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TNABHbIA PEJAKTOP

AmuTpuii OneroBuy UBaHoB — A. M. H., npodeccop,
CaHKT-TeTep6yprckuii rocyAapCTBEHHbIN NefuaTpUYecKuii
MeZMLIMHCKNI YHUBEpCUTET

(r. CankT-NeTep6bypr, Poccuiickas deaepauus)

3AMECTUTE/NIb TNABHOI0 PEQAKTOPA

Banepus Maenoexa HoeukoBa — . M. H., npodeccop, akagemmk MAHIB,
CaHkT-MeTep6yprekuii rocyapcTBeHHbI NefnaTpuiyeckuii
MeANLNHCKMIA YHUBEpCUTET

(r. CankT-MeTepbypr, Poccuiickas deaepauus)

PEOAKLUWOHHASA KONNETrUA

Carupa TokcaH6aeBHa A6apaxmMaHoBa — J. M. H., npodeccop,
MeaunumHckuii yuuBepcuTeT AcTaHa (r. ActaHa, KasaxctaH)
Payd Marcyp ornbl Araes — 4. M. H., npodeccop,

HayuHblii LeHTp XMpyprum nMeHun akagemuka M.A. Tonunbaluosa;
A3epb6ailf)xaHCKMIl MefMLMHCKII YHUBEPCUTET

(r. baky, Asep6aingxaH)

3pkuH Wakuposuy Anbimbaes — . M. H., npodeccop,
Kbiprbi3ckas rocyfapcTBeHHas MeuLMHCKan akajeMns
umenu Ucbl KoHoesnya AxyH6aeBa

(r. Buwwkek, Kbiprbi3cTaH)

Jiogmuna Ky3bMuHuyHa AHTOHOBA — [i. M. H., npodeccop,
TBepckoii rocyfapCTBeHHbI MeJULMHCKIIA YyHUBEpCUTET

(r. Teepb, Poccuiickas degepauus)

WHo6aT MyxamepkaHoBHa AxMefioBa — . M. H., npodeccop,
LlenTp paseutus npodeccroHanbHoii kBanubukaLum MeAMLMHCKNX
paboTHuko M3 PY3

(r. TawkeHT, Y36eKkncTaH)

WpuHa AnaTtonbeBHa baBbIKMHA — . M. H., IOLEHT,
BopoHexckuit rocyfapCTBEHHbIN MeJULUHCKNIA YyHUBEpCUTET
uMm. H.H. bypaeHko (r. BopoHex, Poccuiickan depepaums)
Teopruii OTapoBuy baratypus — 1. M. H., npodeccop,
CaHKT-TeTep6yprckuii rocyAapCTBEHHbIN NefuaTpUYecKuii
MeZMLMHCKNIA YHUBEpCUTET

(r. CankT-NMeTep6bypr, Poccuiickas deaepauus)

Anekceii leoprueBny bansaypawsunm — akagemunk PAH,

4. M. H., npodeccop, CaHKT-TeTepbyprckuii rocyfapcTBeHHbIN
nefuaTpuyeckuii MeaLIMHCKNIA yHUBEPCUTET

(r. CankT-MeTep6ypr, Poccuiickas Gepepavys)

ficemun bana6an — 4. M. H., npodeccop, YHuBepcuTeT XagxeTTene,
MeauLMHCKuii dakynbTeT (r. AHKapa, Typuus)
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Napuca AnekcangpoBHa banbikoBa — uneH-koppecnoHaeHT PAH,
4. M. H., npodeccop, HaunoHanbHblit uccnefoBaTenbekuit
MopgoBckuit rocyfapcTBeHHblil yHuBepcutet um. H.I. Orapesa
(r. CapaHck, Poccuiickas Gegepauust)

Tamapa BnapumupoBHa benoycoBa — . M. H., npodeccop,
HoBocu6upckuii rocyfapcTBeHHbI MeAULUHCKNIA yHUBEPCUTET
(r. HoBocubupck, Poccuiickan depepaums)

Esrenus BuktopoBHa boiioBa — 1. M. H., npodeccop,
CaHKT-TeTep6yprckuii rocyAapCTBEHHbIN NeAMaTpUYecKuii
MeZAMLMHCKNIA YHUBepCUTET

(r. CaHkT-MeTepbypr, Poccuiickas Gepepavus)

Huna BuktopoBHa bonotoBa — 1. M. H., npodeccop,
CapaToBCKWil rocyAapCTBEHHbI MeAULIMHCKNIA YHUBEpCUTET
M. B.W. PasymoBckoro

(r. CaparoB, Poccuiickas depepauus)

TatbsiHa BukTopoBHa bopopynuHa — . M. H., AOLEHT,
YpanbCKuil rocyAapCTBEHHbIA MeANLMHCKNA YHUBEPCUTET
(r. ExaTepuH6ypr, Poccuiickas Gepepauys)

Makcum BnapumupoBuy MaBuyyK — K. M. H., JOLEHT,
CaHKT-TNeTep6yprckuii rocyAapCTBEHHbIN NefMaTpUYecKuii
MeZAMLMHCKUIA YHUBepCUTET

(r. CankT-NeTep6bypr, Poccuiickas depepauyst)

Mapuna lOpbeBHa lanakTuoHoBa — fi. M. H., npodeccop,
[TcKkoBCKUIA rocyAapCTBEHHbI YyHUBEPCUTET

(r. Mckos, Poccuiickas Gegepauus)

Hatanbs BacunbeBHa MoHyap — . M. H., npodeccop,
CeBepo-3anafHblil rocyfapcTBEHHbIA MeAULIMHCKMIA
yHuBepcutet um. N.N. MeyHnkosa

(r. CankT-TMeTepbypr, Poccuiickas depepauus)

CeBepuH BavecnaBoBuy Mpevanblii — f. M. H., npodeccop,
CaHkT-MeTep6yprckunii rocyfapcTBeHHbIA NefnaTpuyeckuin
MeAULMHCKNIA YHUBEpCUTET

(r. CankT-NMeTep6bypr, Poccuiickas denepauys)

Bepa JliogBuroeHa MpuumHcKasa — . M. H., npodeccop,
CaHkT-MeTep6yprckunii rocyfapcTBeHHbIA NefnaTpuyeckuin
MeAVLMHCKNIA YHUBEpCUTET

(r. CankT-NMeTep6ypr, Poccuiickas denepauyst)

Autbaii AxmeToBuy MymepoB — 1. M. H., npodeccop,
Balwknpckuii rocyaapCcTBeHHbI MeANLUHCKUIA yHUBEpCUTET
(r. Yda, Poccuiickas Geaepauus)

Mapraputa MuxaiinoeHa l'ypoBa — 4. M. H., npodeccop,
CaHkT-MeTep6yprekuii rocyfapcTBeHHbI NeAnaTpuyeckuin
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(r. CankT-NeTep6ypr, Poccuiickas Geaepauys)
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MepHeii [lonuHwek — 10KTOP MeAMLMHbI, YHNBEPCUTETCKMI
MeAULMHCKWIA LeHTp, OTheneHne JeTCKON racTpo3HTepOorum

u nutauus (r. Mapu6op, CrnoseHus)

Pawup A6aynoeuy Xetuwee — 4. M. H., npodeccop,
KabapanHo-bankapckuii rocyfapcTBeHHbI yHUBEPCUTET

uM. X.M. bep6ekosa (r. Hanbuuk, KabapauHo-bankapus,
Poccuiickas Gepepauusi)

AnekcaHpp AnekceeBuY 3BAMUH — J. M. H., JOLEHT,
BopoHexckuin rocyapcTBEHHbIN MeAULIMHCKNIA YHUBEPCUTET
uMm. H.H. bypaeHko (r. BopoHex, Poccuiickas degepaums)
Hukonaii UBaHoBMY 3psAYKUH — . M. H., npodeccop,
CapaToBCKUii rocyfapCTBEHHbIN MeSULIMHCKUIA YHUBEpCUTET

uM. B.W. PasymoBckoro (r. Capatos, Poccuiickas ®egfepauus)
Auppeit KoncTanTuHoBMY MopgaHnwennn — f. M. H., npodeccop,
rNaBHblIi yyeHblii cekpetapb MAHIB, BoeHHO-MeaNLMHCKas akaaeMus
uMm. C.M. Kuposa (r. CankT-MeTep6ypr, Poccuiickas deaepauys)
Auatonuii Bnagumuposuy Karan — . M. H., npodeccop, MepBblii
CaHkT-TNeTep6yprekuil rocysapCTBEHHbI MeAULIMHCKMIA YHUBEPCUTET
uM. akag. W.1N. MNaenoBa (r. CaHkT-MeTep6ypr, Poccuiickas deaepauus)
TaTbsiHa MBaHoBHa KaraHoBa — . M. H., npodeccop,

Camapckuit rocyfapCTBeHHbIN MeJULUHCKNIA yHUBEpCUTeT

(r. Camapa, Poccuiickas Gepepauus)

Aanuta AcxaToBHa KamanoBa — . M. H., npodeccop,

KasaHckuii rocysapcTBeHHbIN MEAULIMHCKUIA YyHUBEPCUTET

(r. KasaHb, Poccuiickas depepalms)

AnTtuHoii TypcyHoBHa KamunoBa — . M. H., npodeccop,
Pecny6nukaHcKuii cneLnanaMpoBaHHblii HayYHO-NPaKTUYECKMiA
MeaMLUHCKIIA LeHTp neguatpum M3 Pecnybnukm Y36ekucTaH

(r. TawkeHT, Pecny6nuka Ya6ekucTaH)

TatbsiHa BanepbeBHa KapueBa — 4. M. H., npodeccop,
HoBocubupckuii rocysapcTBeHHbIN MeLULMHCKIUI YHUBEPCUTET
(r. HoBocubmpck, Poccuiickas depepauus)

Puta PadratoBHa KunbausipoBa — 1. M. H., npodeccop,

lMepBbii MOCKOBCKUIA rocyapCTBEHHbIN MEAULIMHCKMNIA YHUBEPCUTET
uM. U.M. CeueHoBa (CeyeHoBCKMit YHUBEPCUTET)

(r. MockBa, Poccuiickas depepaums)

Anekceii Cepreeeuy Konéuu — 1. M. H., npodeccop,
CaHKT-TeTep6yprckuil rocyAapCTBEHHbIN YHUBEPCUTET

(r. CaHkT-TeTepbypr, Poccuiickas Gepepauus)

Tamapa BacunbeBHa KoceHkoBa — . M. H., npodeccop,
HaunoHanbHbI MeAULIMHCKMWIA nCCneAoBaTeNnbCKUN LIEHTP

M. B.A. Anma3osa (r. CakT-TeTep6ypr, Poccuiickas Gegepaumsi)
Hukonaii IOpbeBuy KoxaHeHko — . M. H., npodeccop,
CaHkT-TNeTepbyprckuii rocyfapcTBEHHbIN NeanaTpuyeckuin
MefMLMHCKMii yHuBepeuTeT (r. CaHkT-TeTep6ypr, Poccuiickas Geaepavus)
Tarbsiva KumoBHa KpyuuHa — a. M. H., npodeccop,
HauuoHanbHbIi MeAULMHCKMIA UCCNefoBaTeIbCKUIA LeHTP

um. B.A. Anmasosa (r. CaHkT-letep6ypr, Poccuiickas Gefepauus)
DIuana AnekceeBHa KysbMuHa — 1. M. H., npodeccop,
CaHkT-TNeTep6yprckuii rocyfapcTBEHHbIN YHUBEpCUTET

(r. CankT-TMeTepbypr, Poccuiickas depepauus)

TatbsiHa MiBaHOBHa JleroHbKoBa — Ji. M. H., npodeccop,
CMOnNeHCKuii rocyAapCTBEHHbI MEANLMHCKUIA YHUBEPCUTET

(r. CmoneHck, Poccuiickas Geaepauus)

0puii ®epoposuy JlobaHoB — 4. M. H., npodeccop,

AnTaiicKnii rocyAapCTBEeHHbI MEANLMHCKUIA YHUBEPCUTET

(r. bapHayn, Poccuiickas ®esepaums)

I0puii Bnagumuposuy Jlo63un — akagemuk PAH, a. M. H., npodeccop,
[leTckuii HayYHO-KNMHUYECKMNIA LLeHTP MHPEKLMOHHBIX 6onesHel
OMBA (r. CankT-MeTep6ypr, Poccuiickas Geaepavys)

Banepus MBaHoBHa MakapoBa — uneH-koppecrnoHfeHT PAH,

4. M. H., npodeccop, CeBepHblit rocyfapcTBEHHbIN MEANLMHCKUI
yHuBepcuTeT (r. ApxaHrenbck, Poccuiickas depiepaums)

AHHa MiBaHoBHa ManblwKuHa — . M. H., npodeccop,
/\BaHOBCKMI Hay4HO-UCCNE0BATEIbCKUIA UHCTUTYT
MmaTepuHcTBa W getctea uM. B.H. lopoakosa

(r. MiBaHOBO, Poccuiickas depepaums)

CeetnaHa MBaHoBHa MansiBckasi — Ai. M. H., npodeccop,
CeBepHblii roCyAapCTBEHHbI MEANLMHCKUIA YHUBEPCUTET

(r. ApxaHrenbck, Poccuiickas Gegepauus)

PEAAKUMOHHAA KOAANETUA

Butanuii BnagumupoBuy MapuHuy — K. M. H., IOLIEHT,

lMonecckuii rocyaapCTBeHHbIIi YyHUBEpCUTET

(r. MuHck, Pecny6nuka benapychb)

WpuHa IOpbeBHa MenbHuKoOBa — A. M. H., npodeccop,
CeBepo-3anagHblii rocyAapCTBEHHbIA MeLULUHCKUIA YHUBEPCUTET
uM. W.N. MeunukoBa (r. CaHkT-MeTep6ypr, Poccuiickas depepalus)
Metp UBaHoBMY MupoHoB — 1. M. H., npodeccop,

BawKupckuin rocyapcTBeHHbI MeANLMHCKNIA YHUBEPCUTET

(r. Yoa, Poccuitckas degepauus)

Jinpus MBaHosHa Mo3XyxuHa — . M. H., npodeccop,
flpocnaBcKuii rocyaapCcTBEHHbI MEANLMHCKUI YHUBEpPCUTET

(r. fipocnaenb, Poccuiickas Gepepauus)

Muxaun Anb6eptoBuy Mypauko — f. M. H., npodeccop,

MepBbiii MOCKOBCKUI rocyfapCTBEHHbIA MEANLMHCKUIA YHUBEPCUTET
uM. .M. CeyeHoBa (CeyeHOBCKMUIi YHUBEpPCHUTET)

(r. MockBa, Poccuiickas desepaums)

Auppeii Bacunbesuy HanetoB — . M. H., npodeccop,

[loHeLKunit HauMOHaNbHbI MefULUHCKUI YyHUBEPCUTET

umeHnu M. Topbkoro (r. loHeuk, Poccuiickas degepauus)
TaTbsHa KoHcTaHTMHOBHA HemunoBa — 4. M. H., npodeccop,
MepBblit CaHKT-MeTep6yprekuii rocyfapcTBeHHbIN

MeJMLUHCKNIA yHuBepcuTeT uMm. akag. U.M. MNaenosa

(r. CaHkT-TeTep6ypr, Poccuiickas depepauus)

Anekcanap Anbb6eptoBuy Huxesuy — 4. M. H., npodeccop,
bawkupckuii rocyaapcTBeHHbIi MeANLMHCKUI YHUBEpCUTET

(r. Yda, Poccuiickas denepauus)

LmuTpuii IOpbeBuy OBCAHHUKOB — . M. H., npodeccop,
Poccuiickuii yHuBepcuTeT ApyX6bl HAPOAOB

umenu Matpuca Jlymym6bi (r. MockBa, Poccuiickas Gegepalus)
EneHa BsiuecnaBoBHa MaBnoBckas — 1. M. H.,

bepepanbHblii nCCNe[0BaTENbCKNIA LIEHTP NUTaHMUS, GUOTEXHONOTUM
1 6esonacHocTu nuwy (r. MockBea, Poccuiickas Gegepanus)
Anekcanppa CepreesHa [TaHYeHKO — i. M. H., AOLIEHT,
YMTMHCKan rocyAapcTBeHHas MefULMHCKan akageMus

(r. YuTa, Poccuiickas Gepepauus)

IOpuii BaneHTnHOBKY MeTpeHKo — K. M. H.,
CaHKT-TeTep6yprckuii rocyAapCTBEHHbI NeAnaTpUYeckuii
MeAULMHCKNIA yHUBepCUTeT

(r. CaHkT-TeTepbypr, Poccuiickas depepauusi)

[Omutpuii BnagumupoBuy MeukypoB — 4. M. H., npodeccop,
Camapckuit rocyfapcTBeHHbIN MeJULMHCKNIA YHUBEpCUTET

(r. Camapa, Poccuiickas ®epepauus)

