHO-
ro orzaena no3BoHoyHuka IV crenenu. Bnepseie 3a-
nono3ped MIIC IV Tumna mo KIMHUYECKUM JTaHHBIM.
C 7,5 ner Haxogutcsi Ha «/l»-yuere B MeIMKO-reHe-
TUYECKOM KOHCYJIbTAIlMM 1O MECTY KHUTEIhCTBA B Pe-
cnyonuke [larectan ¢ guarHosom: «MIIC IV Ttuna
(cunapoM Mopknro), ayTOCOMHO-PELeCCUBHBIN THI Ha-
cienoBaHus». B Bo3pacte 13 seT BHepBble MPOBENEHO
ONEpaTHBHOE JICYCHHE — KOPPEKIMs KU(OCKOIH03a
rpyaHoro otnaena no3BoHounuka IV cremenn B HUU
uM. TypHepa. B nanbHeiemM o Mepe pocra JI€BOYKHU
BHOBB IIPOTPECCHPOBAHNE Ae(POPMALINU TTO3BOHOYHHKA
1 B Bo3pacte 17 5eT mMpoBOAMTCSA MOBTOPHOE OIepa-
TUBHOE BMEIIATENILCTBO JJIsl KOPPEKUUHU KH(POCKOINO-
3a TPyAHOro OT/AeNa no3BoHOYHMKA. [Ipu ocmoTpe ma-
LMEHTKHU B Bo3pacte 17 net: poct 162 cMm, Bec 61 K,
rpyOBIe YepPTHI JTUIIA, THTIEPMOOMIBHOCTh KPYITHBIX CY-
CTaBOB, KU(OCKOINO3 TPYAHOTO OT/eJa TTO3BOHOYHHUKA
(puc. 2 u 3). AycKynbTaTUBHO TOHBI CEplla 3ByYHEIE,
putMuuHble. [Ipn manbnanum KxMBOTa MEYEHb U celle-
3€HKa HE yBEeJINYEHBl. VIHTeNIeKT — Bo3pacTHas HOpMa.
WncrpyMeHTanpHOe  00CIIeIOBaHKE:  9XOKapIuorpa-
¢us — mponarnc MuTpanbHoro Kianana. OcMorp od-
TaJEMOJIOTOM: TIATOJIOTHN HE BBIABIEHO. CIyX — HOpMa.
Huaraos: «MIIC IVA tuma (cuaapom Mopkwuo), Jier-
Kast opmay.
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Puc. 2. ®deHoTun AeBOYKMU C MyKOMOSIMCAXa- Puc. 3.
puaosom IV tuna
Fig. 2. Phenotype of a girl with type IV

MPS

Fig. 3.

MyxkonoJsmcaxapuno3 VI tuna, cunapom Mapo-
TO — Jlamu

Knunuxa u snudemuonozus

MIIC VI tuna, wim cungpom Mapoto — Jlamu,
KJIMHUYECKH TPOSIBIISETCS HAHU3MOM, TeNaToCIIeHO-
MeETalnel, CKeJICTHBIMU U CEPACYHBIMU HAPYLICHUSIMU,
TYTOIIOJIBUKHOCTBIO U KOHTPaKTypaMH CyCTaBOB, TIO-
MYTHEHHEM POTOBUIIBI, JIUIEBBIM TU3MOPPUZMOM II0-
JIOOHBIM TOMY, KOTOpbI HaOmromaetcst npu MIIC L.
OpfHako MHTEIEKTYalbHbIE PAcCTPOICTBA OTCYTCTBY-
10T. B Moue OOJIbHBIX IPUCYTCTBYIOT BEICOKHE KOHIICH-
Tpalyu JepMarancyib(ara. 3HAUNTEIBHBIE OTIOXKE-
uusi A" HaGmiomatoTcss B MOTMMOP(GHOHYKICAPHBIX
neiikorutax. OHM HOCAT Ha3BaHuE TpaHyn Asjepa
Y BBIISAST Kak Ja3ypHble a3ypoduiInuecKue IUTO-
mnazMatudeckue BkitodeHus. Otnoxenus: [Al naka-
IUTMBAIOTCA ¥ B TPOMOOIMTax — TpaHynax Peitmmu.

Jns cunppoma Maporto — Jlamu XapakTepeH BbI-
PaKEHHBIM KIMHUYECKUM monuMopdusm. Beiaenstor
TsDKEINbIe Kiaccuueckue (opMbl 3a00NeBaHUs, IPO-
MEXXYTOYHBIE M JIETKHE, XOTS MEXIy HHUMH HE BCET-
a ymaeTcs TPOBECTH YETKyIo audhepeHITUPOBKY.
[Ipu pokneHWH AETH BBIMIAIAT HOPMATIbHO, OTHAKO
B HEKOTOPBIX CIy4asX Y HHUX MOTYT IPUCYTCTBOBATH
Makporedanus, codeTaromascs ¢ Tuaporedanue,
nedopmanys TPYIHOW KIETKH, MyMOYHbIE W/WIN Tia-
XOBBIC TPBDKU, TPHU3HAKHA CEPACYHON HEIOCTATOUHO-
ctu. Kak mpaBuio, BCe 3TU CHUMIOTOMBI HE CBSI3bIBa-
10T C Ha4aJioM 3a0ojieBaHUs. B TeueHue repBoro roja
KU3HU Y OOJBHBIX MOCTENIEHHO (OPMHUPYIOTCS THITHY-
Heie mposiBiieHuss MIIC B Buae TpyObIX dWepT JwIa
[0 TUIY «TaprOMJIN3May, MAaKpPOIJIOCCHUH, TIOMYTHEHHS
POTOBHIIBI, TeMaTOCTIIICHOMETa Ny, N3MEHEHHs Kiarna-
HOB CEpAla, MPU3HAKOB MHOXECTBEHHOTO JU30CTO3a,
HOYHBIX aITHO?, YaCThIX PEIUANBUPYIONINX peCIHpa-
TOPHBIX WHPEKIUNA W OTHTOB. XapaKTEpHBIC MPHU3HA-

BHewHui BUA KMCTM AEBOYKM C MyKononucaxapuaosom IV tuna,
KIMHOAAKTUIUA NATbIX NajibLeB

The appearance of the hand of a girl with type IV MPS, clinodactyly
of 5 fingers

KH 3a00JIeBaHUS: TUIOTHAsT KOXa, MATKUH THPCYTHU3M,
MOCTENIEHHO CTAHOBUTCSI OUYEBUIHOM 3aJ€p’KKa pocTa
¢ pe3koil octaHOoBKoW B Bo3pacte 9—-10 metr. OxoHYa-
TenpHBIA pocT manuentoB ¢ MIIC VI tuma He mpeBbI-
maetT 134-140 cM. Y MHOTUX pa3BUBAIOTCS KOHTPAKTY-
PBI CYyCTaBOB, CUMIITOMEBI CAaBIIEHUS MepupeprudecKx
HEPBOB, B MEPBYI0 OYEpPEb TOHHEIbHBIM KaprajlbHbII
CHUHIPOM, U KOMITIPECCHOHHASI MHEJIOTATHS B MICHHOM
WU TPYIOMOSCHUYHOM OTJIeJaX MO3BOHOYHUKA.

I[Ipu xiaccuueckoit Gopme curgpomMa Mapo-
To — Jlamu 1 oTCyTCTBHHU JedeHHs OOJBHBIE JIETH, KaK
MIPaBUIIO, TIOTHOAIOT B TEPBOM JECATHIIETHH >KU3HU.
[Ipu mMsarkux Qopmax OoOJbHBIC JOKUBAKOT JI0 B3pPOC-
JIOTO BO3PAcTa, XOTS MPOJOIKUTEIBHOCTDh HX >KU3HHU
MOKET OBITh 3HAUUTENILHO COKpalieHa. [ maBHOW mpu-
YUHOW TUOeTN OONBHBIX CTAHOBUTCS CEplIeYHast U Ibl-
XarenbHas HEI0CTaTOYHOCTD.

Tounas uacrora MIIC VI Heu3BecTHa, HO IO HeE-
KOTOPHIM OIIGHKaM OHa KoJieOJeTcs B mpeneiax oT
1:250000 mo 1:600000 noBOpOxkAcHHBIX. B AB-
crpanun oHa coctasiger 1:320000 HoBOpOXACH-
HBIX [49].

buoxumuueckue ocHosbl namozenesa

Apuncynpdaraza B cocrour u3 533 amuHO-
KHCJIIOT M COAEPXHUT 6 IOTEHIMAIbHBIX CalTOB
N-muko3mnupoBanus. Apuicynbgarassl A, B u C ume-
10T BBICOKHH MPOLEHT FOMOJIOTHH 110 aMHUHOKHCIIOTHOM
MIOCIIEIOBATEBHOCTH M COAEPKaT MOTHOCTHIO HIEHTHY-
HBIM paiioH B N-TepMUHAILHOW YacTH BCeX Tpex dep-
MeHTOB. OcHOBHOH (hyHKIMEH apuicynbgarassl B sB-
JSIeTCsI OTHICIUICHHE Cylb(ara B YeTBEPTOM OJIOKEHHN
OT TEPMMHAJIBHOTO oOcTaTka N-aleTWIralaakTo3aMHuHa
B Aepmarancyinbgare. OcraroyHasi aKTUBHOCTH 3TOTO
(bepMeHTa B KYJIBTHBHPYEMBIX (uOpoOmacTax Ooib-
HBIX JIMOO IOJHOCTHIO OTCYTCTBYET, JIMOO HE IPEBBI-
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maetr 1,5 %, u 3HaueHHe HTOro IMOKAa3areisl XOPOILLIO
KOppeNHpyeT ¢ THKECThbI0 TedeHus 3adoneBanus [17].
Onwmcan 44-neTHuil ManuenT 6e3 KIMHUYECKUX TPOsB-
nenunii MIIC VI, HO ¢ nepmanTaHcynbdarypuelt, y Ko-
TOPOTO OCTaTO4YHAsl AKTHBHOCTH apuicyibdarazsl B
cocTaBIsIa OKOIo 5 % HOpMBI. DTO HaOIIOIEHHE TIO-
3BOJIIJIO aBTOpaM BBICKa3aTh Mpenmnooxenne, uro ®3T
W TEHOTepanysi, Ipx KOTOPOH MOXKET ObITh JOCTHTHY-
Ta KOPPEKIHs aKTHBHOCTH (epMeHTa XoTst Obl 10 5 %
YPOBHS, OKaKeTCs JOCTATOUHOM Ul MPEIOTBPAIECHUS
pa3BUTHSL HauOOJee THKEIBIX KIMHUYECKUX IPOSBIIC-
HUH 3a00JIeBaHMA.

Kapmuposanue u uoenmuguxayusi eena ARSB

OmnpeneneHne aMUHOKHCIOTHON TTOCIEIOBATEIBHO-
CTH OUYMIIIEHHOH apuicynbdarazsl B mo3Bommio ckoH-
CTPYHUPOBATH OJUTOHYKJICOTHIHBIC 30H/IbI, C ITOMOIIIBIO
KOTOPBIX U3 TKaHecnenuduyeckoli OMOTMOTEKH I'CHOB
TECTHUC YeJIOBeKa OblIIa U30JUPOBAHA TIOJTHOPAa3MEpHas
kJIHK rena ARSB [59]. I'en ARSB nokanu3oBaH B 00-
macta 5q14.1 [39] u comepxut 8 PK30HOB, pacmpene-
neHHBIX Ha miomaau B 206 k6 renomuoin JJHK [38].

Mymayuu ¢ cene ARSB

Y OompHBIX cuHApPOMOM Maporto —Jlamu B reHe
ARSB wnnentudunmpoBansl 6omee 90 myTranuid, TiiaB-
HBIM 00pa30M, MUCCEHC-THIIA M JICJCIMUA CO CIBUTOM
paMKU CUMTHIBAHUS, IPUYEM MOCICAHUN TUIT MyTaIUN
yaie oOHapyXHBaeTCs MPH THKEIBIX (opmax 3abore-
BaHus [34, 35, 39, 40]. YV ncIaHCKUX ¥ apreHTHHCKUX
MAIIEHTOB YAaCTHIMU SIBJIIOTCS JBE CIIAHCHHTOBBIC
myTtaruu (IVSSAS, G-C, -1 u IVS5AS, T-G, -8), co-
crapisttonue 21,9 u 12,5 % Bcex MyTaHTHBIX aljiene
COOTBETCTBEHHO [27].

OxcnepumenmanvHvle mModenu

Onmcana reneruueckast moaenb MIIC VI 'y kpeic [83].
@DEHOTUIT MYTAHTHBIX JKUBOTHBIX XapaKTepU3yeTCs ye-
PEMHO-ITUIEBBIM TU3MOP(GU3MOM W MHOXKECTBEHHBIM
IN30CTO30M. YBEIWYCHA DKCKPEIUS ¢ MOYOH Jepma-
tancyibdara. Omiokenust [Al" HaOroaroTest B peTu-
KYJIOAHAOTEIHANBHBIX KIETKAaX, B XpsIlaX U APYTUX
COEIMHUTEIBHBIX TKAHSAX, HO OTCYTCTBYIOT B HEPBHOMU
cucTteMe. AKTUBHOCTEL apwicynbdara3sl B B medeHn
cocrapnsieT MeHee 5 %. Y IKCIepHMEHTaNbHbBIX KHU-
BOTHBIX HJICHTU(QUIIMPOBAHA TOMO3UTOTHAS MHCEPIIHS
OJTHOTO HYKJICOTH/IA B KPBICHHOM T€HE Arsb apuicyib-
(hatazer B [36].