JNlona KapumoBHa PaxmaHoBa — [i. M. H., npodeccop, TalikeHTcKas
MeAMULMHCKan akazemus (r. TalkeHT, Y36eKncTaH)

NeoHnp, Muxaiinosuy Powanb — A. M. H., npodeccop,
HayyHo-uccnefoBatenbCKUin UHCTUTYT HEOT/IOXKHON AETCKOi
XWpypruv 1 TpaBmartonoruu [lenaprameHTa 3apaBooXpaHeHus

r. Mocksbl (r. MockBa, Poccuiickas ®eaepalus)

Hatanbs BuktopoBHa CKpuUnuyeHKo — . M. H., npodeccop,
[leTckuii HayYHO-KNMHUYECKNIE LLEHTP MHEKLMOHHBIX 6one3Heil
®MBA (r. CankT-Metep6bypr, Poccuiickas Gegepauus)

Haranusa AnekcanppoBHa CoKonoBuy — . M. H., npodeccop,
CaHKT-NeTep6yprekuil rocyAapCTBEHHbIN YHUBEPCUTET

(r. CaHkT-TMeTepbypr, Poccuiickas depepauysi)

TaTbsiHa BuktopoBHa CTpokoBa — . M. H., npodeccop,
®defepanbHblii UCCNEL0BATENbCKNIA LLEEHTP NUTAHMS, GUOTEXHONOTUM
1 6esonacHocTu nuwy (r. MockBa, Poccuiickas Gegepanus)
Cepreii bopucosuy duiwes — 4. M. H., npodeccop,
CaHkT-MeTep6yprckuii rocysapcTBEHHbIA NeAnaTpuyeckuin
MeZIMLIMHCKNI yHUBepcuTeT

(r. CaHkT-TMeTep6ypr, Poccuiickas depepauus)

Axatonuii Unbuy XaBkuH — 1. M. H., npodeccop,

MocKoBCKUt 061aCTHOM LeHTP AETCKOI racTpO3IHTEPONOrum

1 renatonorun HayyHo-uccnefoBaTenbCKoro KIMHNYecKoro
MHCTUTYTa fieTcTBa; benropogckuii rocyaapcTBeHHbi
HaLMOHaNbHbIi nCCneaoBaTeNbCKUn yHUBEPCUTET

(r. MockBa, r. Benropog, Poccuiickas depepauus)

®ypkar Myxutausosuy LLlamcues — f. M. H., npodeccop,
PecnybnukaHckuii cneynan3npoBaHHbIA Hay4YHO-NPaKTUYECKUii
MeANLMHCKMIA LLeHTp neanatpum (r. TawkeHT, Y36ekuctaH)
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ABSTRACT. Neonatal screening is aimed at early preclinical detection of hereditary and congenital diseases in
order to start treatment early, prevent early death and disability of children. In the Russian Federation since 2023
Newborn babies are examined for 36 hereditary and congenital diseases with an organizational division into two
types of care: neonatal screening, including screening for 5 diseases, and extended neonatal screening, including
screening for 31 diseases: aminoacidopathy, organic aciduria, disorders of beta-oxidation of fatty acids, primary
immunodeficiency, spinal muscular atrophy. All newborns, without exception, are subject to screening. Capillary
blood samples are taken from the newborn’s heel at the age of 24-48 hours in a full-term baby and on the 7t day
(144-168 hours) of life in a premature newborn. The time of screening tests is no more than 72 hours from the
time of receipt of test forms in the laboratory. The diagnosis uses enzyme immunoassay, fluorimetric method,
tandem mass spectrometry and molecular genetic methods. Diagnostic algorithms have been developed for each
disease. If the pathology is confirmed, the child is prescribed pathogenetic therapy. The article contains a list of 36
nosological forms included in the neonatal screening program, and describes the clinical characteristics for each
disease. A family in which a child with a hereditary disease is identified is indicated medical genetic counseling.

KEYWORDS: neonatal screening, congenital hypothyroidism, cystic fibrosis, adrenogenital syndrome, galactosemia,
biotinidase deficiency, expanded neonatal screening, aminoacidopathies, organic acidurias, disorders of fatty acid
beta-oxidation, primary immunodeficiencies, spinal muscular atrophy
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PacluMpeHHbIM HEOHaTaAbHbIU CKPUHUHT

B Poccumnckoun depepauun:

XapaKTepUucTUKa HO30AOrMYECKUX popm
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A. 2, Poccuiickas ®epepaumsa

2 Hay4HO-MCCAEAOBATEALCKMIA MHCTUTYT aKyLIEPCTBA, TMHEKOAOTUM U PEMPOAYKTOAOrMM UMeHW A.O. OTTa, AUarHoCTUUECKMIA LEHTP
(Meamnko-reHeTnueckuin), 199034, r. CaHkt-lNeTtepbypr, MeHaeneeBckas AMHUSA, A. 3, Poccuiickas ®epepaums

Ansa uutupoBanmsa: saHoB A.O., As3uHa A.B., ®epopoBa N.A. PaclumMpeHHbIi HeOHaTaAbHbIN CKPUHWHT B Poccuiickon ®epepauumu:
XapaKTepucTnka Ho3onorndyecknx dopm. Children’s Medicine of the North-West. 2026;14(1):7-20.
https://doi.org/10.56871/CmN-W.2026.34.95.001.

Moctynuaa: 19.11.2025 Opobpena: 27.12.2025 MpuHAata K neuatun: 20.03.2026

PE3IOME. HeoHaTanbHbIi CKPUHUHT HaLlefIeH Ha AOKJIMHUYECKOE BbISIBIEHNE HACNeLCTBEHHbIX U BPOXAEHHbIX
3a60/1eBaHNA C LEb0 PaHHEro Hayana fievyeHus, NpoGuUNakTUKM MNafeHYecKon CMEpPTU U UHBANMAN3aLNUM
neteii. B Poccuiickoii ®eaepauun ¢ 2023 r. npoBoANTCA 06Cnef0BaHNE HOBOPOXAEHHbIX Ha 36 HAacNeACcTBeH-
HbIX W BPOXJEHHbIX 3a60/1eBaHNit C OpraHU3aLUNOHHbIM pasfeNieHneM Ha Ba BUAA NMOMOLLU: HEOHATasbHbIi
CKPWUHWHT, B KOTOPbI BXOAMT 06CnefoBaHmne Ha 5 3a60neBaHUit, U pacLUIMPEHHbIA HEOHATaNbHbI CKPUHMHT,
BK/IOYAIOLWMIA 06cnefoBaHne Ha 31 3aboneBaHne — aMUMHOALMA0NATUM, OPraHUYecKne aunaypun, HapyLweHus
6eTa-OKUCNEHMS XUPHBIX KUCNOT, NEPBUYHbIE UMMYHOLEDULNTbI, CIMHANBHO-MbILIEYHYH aTPOdULD. CKPUHUHTY
nognexart Bce 63 UCKJTIOUEHNS HOBOPOXAEHHbIe AeTH. 3abop 06pa3L0B KanunsipHON KPOBM OCYLLECTBAAETCS
U3 NATKN HOBOPOXAEHHOTO B Bo3pacTe 24-48 4 y AOHOWEHHOIO W Ha 7-e cyTKN (144-168 ) XN3HN y Hefo-
HOLUEHHOrO HOBOPOX[EHHOT0. BpeMs npoBeAeHNst CKPUHUHIOBbIX UCCNelOBaHUA COCTABASIET He 6onee 72 Y
OT BPEMEHM NOCTYNeHNs TeCT-6naHKOB B SlabopaToputo. B guarHocTuke npuMeHsoTCa UMMYHOMEPMEHTHbI
aHanus, GnyopuMeTpuyeckmnii MeToA, TaHAeMHas Macc-CNeKTPOMETPUSA U MONEKYNSAPHO-TeHETUYECKME METObI.
[nsa kaxgoro 3a6oneBaHns pa3apaboTaHbl anrOPUTMbl AUMAarHOCTUKN. [1py NOATBEPXKLEHNM NAaTONOrNK pebeHkKy
HasHavaeTcs naToreHeTuyeckas Tepanus. B ctatbe npuBefeH nepeyeHb 36 HO3010rMYecKnX GOPM, BKITHOUEHHbIX
B NPOrpaMMy HeoHaTaNbHOTO CKPUHUHIA, M ONKUCAHbl KIMHUYECKUE XapaKTepUCTUKU A8 KaX[oro 3aboneBa-
Hus. Cembe, B KOTOPOIi BbiiBNEH pebeHOK C HacneACTBEHHbIM 3a60/1eBaHNEM, NOKAa3aHO MEANKO-TEHETUYECKOE
KOHCYNbTUPOBaHMe.

KJTIOYEBDBIE CNNOBA: HeoHaTasibHbIi CKPUHUHT, BPOXAEHHBIN TMMOTUPEO3, MYKOBUCLNA 03, aAPEHOreHNTaabHbIM
CUHAPOM, ranakTo3eMusl, Hef0CTaTOYHOCTb BUOTUHMAA3bI, PACLIMPEHHDINI HEOHATAaNbHbIA CKPUHUHT, aMUHOaLm-
JAonatuu, OpraHnyeckmne aynaypum, HapyLeHns 6eTa-0KMCIEHUS KUPHbIX KUCOT, NEPBUYHbIE UMMYHOZEPNLUTBI,
CMUHAIbHO-MblLIEYHAs aTpoPus

UcTouHUK PpUHaAHCUpPOBaAHUA. ABTOPbLI 3aABASIOT 06 OTCYTCTBMU BHELLHEr0 GUHAHCUPOBAHUA NPU NPOBEAEHUN UCCAEAOBAHMSA.

X Aapuca ApsymaHosHa ®eaoposa. E-mail: arslarissa@rambler.ru
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INTRODUCTION

Neonatal screening is designed to detect he-
reditary and congenital disorders before clini-
cal symptoms appear, with the aim of initiating
treatment early and preventing infant mortali-
ty and childhood disability. Mass screening of
newborns for phenylketonuria began in the Rus-
sian Federation (RF) in 1985, and for congenital
hypothyroidism in 1993. Additionally, since 2006,
screening for cystic fibrosis, adrenogenital syn-
drome, and galactosemia has been implemented
in the RF (Order of the Ministry of Health and So-
cial Development of the RF No. 185 dated March
22, 2006, “On Mass Screening of Newborns for
Hereditary Diseases”). Since 2023, the Russian
Federation has been screening newborns for 36
hereditary and congenital diseases, with the pro-
gram organized into two types of care: neonatal
screening, which includes testing for 5 diseases,
and expanded neonatal screening (ENS), which
includes testing for 31 diseases: aminoacido-
pathies, organic acidurias, fatty acid oxidation
disorders, primary immunodeficiencies, and spi-
nal muscular atrophy. Currently, tests as part of
neonatal screening (for congenital hypothyroi-
dism, cystic fibrosis, adrenogenital syndrome,
galactosemia, and biotinidase deficiency) are
conducted in neonatal screening laboratories at
regional institutions, primarily medical-genetic
counseling centers (MGK). In the Russian Fede-
ration, 10 centers have been established to diag-
nose diseases within the framework of ENS. The
main regulatory documents governing neonatal
screening are Order No. 222n of the Ministry of
Health of Russia dated April 17,2025, “On the Ap-
proval of the Procedure for the Provision of Me-
dical Care in the Field of ‘Neonatology’,” Order of
the Ministry of Health of Russia No. 274n dated
April 21,2022, “On the Approval of the Procedure
for the Provision of Medical Care to Patients with
Congenital and/or Hereditary Diseases,” and Or-
der of the Ministry of Health of Russia No. 745n
dated December 19, 2025, “On Amending Para-
graph 10 of the Procedure for Providing Medical
Care to Patients with Congenital and/or Heredi-
tary Diseases, Approved by Order of the Ministry
of Health of the Russian Federation No. 274n
dated April 21, 2022," Directive of the Govern-
ment of the Russian Federation No. 1510-r dated
June 9, 2022 No. 1510-r “On the procurement by
the Federal State Budgetary Institution ‘Federal
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Center for Planning and Medication Provision
for Citizens' of the Ministry of Health of Russia
of medical equipment for the implementation of
expanded neonatal screening” (as amended and
supplemented), Order of the Ministry of Health of
Russia No. 808n dated December 27, 2022, “On
the Approval of Lists of Federal State Medical
Organizations under the Jurisdiction of Con-
stituent Entities of the Russian Federation That
Conduct Expanded Neonatal Screening, as well
as conducting confirmatory biochemical, and/or
molecular genetic, and/or molecular cytogenetic
diagnostics, and the constituent entities of the
Russian Federation attached to them,” Methodo-
logical Recommendations “Method for Obtaining
a Dried Blood Spot on a Test Card for Clinical
Laboratory Testing” (2022), developed by the As-
sociation of Medical Geneticists and the Russian
Society of Neonatologists. The methodological
recommendations are available on the website
of the Federal State Budgetary Scientific Institu-
tion “Academician N.P. Bochkov Medical-Gene-
tic Research Center,” Regulations on information
exchange between medical organizations during
the conduct of neonatal and expanded neonatal
screening. Information exchange as part of neo-
natal and expanded neonatal screening for here-
ditary diseases is carried out through the New-
born Registry (ENS) of the VIMIS “Akineo” system.
This is a specialized, vertically integrated medical
information system for “Obstetrics and Gyneco-
logy” and “Neonatology” of the Russian Ministry
of Health. These regulations are available on the
website of the Federal State Budgetary Institution
“V.I. Kulakov National Medical Research Center
for Obstetrics, Gynecology, and Perinatology” of
the Ministry of Health of Russia.

PROCEDURE FOR NEONATAL (EXPANDED
NEONATAL) SCREENING FOR CONGENITAL
AND/OR HEREDITARY DISEASES

All newborns, without exception, are required to
undergo screening. Capillary blood samples are col-
lected from the heel of a newborn at 24-48 hours
of age for full-term newborns and on the 7th day
(144-168 hours) of life for preterm neonates.
Blood samples are collected onto two filter paper
test forms: five blood spots are applied to one for
neonatal screening, and three spots to the second
for expanded neonatal screening. A referral form is
filled out electronically, printed, and attached to the
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test form. All test forms with blood samples are
delivered to regional neonatal screening laborato-
ries, where testing for five conditions is conducted
as part of neonatal screening, and the shipment
of test forms to designated centers for expanded
neonatal screening is arranged. Screening tests
are conducted within 72 hours after the test forms
arrive at a laboratory. If a newborn is in a high-risk
group, the MGC will call within 24 hours to sche-
dule an appointment for blood sample collection
for repeat screening or for biological material col-
lection (blood, urine) for confirmatory diagnosis.
A decision is made regarding the need for hospi-
talization, the prescription of therapy, and referral
to a specialist in the relevant field. Confirmatory
diagnostics for newborns with suspected heredi-
tary diseases identified through expanded neona-
tal screening in all regions of the Russian Fede-
ration is conducted at the Federal State Budgetary
Scientific Institution “Academician N.P. Bochkov
Medical-Genetic Research Center” (Moscow),
which serves as a reference center. Confirmatory
testing takes no more than 10 working days. Dia-
gnostic methods include enzyme-linked immuno-
sorbent assay (ELISA), fluorimetry, tandem mass
spectrometry, and molecular genetic methods.
Diagnostic algorithms have been developed for
each disease. Upon confirmation of a pathology,
a child is prescribed pathogenetic therapy [1]. Me-
dications are provided at the expense of regional
and federal budgets, as well as through the “Circle
of Kindness” State Foundation for Assistance to
Children with Severe and Rare Diseases. Federal
clinical guidelines have been developed for most
nosological forms.

According to the results of the ENS Federal
Program for 2024, more than 1,226,000 children
were born in all constituent entities of the Russian
Federation. Coverage by primary screening was
approximately 99%. About 1.6% of those screened
were identified as being at risk. During 2024, a diag-
nosis of a hereditary disease included in the scre-
ening was confirmed in 726 children, including 430
newborns with inherited metabolic disorders, 121
newborns with primary immunodeficiencies, and
175 newborns with spinal muscular atrophy' [2]. In
the Russian Federation, starting in 2026, neonatal

' The results of the federal program for expanded neonatal
screening for 2024 have been summarized. URL: https://med-
gen.ru/press-tcentr/novosti/podvedeny-itogi-federal-noi-pro-
grammy-rasshirennogo-neonatal-nogo-skrininga-za-2024-god/
(accessed: 11/10/2025).
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screening is planned to be expanded to include two
hereditary diseases: aromatic acid decarboxylase
deficiency and X-linked adrenoleukodystrophy.

DISORDERS DETECTED THROUGH
NEONATAL SCREENING

Congenital hypothyroidism (ICD-10 codes:
E03.0 Congenital hypothyroidism with diffuse
goiter; E03.1 Congenital hypothyroidism without
goiter)

In 80% of cases, the condition results from
congenital abnormalities of the thyroid gland.
During screening, the level of thyroid-stimulating
hormone (TSH) is measured. If the TSH level ex-
ceeds the threshold, it is remeasured (retest). If
the capillary blood TSH level exceeds 40 mU/L,
treatment is initiated immediately, prior to recei-
ving the retest results. The next step is to measure
the levels of TSH and free T4 in venous blood. If
congenital hypothyroidism is suspected, an en-
docrinologist performs the differential diagnosis
of various forms of hypothyroidism and initiates
hormone replacement therapy. In the absence of
treatment, the primary clinical manifestations are
delayed mental and physical development. The
incidence of congenital hypothyroidism in the
Russian Federation, based on neonatal screening
results, is 1:3,600 [3].

Cystic fibrosis (ICD-10 code — E84.9 Cystic fib-
rosis, unspecified (cystic fibrosis))

Cystic fibrosis is a hereditary disease with
an autosomal recessive pattern of inheritance.
During screening, the level of immunoreactive
trypsinogen (IRT) is determined. If the threshold
value is exceeded, a retest is performed on the
21st-28th day of life, as IRT activity subsequently
decreases. Confirmatory diagnostic methods in-
clude a sweat test and molecular genetic testing,
which involves searching for pathogenic variants
(mutations) in the CFTR gene. Main clinical ma-
nifestations include chronic diseases of the res-
piratory tract and gastrointestinal tract. In some
cases, a child with cystic fibrosis may have an IRT
level within the reference range at birth; therefore,
if a characteristic clinical picture develops, cystic
fibrosis must be ruled out by performing a sweat
test and/or molecular genetic testing. Modern
treatment may include the use of targeted therapy
that affects the function of the mutant CFTR pro-
tein. The prevalence of cystic fibrosis in the Rus-
sian Federation is 1:7,400 [4].
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Congenital adrenal hyperplasia (adrenogeni-
tal syndrome) (ICD-10 codes — E25.0 Adrenoge-
nital disorders associated with enzyme deficiency;
E25.9 Adrenogenital disorder, unspecified)

Congenital adrenal hyperplasia is a group of
inherited disorders with an autosomal recessive
pattern of inheritance associated with impaired
steroidogenesis. The most common form (over
90% of cases) is 21-hydroxylase deficiency. Du-
ring screening, the level of 17-hydroxyprogester-
one (17-0OHP) is measured. Screening is aimed at
detecting the classic forms of congenital adrenal
hyperplasia, namely salt-wasting and virilizing ones.
In some cases, a non-classic form may be detected.
Newborns with 17-OHP levels above the threshold
value undergo retesting. Differential diagnosis
and hormone replacement therapy are performed
by an endocrinologist. Confirmatory diagnosis
involves hormonal testing and molecular genetic
testing to identify pathogenic variants (mutations)
in the CYP21A2 gene. The incidence of classic
forms of adrenogenital syndrome based on neona-
tal screening results in the Russian Federation is
1:9,638 (ranging from 1:6,749 to 1:14,876 across
different regions of the Russian Federation) [5].

Galactosemia (galactose metabolism disor-
der) (ICD-10 code — E74.2 Galactose metabolism
disorder)

Galactosemia is a group of inherited disorders
with an autosomal recessive pattern of inheritance.
Total galactose levels are measured in the blood of
newborns. Mutations in three genes (GALT, GALKT,
GALE) lead to a deficiency of various enzymes (ga-
lactose-1-phosphaturidyltransferase, galactokinase,
uridine diphosphate, galactose-4-epimerase) with
the biochemical manifestation of galactosemia.
The primary condition in the Russian population
is type | galactosemia with galactose-1-phosphate
uridyltransferase deficiency. If the total galactose
level exceeds the threshold, a retest is performed.
If a total galactose level above 15 mg/dL is detec-
ted in a newborn, immediate dietary intervention
and hospitalization are recommended pending the
retest results. In the absence of treatment, the clas-
sic form of type | galactosemia leads to liver da-
mage progressing to hepatic cell failure and sepsis,
which may be fatal. Lifelong treatment is based on
an elimination diet that excludes galactose-con-
taining foods (in newborns, this includes breast
milk and infant formulas containing galactose or
lactose). The confirmatory diagnostic workup in-
cludes measurement of galactose-1-phosphate
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uridyltransferase (GALT) enzyme levels and mo-
lecular genetic testing to identify pathogenic vari-
ants (mutations) in the GALT gene and other genes
associated with galactosemia. Very often, a slight
elevation of galactose in a newborn is associated
with polymorphic variants in the GALT gene, where
enzyme activity may decrease to 25% of normal, the
so-called Duarte variant. In the Duarte variant, a de-
crease in total blood galactose levels is observed
over time, with normalization occurring when the
infant is fed breast milk or infant formula.In some
cases, a diet restricting lactose intake is prescribed
for the Duarte variant until blood galactose levels
normalize. Patients with galactosemia are mo-
nitored by pediatricians, gastroenterologists, and
geneticists. Starting in 2023, blood sampling in
full-term newborns is performed within the first
24-48 hours, when galactose may not yet have
accumulated in the blood to a clinically significant
level. If galactosemia is suspected based on the
clinical presentation in a child with normal galac-
tose levels according to neonatal screening results,
it is recommended to repeat the blood galactose
test. In the Russian Federation, based on neonatal
screening results, the incidence of galactosemia is
1:20,000 (including the Duarte variant) [6].

Biotinidase deficiency (ICD-10 code — E56.8
Deficiency of other specified B vitamins (biotini-
dase deficiency))

Biotinidase deficiency (biotin-dependent car-
boxylase deficiency) is an inherited disorder with
an autosomal recessive pattern of inheritance. Bio-
tinidase enzyme activity is measured in newborns.
Confirmatory diagnosis involves measuring biotini-
dase activity in blood serum and molecular genetic
testing to identify pathogenic variants (mutations) in
the BTD gene. The main clinical manifestations are
neurological (seizures, muscular hypotonia, psycho-
motor developmental delay) and cutaneous (sebor-
rhea, atopic dermatitis, hair loss or poor hair growth,
conjunctivitis). In the absence of timely treatment,
children with very low enzyme activity develop irre-
versible severe mental retardation. Preclinical ad-
ministration of biotin (the primary method of lifelong
treatment) promotes normal child development. The
global incidence is 1:40,000-1:60,000 [7].

DISEASES DETECTED THROUGH EXPANDED
NEONATAL SCREENING

Amino acid metabolism disorders (E70 Disor-
ders of aromatic amino acid metabolism)
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A group of inherited disorders with an autoso-
mal recessive pattern of inheritance. Diagnostic
method: tandem mass spectrometry (TMS tech-
nology, which allows determining the concen-
trations of various markers for a large number
of diseases in a single analysis). Clinically, the
disease ranges from mild to severe forms, with
classic clinical manifestations in the neonatal
and early childhood periods.

Hyperphenylalaninemia (classical phenylke-
tonuria, other types of hyperphenylalaninemia)
(ICD-10 codes — E70.0 Disorders of aromatic
amino acid metabolism (phenylketonuria); E70.1
Other types of hyperphenylalaninemia (deficiency
of biopterin (tetrahydrobiopterin) synthesis, biop-
terin (tetrahydrobiopterin)

Blood samples from newborns are tested for
levels of phenylalanine. If the result is above the
threshold, a retest is performed. Confirmatory dia-
gnosis includes determining elevated phenylala-
nine levels and the phenylalanine/tyrosine ratio
prior to dietary therapy, as well as molecular ge-
netic testing to identify pathogenic variants (mu-
tations) in the PAH gene and the genes encoding
cofactors for the enzyme phenylalanine hydroxy-
lase (PTS, QDRP, PCBD, GCHI, SPR, DNAJC12). The
most common form is classic phenylketonuria
(98% of cases) with mutations in the PAH gene.
By crossing the blood-brain barrier, phenylalanine
breakdown products exert a toxic effect on brain
cell metabolism, leading to mental retardation if
left untreated.

Treatment for classic phenylketonuria is based
on a lifelong diet that restricts phenylalanine in-
take when its level exceeds 360 pmol/L, along
with the use of specialized medical foods that do
not contain phenylalanine.

When diagnosing forms of biopterin (tetrahy-
drobiopterin) synthesis and reactivation deficien-
cy, pathogenetic drug therapy is prescribed using
a synthetic analogue of tetrahydrobiopterin (sap-
roterin dihydrochloride) and serotonin precursors
(levodopa preparations in combination with carbi-
dopa). Patients with phenylketonuria are primarily
monitored by geneticists and pediatricians. The
incidence of hyperphenylalaninemia in the Rus-
sian Federation, according to neonatal screening
data, is 1:7,000 (ranging from 1:4,735 to 1:18,000
across different regions) [8]. New methods of
drug treatment for classic phenylketonuria are
being developed and implemented worldwide, in-
cluding in Russia.
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Tyrosinemia, type | (tyrosine metabolism dis-
orders) (ICD-10 code — E70.2 Tyrosine metabo-
lism disorders (tyrosinemia)

Concentrations of tyrosine and succinylacetone
are measured in blood. If succinylacetone and ty-
rosine levels exceed the threshold values, a retest
is performed. An elevated level of succinylacetone
is pathognomonic for type | tyrosinemia. Eleva-
ted tyrosine levels are observed in other types of
hereditary tyrosinemia and in hepatopathies of
other etiologies. The main clinical manifestations
include impaired liver and kidney function, neurolo-
gical symptoms, and rickets-like skeletal changes.
Confirmatory diagnosis involves measuring eleva-
ted levels of succinylacetone in blood and urine,
as well as molecular genetic testing to identify
pathogenic variants (mutations) in the FAH gene.
The mainstay of treatment for type I tyrosinemia
is lifelong medication with nitizinone and a diet
restricting phenylalanine and tyrosine intake, with
the use of specialized medical foods that do not
contain phenylalanine or tyrosine. Follow-up is
conducted by a pediatrician and a geneticist. The
incidence of type | tyrosinemia in various popu-
lations ranges from 1:100,000 to 1:120,000. The
incidence in the Chechen Republic is 1:16,020 [9].

Leucinemia (maple syrup urine disease) (ICD-
10 code — E71.0 Maple syrup urine disease)

The concentration of leucine (Leu/lle/Pro-
OH-leucine/isoleucine/hydroxyproline; amino
acids are not separated in the analysis and ap-
pear as a single peak) is determined in the blood
of a newborn. If leucine levels exceed the thre-
shold, a retest and analysis of organic acids in
urine are performed before initiating therapy. If
leucine levels exceed 600 pM/L, hospitalization
and a low-protein diet are recommended. Muta-
tions in the BCKDHA, BCKDHB, DBT, DLDA, and
PPM1K genes lead to a deficiency of branched-
chain ketone acid dehydrogenase (a multi-en-
zyme complex), which is accompanied by me-
tabolic disturbances and accumulation of the
amino acids leucine, isoleucine, valine, and their
derivatives. Confirmatory diagnosis involves
elevated levels of leucine, isoleucine, and valine
in the blood; elevated levels of 2-oxo-isocapro-
ic, 2-hydroxy-isocaproic, 2-oxo-3-methylvaleric,
2-oxo-isovaleric, 2-hydroxyisovaleric, and 2-hyd-
roxy-3-methylvaleric acids in urine; molecular
genetic testing to identify pathogenic variants
in the BCKDHA, BCKDHB, DBT, DLDA, and PPM1K
genes.
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The main clinical manifestation in the classic
course of leucinosis is acute infantile encepha-
lopathy (generalized seizures, hyperexcitability,
muscle hypertonia, alternating with lethargy, mus-
cle hypotonia, and impaired consciousness up to
coma) with a potentially fatal outcome.

The basis of treatment is a diet restricting
foods rich in leucine, isoleucine, and valine, and
the use of specialized therapeutic foods that do
not contain leucine, isoleucine, or valine. Drug
therapy includes the administration of L-carnitine
and thiamine. Hospitalization is indicated in case
of metabolic crisis. Monitoring is carried out by a
pediatrician, a neurologist, and a geneticist. The
global incidence is 1 in 185,000 [10].

Homocystinuria (disorders of sulfur-contai-
ning amino acid metabolism) (ICD-10 code —
E72.1 Disorders of sulfur-containing amino acid
metabolism (homocystinuria))

Methionine concentration is measured in blood
samples.

1. Screening is primarily aimed at diagnosing
the classic form of homocystinuria associated
with cystathionine B-synthase deficiency. Inhibi-
tion of the enzyme at the level of further homocys-
teine metabolism leads to its accumulation and,
consequently, to the accumulation of methionine
as a precursor. If the methionine level exceeds the
threshold value, a retest is performed. Confirma-
tory diagnosis involves the detection of elevated
levels of methionine and homocysteine in blood
plasma (and homocystine in urine), as well as
molecular genetic testing to identify pathogenic
variants (mutations) in the CBS gene. The main
manifestations are mental retardation with cli-
nical signs of connective tissue dysplasia, inclu-
ding tall stature, thrombosis, and cardiovascular
pathology. Treatment involves a diet restricting
foods rich in methionine and the use of a specia-
lized medical food product that does not contain
methionine. A trial treatment with pyridoxine al-
lows for identifying B,-dependent and B6-resistant
forms of homocystinuria, followed by treatment
with pyridoxine for the B,-dependent form of ho-
mocystinuria. Elevated blood methionine levels
are also observed in liver diseases and other he-
reditary disorders.

2. A retest is performed if the methionine le-
vel in a newborn is below the threshold value. If
the methionine level remains below the thresh-
old, hereditary conditions associated with both
methylenetetrahydrofolate reductase (MTHFR)
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deficiency and cobalamin metabolism disorders
must be ruled out (tandem mass spectrometry
shows an increased level of C3 (propionylcarni-
tine), as well as there is an increase in the level
of methylmalonic acid in the urine). Mutations in
the MTHFR gene lead to a deficiency of methy-
lenetetrahydrofolate reductase, which is involved
in converting (remethylation) homocysteine to
methionine, resulting in methionine deficiency.
Key clinical symptoms include muscle hypotonia,
delayed psychomotor development, neurological
disorders, microcephaly, and megaloblastic ane-
mia (in certain forms of cobalamin metabolism
disorders). Confirmatory diagnosis of homocys-
tinuria with impaired homocysteine remethy-
lation includes measurement of homocysteine
levels in blood and urine, analysis of urinary
organic acids, and molecular genetic testing of
genes associated with non-classical homocys-
tinuria (MTR, MTRR, MMADHC, PRDX1, LMBRD1,
ABCD4). Medication therapy is based on betaine,
which helps lower homocysteine levels by con-
verting it back into methionine and dimethylg-
lycine, followed by breakdown. Betaine is also
prescribed for the classic form of homocystinu-
ria. In some cases, children with homocystinu-
ria, whether classic or with methylation defects,
have normal methionine levels based on neonatal
screening results; therefore, blood homocysteine
testing is required when a characteristic clinical
picture is present. These children are monitored
by a pediatrician, a neurologist, and a geneticist.
The global prevalence of classic homocystinuria
is 1:100,000-1:200,000 [11].

Citrullinemia, type I (disorders of the urea cy-
cle) (ICD-10 code — E72.2 Disorders of the urea
cycle (citrullinemia, type 1))

Citrulline levels are measured in blood. If cit-
rulline levels exceed the threshold value, a retest
and analysis of urinary organic acids are per-
formed before initiating therapy. If citrulline le-
vels are elevated (>80 pmol/L), a low-protein diet
is prescribed and hospitalization is recommen-
ded. Lack of the argininosuccinate synthetase,
which is involved in the urea cycle, leads to hy-
perammonemia with a clinical picture of acute
encephalopathy following a period of “clear inter-
val,” rapid progression of neurological deficits up
to neonatal coma and cerebral edema with a po-
tentially fatal outcome. Confirmatory diagnosis
includes elevated citrulline levels, ammonia level
testing (hyperammonemia), urinary organic acid
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analysis (increased orotic acid excretion), and
molecular genetic testing to identify pathogenic
variants (mutations) in the ASS gene. Treatment
includes a low-protein diet, maintaining caloric
intake, administration of vitamins and minerals
via specialized medical nutrition products, and
prescription of L-arginine and medications that
lower blood ammonia levels. Extracorporeal de-
toxification methods and liver transplantation
are also used. The global prevalence is 1-9 per
100,000 [1, 12].

Argininosuccinic aciduria (argininosuccinate
lyase deficiency) (ICD-10 code — E72.2 Disor-
ders of the urea cycle (argininosuccinate lyase
deficiency))

Arginine succinate (Asa) concentrations are
measured in blood. If the level exceeds the thresh-
old value, a retest and analysis of urinary organic
acids are performed before initiating therapy. If
the Asa concentration is >1.5 pmol/L, a low-pro-
tein diet and hospitalization are recommended.
An acute deficiency of the enzyme argininosuc-
cinate lyase, which is involved in the urea cycle,
leads to hyperammonemia with a clinical picture
of acute encephalopathy following a “clear inter-
val,” rapid progression of neurological disorders
up to neonatal coma, cerebral edema with a po-
tentially fatal outcome. Confirmatory diagnosis
includes elevated levels of argininosuccinic acid
and citrulline in the blood, ammonia level testing
(hyperammonemia), urinary organic acid analysis
(elevated excretion of argininosuccinic acid), and
molecular genetic testing to identify pathogenic
variants (mutations) in the ASL gene. Treatment is
similar to that for type I citrullinemia. The global
incidence is 1:70,000-1:91,000 [1, 12].