[IpuawHON pa3BUTHS MPOTPECCUPYIOMUX (PEHO-
TUMIAYECKUX AaHOMAJHUH, CXOMHBIX C TIPOSIBICHUSIMHU
MIIC VI, B 1uHUM CHAMCKHX KOIICK, SBJISCTCS HeE-
JIOCTaTOYHOCTh apuicyibdara3sl B, oOycioBneHHas
MHCCEHC-MyTalusiMu B reHe ARSB Komiek, romoJio-
rugHOM TeHy ARSB uenoBeka. Oka3anoch, 4TO pas-

JUYHbIE KOMOMHAIINN JIByX Pa3HBIX MHUCCEHC-MYTallni
MPUBOAAT K TPEM pa3HbIM KIUHUYECCKUM (EHOTH-
rmaM — OYeHb MSTKOMY, CpeJHeMy M Tspkenomy [21].
OTU MOJIEITbHBIC JTMHUN KOIICK ObLIH yCIICITHO HCIIONb-
30BaHbI s pazpaborku meronoB O3T MIIC VI [20].
Pe3ynbrarhl NMpPOBENEHHBIX HUCCIEAOBAaHUN JTOKa3au
BO3MOXXHOCTh KOPPEKIIUM Hauboyiee TSKENbIX KINHU-
YEeCKHUX IMPOSBICHUN 3TOr0 3a00JE€BaHUs NPU paHHEM
Hayaje JICYCHUSI.

[lomesHo#t JuIs W3y4yeHWs] TATOTEHEe3a CHHIpOMa
Maporo — Jlamu u pa3paboTKu METOJOB crenudude-
CKOM Tepamuu SIBISETCS TaKKe TPaHCTCHHAs JHHUS
MBIIIEH, CO3J]aHHAs IyTeM HAlpaBJICHHOW HMHAKTHBA-
MU MBIIIMHOTO TeHa Arsb, KOAUPYIOLIETO apHIICYIIb-
¢arazy B [25]. Y MyTaHTHBIX TOMO3HUTOT HaOIIOMaeTCS
JepMaHTaHCyabharypus U K 4-HeAeTbHOMY BO3pacTy
Pa3BUBAIOTCS YEPENHO-TTUIIEBOH AMZMOPHU3M U MHO-
JKECTBEHHBIC CKeJICTHbIe aHoManuu. Bo Bcex mapes-
XMMAaTO3HBIX OpraHaxX BBIABISAIOTCS omiokeHUs [Al
MPENMYIIECTBEHHO B HMHTEPCTUIIMAIBHBIX KIIETKAX
U Makpodarax.

Jlabopamopnas ouaznocmuka u nedeHue

Huarnoctuka MIIC VI B mepByro ouepeab OCHO-
BaHAa Ha KJIWHUYECKUX IMPOSBICHUAX 3a00sieBaHUS.
Js paHHel AMArHOCTUKMU WU OTIAMYMS CUHIApoMa Ma-
poro —Jlamu ot apyrux ¢opm MIIC u ckeneTHbIx
JUCTIIa3uid HEOOXOAMMO IPOBEIECHHE OMOXUMHYECKO-
rO aHajJn3a, BKIIOYAIOLIETO ONPENEICHUE KOJINYECTBA
n crnekrpa A’ B Moue W M3MepeHHE aKTUBHOCTH
apuicyiabgarazsl B B JielikonuTax, CyXuX MsATHAX
KpPOBU WJIM B KYIBType KOXKHBIX (uOpoOiacToB. BeI-
cokue 3HaueHus: ypoBHs A’ B Moue KOppelIupyroT
CO 3HAUUTEIIBHBIM OTCTaBAaHHEM B POCTE, CHIKEHHEM
Macchl Teja U JPYyTUMU MaTOJIOTHYECKUMHU HapyIIeHHU-
SIMH, YKa3bIBAIOIIUMH Ha OBICTPOE pa3BUTHE M TsDKe-
noe TeueHune Oone3nu [10].

®3T cunapoma Mapoto — JIlamu ¢ UCIOIb30BaHUEM
pexomOuHaHTHON (hopMbI apuicynbdarassl B (mpera-
par rajicynbdasa), KoTopask MOXKET OBITh PEKOMEHJIO-
BaHa cpazy I10CJIe YCTAHOBJIEHUS JMArHo3a, IPUBOJUT
K YAYYIICHHIO POCTa, TOABMKHOCTU CYCTaBOB, (YHK-
LUK JIETKUX U YBEIMYEHUIO TOJIEPAHTHOCTH K (husu-
YEeCKOM Harpyske, HO HE BIMSET Ha HEOOpaTUMble W3-
MEHEHHUsI OpPraHOB M TKaHEH.

C mnpuBiedeHHEM CIELUUAINCTOB PA3INYHBIX Me-
JUIMHCKUX npoduiei pa3paboTaHbl MEKAyHAPOAHBIC
PEKOMEHIAUHU 110 KOMIUIEKCHOMY BEACHHIO W Jiede-
uuto naruerToB ¢ MIIC VI [30]. Otu pexomeHaanum
MOCTOSTHHO COBEPILEHCTBYIOTCSI M B HACTOSIIEE BpPEMs
BKITIOUAIOT 93 MOJIOKEHUsI, KACAIOIINXCS OOIINX MPHUH-
LIUIIOB BeICHUS OOJIbHBIX, IOCTOSSHHOIO MOHUTOPUHIA
M OIIEHKU WX cocTosiHus, pexxuma O3T u mokazanwmii
K TPaHCIUIAaHTAIIUH KOCTHOTO MO3ra, 00e300IMBAIOIIIX
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Y XUPYpPrUYECKUX BMEIIATEIbCTB, METOAOB crienupu-
YeCKON KOpPpeKIHH Je(eKTOB Pa’sITUIHBIX CHUCTEM —
pecnupaTopHoOil, CepAeYHO-COCYANCTON, CEHCOPHBIX
opranos [11].

[MockonbKy >(QQEeKTUBHOCTh TPUMEHSEMON Tepa-
MUY 4aCTO OKa3bIBAE€TCS OTPaHUYCHHOW M3-3a ILIOXOTO
MIPOHUKHOBEHHS JIEKAPCTBEHHBIX MPENapaTroB B HEKO-
TOpBIE OpPraHbl M TKaHW, pa3pabaThIBAIOTCS ajbTepHA-
TUBHBIE MOAXO0BI [ JeueHus nanuenTos ¢ MIIC VI.
OavMH U3 HUX CBSI3aH C IOMCKOM BEIIECTB, CTUMYIIHU-
PYIOIIUX BBIBEIEHUE W3 KJIETOK H30BITOYHOTO COIEp-
kanusi TAI. K yucny Takux mpenaparoB OTHOCHUTCH,
B YaCTHOCTH, [3-D-Kcuiio3mnaza-npou3BoHas oaumap-
uuna [20]. beuto mokazaHo, 4TO B CUCTEME in Vitro
OJTUTIAPIIMII TIPUBOAUT K CEKPEIMH B KYJIBTYPAIbHYIO
cpeny cynbparupoBanabix ['Al, Takux kKak XOHIPOU-
TUHCYNb(hAT U nepMaTaHcyabdar, mpuaem 3ToT dh et
HaOMIoOaeTCsl KaKk B HOPMAJIbHBIX KIIETKAaX JHJIOTEIUS
ObIKa, TaK M B KyJIBTHBHPYEMbIX (uOpobdiactax 00ib-
Hbix MIIC VI. [Ipu opanbHOM BBEACHUH OAMIApLUIA
HOPMaJILHBIM KpBICaM OBIJI0O OOHAPYKEHO €ro MPHCYT-
cTBUE B (DYHKIIMOHAJIBHBIX J[03aX BO MHOTHX OpraHax
W TKaHsX, B TOM YHCJIE M T€X, KOTOpble B HANOOIbIICH
CTETNIEHH BOBJICUEHBI B MATOJIOTMYECKUI MPOLECC MPH
MIIC VI (xoctu, xpsimy, cepjte, porouia). Ddex-
TUBHOCTbH TIpemnapara B IUIaHE YBEIHUEHHUS dKCKPEIUU
¢ Mo4o# cynbharupoBanHbix [Al' 1 CHMKEHUS UX Ha-
KOIUICHWsI B TEYCHU M TOYKaxX ObLIa TMOKa3aHa M Ha
MbIIUHON Monenu Arsb™. Takum oOpa3zom, onumapIuI
paccMarpuBaeTCss B HACTOSIIEE BpeMsl Kak OJUH W3
MIEPCIIEKTUBHBIX MPEnapaToB s KOMIUIEKCHOTO Jieue-
ausa nanuenTos ¢ MIIC VI

Knunuuecxuii cyuari masicenoti gpopwor MIIC VI muna

[TanreHT, MaNBYIHUK, OT POACTBEHHOTO Opaka (oTell
npoOaHa TBOIOPOAHBIN A MaTepH), HACIIEACTBEH-
HOCTh HE OTATrOIIcHa. PeOeHOK OT ueTBepTOit OepeMeH-
HOCTH, MPOTEKaBIei 0e3 ocobeHHocrel (1-3 — m/a),
ot nepBbIX poaos. [Ipu poxxnenun macca 3300 r, nuHa
57 cM, OKpY>KHOCTb I'OJIOBBI U Tpynu 35 cM, 1O IIKaJIe
Anrap 7/8 GamnoB. Ha rpygHOM BCKapMIIMBaHWHU 0
5,5 mec. [IpuBut no kanenaapro. IlcuxomoropHoe pas-
BUTHE: TYJIUT ¢ 3 Mec., CHAUT ¢ 7 MecC., XOmIuT ¢ 1 L.
2 Mec., TOBOPHT OT/IeNbHEIE clioBa ¢ 1,5 set, ppa3oBas
peds ¢ 3,5 nmet. B 9 Mec. ¢ MHBarmHaMeW KUIICTHIKA
ObUT TOCIUTAIM3UPOBAH B CTAIlMOHApP, TJE BIIEPBEHIC
OCMOTPEH T'€HETHKOM — BBISBICHO PaxUTONMOJ00HOE
3a00NeBaHNe, MHOKECTBEHHBIE MHUKDOAHOMAIUH pPa3-
BUTHS, 33/Iep’KKa TICUXOMOTOpPHOTO pa3BuTHs. HazHa-
geH ButaMuH D B mose 3 Teic. EJl, KoTOpBIid peGeHOK
nonyyan g0 4 ner. Ilo mepe pa3BUTHS OTMEYaJHCh
3aJiep)kKa pocTa U Aedopmanus ckeiaera — C OIHO-
ro rola KuWieBWaHAas nedopManus TPYTHOU KIETKH,
¢ I . 2 Mec. — BaJIbI'yCHOE HUCKPUBJIICHUE HWKHUX

KOHEYHOCTeH (Hauan xomuTh). K 4 romam: BeIpaskeH-
Hasg nedopmanmsi depema, yCWiIeHHE medopmariim
TPYAHOHN KIIETKH, «OpaciieTKn», «4eTKn». B Bo3pacte
4 ner Bmepsble moctaBieH guarHo3 MIIC, kotopsrii
ObUT TIOATBEPXkJIEH B MeIUKO-TeHETHUECKOM LEHTpE
(MockBa) 1O yBETMUYCHHIO SKCKPELUH XOHIPOUTHH-
cynbhara W IepMaraHcyiIbpara, TakKe IPOBEICHA
9H3UMOJIMArHOCTUKA — aKTUBHOCTH (pepMeHTa apwii-
cynedaraza B 0,01 uM/mr/gac (nopma 42,8-129,8).
MoJtekynIpHO-TeHETHUECKOE HCCIICAOBAHUE HE TIPO-
BOJMJIOCH.