Argininemia (urea cycle disorders) (ICD-10
code — E72.2 Urea cycle disorders (arginase de-
ficiency))

Arginine concentration is measured in blood. If
the arginine level exceeds the threshold value, a re-
test and analysis of organic acids in the urine are
performed before initiating therapy. Deficiency of
arginase, which is involved in the urea cycle, leads
to hyperammonemia with clinical manifestations of
vomiting, anorexia, restlessness, and crying in in-
fants. Acute encephalopathy is less common. Older
children may exhibit delayed speech and language
development, epilepsy, neurological symptoms.
Confirmatory diagnosis includes elevated blood
arginine levels, analysis of urinary organic acids
(frequently elevated orotic acid excretion), and
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molecular genetic testing to identify pathogenic
variants (mutations) in the ARGT gene. Treatment
consists of a low-protein diet with minimal arginine
content, maintenance of caloric intake, vitamins,
and minerals using specialized therapeutic foods,
and administration of medications that lower blood
ammonia levels in cases of hyperammonemia. The
global prevalence is 1in 353,000 [1, 12].

Organic acidurias

Organic acidurias are a group of inherited disor-
ders with an autosomal recessive pattern of inhe-
ritance. The diagnostic method is TMS. To detect
organic acidemias (acidurias), acylcarnitine con-
centrations are measured. Due to gene mutations,
an enzyme block occurs, leading to a buildup of
organic compounds and their derivatives, which
exert a toxic effect on the cell metabolism, central
nervous system, liver, and other organs. The bioche-
mical pathway is disrupted, leading to a reduction in
subsequent metabolites involved in vital bodily pro-
cesses, such as gluconeogenesis. These conditions
are characterized by varying times of onset, with the
most severe course occurring in the neonatal period.

Propionic acidemia (ICD-10 code — E71.1 Other
disorders of branched-chain amino acid metabolism
(propionic acidemia)) [13]

Methylmalonic acidemia (ICD-10 code — E71.1
Other disorders of branched-chain amino acid
metabolism (methylmalonic acidemia/aciduria
(methylmalonyl-CoA mutase deficiency)); methyl-
malonic acidemia (cobalamin A deficiency);
methylmalonic acidemia (cobalamin B deficien-
cy); methylmalonic acidemia (methylmalonyl-CoA
epimerase deficiency); methylmalonic acidemia
(cobalamin D deficiency); methylmalonic acidemia
(cobalamin C deficiency).

C3 (propionylcarnitine) concentration and the
C3/C2 ratio are measured in blood samples. If
their levels exceed the threshold value, a retest is
performed. Differential and confirmatory diagno-
sis of propionic, methylmalonic acidemias, and
disorders of cobalamin synthesis (combination of
methylmalonic acidemia with non-classical homo-
cystinuria) is performed through the analysis of
urinary organic acids (increased excretion of pro-
pionic or methylmalonic acids, respectively, as well
as 3-hydroxypropionic, 3-hydroxy-n-valeric acids,
and methylcitrate), blood and urine homocysteine
testing, and molecular genetic diagnosis to identify
pathogenic variants (mutations) in the PCCA, PCCB,
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MCEE, MMAA, MMAB, MMACHC, MMADHC, PRDX1,
LMBRD1, ABCD4, CD320. A slight elevation in C3
may be associated with vitamin B12 deficiency.
Clinically, acidemias manifest as feeding difficul-
ties, muscle hypotonia, psychomotor developmen-
tal delay, and metabolic crises with a potentially fa-
tal outcome. The mainstay of treatment (except for
cobalamin C and D deficiency) is a low-protein diet
supplemented with specialized medical foods that
do not contain isoleucine, valine, threonine, or me-
thionine. Carnitine, metronidazole, and medications
that lower ammonia levels are prescribed; biotin and
vitamin B,, are prescribed as indicated. In cases of
cobalamin deficiency, vitamin B, is prescribed at
a dose of 1-5 mg/day (hydroxocobalamin, adeno-
sylcobalamin); betaine and folic acid are also pre-
scribed for cobalamin C and D deficiency. Patients
are monitored by a pediatrician, a neurologist, and a
geneticist. The global prevalence of methylmalonic
acidemia is 1:50,000, and the prevalence of propio-
nic acidemia is 1:350,000 [14].

Isovaleric acidemia (ICD-10 code — E71.1 Other
disorders of branched-chain amino acid metabolism
(isovaleric acidemia))

The concentration of C5 (isovalerylcarnitine)
is measured in blood. If the C5 level exceeds the
threshold, a retest and an analysis of urinary or-
ganic acids are performed before initiating thera-
py. Confirmatory diagnosis involves urine organic
acid analysis (elevated levels of isovaleric acid,
3-hydroxyisovaleric acid, and isovalerylglycine)
and molecular genetic testing to identify pathoge-
nic variants (mutations) in the /VD gene. Clinically,
the disease ranges from asymptomatic to severe,
presenting as acute infantile encephalopathy with
severe ketoacidosis and a potentially fatal out-
come. An unusual “sweaty feet” odor in the urine
is typical. Treatment is based on a low-protein diet
supplemented with specialized therapeutic foods
that do not contain leucine. L-carnitine, glycine, and
medications that lower ammonia levels are pre-
scribed. Metabolic crisis must be managed. These
patients are not prescribed medications containing
benzoic or salicylic acid due to competition with
isovaleryl-CoA for conjugation with glycine. Chil-
dren are monitored by a pediatrician, a neurologist,
and a geneticist. The global incidence is 1:60,000-
1:150,000 [15].

3-hydroxy-3-methylglutaric acid deficiency
(ICD-10 code — E71.1 Other disorders of branched-
chain amino acid metabolism (3-hydroxy-3-methyl-
glutaric acid deficiency))
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The concentration of C;OH (3-hydroxyisovaleryl-
carnitine) is measured in blood. A C;0H level above
the threshold is also observed in biotinidase de-
ficiency, holocarboxylase synthetase deficiency,
and 3-methylcrotonyl-CoA carboxylase deficiency.
Differential and confirmatory diagnosis includes
determination of biotinidase activity, analysis
of urinary organic acids (elevated levels of 3-hy-
droxy-3-methylglutaric, 3-methylglutaric, 3-methyl-
glutaconic, 3-hydroxyisovaleric, 3-methylglutarylgly-
cine, methyl-crotonylglycine), and molecular genetic
testing to identify pathogenic variants (mutations)
in the HMGCL gene. Clinically, the condition is cha-
racterized by neurological symptoms, metabolic
crises (metabolic acidosis, hypoketotic hypoglyce-
mia), and a Reye-like syndrome. Treatment is based
on a low-protein diet and therapeutic foods that do
not contain leucine. Fat intake is restricted. Carni-
tine is prescribed. Metabolic crises are managed.
Patients are monitored by a pediatrician, a neuro-
logist, and a geneticist. The global incidence is 1 in
1,000,000 [16].

Beta-ketothiolase deficiency (ICD-10 code —
E71.1 Other disorders of branched-chain amino acid
metabolism (beta-ketothiolase deficiency))

Concentrations of C5:1 (tiglilcarnitine) and
C<OH (3-hydroxyisovalerylcarnitine) are measured
in blood. If the C5:1 level exceeds the threshold,
a retest is performed. Confirmatory diagnosis in-
cludes: elevated C5:1 and C;OH levels in the blood,
analysis of urinary organic acids (elevated tiglylgly-
cine, 2-methyl-3-hydroxybutyrate, and 2-methylace-
toacetate), and molecular genetic testing, namely
searching for mutations in the ACATT gene. Epi-
sodes of ketoacidosis, triggered by fasting, stress,
or intercurrent illnesses, are common. Clinically,
symptoms include vomiting, muscle hypotonia,
shortness of breath, seizures, impaired conscious-
ness, delayed motor and mental development,
and motor disorders. The basis of treatment is a
low-protein diet, restriction of fat intake; frequent
meals; increased carbohydrate intake; and ad-
ministration of carnitine in cases of free carnitine
(C0) deficiency. Children are monitored by a pedi-
atrician, a neurologist, and a geneticist. The global
prevalence is 1in 1,000,000 [1, 14].

Glutaric acidemia, type | (ICD-10 code — E72.3
Disorders of lysine and hydroxylysine metabolism
(glutaric acidemia, type 1))

The concentration of C5DC (glutaric acid) is
measured in blood. If the C5DC level is above
the threshold, a retest and an analysis of urinary
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organic acids are performed before starting the-
rapy. Confirmatory diagnosis involves testing for
organic acids in urine (elevated levels of glutamic
and 3-hydroxyglutamic acids) and molecular ge-
netic testing to identify pathogenic variants (mu-
tations) in the GCDH gene. Clinically, the condition
is characterized by macrocephaly, encephalitis-
like seizures, neurological symptoms, and a spas-
tic-hyperkinetic pattern of cerebral palsy. The
basis of treatment is a diet restricting foods rich
in lysine and tryptophan, along with specialized
therapeutic foods that do not contain lysine or
tryptophan. Levocarnitine is prescribed. Patients
are monitored by a pediatrician, a neurologist, and
a geneticist. In 5% of cases, when a child has type |
glutaric aciduria, the C5DC concentration is within
normal limits according to neonatal screening re-
sults; therefore, if the disease is clinically suspec-
ted, urine organic acid analysis and molecular ge-
netic testing are performed. Elevated C5DC levels
are observed in type Il glutaric aciduria and kidney
diseases. The prevalence in Western European
countries is 1:30,000-1:100,000. In the Russian
Federation, the prevalence of the disease has not
been determined [17] and will be clarified upon im-
plementation of the newborn screening program.

Holocarboxylase synthetase deficiency (bio-
tin-sensitive multiple carboxylase deficiency) (ICD-
10 code — E56.8 Deficiency of other specified B vita-
mins (holocarboxylase synthetase deficiency))

C;OH (3-hydroxyisovalerylcarnitine) concentra-
tion is measured in blood. Elevated C;OH levels are
also observed in biotinidase deficiency and other
metabolic disorders. Differential and confirmatory
diagnosis includes: determination of biotinidase
activity, analysis of urinary organic acids (elevated
levels of B-hydroxyisovaleric, B-hydroxypropionic,
fumaric, and 2-ketoglutaric acids, 3-methylcro-
tonylglycine, methylcitrate, and tiglylglycine), and
molecular genetic diagnosis to identify pathogenic
variants (mutations) in the HLCS gene. Clinically,
the condition is characterized by neurological ma-
nifestations (seizures, muscle hypotonia, impaired
consciousness), mental retardation, motor delay,
dermatitis, and metabolic acidosis. Primary treat-
ment involves the administration of biotin and L-car-
nitine, as well as correction of metabolic acidosis.
The global prevalence is 1:200,000. The prevalence
in the Russian Federation has not yet been estab-
lished [1, 7, 18].

Fatty acid beta-oxidation disorders (ICD-10
code — E71.3 Fatty acid metabolism disorder)
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Fatty acid beta-oxidation disorders are hereditary
diseases with an autosomal recessive pattern of in-
heritance. Diagnostic method: TMS. To diagnose
organic acidurias, acylcarnitine concentrations are
measured. If there is an initial deviation from the
acylcarnitine threshold level, a retest is performed.
Confirmatory diagnosis includes characteristic TMS
acylcarnitine spectrum profiles, urinary organic
acids, and molecular genetic testing. The main cli-
nical manifestations are muscle hypotonia and
weakness, ketotic hypoglycemia, metabolic crises,
dicarboxylic aciduria, Reye-like syndrome. Treat-
ment is lifelong. Patients are monitored by a pedi-
atrician, a neurologist, and a geneticist [19]. The
prevalence of nosological forms of fatty acid B-oxi-
dation disorders in the Russian Federation will be
clarified based on the results of the ENS Program.

Primary carnitine deficiency (ICD-10 code —
E71.3 Fatty acid metabolism disorder (primary car-
nitine deficiency))

A decrease in CO (free carnitine) concentration is
observed. The disease is caused by mutations in the
SLC22A5 gene. Primary treatment consists of levo-
carnitine at an average dose of 100 mg/kg per day
(50-400 mg/kg), with correction during a metabolic
crisis. The global incidence is 1:20,000-1:70,000.

Medium-chain acyl-CoA dehydrogenase defi-
ciency (MCADD) (ICD-10 code — E71.3 Fatty acid
metabolism disorder (medium-chain acyl-CoA dehy-
drogenase deficiency))

Elevated concentrations of medium-chain acyl-
carnitines are detected: C8 (octanoylcarnitine), C6
(hexanoylcarnitine), C10 (decanoylcarnitine), and
C10:1 (decenylcarnitine), as well as the C8/C10 and
C8/C2 ratios. The disorder is caused by mutations in
the ACADM gene. Primary treatment involves avoi-
ding fasting to prevent hypoglycemic episodes, eating
every 3-6 hours for children over 1 year of age. In-
fants under 1 year old should eat more frequently. If
CO is low, carnitine should be prescribed. Metabolic
crisis requires immediate intervention. The incidence
in Europe and the U.S. is 1:8,300-1:15,000.

Long-chain acetyl-CoA dehydrogenase defi-
ciency (mitochondrial trifunctional protein (TFP)
deficiency, long-chain 3-hydroxyacyl-CoA dehy-
drogenase (LCHADD) deficiency) (ICD-10 code —
E71.3 Fatty acid metabolism disorder (long-chain
acyl-CoA dehydrogenase deficiency))

Elevated concentrations of acylcarnitines are
detected, including C180H (3-hydroxy-octade-
canoylcarnitine), C18:10H (3-hydroxy-octadecenoic
acid carnitine), C160H (3-hydroxy-hexadecanoic
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acid carnitine), C16:10H (3-hydroxy-hexadecenoic
acid carnitine). Levels of CO (free carnitine) are de-
creased. the disorder is caused by mutations in the
HADHA gene. Primary treatment includes frequent
meals. Breaks should not exceed 3-6 hours during
the day and 3-8 hours at night, depending on age.
A diet should limit foods rich in long-chain fatty
acids and include specialized medical foods con-
taining medium-chain fatty acids. Valproic acid is
not recommended in cases of concomitant condi-
tions. The global prevalence is 1in 300,000.

Very-long-chain acetyl-CoA dehydrogenase de-
ficiency (VLCADD) (ICD-10 code — E71.3 Fatty acid
metabolism disorder (very-long-chain acetyl-CoA
dehydrogenase deficiency))

Elevated concentrations of acylcarnitines C14:1
(tetradecenoic acid carnitine), C14 (tetradeca-
noic acid carnitine), C14:2 (tetradecadienoic acid
carnitine), C16:1 (hexadecenoic carnitine), and
the C14:1/C16 ratio are identified. The disorder is
caused by mutations in the ACADVL gene. Elevated
levels of these metabolites are observed in hete-
rozygous carriers of the ACADV gene in clinically
healthy individuals. The main treatment is similar
to long-chain acetyl-CoA dehydrogenase deficien-
cy. The global prevalence is 1:30,000-1:100,000.

Carnitine palmitoyltransferase deficiency, type |
(ICD-10 code — E71.3 Fatty acid metabolism disorder
(carnitine palmitoyltransferase deficiency, type 1))

Elevated concentrations of CO (free carnitine)
and the C0/(C16+C18) ratio, as well as decreased
concentrations of C16 (hexadecanoylcarnitine) and
C18 (stearoylcarnitine), are observed. The disorder
is caused by mutations in the CPT1A gene. The pri-
mary treatment corresponds to therapy for fatty acid
beta-oxidation disorders. The global prevalence is
less than 1in 1,000,000.

Carnitine/palmitoyltransferase deficiency, type II
(ICD-10 code — E71.3 Fatty acid metabolism disorder
(carnitine/palmitoyltransferase deficiency, type I1))

Elevated (C16+C18:1)/C2 ratios and decreased
CO (free carnitine) levels are observed. This condi-
tion is caused by mutations in the CPT2 gene. Pri-
mary treatment corresponds to therapy for Type I.
Carnitine is prescribed when free carnitine levels
are low until CO normalizes. The global prevalence
is 1-9 per 100,000.

Carnitine/acylcarnitine translocase deficiency
(ICD-10 code — E71.3 Fatty acid metabolism disor-
der (carnitine/acylcarnitine translocase deficiency))

The disorder is characterized by elevated
(C16+C18:1)/C2 ratios and decreased CO (free
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carnitine) levels, and caused by mutations in the
SLC25A20 gene. Primary therapy involves avoiding
fasting (see above), a low-fat diet (30% fat in the
diet: 20% medium-chain fatty acids with low caprylic
acid (C10) content, 10% long-chain fatty acids), and
administration of carnitine when free carnitine levels
are low until CO normalizes, followed by discontinua-
tion. The estimated global prevalence is 1:1,000,000.