B 8 ner rocmurammsmpoBan B CIIGITIMY s
oOcnenoBanus. [Ipu ocMoTpe oTMedanach HU3KOPOC-
nocte: poct 105 cm, Bec 18,5 kr. Manbuuk axTUB-
HbIH, nonBwxHbIM. Ha ocMoOTp pearupyeT anekBaTHoO,
Ha BOIPOCHI OTBEYAET IPaBUJILHO, OPUEHTHPOBAH BO
BPEMEHHM U MIPOCTPAHCTBE; OOCITYKUBAET ceds He MoJl-
HOCTBIO B CBA3M C HaJHMYHEM KOHTPAKTyp CYCTaBOB
BEPXHHMX KOHEUHOCTEH. 3HAeT CTUXH, PHUCYET, MOMO-
raer marepu no nomy. IlpusHaku nmsocrosza: Opaxu-
nedanms, neopmarus TpyIHON KISTKH (KUJIEBUIHAS
rpyAHas KIeTKa ¢ pa3BEepHYTOH HMKHEH ameprypoii),
KOHTpPakTypbl cycraBoB. deHoTHn pebeHka XapakTe-
pen mas MIIC: BbIcokmit 1100, roTU4eckoe HeOO, KO-
pOTKasi 1esi, HU3KOPACIOIOKEHHBIE YIIIH, MAaKpPOIJIOC-
cust, Opaxunaktwins. KoHTpakTypbl W OTrpaHHYeHHUE
JBIDKCHUH B IJIEYEBBIX CycTaBax (HE MOXET MOAHATH
PYKH BEPTHKaJIbHO BBEPX), pa3ruOaresibHO-CrudaTesb-
HBIC KOHTPAKTyphl JIOKTEBBIX CyCTaBOB (00BEM ABH-
KeHui 45°), nmyde3anscTHeIX (00beM nBrkeHun 20°),
crubarenbHO-pa3rudaresbHasi KOHTPAKTypa KOJCHHBIX
CYCTaBOB, PE3KO€ OTPaHWYCHHUE IBIKCHUH B TOJICHO-
cTomHbIX cycraBax. edopmanus crton. X-oOpasHas
nedopmanms HIDKHAX KoHewHocTel (puc. 4). KoxHbie
TIOKPOBBI YHCTHIE, cMyIIble (3arap). ToHbl cepama
PUTMHUYHBIC, BBICIYIIMBACTCS CUCTONMYECKUN IIIyM
[0 MPaBOMYy Kpawo TpyAHHBI (IIyM HEJIOCTATOYHOCTH
TPUKYCIUAAIBHOTO KJlaraHa), CHUCTOJMYECKUH ILIyM
(MeHEe TPOMKHI) B TOuke BOTKMHA M Ha BEpXyIIKe
cep/rma. 3By4HOCTh TOHOB Ha BEPXYIIKE Cep/ia Ou-
HakoBast (To ecTb | ToH ocnabieH), YacToTa cepaeyHbIX
cokpauleHuii 86 B MUHYTY. J[pIXaHHe BE3UKYISAPHOE,
IIPOBOAUTCSl PAaBHOMEPHO, XPHUIOB HeT. JKMBOT cuM-
METPUYHBINA, MYIMOYHAsI I'pbDKa HEOOJBIIOrO pa3Mepa
(mnameTp mymoyHoOro kojeia 1,5 cM), remarocruieHo-
Meranus (nedeHb +6 cM, cene3eHka +3 ¢M U3 moj Kpas
pebepHoit myrun). [Ipu oOcnenoBaHWU: HA AXOKAPIUO-
rpadguu TUTEpPTpOPUIECKasT KapIUOMHOIIATHS, MHK-
COMAaTO3HOE€ W3MEHEHHE CTBOPOK MHTPAJIHHOTO KJila-
naHa, Mporud CTBOPOK TPUKYCIHUAAIBHOTO KialaHa.
OcMoTpeH 0(TaabMOIOroM: MOMYTHEHHE POTOBHIIBI
oboux mia3. Cnyx — Hopma. VI3MeHeHus: Ha peHTre-
HOTpaMMax IT03BOHOYHHKA W KUCTeH pyK (puc. 5, 6).
KomnbrorepHasi ToMmorpadusi TOJIOBBI: MPU3HAKH CME-
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Puc. 4. BHeluHuii BUA, naumeHTa ¢ Mykononucaxapuaosom VI tuna,
TaKenaa ¢popma
Fig. 4. External view of a patient with MPS VI type, severe form

MIaHHOW TuAporiedanny, aHOMalus pPa3BUTHS IIO-
3B0HKa C1, cTeHO3 TMO3BOHOYHOTO KaHana. CaaBieHue
CIIMHHOTO MO3Ta 33 CUET MOPAKECHUsI aTJIaHTO-aKCUab-
HOTO COWJICHEHHUsSI C BHeApeHHEeM Iyru mo3BoHka Cl
B 3aTBUIOYHOE OTBEPCTHE — «BTOpPHYHAS Oa3misgpHas
UMTIpeccHs». PEeKOMEHIOBaHO: ONEpaTHBHOE JICUCHHE
B TUTAHOBOM TOPsIIKE — JekoMmmpeccus Ha ypoHe Cl
CIIMHHOTO MO3Ta M OKLMIIHMTOCIIOHIUIIO/NES.

B  nanpHelimieM MallBdUK  TOCIHTAIN3UPOBAH
B OJMH M3 CTalMOHapoB MOCKBBI ISl 00CIIeIOBaHUS
B JIMHAMHKE C YXYIIICHHEM COCTOSHHS B BHUJIC Pa3BU-
THSl TeTpamnapes3a BCIeICTBHE TPOTPECCUPOBAHMS CAAB-
JICHUS! COMHHOTO MO3Ta B IIEHHOM OTIeJse MO3BOHOY-
HUKa. B cBs3u ¢ perucrpauueit mpenapara mig O3T
B Poccwuiickoit denepanmm Hauata tepanmsa. Ha ¢one
O®3T ycrneunrHo NpoOBEAEHO ONepaTUBHOE JEYCHHE —
JEKOMITpEecCHsl CIIMHHOTO MO3ra B LICHHOM OTHene
MO3BOHOYHUKA C BOCCTAHOBJICHWEM JIBUTATEILHOU
(yskmr B KoHewHOCTsX. Ho Ha ¢oHe mmmrenpHOTO
COXpaHEHUs MOCTEILHOTO PEeXHMa B MOCIeoNepaly-
OHHOM TIEpPHOJE Pa3BHJIACh MOJIHMCETMEHTapHasl ITHEB-
MOHHSI, OCJIOKHUBIIASCS JBIXaTEIIbHOW HEJIOCTATOYHO-
CTBIO M TIPUBENIIAs K JISTAIBHOMY HCXOIy B BO3pacTe
9 ner.

Puc. 5. PeHTreHorpamMma Kuctei nauueHTa ¢ MyKonoamcaxapu-
Ao3om VI Tuna
Fig. 5. X-ray of the hands of a patient with type VI MPS

Puc. 6. PeHTreHorpamMma rpyaHoro u nosiCHU4HOro oTAesioB no-
3BOHOYHMKA C 3aXBaTOM Ta306eApeHHbIX CYyCTaBOB: 4BO-
SIKOBbINYKNas GpopMa rpyaHbIX U NOSCHUYHDBIX NO3BOHKOB,
3a/iHMe KIMHOBUAHBIE U A3bIKOOGPa3Hble MO3BOHKMU CO
CKOLWIEHHbIM nepeaHeBepXHUM yrnoMm. [pyaHoit kugos
YIUIOLLEH, BbICOTa €ro CMelleHa KayaanbHo. [unonna-
3us Tena Thll. S-o6pasHaa aedopmaumusa HUXKHerpya-
HOro - MOSICHUYHOrO OTAEN0B NO3BOHOYHUKA, C BEpXHEi
NpaBOCTOPOHHEN Ayroin ~18°, HUKHen NeBOCTOPOHHEN
ayroit ~28°. Bepmny)Hble BNaguHbl MenKue, KpbILUU CKO-
LIEeHbl, rONOBKK 6eApeHHbIX KocTel ynnouieHsl. Weiiku
6eapeHHbIX KOCTei BbINPSMEHbI

X-ray of the thoracic and lumbar spine with hip joints:
biconvex shape of the thoracic and lumbar vertebrae,
posterior wedge-shaped vertebrae and lingual vertebrae
with a beveled anteroposterior angle. The thoracic ky-
phosis is flattened, its height is shifted caudally. Body
hypoplasia Th11. S-shaped deformity of the lower tho-
racic-lumbar spine, with an upper right-sided arch ~180,
a lower left-sided arch ~280. The acetabulum is shallow,
the roofs are sloping, and the heads of the femurs are
flattened. The femoral necks are straightened

Fig. 6.
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Myxonosmcaxapuno3 VII tuma, cunapom Chas

Knunuxa u snudemuonozus

Knuanaeckn 3aboneBanne MposBISIETCS XapakTep-
HeiMu 11 MIIC anomanusMu cKelleTa, IenaTocCIie-
HOMeraJinel, TpyObIMUA YepTaMu JIMIa M0 TUIY «rap-
TOMJIM3Ma» U YMCTBEHHOM OTCTaJOCTBIO Pa3IMYHOU
cTerneHn BbIpaxeHHOCTH. s cunnpoma Cras, Takxe
Kak s apyrux tunoB MIIC, xapakrepeH KiIuHHYe-
CKHUU TIOTUMOP(U3M, KOPPEITUPYIOIIUNA C OCTATOUHOM
aKTMBHOCTBIO [-IIIOKYpOHHMIa3bl. B psnme ciyuaes
cunapoM Crasg OpOSBISIETCS YK€ B IPEHATAJIBLHOM
nepuone, OoOyCIOBIUBAas pa3BUTHE BOISHKH IUIOMA.
Teuenue 3a0osieBaHMSI TPU TOKEIBIX (opMax CXOM-
HO ¢ cuHApoMoM [ypnepa uiam TspKenbIMH (opMaMu
cunapoma Xanrtepa. Ilpu pokneHud ACTH BBIVISAST
HOPMaJIbHO, OIHAKO B HEKOTOPBIX CIy4asiX Y HHX MO-
TYT MPHUCYTCTBOBATh ITyHOYHbIE WJIM MAXOBBIE TPHIKH.
B Teuenne nepBoro roja JKU3HU y OOIBHBIX MOCTEICH-
HO (hopmupyroTcs TUnH4HbIe nposiBaenus MIIC B co-
YETaHUU C NpPHU3HAKAMU MHOXKECTBEHHOI'O JU30CTO3a,
HOYHOT'O aIllHO?, YacCThIX PEUUIUBUPYIOLINUX pecrupa-
TOpPHBIX MH(MEKIUH M oTUTOB. IIpM ITOM CKeneTHbIe
HapyIlIeHUus y HUX MPOSBISIIOTCS B BUJAE JAUCIUIA3HU
WIM CKOJIN03a, HO HAaHM3M, KakK NpaBWJIO, HE Pa3BU-
BaeTcs. YMCTBEHHasi OTCTaJOCTh HOCHT YMEPEHHBIH
xapakrep, GopMHUpyeTCs ITOBOJIBLHO paHO, K 3 Tomam
M, KaK MpaBWJIO, HE MPOrPECCUPYET.

Yacrora cunapoma Cras cocTaBiseT MEHee uyeM
1:250000 cpenu HOBOPOXKICHHBIX.

buoxumuueckue ocnosbi namoeenesa

OcHoBHass QyHKUMS B-IIIOKYpOHHIa3bl — OTIIE-
IUICHHE TEPMHUHAIBLHOTO OcTaTka [3-D-IIroKypoHOBOM
kucnoTel oT 4yetbipex ['Al': nepmarancynbdara, remna-
paHcynbdaTa U ABYX XOHIAPOUTHHCYIb(ATOB. 3peIrblit
MOHOMEp ITOTO OejKa ¢ MOJICKYIISIpHO# Maccoit 78 k/l,
cocTosumil u3 629 aMUHOKUCIOT ¢ 4 MOTCHIUATbHEI-
MU calfitTamu N-TIIHKO3WJIMPOBaHUS, TPAHCTIOPTUPYETCS
B JIM30COMBI M pacHIeTIsieTcss Ha 2 CyObeIMHHIIbI Ka-
TaTUTHYECKA aKTHBHOTO ()epPMEHTa C MOJIEKYISpPHOMH
maccoit 60 u 18 ]I [74].

[Ipu TsKenbIX MIIAJCHUECKUX (OpMax CHHIpOMA
Cnast aKTUBHOCTH [-TNIFOKYPOHHUIa3bl MOJHOCTHIO OT-
cyTcTByeT, 1100 coctaBmsser menee 1 %. [Ipu B3poc-
JBIX XPOHWUYECKHX (opMax akTHBHOCTh (epMeHTa
MoxeT pocturath 10 % [29].

Kapmuposanue u uoenmugpuxayusi eena GUSB

OmnpeneneHrie aMHHOKHCIOTHON TIOCIIEIOBATEb-
HOCTH OYMIIEHHOW [-TIIOKYpOHMAA3bl IO3BOJIMIO
CKOHCTPYHPOBAaTh OJIMTOHYKJICOTUAHBIC 30HJBI, C TIO-
MOIIIEI0 KOTOPBIX HE3aBHCUMO W3 JIByX TKaHECIICIU-
(ryecknx OWMOMMOTEK TEHOB TpaHC(HOPMHUPOBAHHBIX
(huOpoOIacTOB W TUTAIIEHTHI YeJOBEeKa OblIa H30JIH-

poBana nonHopasMmepHas kJIHK rena GUSB [31, 51].
Metonom GryopecieHTHOW THUOpUAM3AIMH N Sifu
red GUSB 0Obl1 kaptupoBaH B obmactu 7q11.21 [61].
OHn cozmepkuT 12 5K30HOB, pacrpelesieHHbIX Ha IJI0-
maau B 21 k0 remomuoit JIHK [44]. I'en GUSB aib-
TEPHATUBHO CIUTAHCUpPYyeTCS C OO0pa3oBaHUEM BYX
u3odopm, oHa M3 KOTOPBIX ¢ nenermed 153 Hykieo-
THJIOB, 00pasyrolIeics 3a cUeT BBIpE3aHUs DK30HA O,
KaTaIUTUYECKH HeakTuBHA. Ha pasHbIX Xpomocomax
YelioBeKa  HMIASHTH()HUIMPOBAHBI ~ MHOTOYHCIICHHEIE
TICEBIIOTEHBI -TIIFOKypoHUAa3sl [61].

Mymayuu 6 cene GUSB

Oxono 90 % wu3 Oonee uem 50 MyTanuid, WISHTH-
(urupoBanHbIX B reHe GUSB y TalMeHToB C CHH-
npomoM Crasi, SIBIISFOTCSI TOYKOBBIMHU 3aMEHAMH WU
JenenusaMu/uHcepsamu [65, 69, 74, 75, 80]. Muc-
CEHC-MYTAallMM YacTO 3aTParvBalOT BBICOKO KOHCEp-
BaTHBHbIE AMHHOKHCIOTHI. MaXOpHOW Cpeau HUX
B pa3IMYHBIX TOMYISmusiX sBisiercs L176F, accoruu-
pOBaHHasi ¢ HM3KOH OCTaTOYHOW aKTHBHOCTHIO OeTa-
DIIOKYPOHHA3bl M TSHKEIBIMU (POPMaMU 3200JICBaHHS.
K «rsxensim» otHOCSTCS HOHCeHC-MyTamu (W507X)
Y MHCCEHC-MYTAIH, COMTPOBOXKIAIOIINECS aMHHOKHC-
JIOTHBIMH 3aMeHaMHu B THAPO(OOHON KOPOBOH HacTH
Oenka Wik MOAUQUIMPYOUUME ero (OJIMHI, TaKhe
kak R216W, P148S u Y495C [74].