Glutaric acidemia, type Il (ICD-10 code — E71.3
Fatty acid metabolism disorder (glutaric acidemia,
type Il (multiple acyl-CoA dehydrogenase deficiency);
glutaric acidemia, type Il (riboflavin-sensitive form))

Elevated concentrations of C4 (isobutyrylcarni-
tine), C5 (isovalerylcarnitine), C5-DC (glutaric acid
carnitine), C6 (hexanoylcarnitine), C8 (octanoic
acid-carnitine), C10 (decanoic acid-carnitine), C12
(dodecanoic acid-carnitine), C14:1 (tetradecenoic
acid-carnitine), C16 (hexadecanoic acid-carnitine),
C18:1 (octadecenoic acid-carnitine) are observed.
The disorder is caused by mutations in the ETFA,
ETFB, and ETFDH genes. Elevated levels of these me-
tabolites are also observed in other riboflavin meta-
bolism disorders and in cases of maternal riboflavin
deficiency. Elevated levels of the following organic
acids are detected in urine: glutamic acid, 2-hydroxy-
glutamic acid, isovaleric acid, 2-methylbutyrate,
isobutyrate, isovalerylglycine, isobutyrylglycine, and
others. The main treatment consists of a low-protein,
low-fat diet, administration of riboflavin and carnitine,
and management of metabolic crises. The global in-
cidence is 1:300,000. The incidence of the disease
in the Russian Federation, according to the Russian
National Registry (RNS), is 1:205,233 live hirths [22].

Proximal spinal muscular
atrophy 5q

(ICD-10 code — G12.0 Infantile spinal muscular
atrophy, type | (Werding—Hoffmann); G12.1 Other
hereditary spinal muscular atrophies)

This is an autosomal recessive disorder. Muta-
tions in the SMNT gene lead to a reduction in SMN
protein levels, resulting in damage to the spinal
cord’s a-motor neurons. Clinically, it manifests as
progressive muscle atrophy, muscle weakness,
and hypotonia. Based on clinical course and age
of onset, four types of spinal muscular atrophy
(SMA) are distinguished. During newborn scre-
ening using molecular genetic methods, a com-
mon mutation (95-98% of cases) in the SMNT
gene is identified, that is a homozygous deletion of
exon 7. Upon detection of a homozygous deletion,
verification is performed at a reference center, and
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the number of copies of the SMN2 gene, a gene
99% structurally similar to SMNT, is determined.
As the number of SMN2 gene copies increases, the
severity of SMA’s clinical presentation decreases.
The number of SMN2 copies determines the choice
of targeted therapy. Etiopathogenic treatment has
been developed to prevent the development of se-
vere symptoms. Patients with SMA are monitored
and treated by neurologists. In the presence of a
clinical picture of SMA and the absence of pathol-
ogy based on screening results, sequencing of the
SMNT gene is required to rule out point mutations in
this gene. The prevalence of the disease in the Rus-
sian Federation, based on the results of expanded
neonatal screening for 2023-2024, is 1:8,439 [20].

Primary immunodeficiencies

(ICD-10 code — D80 Immunodeficiencies with
predominant antibody deficiency; D81 Combined
immunodeficiencies; D82 Immunodeficiencies as-
sociated with other significant defects; D83 Com-
mon variable immunodeficiency; D84 Other immu-
nodeficiencies)

Congenital immune disorders are a diverse
group of genetically determined diseases charac-
terized by defects in components of the immune
system. Primary immunodeficiencies are caused
by genomic, chromosomal, and gene mutations.
Screening for primary immunodeficiencies is per-
formed using a molecular genetic method. Extra-
chromosomal circular structures formed during
the differentiation of T-cell (TREC — T-receptor
excision circle) and B-cell (KREC — kappa-deletion
recombination excision circle) lymphocyte recep-
tors are identified. The number of TREC/KREC cop-
ies reflects how many T and B cells have left the
thymus and bone marrow and entered the blood-
stream. A decrease in TREC/KREC levels below
the threshold indicates a possible defect in the T-
and B-cell components of immunodeficiency. Re-
testing and confirmatory diagnosis are performed
using lymphocyte immunophenotyping by flow cy-
tometry, as well as molecular cytogenetic and mo-
lecular genetic testing methods. The most com-
mon conditions identified by neonatal screening
results are: severe combined immunodeficiency,
Di George syndrome, Nijmegen syndrome, and ag-
ammaglobulinemia with B-cell deficiency. Patients
are monitored by an immunologist. It should be not-
ed that TREC/KREC screening does not detect all
forms of primary immunodeficiencies [21].
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CONCLUSION

Neonatal screening allows for early detection
of the targeted diseases and the initiation of time-
ly treatment. It is important to remember that de-
spite normal levels of tested markers, a newborn
should be re-examined and/or referred for consul-
tation with an appropriate specialist if there is cli-
nical suspicion of a disease that can be diagnosed
through neonatal screening. Identifying a heredi-
tary disease in a family makes it possible to provide
medical-genetic counseling and assist parents in
having a healthy child, including the use of assisted
reproductive technologies.
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AOMNOAHUTEAbHAAA UHOOPMALIUA

Bknap astopoB. [1.0. IBaHOB — CyLleCTBeH-
Hblii BKNajA B 3amMbiCen W AWU3ailH CTaTby, COOp M
aHanus fanHbix; J1.B. JlaauHa — c6op uHdpopma-
LMK MO HO30/10rMYeckuM GopMamM 3aboneBaHMuii,
BXOAALWMX B AMArHOCTUKY HEOHaTasIbHOro CKpu-
HWHTa, flaHHble N0 YacToTe BCTPeyaemMoCTH, onu-
CaHWe KJIMHWMYEeCKOW KapTuHbI, NOAroTOBKa CTa-
Tbu; J1.A. ®efopoBa — cHOpP AaHHbIX U OMMCaHKE
KJIMHMYECKO KapTUHbI B HEOHATaNnbHOM nepuoge
ANA Ho30M0rMYecknx hopm, OKOHYaTeNbHOE 0A06-
peHue cTaTbMm.

Bce aBTOpbI NpoYnn 1 ofo6punn GuHanbHyo
BEpCUIO nepej nybnmkaymen.

KoHdnukT nHTepecoB. ABTOpbI AeKnapupytoT
OTCYTCTBME IBHbIX U NOTEHLUANbHbIX KOHPANK-
TOB MHTEPECOB, CBA3aHHbIX C Nybnukaunei Ha-
CTOALLEN CTaTbM.
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ABSTRACT. Introduction. The study of the gut microbiota in newborns is an important area of modern medicine,
as its development affects immunity, metabolism, and overall child health. This issue is particularly relevant for
preterm infants, whose microbiota maturation is delayed, increasing the risk of infections and chronic diseases.
The composition and functional state of the microbiota are significantly influenced by the mode of delivery,
antibiotic therapy, and type of feeding, although these factors require further investigation. Aim — to systematize
current data on the factors affecting the intestinal microbiota of full-term and premature newborns, and methods of
its correction. Materials and methods. This article presents a review of scientific literature, including clinical studies
and systematic reviews. Data were analyzed regarding methods of microbiota assessment, and the influence of
delivery mode, antibiotic therapy, breastfeeding, formula feeding, and treatment with prebiotics and probiotics
on gut microbiota composition. Results. A healthy gut microbiota in newborns plays a crucial role in preventing
infectious diseases. Disturbances of the intestinal microbiota caused by cesarean section, antibiotic therapy,
and formula feeding are associated with reduced colonization resistance and the proliferation of opportunistic
bacteria (Klebsiella spp., Enterococcus spp., Pseudomonas spp.), increasing the risk of sepsis and necrotizing
enterocolitis. The use of probiotics and prebiotics helps reduce infectious morbidity by restoring microbial balance
and strengthening the intestinal barrier, making microbiota correction an important direction in the prevention and
treatment of neonatal infections. Conclusion. The formation of a healthy gut microbiota in newborns is critical for
their long-term health. Current evidence highlights the importance of vaginal delivery, breastfeeding, and rational
antibiotic use in the care of preterm infants. Probiotics represent a promising approach for correcting microbiota
disturbances in newborns; however, further studies are needed to optimize their use.
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Mukpo6uora KULLIEYHUKA AOHOLLEHHbIX U HEAOHOLLEHHbIX
HOBOPOXXAEHHbIX: POAb B Pa3BUTUM UHPEKLMUOHHDIX
3aboneBaHUW U BO3MOXKHOCTH KOppeKuuu (0630p AuTepartypbl)
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PE3IOME. Beegenue. I3yueHne MUKPOOMOTbI KULLEYHUKA HOBOPOXAEHHbIX IBNAETCA BaXHbIM HanpaBneHUeM
COBPEMEHHOW MeANLMHBI, TaK KaK ee CTaHOBJEHUE BAMSET HA UMMYHUTET, MeTabonn3M 1 3L0pOBbe AeTeil.
OcobeHHO aKTyanbHa 3Ta npo6nema AN He,OHOLWEHHbIX AETeN, y KOTOPbIX 3aMefJIeEHO Pa3BUTUE MUKPOOUOTHI,
YTO MOBbIWIAET PUCK MHPEKLMIA N XPOHUYECKNX 3a60NeBaHuii. Ha cocTaB n yHKLUOHANbHOE COCTOSIHUE MUKPO-
6MOTbI CYLLECTBEHHO BANSIIOT CNOCO6 pofopaspeLleHms, aHTMOMOTMKOTEepanus U TUM BCKapMIIMBaHUs, XOTS 3TO
U TpebyeT AanbHeiwero usyyeHus. jenp — cuctemaTmampoBaTb COBPEMEHHbIE AaHHble 0 GakTopax, Bnus-
IOLLMX Ha MUKPOOMOTY KULLEYHMKA JOHOLIEHHBIX M HEAOHOLWEHHbBIX HOBOPOXAEHHBIX, U METOL,aX €€ KOPPEKLINH.
Marepuanbi u MeTogbl. B cTaTbe npoBefieH 0630p HayYHOW NUTepaTypbl, BKIHOYAs KIMHUYECKIUE UCCIeA0BaHMA 1
cuctemaTtuyeckmne 063opbl. icnonb3oBaHbl JaHHbIE 0 METOAAX U3YYEHUS MUKPOOUOTbI, BAUSHUW HAa MUKPOGUOTY
crnocoba poopaspeLlerns, aHTMBUOTUKOTEPANUK, FPYAHOrO BCKapMAUBAHUSA U UCKYCCTBEHHbIX NUTATENbHbIX
CMecen, neyeHns NpebuoTMkaMm u npobuoTukamn. PesynbTarbl. 340pOBas KULWEYHAss MUKPOOMOTa HOBOPOX-
AEHHbIX UrpaeT 3HaYMTEeNbHYI0 Pob B NPOGUNaKTKe MHPEKLNOHHbIX 3ab0neBaHuii. HapyweHne MUKpO6UOTbI
KMLIEYHUKA, BbI3BAHHOE KeCapeBbIM CEYEHUEM, aHTMOUOTUKOTEPANNEll N UCKYCCTBEHHbIM BCKapMUBAHUEM,
COMPOBOX[,AeTCA CHUXEHMEM KOJIOHU3ALWOHHON Pe3UCTEHTHOCTU M POCTOM YCNOBHO-MATOreHHbIX HakTepuii
(Klebsiella spp., Enterococcus spp., Pseudomonas spp.), YTO NOBbILWAET PUCK Pa3BUTUS Cencuca U HeKPOTU3M-
pytowiero aHTepokonuTa. lNpumeHeHne Npo6UOTUKOB U MPEGUOTUKOB CMOCO6CTBYET CHUXEHUIO MHPEKLMOHHON
3a601eBaeMOCTH 3a CYET BOCCTAHOB/IEHMA MUKPOBHOr0 6anaHca, yKpenneHus 6apbepHoi GYHKLMN KULWIEYHNKA,
YTO AenaeT KOPPEKLMIo MUKPOBUOTbI BaXHbIM HanpasiieHneM npodunakTukn u Tepanum HGEKLMn y HOBOPOX-
LEHHbIX. 3akmoyenne. DopMupoBaHue 340pOBOA MUKPOGMOTbI Y HOBOPOXAEHHBIX KPUTUYECKN BAXHO 19 UX
JONrOCPOYHOro 340p0Bbs. COBpEMEHHbIe flaHHble MO TBEPXKAAal0T 3HAYNMOCTb ECTECTBEHHbIX POLLOB, FPYAHOr0
BCKapM/IMBaHUA U PaLUOHaNbHOIO UCMONb30BAaHNA aHTMOUOTMKOB NPU BbIXaXWBaHUN HEJOHOLWEHHbIX JeTell.
Mpo6buoTUKKM NpeACcTaBNAOT NMEPCNeKTUBHOE HanpaBAeHue LS KOPPEKL MW HapyLIeHN i MUKPOGMOTbI HOBOPOX-
LEHHbIX, 0AHAKO HE06X04MMbl LOMOMHUTENbHbIE UCCNEA0BAHNUS LS ONTUMMU3AL UM UX MPUMEHEHNS.

KJNIOYEBDBIE CNIOBA: Mukpobuota KuieYyHnKa, HOBOPOXAEHHbIE, HEJOHOLIEHHbIE AETH, MHHEKLMOHHbIE 3a60-
J1IeBaHus, NPO6UOTUKY
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INTRODUCTION

The development of gut microbiota in newborns
is one of the most promising yet under-researched
areas of modern medicine. Although recent stu-
dies by scientists such as Y. Chen et al. (2021) have
significantly advanced our understanding of the mi-
crobiota’s impact on human health, many aspects
of its impact on newborns remain unclear [1, 2].

The book by V.P. Novikova et al., “The Gut
Microbiota as a Regulator of Human Organs and
Systems” (2025), demonstrates that gut microbial
communities participate in shaping the immune
response, regulating inflammatory processes,
metabolism, and neurohumoral interactions. Dis-
ruptions in their composition are associated with
infectious, inflammatory, and metabolic diseases.
During the neonatal period, particularly in preterm
infants, microbial immaturity and its high sensiti-
vity to external factors determine an increased risk
of infectious complications. Therefore, the estab-
lishment and regulation of a healthy gut microbiota
represent a priority in modern medicine [3].

There are a number of gaps in our understan-
ding of mechanisms influencing delivery methods,
dietary characteristics, and the effects of antibio-
tic therapy on microbiota development during the
neonatal period. Furthermore, long-term conse-
quences of impaired intestinal microbiota deve-
lopment, including autoimmune and metabolic
diseases, remain poorly understood [4].

Current approaches to restoring and maintai-
ning a healthy microbiota in preterm infants in-
volve the use of probiotics and prebiotics. How-
ever, methods for their administration are not yet
fully developed, although the results of studies
examining their effect on the gut microbiota in in-
fants are encouraging [5-7].

Thus, this topic is important due to its role in
preserving children’s health, as well as the need to
develop effective approaches in order to prevent
and treat diseases caused by an imbalance in the
microbiota of newborns, which should help reduce
morbidity and improve the quality of life for infants.

METHODS FOR ANALYZING THE GUT
MICROBIOTA ARE RESEARCH TECHNIQUES,
STANDARDIZATION OF SAMPLE COLLECTION
AND STORAGE CONDITIONS

Gut microbiota profiling provides an assess-
ment of the qualitative and quantitative compo-
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sition of the microbial community, as well as its
functional capabilities [8]. Traditionally, intestinal
microbiota is studied by isolating and culturing
bacteria. However, there are difficulties in cultu-
ring anaerobic microorganisms, which significant-
ly reduce reliability of the results. Metagenomic
sequencing analyzes the DNA of both cultiva-
ble and uncultivable microorganisms based on
16S rRNA gene sequencing. The application of
next-generation sequencing (NGS) technologies
for microbiome research is particularly inte-
resting. The real-time polymerase chain reaction
(PCR) allows for determining representation of
bacteria of a single species or closely related
species using taxon-specific primers. DNA finger-
printing provides a semi-quantitative assessment
of the overall diversity of the bacterial communi-
ty of gut microorganisms. Functional metageno-
mic profiling provides quantitative information on
the relative abundance of individual genes, gene
clusters, and metabolic pathways. Microbiome
profiling results are used to assess the pathoge-
nic burden of dysbiosis, predict its consequences,
and develop targeted measures to correct micro-
biome imbalances.

Fecal samples are most commonly used in
studies of the gut microbiota composition. How-
ever, it is important to note that the microbial
community in the mucosa of different sections of
the colon and in feces differs [9].

Since fresh fecal samples are not always ana-
lyzed immediately, there is a need to store them.
Freezing at -80 °C without preservatives pre-
serves the microbial composition and is consi-
dered the “gold standard” for microbiome studies
[10]. Large-scale population studies typically em-
ploy optimal sample collection methods; however,
maintaining a temperature of -80 °C is not always
feasible. This necessitates the search for alter-
native methods that minimize analytical errors.
Swallowed capsules for sample collection are
considered one of the most promising options, as
they ensure high accuracy and sensitivity of the
research data [11].