Dxcnepumenmanvhvie mooenu

Monaemu MIIC VII co3nansl 1 u3y4eHbl HA MHOTHX
JKCIEPUMEHTAIbHBIX O0ObekTax. Tak, y cobak omuca-
HO HACJIEJICTBEHHOE 3a00JIeBaHUE, CXOJHOE 10 CBOUM
KIIMHUYECKUM TIPOSBIICHUSIM C HawOoJiee TSKEITBIMHU
dbopmamvu MIIC VII [32]. IIpn OHOXUMHUYIECKOM WC-
CJIeIOBAaHUHU OBLJIO IMOKA3aHO OTCYTCTBHE AKTHBHOCTH
B-rroKypoHHIa3bl Y OOJNBHBIX JKUBOTHBIX.

Onucana reHeTWYecKas JIMHUS MBIIIEH C Helo-
CTaTOYHOCTBIO 0eTa-TIMIOKYpPOHUIA3bkl, KOTOpas Ha-
CIemyeTcsl Mo ayTOCOMHO-pelieccuBHOMY Tumy [15].
Y MyTaHTHBIX MBIIIEH oOHapykeHa TOMO3UTOTHAs Jie-
nenust oxHOro Hykieotuaa B 10-m sk30He reHa Gusb,
OpUBOIALIAS K CABUTY paMKU CUUThIBaHus [57].
OTa MyTanus OTBETCTBEHHA 3a HabomaeMbrit (heHo-
THUI )KUBOTHBIX, Mogenupyomuit MIIC VII. Muaceprus
JIEJICTUPOBAHHOTO HYKJICOTHAA IMYyTEM OJIUTOHYKIIEO-
TUJHOTO CAaWT-HANPABICHHOTO MyTareHesa, Mpou3Be-
JICHHAS B KYJIbTUBHPYEMBIX (PUOpOOIacTax MyTaHTHBIX
MBIIIIEH, TTOTHOCTHIO BOCCTAHABIMBAET (DYHKIIHIO TEHA.
TpaHcraHTaIs KOCTHOTO MO3Ta MYTaHTHBIM >KUBOT-
HBIM 3HAYUTEIFHO YBEIWYUBACT MPOAOKUTEIHHOCTD
WX JKU3HU, TIPH 3TOM MTPOUCXOIUT 3aMETHAST KOPPEKITHSI
JTU30COMHBIX HakorureHnd [16]. Ha atoii MomenmbHOM
JIMHUU J0Ka3aHa Takke Bo3MoxkHocTh ®3T MIIC VII,
npudeM ee dPPEKTUBHOCTh B 3HAYMTEILHON CTETIEHU
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3aBUCHT OT Cpoka Hadana jedeHud. [IpoBonsrcs uc-
MIBITAHUS PA3IMYHBIX CIOCOOOB JIOCTaBKH (DEPMEHTOB
B JIM30COMBI, KaK TPAJAWIIMOHHBIE, OCHOBAaHHbIE Ha B3a-
UMOJICHCTBUSX CO CIIEU(PUICCKIMHU TOBEPXHOCTHBIMH
peuenTopaMu KJiIeTOK, TaK U albTepHAaTUBHBIC NEHTHUI-
OTIOCPEIOBaHHBIC, OCHOBaHHBIC HAa B3aWMOJICHCTBHUH
(hparMeHTOB HMHCYIWHOIOA00HOTO (akTopa pocta Il
C KaTHOH-HE3aBUCHUMBIM MaHHO030-6-pocdarHbIM pe-
uenTtopom [37]. DTa TakTUKa NMPUBOAUT K CHUKEHMIO
HakorieHuid A" B ToM uucie U B IJIOMEPYISIPHBIX
MOJIOLUTAaX M OCTeo0NacTaX, 4YTO OYEeHb BaXKHO IS
MPEeIOTBPAIICHUST Pa3BUTHA BeAyIIHX (hEHOTHUITHYE-
ckux nposinenuit MIIC VII y MyTaHTHBIX KUBOTHBIX.
Xopome pe3yabTarbl Ha MOJEIBHBIX MBIIIAX ObUIH
nosryueHs! nipu couetanuu O3T u amutoreHHoN TpaHc-
IJTAHTAIlUd KOCTHOTO MO3Ta.

O PEeKTUBHOCTh TEHOTEPATNMH TaKXKE 3aBUCHT OT
Cpoka Hayasa jiedeHHs. Tak, BHyTpUBEHHOE BBEJICHHUE
HOBOPOXJIEHHBIM MBIIIAM C HacJIEZICTBEHHOW Heno-
CTaTOYHOCTHIO [-IUTIOKYpOHH[IA3bl PEKOMOWHAHTHOTO
aJICHOBUPYCHOTO BEKTOpa, HECYIIET0 HOPMAaJIbHBIH
reH GUSB 4enoBeka, IpeoTBPaIIaio Y HUX Pa3BUTHE
nposinenuit MIIC VII [22]. IIpu sTom TepamneBTuye-
CKHIl ypoBeHb 3kcnpeccun rena GUSB nocturaercs
YK€ CITyCTsl HEZEIIO TMOCIe MPOBEISHHON MPOIeTyphl
U COXpaHsIeTCS Ha TakOM YpOBHE B TeueHue 16 Her.
HAOTIONEHUs] BO MHOTHX TKaHSIX, BKIIOYas IEYEHb,
cepaue, Jerkue, CeNe3eHKY, IOYKM, TKaHW Mo3ra
U CeTYarky.

s u3ydeHus: MOJIEKyIIpHOTO TTaToreHe3a CHHIIPO-
Ma Crnast ObIITM CO3/IaHBI TPU TPAHCTEHHBIE JTMHUU MBI-
1iel ¢ HamnpaBJI€HHO BBEACHHBIMHM MHCCEHC-MyTallus-
MU B reHe Gusb, aHaJOTUYHBIMH TE€M, KOTOPbIE OBLIH
uaeHtuuupoansl y namuentos ¢ MIIC VII [69].
B kaxaoil M3 3TUX MOJENbHBIX JIMHUN COXpaHsIcs
CBOI YpPOBEHb OCTATOYHON AKTUBHOCTH OeTa-TIIOKY-
POHMJA3bI, CTPOTO COOTBETCTBYIOIIMN IKCIPECCHUBHO-
CcTH (DEHOTUITUYECKMX aHOMAJMi y MyTaHTOB. Bo3-
MOYXHOCTh TIPOBEJICHHS WCCIIEIOBAHMI Ha KyJIbTypax
(¢ubpoOmacToB OOMBHBIX W HA MOJCTBHBIX JIMHHIX
JKUBOTHBIX CO3/IAI0T XOPOIINE MPEANOCHIIKY i pa3-
pabotku mertonos reHorepanuu MIIC VI

YenenrHas TeHOKOPPEKIHS HETOCTaTOYHOCTH OeTa-
DIIOKYPOHHUAA3bl TIPOBEJCHA KaK B CUCTEME In Vitro
MyTeM PETPOBHUPYCHOTO MEPEeHOCa HOPMAJIHHOTO IeHa
GUSB B myTanTHble (UOpOOIACTHI YeNOBEKA, TaK U in
vivo Ha cobakax u mbimax [54, 78]. Ilpu sTom y 60ib-
HBIX CO0aK BBEJCHHBIM I'eH HE TOJIHKO AKCIPECCHpPO-
BaJICsl, HO [B-TIIOKypOHHIa3a IOSBISATIACH B JIH30CO-
Max, YTO MPUBOAMIIO K BOCCTAHOBJICHUIO MPOIIECCHHTA
cnerduueckux Al Beenenue 3toro xe rena GUBS
B MYTaHTHBIE CTBOJIOBBIC KJIETKH MBIIIEH ITPUBOIUIIO
K JJTUTETTLHON SKCIPECCHH [-TIIFOKYPOHHU/Ia3bl, CHIKE-
HUIO JIN30COMHBIX OTJIOKEHWH B TIEUEHW W CEJIe3eH-

Ke M K YaCTHYHOH KOPPEKIMH TPOSBICHUI OOJE3HH
Yy TpPaHCTEHHBIX XMBOTHBIX [79]. B mpyrom skcmepu-
mente kJIHK rena GUBS BBOAWIN B KyJbTUBUPYEMBIC
MyTaHTHbIe (UOPOOTACTHI MBIIIEH M 3aTeM TpaHCIy-
[MPOBAaHHbBIE KIETKH WMIUTAHTUPOBAIH TOAKOKHO MY-
TaHTHBIM JKMBOTHBIM. Y BCEX TPAHCTEHHBIX MBIIIEH
HaOIOIAM KCIIPECCHIO BBEIEHHOTO T'€HA W TIOJHOE
WCYE3HOBEHHE JIM30COMHBIX OTJIOKEHUH B TIEYEHH
u cenesenke [60]. IlomydeHHble pe3yabTaThl MOA-
TBEPXKJIAIOT MPUHITUITHAIFHYIO BO3MOKHOCTD JICUECHUS
METOJaMH TE€HHOM Tepanuu, Mo KpailHed mepe, He-
KOTOPBIX JIM30COMHBIX OOJIe3HEH.

Onucana monens MIIC VII y pomamHux ko-
IIeK, TOMO3HMIOTHBIX II0 MHCCEHC-MYyTallud B TeHE
B-rmrokypoHHIasel [26]. B HEKOTOPBIX OTHOIICHHSIX
dTa MOJAENh OKa3amach Oojee yIOOHOW, YeM MOJCIH
Ha MBIIIAax U cobakax. PeTpoBupycHBIN mepeHoc HOp-
MasIbHOTO TeHa Gusb KpbIChI, BBINOJHEHHBIA Ha 3TOH
MOJIEJIN, TAaK)Ke MPUBOIMII K BOCCTAHOBIEHHIO OTCYT-
CTBYIOIIEH Yy MYTAHTHBIX KOIIEK B-TIIFOKYpPOHHIa3HOM
AKTUBHOCTH.

Pe3ynbrarhl, MosyuyeHHbIE HAa 3KCIIEPUMEHTAIbHBIX
KMBOTHBIX, CBHICTEIbCTBYET O MPUHIUIINAIBHON BO3-
MoxkHoctu Jiedenust MIIC VII y yenoseka ¢ ucnonib-
30BaHMEM KOMOWHHUPOBAHHBIX ITOXOJI0B H, MPEKIe
Bcero, ®3T.

Jlabopamopnas ouacrocmuka u nedenue

Junarnoctrka MIIC VII ocHOoBaHa Ha aHaIU3€e
KIIMHUYECKUX IPOSBICHUN 3a00JIeBaHMS B COUETAHHUH
¢ ompenenenueM coaepxkanus I'Al' B moue u uccre-
JIOBaHHEM AKTHBHOCTH ()epMeHTa [-IIIOKYpPOHHIA3bl
B CBIBOPOTKE KpoBH. [lOATBEp)KAAIOLUIMM TECTOM SIB-
nsercs HaxoxkaeHue y O0ompHBIX MIIC VII myTtarmit
B reae GUSB.

Pazpaborana ®3T cunapoma Crnas C HUCIOIB30-
BaHHEM PEKOMOMHAHTHON [-TIIIOKYpOHHAA3bI YellOBE-
Ka — BecTpoHHIa3bl anbda. KilmHnueckue ncnbITanus
MOJOOHOW Teparvu, MPOBEACHHBIE B Ps/ieé MEAWIIVH-
CKHX IICHTPOB, TIOKa3alii ee¢ 0e30MmacHOCTh U 3Pdek-
TUBHOCTh B TEUCHHUE IJIUTEIBHBIX MEPUOJOB JICUCHHUS
B IUIaHe CHUXKeHUsl copepxanusi IAl' u ynydiieHus
psna KIMHWUYECKUX Tokasareneit [19, 43, 55, 76].

LONONHUTENbHAA UHOOPMALNA

Bkaang aBTropoB. Bce aBTOpBI MOATBEP)KIAIOT CO-
OTBETCTBUE CBOErO aBTOPCTBA MEKIYHAPOIHBIM KpH-
tepusim ICMIJE (Bce aBTOpBI BHECIH CYIIECTBEHHBIN
BKJIaJl B Ppa3pabOTKy KOHLEIIWH, IIPOBEICHUE HCCIIe-
JIOBaHUS W TIOJATOTOBKY CTaThH, MPOWIN U OJO0OPHIH
(UHATBHYIO BEPCHUIO Tepes] MyOIrKaluei).

Kondaukr naTepecoB. ABTOPHI IEKIAPUPYIOT OT-
CYTCTBHE SIBHBIX U MOTCHLUAIBHBIX KOH(INKTOB UHTE-
pPECOB, CBSI3aHHBIX C IMyOJWKAIIMEH HACTOSIICH CTAaThU.

@ [Negmatp. 2021.T. 12. Boin. 6 / Pediatrician (St. Petersburg). 2021;12(6)

elSSN 2587-6252



118 HACNEACTBEHHbIE BONE3HM OBMEHA / CONGENITAL METABOLIC DISEASES

Hcrounnk puHaHCcHpOBaHHMsA. ABTOPBI 3asBISIOT
00 OTCYTCTBHMHM BHELIHEro (pUHAHCHPOBAHMS IPH MPO-
BEJICHUN HCCIIEIOBAHMS.

HNudopmupoBanHoe coriiacue Ha MyOJMKAIHUIO.
ABTOpPBI NOJYYWIM NMHUCBMEHHOE COTIJIACHE 3aKOHHBIX
NpeACTaBUTENICH MalMeHTa Ha MyOIMKALUI0 MEeIUIMH-
CKHX NaHHBIX U (oTorpadmid.
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MHOOPMALNA

NMPABUJIA ON9 ABTOPOB
HACTOAME MPABWUIA ANA ABTOPOB ABMAKNTCA W3AATENbCKUM JAOrOBOPOM

VYenoBust  Hacrosimero JloroBopa (manee «Jloro-
BOp») SBJISIOTCS IyOIMYHON O(pepToil B COOTBETCTBHH
c . 2 ct. 437 I'paxkmanckoro koxekca Poccuiickoit De-
Jnepauuu. JlanHeli JloroBop onpenensieT B3auMOOTHO-
HIEHUS] MEeXY penakuuen xxypHana «llenuarp» (nanee
no Ttekcry <« KypHanm»), 3apeructpupoBanHoro ®dene-
paJIbHOM CITy>K00# TI0 Ha/I30py B Chepe MaCCOBBIX KOM-
MYHHKAIlUH, CBS3M M OXPaHbl KyJIBTYPHOTO HACIETus,
MMEHYEeMOH B JlalibHeleM «Penakuusy u sBistoleics
CTpYKTypHbIM mofpaszaeieHueM OO0 «3ko-Bektopy,
W aBTOPOM H/WJIH aBTOPCKUM KOJIJIGKTUBOM (HJTH WHBIM
mpaBooOIagareaeM), UMCHYEMBIM B JaJIbHCHIIIEM «AB-
TOp», IPUHSBIIMM ITyOJIHYHOE Tpeiokenue (odepTy)
o 3akiroueHnu JloroBopa. ABTop mepemaer Pemaxium
JUTSL U3/IaHKsI aBTOPCKHUM OpUTHHAN MITH PYKOMHCh. YKa-
3aHHBIA aBTOPCKUN OPUTHHAI JIOJDKEH COOTBETCTBOBATh
TpeOoBaHMAM, yKazaHHBIM B pasnenax «lIpencrasie-
HHUE PYKOIUCH B KypHai», «OdopmieHre pyKOITUCH.
[Ipn paccMoTpeHHM MOMyYEHHBIX aBTOPCKUX MaTepHa-
noB JKypHaun pykoBonctByercst «EnuHbIMEU TpeOoBaHMS-
MH K PYKOITUCSIM, TIPEICTABISIEMBIM B OHOMETUIIMHCKYE
*ypraie (Intern. committee of medical journal editors.
Uniform requirements for manuscripts submitted to bio-
medical journals. Ann Intern Med. 1997;126:36-47).

B XKypnane neuaratorcs paHee He OIMyOIMKOBaH-
HBIE paboTHI 1Mo mpoduiao KypHana.

MHOXeCTBeHHbIE U AyOIHUpYyIOIUe MyOIrKaul —
9TO MyOJNMKALIMK CTaThi, MaTepHabl KOTOPO BO MHOTOM
COBIIAJAIOT C Y)K€ ONHAXKABI OMyONIMKOBaHHBIMH. JKyp-
HaJl HE pacCMaTpHBaeT padOThI, PE3YIIETAThl KOTOPBIX TIO
OoJbIIIeHt YacTh y)ke ObLTH OITyOJIMKOBAHBI MITH OITHCAHBI
B CTaThsX, MPEJCTaBICHHBIX WM MPUHATHIX IS TyOiIu-
KallU{ B JIpyTHE MEYaTHbIE WM IEKTPOHHBIE CPEICTBA
MaccoBoil mH(popmarun. [IpencraBisisi craTeio, aBTOp
BCErJa JOJDKEH CTaBUTh PENAKIMI0O B W3BECTHOCTH 000
BCEX HAIPaBJICHUSAX ATOW CTaThH B I€YaTh U O TpeIbl-
OYUIMX ITyOIUKAMsIX, KOTOPbIE MOTYT PacCMaTpHUBaThCs
KaK MHOYKECTBEHHbIC WJIM AyOIUpYIOIINE MyOIuKauu
TOM K€ CaMOU WJIM OYeHb OJHM3KOH paboThI. ABTOp IIOJI-
JKEH YBEIOMHTH PENaKIHIO O TOM, COAECPXKUT JIM CTaThs
y>Ke OImyOJMKOBaHHBIE Marepuaibl. B TakoMm ciydae B
HOBOH CTaThe JOJKHBI OBITH CCHUIKH HA MPEABITYIIYIO.
Konmu Takux mMareprasioB JAOIKHBI IPUIIAraThCsl K mpes-
CTaBJISIEMOH CTaThe, YTOOBI AaTh PEIAKITUH BO3MOYKHOCTb
MIPUHSTDH PelleHue, Kak TOCTYNUTh B JaHHOW CHUTYaIlHH.

He mpuHUMaroTCs K TIe4aTH CTaThH, MPEICTABIISIONINC
c000¥1 OTIETBHBIC 3Tallbl HE3aBEPIIICHHBIX MCCIICTIOBAHNM,
a TaKke CTareM ¢ HapymeHueM «IIpaBwi u HOpMm ry-
MaHHOTO OOpallieHUsl ¢ OMOOOBEKTAMH HCCIICIOBAHUI.

Pasmemenne myOnuKkanuii BO3MOXKHO — TOJIBKO
MOCIIe TIOTYYEHUsI TTOJIOKUTEIBHON PeTleH3UH.

Bce crarbu, B TOM 4mc/ie CTATbH acHPaHTOB
U JOKTOPAHTOB, NYOJUKYIOTCSI OecnaaTHo.

NMPEOCTABJNIEHUE PYKOMUCH B XKYPHAN
ABTOpPCKHI  OpPUTHHAN MPUHUMACT  PEIAKIIHSL.
[opmucanHass ABTOpPOM PYKONHUCH JIOJKHA OBITH OT-
MpaBlicHa B PEAAKIUIO B DJCKTPOHHOM BapuaHTE Ha
AJNIGKTPOHHBIN ajipec penakiuu nl@eco-vector.com
I 4epe3 OHialH-GopMbl http:/gpma.ru/science/
pediatr/, http://journals.eco-vector.com/index.php/
pediatr/about/submissions#onlineSubmissions.

CONMPOBOAMUTENDbHbBIE OLOKYMEHTDbI
K aBTOpckoMy opurnHaity HEOOXOIUMO MPHIIOKHUTH

AKCIICPTHOE 3aKIIOUYEHHE O BO3MOYKHOCTH OITYOJIMKO-

BaHUS B OTKPBITOH TedaTu (OJaHK MOXHO TOTYyYHTh

o 3ampocy Ha ajapec nl@eco-vector.com MK CKa-

yaTh 1o ajpecy http:/journals.eco-vector.com/index.

php/pediatr/about/submissions#onlineSubmissions).
JKCMepPTHOE 3aKJII0YeHHe JODKHO COIEPIKaTh:

1) Ha3BaHWE CTaThbU, KOTOpPOE JONKHO OBITH Kpart-
KHM, HO MH()OPMATHBHBIM;

2) ¢daMuuio, IMsl ¥ OTYECTBO Ka)KJIOTO aBTOpA C yKa3a-
HHEM BBICIIICH N3 UMEIOIIMXCS y HEro YYeHbBIX CTerie-
HEl (3BaHWil) M WICHCTBA B Pa3IMUHBIX OOIIECTBAX;

3) Ha3BaHue oOTAena (OTHACIECHHS) W YUPEKJICHUS,
B KOTOPOM BBINOJIHSIACH JJaHHAsi paboTa;

4) oTKa3bl OT KaKUX-TMOO MpaB, €CIIM TAKOBbIE UMEIOTCS;

5) uH(bOPMAIHUIO O MPENNISCTBOBABIINX WIJIH ITIOBTOP-
HBIX MyOJIMKANUAX WIM O TPEACTABICHUH B JIPY-
roi KypHaJl JIFDOOH YacTu 3TOW PabOoThI;

6) 3asBiieHHEe 00 OTCYTCTBUHM (MHAHCOBBIX MPETEH-
3Mil aBTOpa K JPYTMM aBTOpPaM M H3aTEIbCTBY;

7) 3asBIICHHE O TOM, YTO CTAThs ITPOYNTAHA U OIOOpEHA
BCEMH aBTOPaMH, YTO BCe TPEOOBAHHS K aBTOPCTBY
COOJIIONICHBI M YTO BCE aBTOPBI YBEPEHBI, YTO PYKO-
IHCh OTPaXKaeT JCHCTBUTENBHO NPOJIETAHHYI0 PadoTy;

8) ums, aapec, TeneoHHBII HOMEp U e-mail aBTopa,
OTBETCTBEHHOTO 33 KOPPECTIOHCHIINIO U 32 CBS3b
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¢ IpYyTMMHU aBTOPAMHU IO BOMPOCAM, KaCAIOUIUM-
cs mepepabOTKH, UCIPABIEHUS U OKOHYATEIHFHOTO
0I0OpeHMST TPOOHOTO OTTHCKA;

9) K pyKomucH HeOOXOAMMO IpHJIararh BCE Pa3pelicHUs
Ha BOCIPOM3BE/ICHUE YK€ OITyOJIMKOBAHHOTO MaTepHa-
JIa, WICTIONTL30BaHME WJLTIOCTPAIMN WM WH(OpMAITHFO,
M0 KOTOPOM MOYKHO YCTaHOBWUTh JIMYHOCTb JIHONIEH,
MIPEICTABIICHHBIX Ha (oTorpadusx, a TakxKe Ha yKasa-
HUE (haMITHIA JIUL], BHECILIUX BKJIAJ] B IAHHYIO paloTYy.
Pyxonucek cuutaerca moctynusiiedl B Pepakmuto,

€CI OHa TMpEACTaBJICHA KOMIUJIEKTHO M OdopmIe-

Ha B COOTBETCTBMU C OINHCAaHHBIMH TPEOOBAHUSIMHU.

[IpenBapuTenbHOE pacCMOTPEHUE PYKOIHCH, HE 3a-

ka3aHHOU Pemaknuei, He sABIsieTCs (AKTOM 3aKIIO-

YEHUsI MEKJAY CTOPOHAMHU H3JaTelbckoro Jlorosopa.
[Ipu npencraBnenun pykonucu B XKypHail ABTOpPbI

HECYT OTBETCTBEHHOCTH 3a PACKPBITHE CBOMX (DHHAH-

COBBIX M JPYyTHX KOH(DJIUKTHBIX HHTEPECOB, CIOCO0-

HBIX OKa3aTh BJIMsSHHEe Ha uX pabory. B pykomucu

JIOJOKHBI OBITH YIOMSHYTBI BCE JIUIA U OpPTraHW3allny,

OKazaBIve (GUHAHCOBYIO TIOMNEPIKKY (B BUJIC TPAHTOB,

000pyIOBaHUs, JIEKAPCTB WJIM BCETO JTOTO BMECTE),

a Takke Jpyroe (PMHAHCOBOE MJIU JIMYHOE Y4yacTHe.

ABTOPCKOE NPABO

Penaxmus oTOupaet, TOTOBUT K IMyOTUKAITUN H Y-
ONMMKyeT MpUCIIaHHble ABTOpaMH MaTepuaibl. ABTOp-
CKO€ TMpPaBO Ha KOHKPETHYIO CTaTbhl0 MPHUHAIIEKHUT
aBTOpaM CTaTbH. ABTOPCKUI TOHOPAp 3a MyONHMKaINK
crareil B JKypHasie He BbIIIaYuWBacTCs. ABTOp mepe-
naeT, a Pegaknmst mpuHUMaeT aBTOPCKHE MaTepHAaJIbI
Ha CIENYIOUUX YCIOBUSIX:

1) Pemakumm mnepenaetcss mpaBo Ha OQOpPMIICHHE,
u3ganue, nepeaady JKypHana ¢ OmyOJMKOBAaHHBIM Ma-
TepraioM ABTOpa I Tielieli pedepupoBaHus cTaTeit
3 Hero B PedeparuBHoMm sxyprane BUHWTU, PHUILL
n 0a3ax TaHHBIX, pacnpocTpaHeHue JKypHaa/aBTOPCKIX
MarepuajoB B IEUATHBIX M 3JEKTPOHHBIX H3IaHUSIX,
BKITIOYAsl pa3MelIeHe Ha BEIOPAHHBIX JTMOO0 CO3IaHHBIX
Penaxnueit caiitax B cetu MHTEepHET B LiensiX AOCTyIa
K MyOJUKaIMy B WHTEPAKTUBHOM pEXHME JII000TO 3a-
WHTEPECOBAHHOI'O JIMIA W3 JII0OOOr0 MecTa U B Jro0oe
BpeMsl, a Takke Ha pacnpoctpaHeHue JKypHana ¢ omy-
ONMMKOBaHHBIM MaTepuaioM ABTOpA IO TIOJIIHICKE;

2) TeppHUTOpHS, Ha KOTOPOH pa3pemiaeTcs MUCIONb-

30BaTh aBTOpckuil Marepuai, — Pocculickas Dene-
pauus u cetb MHTEpHET;
3) cpok neiictBust JloroBopa — 5 mer. Ilo wmc-

TEUEHNH YKa3aHHOro cpoka Pemakuus ocraBiser 3a
co0oif, a ABTOp MOITBEpKIAET OECCPOUYHOE IPABO
Pepakunu Ha mpojoikKeHne pa3MeIleHns] aBTOPCKOTO
MaTtepuana B ceTu MHTepHeT;