In addition to freezing, there are other sample
storage methods (with or without preservatives)
that allow the microbiota to be preserved in a
state close to fresh samples. These are fecal oc-
cult blood test cards, FTA (Fast Technology for
Analysis of Nucleic Acids) cards, Whatman® FTA®
cards), and the Genotek DNA kit, which enables
the development of microbiome-based clinical
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applications using OMNIgene™ GUT Dx—the first
and only FDA-approved (Food and Drug Adminis-
tration, U.S. Department of Health and Human Ser-
vices) device for self-collection of stool samples.
These methods have now proven effective for
storing samples for several days at room tempera-
ture [12]. For stable storage of stool samples, 95%
ethanol or RNAlater sample preservation solution
is recommended as a preservative [13].

G.M. Williams et al. (2019) recommend to col-
lect the first samples within the first 24 hours of
life (the first stool, meconium), and then to repeat
the collection on days 1, 3, 7, 14, and 30. Collec-
ting meconium allows for assessing initial sterility
or early intestinal colonization. However, the bac-
terial load in meconium is very low, and it is not
always possible to obtain a sufficient amount of
DNA for sequencing. On the 1st-3rd day of life, af-
ter contact with a mother and environment, active
intestinal colonization begins. Microbiome stu-
dies on days 7, 14, and 30 allow for tracking the
dynamics of microbiome formation and the influ-
ence of external factors (mode of delivery, feeding
methods, etc.) [14].

FORMATION OF THE PRIMARY GUT
MICROBIOTA IMMEDIATELY AFTER BIRTH
AND ITS CHANGES IN NEWBORNS

AND INFANTS

The development of the gut microbiota during
the neonatal period is characterized by significant
changes in taxonomic composition and biodiver-
sity. This process is determined by a complex
of factors: the gestational age at birth, mode of
delivery, characteristics of the mother's diet and
health, type of feeding, use of antibiotics in prema-
ture infants, as well as social and environmental
conditions (family members, presence of siblings
and pets).

The existence of microbial colonization of the
human gut before birth remains a controversial
topic. For a long time, the scientific community
held the view that the amniotic cavity was “ste-
rile.” However, recent years have seen the detec-
tion of protein markers of microbial colonization
in amniotic fluid from women with preterm rupture
of membranes using an antibody microarray via
enzyme-linked immunosorbent assay (ELISA) and
protein and antibody microchip technology, which
supports the possibility of fetal intestinal coloniza-
tion by maternal microorganisms [15].
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The results of microbiological studies of the
human placenta are contradictory. Data from
K.M. Kennedy et al. (2023) and I. Sterpu et al.
(2021) did not confirm the presence of placental
microbiota. The authors believe that their findings
are most likely the result of “contamination of the
material under study”, when obtaining samples
of fetal tissue during clinical procedures or du-
ring DNA extraction and sequencing [16, 17]. At
the same time, data from A. Stupak et al. (2024),
based on studies of placental proteins obtained
during childbirth using liquid chromatography
coupled with mass spectrometry, indicated the
possible presence of a number of proteins speci-
fic to bacteriophages and viruses, whose role as
early markers of fetal infection has not been defi-
nitively established [18].

Research by Q. He (2020) detected the pre-
sence of bacteria in the meconium of newborns,
indicating that the intestine is not sterile prior to
birth. In the first days and months of life, the num-
ber and diversity of bacteria in children’s feces
were low, but shortly after complementary feeding
began and against the backdrop of active physical
development, a rapid increase in the number of
bacteria and an expansion of their diversity were
observed [19].

Composition and functions of the mother’s gut
microbiota directly influence fetal and newborn
microbiota development. Experimental studies
in germ-free animals and clinical observations
in humans have confirmed that the mother’'s mi-
crobial profile during pregnancy determines the
development of the fetus's immune system and
its resistance to infections after birth. Disrup-
tions in the mother’'s microbiota are associated
with an increased risk of intrauterine inflamma-
tory reactions and infectious complications in
newborns. It has been shown that the intestinal
microbiota participates in shaping the fetal “gut-
brain axis,” mediating the maturation of immune
and neuroregulatory mechanisms that provide
anti-infectious protection in the early postnatal
period [20].

Initially, the gut is colonized by microbes ac-
quired from the mother and the environment. Chil-
dren born naturally are dominated by bacteria from
the mother’s birth canal, such as Lactobacillus
spp., Prevotella spp., and Sneathia spp., whereas
children born via cesarean section are predomi-
nantly colonized by “skin” microorganisms, inclu-
ding Staphylococcus spp. and Propionibacterium
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spp. During the first week of life, bacteria that are
adapted to the intestinal environment predomi-
nate, including Bifidobacterium spp., Bacteroides
spp., and Escherichia coli spp. [21].

A single-study analysis of the gut microbio-
ta in 11 healthy infants in their first year of life,
conducted by N.V. Gonchar et al. (2017) using
sequencing of amplified 76S rRNA gene regions,
revealed a predominance of Gram-positive an-
aerobic bacteria (71+23%). The quantitative
distribution of phyla decreased in the following
order: the phylum Firmicutes — 43+15% (repre-
sented by Clostridium spp., Blautia spp., Lacto-
bacillus spp., Enterococcus spp., and Veillonel-
la spp.), the phylum Actinobacteria — 38+10%
(more than 90% of OTUs represented by Bifido-
bacterium spp.), and the phylum Proteobacte-
ria — 15t8% (represented by the family Entero-
bacteriaceae). Representatives of the phylum
Bacteroidetes were identified (7-15%) in three
samples only. All samples were characterized
by low species diversity; the Shannon index and
a-diversity criterion ranged from 1.5 to 4.2 and
3 to 20, respectively. Breastfed infants had a
higher abundance of Proteobacteria compared
to formula-fed infants. The influence of adverse
factors during the mothers’ pregnancies (anti-
biotic use, respiratory infection) on infants’ gut
microbiota composition was noted [22].

According to data from A.V. Kaplina et al.
(2023), intestinal dysbiosis may serve as a pre-
disposing factor for necrotizing enterocolitis.
Antibiotic therapy leads to a predominance of
facultative anaerobes, such as Enterococcus spp.
and Enterobacteriaceae, as well as a decrease in
Bifidobacteriaceae in the gut microbiome of pre-
term newborns. Antimicrobial therapy disrupts
the physiological process of colonization, and
the formation of normal microbiota (its “matura-
tion”) may be delayed. However, they note that
dysbiosis is not the primary cause of necrotizing
enterocolitis, and the mother’s health status, as
well as the characteristics of fetal development
and the early postnatal period, play a significant
role [23].

S. Graspeuntner et al. (2024) investigated the
gut microbiota in infants under 90 days of age
with late-onset sepsis using 16S rRNA sequen-
cing of stool samples. They found a decrease
in the number of B. longum and an increase in
the number of Bacteroidia spp. in patients with
lactic acidosis upon hospital admission. Authors
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suggested that previously healthy infants deve-
loping sepsis exhibited gut microbiota dysbiosis
combined with undefined specific immunolo-
gical patterns. The study demonstrated that
the healthy gut microbiota of infants is cha-
racterized by the absence of overgrowth of op-
portunistic microorganisms (OM). Furthermore,
it plays a crucial role in the development and
stable functioning of the immune and digestive
systems [24].

A dissertation study by G.N. Chistyakov (2024)
identified informative immunological markers
such as absolute white blood cell count, relative
counts of CD14+HLA-DR+ and CD14+CD11b+
monocytes in umbilical cord blood. These mar-
kers make it possible to predict the risk of intes-
tinal colonization by K. pneumoniae, an opportu-
nistic pathogen from ESKAPE group in premature
infants during the neonatal period [25].

A systematic literature review by C. Alcazar
et al. (2022) attempted to confirm the associa-
tion between the gut microbiota in infants aged 0
to 12 months, assessed using genomic sequen-
cing, and respiratory diseases of infectious and
allergic nature in children under 18 years of age.
The authors suggest that low a-diversity of the
microbiota and the relative abundance of certain
genera of commensal gut bacteria (Bifidobacteri-
um, Faecalibacterium, Ruminococcus, and Rose-
buria) are associated with respiratory diseases
in children. However, the study results were con-
tradictory, as there were significant limitations,
including insufficient characterization of bacteri-
al taxa at the species level, inconsistent interpre-
tation of the data, residual confounding factors,
and a small sample [26].

A study by Y. Gao et al. (2021) provides evi-
dence that the maternal gut microbiome influ-
ences the risk of allergic diseases and asthma in
children. Similarly, a study by X. Yuan et al. (2022)
demonstrates a link between gut microbiota dys-
biosis in early childhood and an increased risk of
developing metabolic diseases, such as obesity
and type 1 diabetes [27, 28]. These findings have
served as the basis for developing therapeutic
strategies aimed at early correction of gut dyshio-
sis using probiotics and prebiotics [29].

As shown in the study by Q. Jia et al. (2022),
preterm newborns exhibit slower gut microbio-
ta establishment compared to term infants, ac-
companied by higher species diversity of the gut
microbiota. These findings provide new insights
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into the need for individualized interventions to
modulate the microbiota composition regarding
varying gestational ages at different periods after
birth [30].

Y. Chen et al. (2023) analyzed changes in
microbial composition in fecal samples from 92
preterm infants treated in the intensive care unit,
starting at birth and continuing at 1, 3, 7, 14, 21,
28, and 60 days of life using 16S rRNA sequen-
cing. The results showed that the main types of
gut bacteria in preterm infants were Proteobacte-
ria, Firmicutes, Actinobacteria, Tenericutes, and
Bacteroidetes, collectively accounting for 99.7%
of the microbial community. Pseudomonas
spp., Staphylococcus spp., and Klebsiella spp.
predominated at the genus level, along with
unclassified members of the Enterobacteriace-
ae family and the Clostridium-sensu-stricto-1
group, which together accounted for 90.9% of
the total microbiota. The abundance of Proteo-
bacteria, including the genus Pseudomonas, ini-
tially decreased, reaching a minimum on the 14t
day of life, after which it increased again. Con-
currently, there was a decrease in the number
of Firmicutes. At the same time, in formula-fed
infants, the proportion of Proteobacteria (at the
phylum level) and Streptococcus spp. (at the ge-
nus level) was significantly higher compared to
breastfed infants [31].

The study by C. Chi et al. (2019) aimed to com-
pare gut microbiome composition in infants with
very low birth weight (VLBW) and normal birth
weight (NBW) during the first three months of life
using 16S rRNA gene sequencing. Fecal samples
were collected at 0 and 3 days, 2 and 6 weeks, and
3 months of age (defined as microbiota develop-
ment stages 1-5). The authors found that a-diver-
sity decreased over time in both groups. The Shan-
non index revealed significant differences between
the groups at stages 1-3. The structure of the gut
microbiota in LBW infants differed significantly
from that in NBW infants throughout the entire ob-
servation period. In children with LBW, an increase
in Firmicutes and a decrease in Proteobacteria
were observed; at birth, Enterococcus spp., Kleb-
siella spp., and Streptococcus spp. predominated,
whereas Haemophilus spp. were underrepresen-
ted [32].

E.W. Blakstad et al. (2019) investigated the
effect of feeding practices on the development
of healthy gut microbiota in infants with very
low birth weight (VLBW) and extremely low birth
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weight (ELBW). Fifty preterm newborns were
divided into an experimental group receiving
enhanced nutrition and a control group. Fecal
samples from 45 infants were analyzed using
16S rRNA sequencing. The group receiving en-
hanced nutrition showed a more significant
increase in gut microbiota diversity and a de-
crease of staphylococci, while no increase in
the number of pathogenic microorganisms was
observed. The relative abundance of bifidobac-
teria increased more in the control group, where
better weight gain was also observed. In pre-
term newborns, the establishment of the Bifido-
bacterium spp. population was characterized
by delayed colonization and low abundance,
requiring more time to achieve an optimal com-
position [33].

DELIVERY METHOD AND ITS IMPACT
ON GUT MICROBIOTA
IN NEWBORNS

A systematic review by L. Princisval et al.
(2021) showed that neonates born vaginally ac-
quire a gut microbiota in the first weeks of life
that is similar in composition to their mother’s.
At the same time, newborns delivered via cesa-
rean section have a gut microbiota composition
that more closely corresponds to the environ-
ment. During the first 90 days of life, infants born
via vaginal delivery exhibit increased bacterial
diversity in the Actinobacteria and Bacteroidetes
phyla, including Bifidobacterium spp. and Bacte-
roides, compared to those born via cesarean sec-
tion [34].

According to a study by Y. Chen et al. (2021),
infants born via cesarean section exhibited a
decrease in a-diversity of the microbiota. A par-
ticularly notable decrease was observed in the
abundance of Bifidobacterium spp. during the
first three months of life, whereas representa-
tives of the genera Enterococcus spp., Klebsiella
spp., Streptococcus spp., Haemophilus spp., and
Veillonella spp. demonstrated active colonization
from the first week of life up to one month. Among
bacterial families, Veillonellaceae and Enterobac-
teriaceae were dominant [35].

The lack of contact with the maternal va-
ginal microbiota in children born via cesarean
section is considered one of the reasons for the
increased prevalence of bacteria from the Firmi-
cutes phylum and reduced colonization by mem-
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bers of Bifidobacterium spp. and Bacteroidetes.
All of these are crucial for carbohydrate diges-
tion and the development of the immune sys-
tem. This change is associated with a reduced
ability of the microbiota to metabolize carbo-
hydrates, including oligosaccharides found in
breast milk [36].

The work of L. Li et al. (2021) shows that
elective cesarean section is considered the
most important factor that can delay the onset
of breastfeeding and shorten its duration [37].
Research by L.M. Mallick et al. (2024) also
shows that women who underwent both elective
and emergency cesarean sections are general-
ly more likely to discontinue breastfeeding than
women who gave birth vaginally [38]. This ne-
gatively affects the diversity and structure of in-
fant gut microbiota, reducing the colonization of
Lactobacilli spp. and Bifidobacterium spp., and
increases the risk of developing autoimmune
diseases (inflammatory bowel disease, rheuma-
toid arthritis, celiac disease) and metabolic dis-
orders due to a feedback mechanism between
systemic inflammation and dysregulation of the
gut microbiota [36].

FEEDING OF NEWBORNS
IN RELATION
TO THE INTESTINAL MICROBIOTA

Active research continues, focusing on how
microbial populations develop in the intestines
of infants depending on their age and feeding
method. N. Chin et al. (2021) found that adding
formula to breast milk affects the gut microbio-
ta and the immune system of infants. The study
included 24 infants who, by one month of age,
were either exclusively breastfed or formula-fed.
The analysis involved 16S rRNA gene sequen-
cing of stool samples and flow cytometry of
blood samples from birth to six months of age,
as well as classification of Bifidobacterium spp.
strains. The results showed that the addition of
formula caused temporary changes in microbial
composition, which disappeared by six months
of age. At the same time, B. longum, a species
associated with breastfeeding, decreased sig-
nificantly upon formula introduction during the
first month of life. No significant immunological
differences, including the development of T- and
B-cell subpopulations or monocytes, were iden-
tified [39].
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L. Beller et al. (2021) conducted a study of
changes in microbiota composition during the
first year of life in 8 infants, analyzing 303 sam-
ples. In order to assess the transition from infant
to adult microbiota, the authors compared the ob-
tained data with samples from participants in the
“Flemish Gut Microbiota” project (1,106 samples).
Formula feeding reduced the likelihood of Bifido-
bacterium spp. presence compared to breast-
feeding. In some infants, Bifidobacterium spp. ap-
peared only after the introduction of solid foods,
whereas in their absence, Bacteroides, Clostridia,
and E. coli typically dominated [40].

A study by I. Cuxart et al. (2022) provides ad-
ditional data on the enzymatic processing of oli-
gosaccharides by the gut microbiota in the first
months of life. Breast milk oligosaccharides
(BMOs), such as galacto-oligosaccharides, play
a leading role in microbiota development; these
are partially digested in the small intestine and
fermented in the large intestine, promoting the
growth of Bifidobacterium spp. It has been estab-
lished that lacto-N-biosidase (LnbB), produced by
B. bifidum, plays a crucial role in the breakdown
of human milk oligosaccharides in the intestines
of breastfed infants [41]. This process leads to
the formation of short-chain fatty acids; the latter
inhibit opportunistic pathogens, including mem-
bers of the Clostridiaceae, Enterobacteriaceae,
and Staphylococcaceae families. Breastfed in-
fants show an increase in Bifidobacterium spp., a
decrease in BMO in stool, and elevated levels of
acetic and lactic acids. These findings confirm the
prebiotic effect of breast milk, which promotes
the selective enrichment of the microbiota with
Bifidobacterium spp. [42].