4) Pepakuus BIpaBe MO CBOEMY YCMOTPEHHUIO Oe3
KaKUX-JIMOO COTJIAaCOBaHUN ¢ ABTOPOM 3aKJIIOYaTh

JIOTOBOPBI M COTJIAIIEHUS C TPEThUMH JIMIIAMH, Ha-
MpaBJIeHHBIE Ha JOTIOJIHUTENbHBIE MEPHI IO 3allIHTe
ABTOPCKUX M W3JIATCIbCKHUX IPaB;

5) ABTOp rapaHTHpyeT, UYTO HCIIOJIb30BaHuE Pe-
JAKIMeH MpPEeAOCTABIEHHOTO WM [0 HACTOAIIEMY
JloroBopy aBTOpPCKOTO MarepHuaia He HAPYIIUT IpPaB
TPETHUX JIUII,

6) ABTOp OCTaBIIsIeT 3a COOOI TPaBO MCIOIH30BATh
MPEIOCTABIIEHHBIN 10 HacTosieMmy JloroBopy aBTop-
CKHI Marepuai caMOCTOSITENBHO, TIepe/laBaTh MpaBa
Ha HETO 10 JIOTOBOPY TPETHUM JIHIAM, €CIIU 3TO He
MIPOTUBOPEUHUT HacTosmeMy Jlorosopy;

7) Pemakums mnpenoctaBisieT ABTOPY BO3MOX-
HOCTH 0€3BO3ME3THOTO MOJTYyUEHHUS OIHOTO aBTOPCKO-
ro 9K3eMIUIApa W3 BBIMIEANIETO THpa)a Ie4aTHOTO
M3aHUsI ¢ MyOJNIMKamueil MaTepuaioB ABTOpa HIIH
MOJIYYCHUSI CIIPABKH C DJICKTPOHHBIMHU aJpecaMH ero
oduimaapHON NyOnuKanuu B cetu WHTEepHeT;

8) mpu mepenedaTke CTaThU MIJIM €€ YaCTH CChLIKA
Ha TepByto myonukanuioo B JKypHaie o0s3aTenbHa;

9) Pemakmusi BrpaBe u3maBaTh JKypHAn JTIOOBIM
THPAXKOM.

norPA00OK 3AK/NIIOYEHMNA AOFOBOPA
M USMEHEHUSA ETO YCJIOBUW

3akmroueHneM JloroBopa co cTOpoHBI Pemakmuwn
ABJISAETCA ONMyOIMKOBaHUE PYKONHUCH JaHHOTO ABTO-
pa B xypHaie «lleamatp» u pasmelieHue ero Tek-
cta B cetu MHrepHer. 3akitoueHueM Jlorosopa co
CTOPOHBI ABTODA, T. €. MOJIHBIM U 0€30rOBOPOYHBIM
MIPUHATHEM ABTOpPOM ycioBuii JloroBopa, SBISETCS
nepenada ABTOPOM pPYKONHCH M 3KCIEPTHOIO 3a-
KJTIOYEHUS.

O®OPMJIEHUE PYKOMUCHU

[lpn HampaBieHUU CTAThH B PEHAKIIUIO PEKOMEH-
JyeTCsl PYKOBOACTBOBATHbCS CICAYIOUIMMH IPaBH-
JaMH, COCTaBJIEHHBIMH C ydeToM «Pexomenmanuit
K PYKOIHCSIM, MPEIOCTABISCMbIM B OMOMEIHIIMHCKHE
)kypHanel» (http:/www.icmje.org/recommendations/),
pa3zpaboTaHHBIX MeXIYHApPOIHBIM KOMHTETOM pe-
JAKTOPOB MENUIMHCKUX kypHaynoB (International
Committee of Medical Journal Editors). boxee mon-
poOHyto nHpOopManuo A1t opOpMIIEHUS CTaTHU B CO-
otBercTBUU ¢ 'OCToM M MEXITyHApOTHBIMHU TIPABH-
JaMH Bbl MOXETE HAaWTH MO 3JEKTPOHHOMY ajpecy
http://journals.eco-vector.com/index.php/pediatr.

1. Pykonuch. HanpaBnsieTrcs B pemakuuio B dJIEK-
TPOHHOM BapHaHTE Ha DIICKTPOHHBIM aJpec penakiuu
nl@eco-vector.com mim gepe3 online-popmer http:/gpma.
ru/science/pediatr,  http://journals.eco-vector.com/index.
php/pediatr. 3arpyxaemblii B cucteMy (aiii co crarbeit
JOJDKEH OBITh TpeficTaBiieH B Gopmare Microsoft Word
(mmeTh pacmmpenue *.doc, *.docx, *rtf).
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1.1. O0beM MOTHOrO TEKCTa PYKONHUCH (OpUTH-
HaJbHBIE HCCIECJOBAHUS, JEKLHUH, 0030pbl), B TOM
yucie TaONHUIBI M CIUCOK JUTEPATYpPHl, HE JOJDKEH
npepbimath 7000 cnoB. OOBeM craTeid, MOCBSIICH-
HBIX ONMHMCaHWIO KIMHHYECKUX CllydaeB, — He Ooiee
5000 cioB; KpaTkue COOOIICHHS M MHChMa B pelak-
uuto — B npeaenax 1500 cios. KonuuecTBo ciioB B
TEKCTE MOXHO y3HaTh depe3 MeHto Word («Daitm» —
«IIpocmoTpeTs cBoicTBa AOKyMeHTa» — «CTaTuCTH-
Ka»). B ciiydae ecnu mpeBbIaomnii HOpMaTHBBI 00b-
€M CTaThH, 10 MHEHHUIO aBTOPa, ONPABIAH U HE MOXKET
ObITh YMEHBILICH, PELIeHUEe O MyOJUKaluu MPUHUMA-
eTCsl Ha 3acellaHW{ PEeAKOJUIETHU IO PEeKOMEHAAINH
peleH3eHTa.

1.2. ®opmaT TekcTa PYKOMHUCH. TEKCT AOJKEH
ObITh HameyaTaH mmpudproM Times New Roman,
UMETh pasmep 12 pt m MEKCTPOUHBIN WHTEpBaj
1,5 pt. OTcTynsl C KaxJOW CTOPOHBI CTPAaHUIIBI
2 cM. BpigeneHuss B TEKCTE MOXKHO TPOBOAUTH
TOJIBKO kypcCuUBOM WM MONYKUPHBIM HayepTaHU-
eM OykB, Ho HE momuepkmBanmem. U3 Tekcra He-
00X0AMMO YJaJuTh BCE IMOBTOPSAIOMIMECS TPOOEIhI
W JIMIIHHE Pa3pbiBbl CTPOK (B aBTOMATHYECKOM pe-
xuMme udepe3 cepsuc Microsoft Word «Haiitu u 3a-
MCHUTDY).

1.3. @aifmr ¢ TEKCTOM CTaThH, 3arpy’kKacMbIit
B opMy ISt Iomaum pyKOIUCEH, TOJIKEH COJePKATh
BCI0O MH(QOpPMALHIO sl MyONuKauuu (B TOM YHUCIIE
PUCYHKH W TaOJHUIb).

2. CTpyKTypa pPYKONHCH [OJKHA COOTBETCTBO-
BaTh NMPUBEICHHOMY HWXe IMAOIOHY (B 3aBUCHMOCTH
OT THUIA PabOTHI).

2.1. Pycckosi3plyHasi aHHOTAIUS

» HasBanue crarbu.

* ABTOpbI. [Ipy HanmucaHUU aBTOPOB MHUIUAIBI
WMEHU M OTYECTBA CTaBATCS Tmepen Qamiuinen
(I.C. UBanos, C.U. Iletpos, U.II. Cunopos).

* Yupexaenus. Heobxogumo npusectu oduiu-
anpHOe [IOJIHOE na3Banme yupexpenus (0e3 co-
kpamenuii). Ilocne Ha3BaHUS yUpEXKICHUS Uepes
3aMATyI0 HEoOXOAMMO HamucaTh Ha3BaHHE T'OPO-
na, crpaHbl. Eciu B HanmuMcaHUU PYKOIHUCH MPHU-
HHUMAaJu y4acTHE aBTOPHI U3 PAa3HBIX YUPEKACHUH,
HEOOXOOMMO COOTHECTH HAa3BaHMUS YUPEKACHUH
u 1. O. @. aBTopoB myTeM n00aBieHUS HHUPPOBHIX
WHJEKCOB B BEPXHEM pPETHCTpe Mepea Ha3BaHUSIMHU
YUpPEXKACHUN U GaMHIHSIMH COOTBETCTBYIOIIUX aB-
TOPOB.

* Pe3lome cTaThM JOKHO OBITH (ecnu padoTta
OpHUTHHAJbHAS) CTPYKTYPUPOBAHHBIM: aKTyaJIbHOCTB,
LeJIb, MaTepPHabl U METOJbI, PE3yJbTaThl, 3aKIoue-
Hue. Pe3toMe MOKHO TMOTHOCTBIO COOTBETCTBOBATH
conepykaHuto paboTel. OOBEM TEKCTa Pe3toMe JTOKCH
661t OoT 100 mo 300 cnos.

* KuaioueBbie ciaoBa. HeoOxonnMo ykas3aTh KITiO-
yeBble ciioBa — OT 3 10 10, oHM cTOCOOCTBYIOT WH-
JEKCUPOBAHHIO CTaThU B ITOUCKOBBIX cucTemax. Kiro-
YeBbIC CJIOBA JOJDKHBI MOMAPHO COOTBETCTBOBAThH Ha
PYCCKOM M aHTIIHICKOM S3bIKE.

2.2. AHrIOSA3BIYHAS AHHOTALMS

* Article title. Anurnos3siuHOe Ha3BaHUE JOIKHO
OBITH IPAMOTHO C TOYKH 3pEHUS aHTJIMHCKOTO SI3bIKA,
IpPH 3TOM IO CMBICIIY HOJHOCTBIO COOTBETCTBOBAThH
PYCCKOSI3BIYHOMY Ha3BaHUIO.

* Author names. 1. O. ®. HeoOXonMMO mHUCATh
B COOTBETCTBHHM C 3arpaHUYHBIM IAaCIIOPTOM HWIIU
TaK Jke, Kak B paHee OMyOJHMKOBAaHHBIX B 3apyOex-
HBIX )KypHaJlaX CTaThsiX. ABTOpaM, MyOIUKYIOIIIMCS
BIIEPBBICE U HE HMEIOIIMM 3arpaHUYHOTO IaclopTa,
CJIeIyeT BOCIIOJIB30BAThCS CTAaHAAPTOM TpPAHCIHTE-
pauuu BGN/PCGN http://ru.translit.ru/?account=bgn.

» Affiliation. HeoOxonqumo ykaswsiBath O®DU-
HUAJIBHOE AHIJIOA3BIYHOE HA3BAHUE
YUPEXIEHW . HanGonee MONHBIA CIIHMCOK Ha-
3BaHUM YUPEKJICHUN U UX O(PHUIIMAJIBHOW aHTJIOS-
3pIYHON BepcUM MOXHO HaWTu Ha caiite PYHODb
eLibrary.ru.

* Abstract. AHIOs3bIYHAS BEPCUSI PE3IOME CTaThU
JIOJOKHA TI0 CMBICTY W CTpyKType (Aim, Matherials
and Methods, Results, Conclusions) mojHOCTBIO CO-
OTBETCTBOBaTb PYCCKOSI3BIYHOH W OBITH TPamMOTHOH
C TOYKHW 3PCHHS aHTJIMICKOTO S3bIKA.

* Keywords (B momaBisromeM OOJBIIHHCTBE 3a-
MaHBIX CTaTeH MUIIEeTCs CIUTHO). J[7st BEIOOpa KiTto-
YEeBBIX CJIOB HA AHIJIMICKOM CIIEYyeT HMCIOIb30BaTh
Tezaypyc HaumonanpHOW MEIMIIMHCKOH OMONIHMOTEKH
CIIA — Medical Subject Headings (MeSH).

2.3. TloxHBIH TEKCT (HA pyCCKOM, aHTJIMHCKOM WU
000MX $I3bIKax) JOJKEH OBITh CTPYKTYPHUPOBAHHBIM
no pazgenaMm. CTpyKTypa MOJHOT'O TEKCTa PYKOIMH-
CH, TOCBSIICHHOW ONHMCAHHUIO PE3YJIbTATOB OPHUTHU-
HaJIGHBIX HWCCIIEIOBaHUH, JOJKHA COOTBETCTBOBATH
oOmIenpuHATOMY MAaOJOHYy W COJIEPKATh pa3Jebl:
BBEJICHUE (aKTYyaJlbHOCTH), 1I€Jb, MaTepHUasIbl U Me-
TOIBI, PE3yJbTaThl, 00CYX ACHUE, BHIBOABIL.

Bce TepMuHBI Ha TATHHCKOM $I3BIKE BBIICISIOTCS
B CTaThe KypCHUBOM (HAIpuMmep, in vivo, in vitro, rete
venosus superficialis), a TaK)Ke JTaTUHCKUE OyKBbI, KO-
TOpBIE MCHIONB3YIOTCS A1 0003HAYCHUsT TIEPEMEHHBIX
u usnyeckux BeauuuH (Harpumep, n = 20, p < 0,05).

I'peueckue OykBBI HAOMPAFOTCS MPSIMBIM HIPUPTOM.