Breast milk is referred to as a complex food
matrix with numerous components that can po-
tentially influence the composition of an infant’s
microbiota, promoting the growth of indigenous
bacteria and limiting the growth of opportunistic
pathogens. It has also been shown that Bifido-
bacterium spp., particularly B. infantis, correlate
with increased levels of secretory immunoglobu-
lin A (slgA), ensuring adequate local immunity in
the gut. The synergistic effects of BMO and Bi-
fidobacterium spp. on infants promote the diver-
sity and maintenance of gut microbiota balance,
as well as the strengthening of the immune sys-
tem [43].

Research by G. Boudry et al. (2021) indicates
that breastfeeding in early life opens a “window
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of opportunity” for health development through
microbial modulation. The authors described
the composition of breast milk and established
the role of its components in shaping the gut mi-
crobiota. Among the most frequently mentioned
genera, Staphylococcus spp. and Streptococcus
spp. were identified as universally predominant
in breast milk. Other bacterial genera are also
frequently mentioned, including Corynebacteri-
um spp., Bifidobacterium spp., Propionibacterium
spp., Bacteroides spp., Enterococcus spp., Fae-
calibacterium spp., Lactobacillus spp., Veillonella
spp., Serratia spp., Ralstonia spp., Acinetobacter
spp., Rothia spp., and several representatives
of the families Lachnospiraceae and Rumino-
coccaceae [44]. Studies by J.M. Vélez-Ixta et al.
(2024) show that breast milk-mediated coloni-
zation is a specialized pathway through which
bacteria selectively migrate into the newborn'’s
gut, playing a crucial role in its development, as
breast milk contains a wide range of microorga-
nisms, including “skin” and “non-skin” Gram-pos-
itive bacteria [45].

Studies by V. Notarbartolo et al. (2022) have
established that breast milk contains not only
bacterial but also viral, fungal, and archaea com-
ponents. The composition of breast milk can be
influenced by various factors, such as the mo-
ther's body mass index and diet, antibiotic use,
the timing and method of delivery, as well as the
method of breastfeeding. At the same time, in-
digenous microorganisms such as streptococci
(S. mitis and S. salivarius) and coagulase-negative
staphylococci, which predominate in breast milk,
compete for space and resources with opportu-
nistic microorganisms, such as S. aureus [46].

K. Ingram et al. (2024) analyzed 46 breast
milk samples from 15 women, collected 1, 4, 7,
and 10 months postpartum. The authors used a
metagenomic approach to assess the bacterial
microbiota and found that microbiota composi-
tion in breast milk changes at different stages of
lactation. They believe that data on breast milk
bacteria can be used to predict and reduce health
risks for infants [47]. The results of a study by
Y. Komatsu et al. (2022) established that oligo-
saccharides disappear from infants’ feces at the
beginning of the fourth month of breastfeeding,
when a shift in the species of Bifidobacterium oc-
curs (from B. breve to B. longum subsp. infantis).
This process is accompanied by fluctuations in
the levels of several metabolites in infant feces,
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including acetate and butyrate. Consequently,
breast milk components modulate gut microbio-
ta composition and metabolite production (e.g.,
short-chain fatty acids) and may indirectly influ-
ence the immune and metabolic responses of
infants [48].

Although breastfeeding is the gold standard for
infant nutrition, there is a growing need to devote
more effort to the production of infant formula,
which must closely resemble the composition of
breast milk and act similarly. One way to achieve
these goals is to add various bioactive ingredients
to formula, including probiotics, prebiotics, vita-
mins, and trace elements. Scientific data on bene-
ficial effects of infant formula indicate its overall
positive impact on the gut microbiota and its me-
tabolic activity [49].

ANTIBIOTIC THERAPY
AND GUT MICROBIOTA OF NEWBORNS

Antibiotics remain a key method for treating in-
fectious diseases. However, irrational use of such
drugs, particularly during pregnancy and in the
first months of a child’s life, can lead to adverse
long-term consequences. These include develo-
ping resistance to antibiotics, as well as persis-
tent disruptions in the structure and activity of gut
microbiome, which may negatively affect health in
future [50].

T.H. Dierikx et al. (2020) found that antibio-
tic therapy in mothers before or during childbirth
negatively affects intestinal microbiota estab-
lishment in newborns, reducing microbial diver-
sity, lowering the proportion of Actinobacteria
and Bacteroidetes, and increasing Proteobacte-
ria. It has been shown that these changes in the
gut microbiota are distinctly pronounced in chil-
dren born vaginally and may persist for up to 12
months of life [1].

According to data from C. Argentini et al.
(2022), as well as C. Ozkul et al. (2020), an-
tibiotic therapy in newborns, particularly the
combination of amoxicillin and clavulanic acid,
significantly disrupts gut microbiota, reducing
its species diversity and triggering metabolic
disorders and dyspeptic symptoms [51, 52]. At
the same time, since resistance to amoxicillin
among Bifidobacterium spp. is rarely observed
(and this is considered a species-independent
trait), its use reduces the potential influence of
bifidobacteria [53].
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Intrapartum antibiotic therapy has become a
common practice in obstetrics and is used in
40% of assisted deliveries. A systematic review
by P. Zimmermann and N. Curtis (2020) demon-
strated how ampicillin, prescribed to pregnant
women with a positive GBS status (group B
Streptococcus), negatively affects the gut mi-
crobiota of infants. The authors identified six
studies involving 272 infants. A total of 502
stool samples were analyzed from children un-
der 3 months of age. Infants exposed to intra-
partum antibiotic therapy for group B strepto-
coccal infection had fewer bacteria in their gut
microbiota, fewer actinobacteria, particularly
bifidobacteria, and more proteobacteria com-
pared to infants who did not receive intrapartum
antibiotic treatment [54]

Understanding the impact of widely used an-
tibiotic therapy on the gut microbiota and bu-
tyrate-producing microorganisms in infants can
aid in making therapeutic decisions in neona-
tal intensive care units. According to data from
J. Qiu et al. (2025), antibiotic therapy in new-
borns negatively affects the initial development
of the gut microbiota: it leads to a decrease in
diversity, a reduction in the relative abundance
of butyrate-producing bacteria (especially
Clostridiaceae), and an increase in Enterococci-
dae [55].

According to R. Ventin-Holmberg et al. (2022),
even a single course of antibiotics during the pe-
riod of gut microbiota formation in infants caused
a shift in the fungal composition of the gut. The
shift was characterized by an increased relative
abundance of Candida as well as diversity and
abundance of fungal species, which may be one
of undesirable long-term health effects of antibio-
tics [56].

EFFECTS OF PROBIOTICS
IN NEWBORNS, INCLUDING
PRETERM NEONATES

There is ongoing discussion regarding diffe-
rences in gut microbiota between breastfed and
formula-fed infants. It is hypothesized that these
differences partly explain why breastfeeding
is associated with a reduced risk of numerous
infectious and non-infectious diseases in early
life. Recent studies by T.K. Das et al. (2022) and
A. Blanchetiére et al. (2023) focus on the effects
of probiotic microorganisms, including members
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of the genera Lactobacillus spp., Bifidobacterium
spp., and Saccharomyces spp. Lactobacillus spp.
is the most studied and widely used bacteria in
neonatology. The beneficial effects of Lactoba-
cillus are associated with their ability to enhance
colonization resistance, inhibit the growth of op-
portunistic bacteria by producing organic acids
and bacteriocins, and modulate the innate and
adaptive immune response. Thus, it reduces
the risk of infectious diseases and necrotizing
enterocolitis in preterm newborns. At the same
time, the literature describes potential negative
effects, which are most often associated with
transfer of genetic determinants of antimicrobial
resistance from Lactobacillus to Gram-negative
microbiota. Furthermore, heterogeneity of Lacto-
bacillus strains and the lack of a unified classi-
fication complicate clinical data interpretation,
underscoring the need for rigorous strain selec-
tion and an individualized approach to their use
in neonatal practice [6, 7, 57].

Studies by E.C. Davis et al. (2022) and Q.S. Da-
maceno et al. (2023) explore opportunities for
using probiotic bacteria isolated from breast milk
to develop new infant formulas [58, 59]. Based on
the results of these studies, the strains Lactica-
seibacillus rhamnosus and Leuconostoc mesen-
teroides have been proposed as potential probio-
tics in a formula mimicking breast milk [59].

Studies by M. Nguyen et al. (2023) provide a
strong rationale for using probiotics in neonatal
intensive care units. They found that premature
infants who received the activated strain B. infan-
tis EVC001 at a dose of 8x10° CFU per day rapid-
ly developed a high degree of Bifidobacteriaceae
colonization, the majority of which consisted of
B. infantis. There was also a decrease in the num-
ber of antibiotic resistance genes and a reduction
in the number of taxa containing them, such as
Enterobacteriaceae representatives like E. coli
and K. pneumoniae. Children receiving B. infantis
EVC001 demonstrated reduced levels of enteritis
inflammation markers, including calprotectin, IL-8,
IL-17A, and TNFa [60].

Experience of using probiotic Enterococcus
strains in long-term nutritional support for pre-
term infants also appeared to be successful.
N.V. Gonchar et al. (2021) confirmed the effi-
cacy and safety of long-term use of the domes-
tic strain E. faecium L3 with a titer of at least
108 CFU/mL, which was administered orally to in-
fants at a dose of 1 mL twice daily during meals.
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Probiotic nutritional therapy for infants with the
E. faecium L3 strain, as part of a rehabilitation
program for preterm newborns whose inpatient
care had already concluded, demonstrated the
potential to improve the nutritional status and
neurocognitive development of preterm infants
[61].

According to data from G.C. Deshpande et al.
(2011), the greatest efficacy of probiotics is ob-
served in the first week of life, provided the infant
is ready for enteral feeding. Early administration
of probiotics significantly reduces all-cause mor-
tality and the incidence of necrotizing enterocoli-
tis in preterm infants and contributes to improved
food tolerance [62].

Research by N. van Best et al. (2020) showed
that probiotics may be most effective in preterm
newborns before stable colonization of the gut
microbiota is established. Administration of pro-
biotic formulas in the experimental group was
associated with a higher relative abundance of
Bifidobacteria and Enterobacteria, combined
with a lower abundance of Escherichia, Entero-
coccus, and Klebsiella. Probiotic Bifidobacteria
colonization was observed in 50% of infants,
although it was often transient. Newborns re-
ceiving probiotic formulas showed a significant
reduction in the incidence of necrotizing entero-
colitis [63].

In a randomized intervention study by J. Sama-
ra et al. (2022) examining the effect of a probiotic
product containing four strains of Bifidobacterium
and one strain of Lacticaseibacillus. The resear-
chers evaluated its impact on composition and
functional trajectory of the gut microbiota in pre-
term infants who received the product daily star-
ting at the onset of feeding until a gestational age
of 36-37 weeks. The results demonstrated an ac-
celerated transition to a mature microbiota similar
to term infants. The results of this study indicate
that Bifidobacterium strains, acting as “ecosystem
engineers,” accelerate microbiota maturation and
exert an immunological effect on extremely pre-
term infants [64].

Currently, the use of probiotic supplements
in preterm infants is considered a promising me-
thod for achieving initial “healthy colonization”
of the gut during the neonatal period. Clinical
data confirm their beneficial long-term effects,
including anti-inflammatory effects [65, 66]. A
systematic review by V.K. Batta et al. (2023),
encompassing 67 randomized controlled trials,
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and a meta-analysis by H. Wang et al. (2023) of
70 studies showed that the use of probiotics in
preterm newborns, especially those containing
B. infantis strains, significantly reduces the risk
of necrotizing enterocolitis and late-onset sepsis,
thereby lowering the overall mortality rate in pre-
term infants [67, 68].

Despite the encouraging results obtained from
the use of probiotics in newborns, questions re-
main unresolved regarding the algorithm for se-
lecting strains, dosages, and regimens for probio-
tic use.

CONCLUSION

The gut microbiota plays a crucial role in protec-
ting infants from infectious diseases from the very
first days of life. The formation of microbial commu-
nities begins immediately after birth and depends on
the mode of delivery, type of feeding, and use of an-
tibiotics. These factors determine resistance to pa-
thogens and effectiveness of the immune response.

Premature newborns experience a delay in mi-
crobiota establishment. Reduced diversity and sta-
bility of microbial communities increase the risk of
developing severe infections, including sepsis and
necrotizing enterocolitis. Intestinal dysbiosis at this
age is often accompanied by overgrowth of oppor-
tunistic bacteria (Klebsiella spp., Enterococcus spp.,
Pseudomonas spp.), leading to inflammatory compli-
cations and systemic infection.

A key focus of infection prevention in newborns
is maintaining a healthy microbiota. The use of pro-
biotics and prebiotics in newborns has proven effec-
tive in reducing the incidence of late-onset neonatal
sepsis and necrotizing enterocolitis, especially in
preterm infants. Probiotic strains (Bifidobacterium
spp., Lactobacillus spp., E. faecium L3) help restore
normal microbial balance, strengthen the intestinal
barrier function, and reduce inflammation.

Nevertheless, questions regarding the selection
of optimal probiotic strains, dosages, and duration
of use remain subjects for further research.

Thus, studying the development of the gut micro-
biota in newborns is a pressing issue and serves as
the foundation for preventing infectious complica-
tions and improving disease outcomes in children
at risk of dysbiosis. A deep understanding of micro-
biota-immune system interactions will enable the
development of personalized strategies to prevent
and treat infectious diseases in the early neonatal
period.
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Bce aBTOpbl BHEC/M CYLeCTBEHHbI BKNag B
pa3paboTKy KOHLenuuu, NpoBeAeHne uccneno-
BaHMA ¥ NOATOTOBKY CTaTby, MPOYU U 0J06pUNIM
GuHanbHyo Bepcuio nepeg nybnukaymei.

KoHpnukT nHTepecos. ABTOpbI feKnapupytot
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TOB MHTEPECOB, CBA3AHHbIX C Ny6nMKaLuen Ha-
CTOSAILLEN cTaTbMu.
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ABSTRACT. The co-occurrence of celiac disease and diabetes mellitus, particularly in young children, is
characterized by a severe clinical course, extreme metabolic lability, a tendency toward ketosis, and recurrent
severe hypoglycemia, which requires modifications to the standard treatment protocol. Timely diagnosis of celiac
disease in patients with diabetes mellitus is essential for correcting overt and potential metabolic disorders caused
by malabsorption syndrome. This article presents a literature review that examines, from an evidence-based
medicine perspective, the shared genetic factors and autoimmune mechanisms common to both celiac disease
and type 1 diabetes mellitus. Particular attention is given to the epidemiological and pathogenetic aspects of
the relationship between celiac disease and type 1 diabetes mellitus. The central focus is on the alteration in the
clinical presentation of these diseases under conditions of comorbidity. The authors review the association of
celiac disease with diabetes mellitus in autoimmune polyglandular syndrome and with latent autoimmune diabetes
in adults. Special emphasis is placed on topics debated in the literature, including early diagnosis of celiac disease
in various types of diabetes mellitus and the impact of malabsorption syndrome on patients’ quality of life when
control of either or both conditions is poor.
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PE3IOME. CoyeTaHue Liennakun u caxapHoro gua6eta, 0CO6EHHO Y AieTeli paHHero Bo3pacTa, XapaKTepusyeTcs
TAXKECTbIO TEYEHNS U KpalHeh NabubHOCTbIO, CKNOHHOCTbIO K Pa3BUTUIO KETO3a, MOBTOPAIOLLUMUCS TAXKENbIMU
TUNOTIMKEMUSIMU, YTO BHOCUT KOPPEKTUBY B NleyebHblii NpoTOKON. CBOEBPEMEHHAs! [MarHOCTUKA Lennakum
y NaLMeHTOB C caxapHbiM MabeToM HeobxoLuMa AN KOPPEKLUM SBHbBIX U MOTEHLWANbHbIX METaboIMyecKnx
HapYLWeHWiA, BbI3BaHHbIX CUHAPOMOM Manbabcopbunu. B cTatbe npeacTaBieH 0630p nutepaTypbl, ONUCHIBaLD-
WKii C NO3MLUIA fOKasaTeNbHOW MefULMHbI 0OLWHOCTb reHeTuYecknx hakTopoB M ayTOMMMYHHbIX NPOLLECCOB,
XapaKTepHbIX AN1S Llennakum n caxapHoro avabeta 1-ro Tuna. Oco60e BHUMaHUE YeNeH0 3NUAEMUONIOrMYeCKUM
¥ naToreHeTUYEeCKUM acnekTam B3aMOCBSA3N LienInakum u caxapHoro agvabeta 1-ro Tuna. B dokyce npobnembl —
M3MeHEHWE KNIMHUYECKOI KapTWUHbI 3TUX 3a60oNeBaHuUil B cnyyae KOMOpOUAHOCTH. ABTOpaMu NpefCcTaBfeHbl
NnUTepaTypHble faHHble O CONPSHKEHHOCTU LiefIMaknm U caxapHoro guabeta B CTPYKType ayTOMMMYHHOIO Mo-
NWUTNaHZYNSPHOTO CMHAPOMA, a TakxXe LieNIMakum 1 NaTeHTHOro ayTOMMMYHHOIO caxapHoro guabera y B3poc-
nbix. Ocobblii akLEeHT caenaH Ha 06CyXAaemblx B IMTepaType BONpocax paHHen ANArHOCTUKM Lennmakum npu
pas3NMyHbIX TUNAxX caxapHoro auabeTa, BIMAHUM CUHAPOMA ManbabcopbLMmM Ha KaYeCTBO XU3HM NALMEHTOB B
Cryyae HapyLeHWUst KOMMEeHcaLmu TOM UM MHOW NaTtonoruu. B cTaTbe NpuBefeHbl peKoMeHfaLmu, kacatoLwuecs
anddepeHumanbHoW AUarHoCTUKKN, AUeTOTepanuu U MeAUKaMEHTO3HOTO JIEYEHMS NALUEHTOB MPU COYETAHUM Y
HUX LeNiMakum 1 caxapHoro guabera.