2.4. JlononuutenbHas uHGOpMAIAsI (Ha PYCCKOM,
AQHTIIMHACKOM MK 00OMX SI3BIKAX)

* Mupopmanus 0 KOHPIMKTE HHTEPECOB.

ABTOPBI JTOJKHBI PACKPBITH MMOTCHIINAIBHBIE U SB-
HbIe KOH(QJIUKTHI MHTEPECOB, CBSI3aHHBIE C PYKOIHCHIO.
KoH(DIMKTOM HHTEPECOB MOXKET CYUTATHCS JIt00asi CH-
Tyanus (GpUHAHCOBBIC OTHOUICHUS, CITYK0a M pabo-
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Ta B YUPEKJCHUSAX, UMCIOIINUX (DUHAHCOBBIN WM T10-
JTUTUYECKUN WHTEpeC K IMyOIMKyeMbIM MaTepualiam,
JIOJKHOCTHBIE 005I3aHHOCTH | JIp.), CIIOCOOHAs TIOBIIHU-
STh Ha aBTOpA PYKOIHUCH M MPUBECTH K COKPBITHIO,
WCKQXCHUIO JTaHHBIX, WJIM WU3MEHUTHh UX TPAaKTOBKY.
Hanuyume KOH(IHUKTAa WHTEPECOB y OJHOTO WM He-
ckonbkux aBropoB HE siBisieTcst moBogoM auist oTkasa
B MyOJMKalMU CTaThu. BBIsSBICHHOE penaknueil co-
KPBITUE TIOTCHIIMAJIBHBIX U SBHBIX KOH(JIUKTOB UHTE-
PECOB CO CTOPOHBI aBTOPOB MOXKET CTaTh MPHUYMHON
0TKa3a B PAaCCMOTPEHHH W IYOIHMKAIUU PyKOIHCH.

* Uudopmanuss o punancupoBanuu. HeobOxo-
JIUMO yKa3blBaTh MCTOYHHK (PUHAHCHPOBAHUS KaK
HAay4YHOH paboThl, Tak W Mpolecca MyOIHKaIUK
cratbu (POHJ, KOMMEpYecKasi HJIH TOCyIapCTBEHHAS
opraHu3aIys, YaCTHOE JIIO W JIp.). YKa3bIBaTh pas-
Mep (puHaHCHpOBaHUS HE Tpelyercs.

* baarogapnocTu. ABTOPHI MOTYT BBIpa3uTh OJia-
TOAApHOCTH JIIOASIM M OpraHU3alusM, CHOCOOCTBO-
BaBIIMM MYOJIWKAIMA CTAaThU B XKypHalle, HO HE SB-
JAIOMHUMCS €€ aBTOPaMHU.

2.5. Crnucoxk Jurepatrypsl. B Oubnmorpaduu
(TpHCTAaTEHOM CIHCKE JUTEPaTypbl) KayKIblid HC-
TOYHHUK CJIeAyeT MMOMEIIAaTh ¢ HOBOW CTPOKH IOJ MO-
psankoBeiM HoMepoM. [lonpoOHbIe TpaBuia odopmie-
HHUS OMOMWorpaduu MOXHO HAWTH B CICIIHATHLHOM
pasnene «Odopmiienue Oudauorpadum». Hanbosee
Ba)KHbIE M3 HHUX CIEIYyIOLINE.

* B crnucke Bce paboThl mepeuyuncistorcs B anda-
BATHOM TIOPSIJIKE.

» KonnuecTBo muTUpyeMbIX paboT: B OpUTHHAIIb-
HBIX CTaThsIX U JIEKIUAX gomyckaetcs 10 30, B 0030-
pax — g0 60 uctounHukoB. JKemaTenbHO LUTUPOBATH
MIPOU3BE/ICHUS, OITYyOIIMKOBAaHHBIE B TEUCHHE IIOCIIEI-
HUX 5-7 JerT.

* B TekcTe cTaThy CCHUIKH HA HCTOYHHUKHU MPUBO-
JISITCSL B KBaJAPATHBIX CKOOKax apaOCKuMu Iudpamu.

* ABTOpBl IUTUPYEMBIX HCTOYHUKOB B CITHCKE
JTUTEPATyphl TOJDKHBI OBITH YKa3aHbl B TOM K€ IIO-
psJIKe, YTO M B TIEPBOMCTOYHHKE (B ciydae €cClid y
nyOnukanuu O6osee 4 aBTOPOB, TO MoOcie 3-TO aBTO-
pa HEeoOXOIUMO IOCTABUTH COKpAIIEHHUE «... , U JP.»
unu “.. , et al.”). HemomyctuMo coxpaiath Ha3BaHUE
cTaThi. Ha3BaHWe aHTIOSA3BIYHBIX KYPHAIIOB CIETyEeT
MPHUBOJIUTH B COOTBETCTBHM C KaTajJoroM Ha3BaHUU
0a3pl qanHbIX MedLine (B Ha3BaHUSX JKypHala TOYKH
B COKpAIllEHUsX HE CTaBsTCs). Eciu )KypHan He WH-
nexcupyetcst B MedLine, HeoOXonMMO yKa3bIBaTh €To
MoJTHOE Ha3BaHWe. Ha3zBaHWe aHTIOSA3BIYHOTO KypHA-
Jla JTIOJKHO OBITH BbIAENEHO KypcuBoM. Ilepen Ha3Ba-
HUEM JKypHaja Ha PYCCKOM SI3bIKE CTaBUTCS 3HAK //,
KOTOPBI OTHEISET Ha3BaHWE CTAaThU OT Ha3BaHUA
JKypHasa. Ha3BaHme oTedecTBEHHOTO )KypHaja co-
KpaliaTh Helb3sl.

* OdopmiieHne cnmcka JUTEPATypbl JOJKHO
yIoBIeTBOPITE TpeboBanusiMm PUHIl um mexayHa-
poaHbIX 0a3 JHaHHBIX. B CBsI3M ¢ 3THM B CChUIKax Ha
PYCCKOSI3BIYHBIE MCTOYHHKH HEOOXOAMMO JOMOTHH-
TEIbHO YKa3bIBaTh MH(YOPMALHUIO IJIs1 TUTHPOBAHUS
Ha jatuHHIe. TakuMm oOpaszom:

— aHIJIOSI3BIYHBIC HCTOYHUKH clieyeT 0hopMIIsTh
B ¢opmare Vancouver B Bepcun AMA (AMA style,
http://www.amamanualofstyle.com) — nogpoOHo Ha
ctpanune «Odopmirenne Oubmmorpadum,

— PYCCKOSI3bIYHBIE ~ HCTOYHHMKH  HEOOXOIUMO
opopmiisite B coorBeTcTBUM ¢ mpaBuiamu [OCT
P 7.0.5-2008; mocne yka3zaHMs CCBIIKM Ha MEpBOMC-
TOYHUK Ha PYCCKOM S3bIKE B KBaJpaTHBIX CKOOKax
JOJKHO OBITh YKa3aHO ONMCAaHUE 3TOI'0 HCTOYHMKA HA
JATUHUIE — TOoApoOHO Ha cTpanuie «OdopmiieHne
oubnuorpadumn.

[MTPABUJIA TIOATI'OTOBKU JIATMHOSA3bIY-
HOI (AHIJIOSI3BIYHOIM) YACTU BUBJIMOI PA-
®UYECKMX OITMCAHU HE AHTJIOS3bIYHBIX
NCTOYHUKOB (B POMAHCKOM AJI®ABUTE)

Ecnu craths HanmucaHa Ha JaTWHUIE (HA aHTIIH-
CKOM, HEMEIKOM, (DMHCKOM, JAaTCKOM, HTaJIbSIHCKOM
W T.].), OHA JIOJDKHA OBITH TPOIIMTHPOBAHA B OpHU-
TUHAJIBHOM BUJIC:

* Ellingsen AE, Wilhelmsen I. Sykdomsangst blant
medisin-og jusstudenter. Tidsskr Nor Laegeforen.
2002;122(8):785-787. (In Norwegian).

Ecmu crares narmmcana HE nHa matmHmiie — Ha Ku-
puuMie (B TOM YHCIE Ha PYCcKoM), ueporiudamu u
T.71., ecnn y cratbu ecth ODUIIMAJIBHBIN TTEPE-
BOJ1 HA3BAHMU I, ero Hy>kHO BCTaBUTb B KBaJIPaTHbIX
CKOOKax ITOCyIe OPUTHHAIBFHOIO HaIMCaHUsT ONOIHOTpa-
(UYUeCKOM CChIJIKM Ha UCTOYHMK. [Ipoime Bcero mpose-
pUTH HATH4YHE OPHULUATBLHOTO MEPeBOa Ha3BaHUS CTa-
ThU MOYKHO, OTHICKaB CTaThio Ha eLibrary.ru. Hammpumep:

* I'puropsia O.P, [llepemeTnena E.B., Auapeesa E.H.,
Henos N.U. IlnanupoBanue 6€peMEHHOCTH y >KEHIITUH
C caxapHbIM auabeToM // BecTHHK penpomyKTHBHOTO
3n0poBbst. — 2011. — Ne 1. — C. 23-31. [Grigoryan OR,
Sheremet'eva EV, Andreeva EN, Dedov Il. Planning of
pregnancy in women with diabetes. Vestnik reproduk-
tivnogo zdorov'ya. 2011;(1):23-31. (In Russ.)]

Ecau y crateu Her OOULIMAJIBHOI'O ITEPEBO-
JA, to nyxuno [IPUBECTU TPAHCJIUTEPALIMIO
BCEW CCBUIKM B KBAaJpaTHBIX CKOOKaX cpasy Tocie
MpaBUIBHO O(OPMIIEHHONW CCBUIKM B OPWUTHHAIBHOM
HAlMCaHUM. AHIJIOSN3bIYHAS 4YacTh OuOIMorpaduye-
CKOT'O OIHUCaHUSl CCBUIKM Ha PYCCKOS3BIYHBIA HC-
TOYHHK JOJKHA HAaXOIUTHCS HEMOCPEACTBEHHO IIO-
CJe PYCCKOSI3BIYHOW YacTH B KBAJPaTHBIX CKOOKax
( [...] ). ®amunum ¥ UHULOHAJIBI BCEX aBTOPOB Ha Ja-
THHUILIE ¥ HA3BaHHE CTaThbH HA AHTJIMMCKOM SI3BIKE
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CJeyeT MPUBOAUTH TaK, KAK OHU JJaHBI B OPUTHUHAJb-
HOW myOnukanuu. TpaHCIUTEepaluio CleAyeT MPUBO-
nuTh B ctangapTe BGN (aBToMaTrnuecku TpaHCIHTe-
pauus B craggapte BGN mpou3BoguTcs Ha CTpaHUIE
http:/ru.translit.net/?account=bgn) ¢ coxpaneHueM
CTUIIEBOTO O(OPMIICHHS PYCCKOS3BIYHOTO HCTOYHH-
ka. Jlamee crmexyer TpaHCIMTEPUPOBAHHOE HA3BAHHE
PYCCKOSI3BITHOTO JKypHanma B crtanmapte BGN, na-
Jiee — BBIXOJIHBIC JTaHHBIC: TOMI;TOM(HOMEP):CTPAHULIBIL.

B camom KoOHIIE aHTJIOS3BIYHOM YacTH OUOIMOTrpa-
(hnueckoro ommcaHWs B KPYIJIble CKOOKH ITOMEIa-
0T yKa3aHWe Ha WCXOMHBIN S3BIK MyOIWKaIuu, Ha-
npumep: (In Russ.)). B xonue 6ubnmorpadudeckoro
omnucaHus (3a KBagpaTHOW CKOOKoi#) momemaroT doi
CTaThH, €ClId TaKoBOW umeeTcs. Hampumep:

* AunekceeB JLIL, JlenoB .M., XautoB PM., u nap.
NmMMmyHoreneTnka caxapHoro jauabera I tuma — ot
(dyHAaMeHTaIbHBIX UCCIIEOBaHUI K KinHHKe / Bect-
HUK Poccuiickoil akajgeMuM MEIWLMHCKUX HayK. —
2012.— T. 67. — Ne1— C.75. [Alekseev LP, Dedov II,
Khaitov RM, et al. Immunogenetika sakharnogo diabeta
I tipa— ot fundamental’nykh issledovaniy k klinike.
Vestnik — Rossiyskoy —akademii meditsinskikh — nauk.
2012;67(1):75. (In Russ.)]. doi: 10.15690/vramn.v67il.114.

[Ipumepbl TpaBUIABRHOTO OQOPMICHHS CCHUIOK
B CIIHCKax JIUTEpaTypbl

CTATBU B XXYPHAJIAX

OObIvHasI KypHAJIbHAS CChUTKA (€CTh MEePEBOIHOMN
BapHUaHT Ha3BaHMUS)

* [lecrakoBa M.B. CoBpemeHHas caxapOCHUKAFOIIast
teparnust // [pobnemsr sug0KprHONOTMH. — 2010. — T. 58. —
Ne 4. — C. 91-103. [Shestakova MV. Moderm hypoglycae-
mic therapy. Problemy endocrinologii. 2010;62(4):91-103.
(In Russ.)]. doi: 10.14341/probl201058491-103.

* Halpern SD, Ubel PA, Caplan AL. Solid-organ
transplantation in HIV-infected patients. N Engl J
Med. 2002;347(4):284-287. doi: 10.1056/nejmsb020632.

KHUTHY 1 MOHOI' PA®UN

Y KHUTH OJWH MIM HECKOJIBKO aBTOPOB

e I'unapesckuii C.P. MuokapauTsl: CcOBpeMeH-
HbIC TOAXOABI K JMATHOCTHKE W JICYeHUI0. — M.
Memna Cdepa, 2008. [Gilyarevskii SR. Miokardity:
sovremennye podkhody k diagnostike i lecheniyu.
Moscow: Media Sfera; 2008. (In Russ.)]

* Murray PR, Rosenthal KS, Kobayashi GS,
Pfaller MA. Medical microbiology. 4th ed. St. Louis:
Mosby; 2002.

* Ringsven MK, Bond D. Gerontology and
leadership skills for nurses. 2nd ed. Albany (NY):
Delmar Publishers; 1996.

VY KHUTH OJUH MU HECKOIbKO PEIaKTOPOB

* UHndekunu, nepenaBaeMble MOJIOBBIM MyTeM /

I[Tom pen. B.A. AxosbOsina, B.U. [Ipoxopenkosa,
E.B. Cokonosckoro. — M.: Meaua Cdepa, 2007.
[Infektsii, peredavaemye polovym putem. Ed by
V.A. Akovbyan, V.I. Prokhorenkov, E.V. Sokolovskiy.
Moscow: Media Sfera; 2007. (In Russ.)]

* Gilstrap LC, Cunningham FG, VanDorsten JP,
editors. Operative obstetrics. 2nd ed. New York:
McGraw-Hill; 2002.

Matepuansl KoH(DEepeHIINH

* ITapxomenko A.A., [eiixanoBa B.M. Oxa3anue
MEJUIIMHCKON MOMOIIM OOJBbHBIM, MEPEHECIINM HH-
(hapKT TOJIOBHOTO MO3ra, Ha aMOyJIaTOPHO-TIOTUKITHHH-
geckoM dTare / Beepoccuiickas HaydIHO-TIpaKTHIECKAs
koH(pepeHnus «IlyTH pa3BUTHS TIEPBUYHOW MEIHKO-
canuTapHoil momomny, Hosops 13-14, 2014; Capa-
toB. [Parkhomenko AA, Deikhanova VM. Okazanie
meditsinskoi pomoshchi bolnym, perenesshim infarkt
golovnogo mozga, na ambulatorno-poliklinicheskom
etape. (Conference proceedings) Vserossiiskaya nauchno-
prakticheskaya konferentsiya “Puti razvitiya pervichnoi
mediko-sanitarnoi pomoshchi”; 2014 nov 13-14;
Saratov. (In Russ.)]. Hoctymao mo: http://medconfer.
com/node/4128. Ccrpinka aktuBHa Ha 12.12.2014.

e Harnden P, Joffe JK, Jones WG, editors. Germ
cell tumours V. Proceedings of the 5th Germ Cell
Tumour Conference; 2001 Sep 13-15; Leeds, UK.
New York: Springer; 2002.

Tesucwl B MaTepuaiax KOH(pEpEHUUN

 Christensen S, Oppacher F. An analysis of Koza's
computational effort statistic for genetic programming.
In: Foster JA, Lutton E, Miller J, Ryan C, Tettamanzi AG,
editors. Genetic programming. EuroGP  2002:
Proceedings of the 5th European Conference on Genetic
Programming; 2002 Apr 3-5; Kinsdale, Ireland. Berlin:
Springer; 2002. p. 182-91.

Huccepranuun

* byzaes U.B. [Iporno3upoBanue n3MeHeHHH 1I€H-
TPaJIbHON TEMOAMHAMUKH U BBIOOP METO/A IUIACTUKH
JIEBOTO JKEJIYZI0YKAa MPH XPOHHYECKUX aHEBpU3Max
cepana: Jluc. ... kaua. Men. Hayk. — HoBocuOupck,
2006. [Buzaev IV. Prognozirovanie izmenenii
tsentral'noi gemodinamiki i vybor metoda plastiki
levogo zheludochka pri khronicheskikh anevrizmakh
serdtsa. [dissertation] Novosibirsk; 2006. (In Russ.)].
HoctynmHo  mo:  http://www.buzaev.ru/downloads/
disser.pdf. Ccruika aktuBHa Ha 12.12.2014.

* Borkowski MM. Infant sleep and feeding: a tele-
phone survey of Hispanic Americans. [dissertation]
Mount Pleasant (MI): Central Michigan University; 2002.
OTBETCTBEHHOCTbDH 3A MMPABUJIBHOCTbH BUb-
JUOT'PAOUYECKUX JAHHBIX HECET ABTOP.

2.6. Nudopmarmst 06 aBtopax. llocmenoBarensHo
yKaspiBaroTcsi Bce aBropbl pykormcu: @. WM. O. (momHo-
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CTBIO), yUeHasi CTENEHb, YUEHOE 3BaHUE, JOIKHOCTb, Me-
CTO paboTHI (BKITFOUAst TOPOJ ¥ CTpany). OTAETBHO Ciemy-
€T BBIJITIUTH (3HAUKOM *) aBTOpa ISl CBSA3U C aBTOPCKUM
KOJIJIGKTHBOM M TOJIBKO JIJIsl HEro yKa3aTh KOHTaKTHBIN
e-mail. Anpeca u TenedoHbl, a Taroke e-mail gpyrux as-
TOPOB B TIOJTHOM TEKCTE PYKOIHCH YKa3bIBaTh HE CIIC/TYET.

AHTIHACKUH S3BIK M TpaHcauTeparus. [lpu myomm-
Kalliy CTaTbu YacTh WJIM Bcs WMHGOpMAIUs JIOIKHA
ObITH TyONMMpOBaHA Ha AHTIMHCKUN S3bIK WM TpaHC-
JUTEpUPOBaHa (HamMcaHa JaTUHCKUMU OykBamu). [lpu
TpaHCIUTEPAIlUU CIIEMyeT WCIIOIb30BaTh CTaHIApT
BGN/PCGN (United States Board on Geographic
Names /Permanent Committee on Geographical Names
for British Official Use), pexoMeH10BaHHBINH MEXTyHa-
poaubiM m3narenscTBoM Oxford University Press, kax
“British Standard”. Jlyist TpanciIuTepaiuu TEKCTa B CO-
OTBeTCTBHM cO cTaHmaptoM BGN MOXXHO BOCIIONB30-
BaThCs CChUIKOM http:/ru.translit.ru/?account=bgn.

Tabnuubl ciaeayeT moMemaTh B TeKCT CTaTbH, OHU
JIOJDKHBI UMETh HYMEPOBAaHHBIH 3ar0JIOBOK W YETKO
o0o3HaYeHHBIE Tpadbl, yIOOHBIE W TOHSATHBIC IS
YTEHUsI. 3aroJI0BKH K TadJauIam JT0KHbI ObITH NMPH-
Be/IeHbI Ha JBYX SI3bIKAX — PYCCKOM M AHIJIHHCKOM.

JlaHHBIE TaOJMIBI JIOJDKHBI  COOTBETCTBOBATh
nudpam B TEKCTE, OJJHAKO HE JOJKHBI AyOIUpOBaTh
MIpeACTaBICHHYI0 B HeM wmHpopmaruio. CCBIIKH Ha
TAOIHUIBI B TEKCTE 00s3aTENbHBI.

PucyHnku (rpaduku, 1uarpaMMbl, CXEMbI, YEPTEIKH
U Apyrue WIIIOCTPAalHMM, PHCOBaHHBIC CPEACTBAMHU
MS Office) nomxHBI OBITH KOHTPACTHBIMU U YETKH-
Mu. O0beM rpaduaecKkoro MaTepraia MUHIMAaJbHBINA
(3a WckiIrOUeHUEM pPaboT, B KOTOPBIX ATO ONpaBJa-
HO XapakTepoM wuccienoBanus). Kaxaplli pUCYHOK
JTOJDKEH OBITh TIOMEIIEH B TEKCT U COMPOBOXKIATHCS
HYMEPOBAHHOM MOAPUCYHOUHOU MOAMUCHIO. CChUIKU
Ha PUCYHKH B TEKCTE OO0S3aTENbHBI.

Monpucynounble MOANMUCH [TOJLKHBI OBITH HA
ABYX SI3bIKAX — HA PYCCKOM MW AHIJIHHCKOM.
Hanpumep:

Puc. 1. Bec naneHTsl y JeTeid NanueHTOK OCHOB-
HON M KOHTPOJIBHOM TpyIII

Fig. 1. Weight of the placenta in children of the
patients of the main and control groups

dororpaduu, OTHEYaTKH OSKPAHOB MOHHTOPOB
(CKpUHIIOTHI) ¥ IPyTHE HEPHUCOBAHHBIE MILTIOCTPAIINH
HEOOXOIMMO 3arpy’kaTh OTICIBHO B CIEIHAIEHOM
pasnene (GOpMBI IUUIs TOAAYU CTaThbd B BUJE (ailioB
¢dopmara *jpeg, *.bmp, *.gif (*.doc u *.docx — B ciy-
Yae, eclii Ha M300paKeHHe HAHECEHBI TOMOIHUTEIb-
Hble TMOMETKH). PaspemieHre H300pa)keHUs OJHKHO
obiTh > 300 dpi. Daitnam u3zo0pakeHHil HEOOXOAHU-
MO IPHUCBOUTH Ha3BaHUE, COOTBETCTBYIOIIECE HOMEPY
pUCyHKa B TekcTe. B ommcanum (aiina ciemyer ort-
JIETBHO TIPUBECTH MOJPUCYHOUHYIO MTOJINCH, KOTOpas

JOJDKHA COOTBETCTBOBaTh Has3BaHHIO Qororpaduu,
roMeniaeMoi B TekcT. (mpumep: Puc. 1. MiBam Mu-
xaimoBud CedeHOB).

Cokpamenns. Bece ncnosib3yemble aO0peBUaTyphl 1
CHMBOJIbI HEOOXOIUMO PAcIIM(pPOBATh B IPUMEUAHUSAX
K TaOJMIaM M MOANUCAM K PUCYHKaM C yKa3aHHEM Ha
WCTIOJIb30BaHHBIE CTATUCTHYECKHE KPUTEPUU (METOJIB)
U MapamMeTphbl CTaTUCTHYECKON BapraOeIbHOCTH (CTaH-
JapTHOE OTKJIOHEHHE, CTaHAapTHAas OMIMOKa CpegHero
u 1pod.). CTaTUCTHYECKYIO IO0CTOBEPHOCTH/HENOCTO-
BEPHOCTb PA3NUYMM JAaHHBIX IPEACTABICHHBIX B Ta-
OnuIax, peKoMeHayercsi 0003Ha4YaTh HaJCTPOYHBIMH
cumBoiamu *, ** f % I, If u .o

CootBercTBHe HOpMaM STHKH. s myOnukanuu
Pe3yJIbTaToOB OPUI'MHAJIBHONW padOThl HEOOXOAUMO YKa-
3aTh, MOAMMCHIBAIM JM YYaCTHUKU HCCJIENOBAaHMUS WH-
(dopmupoBanHoe cornacue. B ciydae mpoBeneHust Hc-
CIIEZIOBaHUM C yYacTHEM YKMBOTHBIX — COOTBETCTBOBAJ
JM TPOTOKOJ HCCJICNOBaHMS ATUYECKUM MPHHLUIAM
1 HOpMaM IPOBEACHHS OMOMEANIIMHCKIX UCCIIENOBaHUI
C y4yacTueM XHMBOTHBIX. B obomx ciywasx HeoOXomu-
MO yKa3aTh, ObUI JIN TPOTOKOJI UCCIIEOBAHUS O0OpEH
TUYECKUM KOMHUTETOM (C MIPUBEICHUEM Ha3BaHUS COOT-
BETCTBYIOIICH OpraHU3ally, €€ PACIONOKEHHS, HOME-
pa MPOTOKOIA M MaThl 3aceqannsi komurteTa). [lompodHO
O TIPUHIIUTIAX MyOIMKAIIMOHHON STHKH, KOTOPBIMH TIPH
paboTe pyKOBOACTBYETCS pPEaKLMUs KypHaa, H3JI0Ke-
HBI B pazzene «OTUYECKHe MPUHLMUIIBI JKypHAIay.

PELEH3UPOBAHUE

CraTh, MOCTYITUBIIHE B PENAKIINIO, 00s3aTEIILHO pe-
neHsupyrorcs. Ecnu y pereH3eHTa BO3HUKAIOT BOITPOCHI,
TO CTaThsi C KOMMEHTAPUSIMH PEIICH3CHTa BO3BPAIIACTCS
ABtopy. JlaToii mocTyIIeHNs CTaTbU CYUTACTCS JaTa To-
mydeHns Pemgakmyeil OKOHYaTeTbHOTO BapHaHTa CTATHH.
Pemakmmst ocraBisieT 3a co0Oi MPaBO BHECCHUS pelak-
TOPCKMX M3MEHCHUI B TEKCT, HE HMCKAXKAIOIIUX CMBIC-
Jla CTaThu (IUTEpaTypHas W TEXHOJIOTHYECKAs IPABKa).

ABTOPCKUE 3K3EMNNAPbI XXYPHANA

Penpakums o0s3yeTcs BbIAATH ABTOPY 1 3K3eMILISP
XKypnana ¢ onyOJIUKOBaHHOW PYKOIHUCHIO. ABTOPHI,
npoxkuBatomue B Cankt-IleTepOypre, mnoayvaror
aBTOPCKHUI 3k3eMIiAp JKypHasla HenocpencTBEHHO
B Penakinuu. MHoropomHum ABTOpaM aBTOPCKUI
sk3eMIuisip JKypHana BhICHIIAaeTCA Ha ajpec aBTopa,
OTBETCTBEHHOTO 3a TOJYyYeHHE MPOOHBIX OTTUCKOB
1 aBTOPCKOro sk3eMIuisipa JKypHaia.
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