KJNIOYEBDBIE CJIOBA: caxapHbiii anabet, CUHAPOM Manbabcopbuny, Leanakus, 6e3rnoTeHoBas gUeTa, ayTonM-
MyHHble 3a60/1eBaHNs

UcTouHUK GUHAHCUPOBAHUA. ABTOPbI 3aSBASIOT 06 OTCYTCTBMM BHELLHETO GUHAHCUPOBAHMA MPU NPOBEAEHWM MCCAEAOBAHUS.
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INTRODUCTION

Malabsorption syndrome (MS) is a major cause
of impaired metabolic control in patients with dia-
betes mellitus, particularly in children [1-4]. At the
same time, malabsorption syndrome in diabetes
mellitus may be a consequence of autonomic neu-
ropathy [1]. Along with pancreatic insufficiency,
liver dysfunction, changes in the gut microbio-
ta, and functional impairments in small intes-
tine enzyme production, celiac disease may be
a cause of MS [3-5]. Celiac disease is currently
considered a systemic immune-mediated disorder
manifested by gluten-dependent symptoms and
specific antibodies in genetically predisposed in-
dividuals [5, 6]. Taking into account that clinical
manifestations of this disease are characterized
by significant polymorphism, the diagnosis of ce-
liac disease in patients with diabetes mellitus is
often difficult [7].

The literature discusses associations between
celiac disease and such autoimmune diseases of
the endocrine system as type 1 diabetes mellitus
(T1D), autoimmune thyroiditis (AIT), and gonadal
involvement, as well as pathologies of the gastro-
intestinal tract (GIT): autoimmune gastritis, hepa-
titis, cholangitis, and others [8-12].

AIM

The aim of this review is to describe main
mechanisms underlying the relationship between
celiac disease and various types of diabetes mel-
litus, as well as specific features of therapeutic
management in patients with celiac disease and
diabetes.

MATERIALS AND METHODS

A literature search was conducted in inter-
national databases (PubMed, eLIBRARY, NCBI)
using such keywords as “diabetes mellitus,” “ma-
labsorption syndrome,” “celiac disease,” “glu-
ten-free diet,” and “autoimmune diseases.” A to-
tal of 76 medical literature sources were selected

for the literature review.
RESULTS AND DISCUSSION
Celiac disease, being a chronic immune-medi-

ated condition, may be accompanied by extrain-
testinal manifestations and diseases affecting
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various organs. Moreover, exocrine pancreatic
insufficiency (EPI) may be observed in one-third
of children diagnosed with celiac disease and, as
a rule, resolves after switching to a gluten-free
diet (GFD). At the same time, chronic pancreati-
tis, including autoimmune forms, is an extremely
rare comorbid condition in children with celiac
disease, and very few cases in children have been
described in the literature. Type 1 diabetes melli-
tus (T1DM) is a well-known and common comor-
bid condition in children with celiac disease. The
main determinant of this association is a com-
mon predisposing factor related to HLA, although
non-HLA-related genetic and environmental fac-
tors (viruses, gut microbiota, etc.) have also been
identified and may be involved in the development
of both autoimmune diseases [12].

EPIDEMIOLOGY OF CELIAC DISEASE
ASSOCIATED WITH TYPE 1 DIABETES

The prevalence of T1D is 86.73 per 100,000
children and 203.29 per 100,000 adolescents [13].
The prevalence of celiac disease in T1D, according
to various authors, ranges from 3-10% [14, 15].
Antibodies to tissue transglutaminase (anti-tTG)
are detected in children with T1D with the same
frequency [16-19]. The incidence of T1D has been
rising in recent years parallel to celiac disease [20,
21]. In most patients, T1D diagnosis precedes celi-
ac disease. However, there is evidence suggesting
that early-onset celiac disease (before 20 years of
age) is associated with a higher risk of developing
diabetes [21]. Studies have shown that T1D de-
velops in 0.14% of individuals with celiac disease
compared to 0.06% in a control group of patients
without celiac disease or autoimmune diseases,
with the highest risk observed among children
under 18 years of age. These results confirm that
it is necessary to screen individuals at high-risk
groups [18].

PATHOGENIC LINKS BETWEEN CELIAC
DISEASE AND TYPE 1 DIABETES

The relationship between type 1 diabetes and
celiac disease still requires further study. A com-
mon autoimmune mechanism is hypothesized, but
it is associated with various genetic features de-
termined by differences in the major histocompa-
tibility complex (MHC), including HLA and non-
HLA genes [22, 23].
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According to the European Society of Gastro-
enterology Guidelines and the Draft Clinical Re-
commendations for the Diagnosis and Treatment
of Celiac Disease in Children, it is important to note
that the HLA-DQ2 haplotype is detected in 90-95%
of patients, and HLA-DQ8 in the remaining 5-10%.
The absence of alleles typical of celiac disease
in the genotype makes the development of the di-
sease extremely unlikely [2, 3]. A strong link has
been established between this disease and hu-
man HLA antigens located on chromosome 6p21.
Literature analysis indicates that inflammatory
bowel diseases, rheumatoid arthritis, and type 1
diabetes often involve mutations in the regulatory
regions of genes located near HLA genes, which
may explain the association of celiac disease with
autoimmune processes [2, 4, 24].

A study conducted in Southern Iran among
children with celiac disease showed that the
DQ4a*4b allele also has a high frequency in
samples from the main group of patients (78%,
p <0.01), followed by the DQ5a*5b allele (12%,
p <0.01). In other words, a higher prevalence of
DQ4/DQ5 is observed in children with celiac di-
sease compared to the control group (odds ra-
tio 6.5, confidence interval 0.84-69.46, p <0.01),
which indicates the need for more extensive
genetic studies in celiac disease, not limited to
identifying HLA-DQ2/DQ8 haplotypes [25].

At the same time, T1D is a complex polyge-
nic disease for which more than two dozen gene-
tic regions have been identified, each designated
IDDM (insulin-dependent diabetes mellitus) and
assigned a serial number. The IDDM1 (MHC) and
IDDM2 (insulin gene) loci have the most signifi-
cant influence on T1D [23]. Various genetic mar-
kers also confirm the role of genetic predisposi-
tion in type 2 diabetes [26]. Genetic testing for
gene polymorphisms that contribute to impaired
carbohydrate and/or fat metabolism in patients
with overweight and obesity is currently relevant
as well. It is possible to create personalized re-
commendations for dietary therapy and physical
activity to prevent diabetes in patients with a fa-
mily history of the disease [27].

HLA molecules play a role in celiac disease
pathogenesis due to their involvement in antigen
presentation to antigen-presenting cells (T-lym-
phocytes, macrophages, dendritic cells) in the
small intestinal mucosa (SIM), which begin to
produce numerous biologically active substances
(e.g., interleukin-15). These substances have a

42

Volume 14N 1 2026

GASTROENTEROLOGY AND DIETOLOGY

damaging effect on the intestinal epithelium and
ultimately enter the systemic circulation. Genetic
typing of HLA genes is diagnostically significant in
identifying the disease among individuals belon-
ging to risk groups (first-degree relatives) or ex-
hibiting signs of an atypical form of celiac disease
[3-5].

Type 1 diabetes is characterized by destruc-
tion of B-cells, which typically leads to absolute
insulin deficiency. Autoimmune processes play
a crucial role in the pathogenesis of T1D. Type 2
diabetes mellitus is a group of heterogeneous
disorders of carbohydrate metabolism characte-
rized by a predominance of either insulin resis-
tance or impaired insulin secretion. In children,
T2D is usually detected incidentally during rou-
tine screening for obesity or a family history of
diabetes [13]. In individuals over 35 years of age,
T2D is often accompanied by T1D, which is cha-
racterized by very slow progression. This distinct
subtype has been termed LADA (latent autoim-
mune diabetes mellitus in adults). In the World
Health Organization classification, this subtype
of diabetes is considered a variant of T1D [23].
The autoimmune process in LADA has several
distinctive features. The main types of autoan-
tibodies in patients with LADA are antibodies to
glutamic acid decarboxylase (GAD) and islet cell
cytoplasmic autoantibodies (ICA), with the for-
mer being detected much more frequently. Other
autoimmune diseases are frequently detected in
LADA. For example, AIT occurs in 4% of patients
with T1D and in 25% of patients with LADA. Celiac
disease is detected in 10% of patients with T1D
and in 19% with LADA [13, 14].

It should be noted that T1D may occur along-
side other endocrine and non-endocrine diseases
of autoimmune origin. This cluster of diseases is
known as “polyglandular autoimmune syndrome
(PAS). Decompensation of autoimmune thyroid
disease, the development of adrenal insufficien-
cy, and worsening of celiac disease, autoimmune
gastritis, and pernicious anemia in patients with
T1D can lead to impaired metabolic control. The
increased risk of these diseases is associated
with the presence of genetic markers such as
HLA class Il complex haplotypes, and the CTLA-4,
PTPN22, FOXP3 genes, etc. [14]. According to cur-
rent data, PAS-1 is a rare hereditary autoimmune
disease resulting from mutations in the Autoim-
mune REgulator (AIRE) gene and characterized by
multiple organ dysfunction. Diabetes is a compo-
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nent of this disease. The prevalence of diabetes in
patients with PAS-1 in Russia is high (14.1%) [15].
According to a Finnish study, which includes the
largest number of patients with Type PAS-1 and
the longest follow-up periods, 18% of patients with
PAS-1 have diabetes. A low prevalence of diabe-
tes is observed in countries such as China, Thai-
land, Korea, and Japan [14].

Almost all forms of diabetes are characterized
by potential complications resulting from impaired
glucose and lipid metabolism. Elevated levels of
total lipids, triglycerides, and phospholipids are
frequently detected in patients with diabetes and
enteropathy. Steatorrhea is observed in the stool
lipid profile of 50% of patients. This is associated
both with increased triglyceride excretion due to
impaired pancreatic exocrine function and insuf-
ficient lipase secretion, as well as with impaired
absorption of phospholipids and monoglycerides
in the small intestine resulting from disruption of
the gut microbiota [1].

CHARACTERISTICS
OF THE CLINICAL PRESENTATION

Clinical symptoms of celiac disease in patients
with T1D may be absent or minimal. In such ca-
ses, recurrences of hypoglycemia or uncontrolled
hyperglycemia may be sole manifestations of the
disease, which may pass unnoticed due to do-
minant symptoms of T1D, particularly when the
patient is on insulin therapy. Most researchers
emphasize the need for timely diagnosis of celiac
disease in T1D to ensure effective management
of these conditions [26]. It is noted that the risk
of celiac disease is higher in cases of early-onset
T1D (before age 4) and late-onset T1D (around
age 45) [27]. Screening is recommended in these
groups [28].

Studies have shown that patients with celiac
disease and T1D have an increased risk of de-
veloping diabetic retinopathy and nephropathy.
At the same time, patients with T1D and undiag-
nosed celiac disease had a higher prevalence of
retinopathy (58% vs. 25%) and nephropathy (42%
vs. 4%) [22].

According to the All-Russian Consensus on
the Diagnosis and Treatment of Celiac Disease
in Children and Adults, patients with T1D should
be screened for celiac disease, especially if they
have any gastrointestinal complaints or labora-
tory abnormalities that suggest celiac disease
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[3, 5]. It is advisable to conduct periodic exami-
nations of patients with T1D to identify signs of
PAS and to promptly address potential metabo-
lic and vascular complications [14]. Patients with
T1D, autoimmune, and endocrine diseases may be
classified as high risk for celiac disease and re-
quire serological screening tests [3, 28]. Point-of-
care rapid tests for diagnosing celiac disease to
detect a spectrum of anti-tTG antibodies, as well
as antibodies to deamidated gliadin peptides (an-
ti-DGP) and antibodies to endomysium (anti-EMA),
are recommended for use in clinical practice [29].
The clinical presentation of celiac disease may
be dominated by gastrointestinal manifesta-
tions, such as diarrhea (voluminous, foul-smelling
stools), steatorrhea, abdominal pain, flatulence,
abdominal distension, vomiting, and loss of appe-
tite [3-5]. Nonspecific symptoms include delayed
physical development, weight loss, muscle hypo-
tonia, and apathy. Clinical symptoms of celiac
disease appear gradually in most cases. Appetite
disturbances, unexplained vomiting, and weight
loss are noted [27].

Previously, there were four forms of the di-
sease: typical (classic) celiac disease, charac-
terized by clinical symptoms of malabsorption
(chronic diarrhea, wasting, and “deficiency” symp-
toms resulting from impaired absorption of mi-
nerals and vitamins), and atypical celiac disease,
in which gastrointestinal symptoms are absent or
mild, while extraintestinal manifestations such
as osteoporosis, anemia, infertility, neurological
symptoms, and others take center stage in the
clinical picture [2, 4, 12]. In modern medicine, the
division of celiac disease into classic and atypical
forms appears unfounded, since atypical variants
occur much more frequently than classic ones.
It is recommended to distinguish between cases
with pronounced symptoms (both those related to
the gastrointestinal tract or extraintestinal symp-
toms) and asymptomatic conditions. People with
the asymptomatic (latent) form of the disease
show no signs of the disease, and it is detected
during preventive screenings or when family mem-
bers are examined [3].

DIAGNOSIS

Non-invasive serological tests are currently
used to diagnose celiac disease.

It is important to perform such testing before
starting a gluten-free diet, when patients are con-
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suming their usual number of gluten-containing
foods. Restricting or eliminating gluten from the
diet can cause a rapid decrease in specific antibody
levels, which may complicate or prevent further
testing [2-4, 12]. For example, anti-DPG, anti-tTG,
and anti-EMA antibodies (IgA and IgG) are detected
in blood samples from patients consuming gluten.
IgA antibodies produced by B-lymphocytes of the
small intestine’s own tissue are the most valuable
for diagnosis. However, if the total IgA level in se-
rum is reduced, IgG antibodies become more in-
formative [3, 4].

The high probability of coexisting type 1 dia-
betes, autoimmune diseases, and celiac disease
is demonstrated by the studies of E.O. Hennessy
et al. (2012), M.S. Popoviciu et al. (2023) [11, 30].
For example, seropositive individuals with an an-
ti-tTG titer >100 were significantly more frequently
identified among patients with T1D and concomi-
tant autoimmune diseases. Individuals homozy-
gous for the DR3-DQ2 haplotype have a 33% risk
of testing positive for anti-tTG, whereas those with
the same haplotype but without T1D have only a 2%
probability.

However, when testing for celiac disease, it
should be noted that false-negative results may
occur in cases of minor inflammatory processes
in the small intestinal mucosa in latent forms of
celiac disease, when antibody production is re-
duced due to low activity of type 2 tissue trans-
glutaminase [2, 4]. Anti-tTG antibodies may not
be produced even in the presence of clinical and
morphological changes characteristic of celiac
disease if the patient has hypogammaglobuline-
mia. So-called seronegative celiac disease can
be diagnosed based on the results of a thorough
examination, and according to the literature, it
occurs in 6-22% of cases [2-5]. The rapid celiac
disease test is an immunochromatographic assay
designed to detect anti-tTG IgA and IgG in human
whole blood. The use of a rapid celiac disease test
may be useful for screening high-risk patients.
Testing in a non-laboratory setting took 10 min-
utes and did not cause adverse effects in children.
The prevalence of seropositive patients was 3.3%
[30]. Earlier studies have demonstrated the high
diagnostic value of such assays in screening for
atypical forms of celiac disease in patients with
type 1 diabetes [31, 32].

As for endoscopic markers of celiac disease,
they are highly nonspecific. During endoscopy, ce-
liac disease may be suspected upon detection of
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characteristic changes: flattening or absence of
annular folds in the duodenum, the appearance
of transverse grooves, a honeycomb pattern, or
micronodularity of the mucosa. The characteristic
complex of changes associated with this disease
includes an increase in the number of lymphocytes
between epithelial cells, varying degrees of villus
shortening, and crypt hyperplasia. Nevertheless,
the macroscopic appearance of the mucosa may
be normal, which limits the utility of endoscopy as
the primary diagnostic method [3, 33]. According
to official guidelines for diagnosing celiac disease,
if patients with symptoms have Anti-tTG IgA levels
exceeding the upper limit of normal by more than
10-fold, along with elevated Anti-EMA levels and
positive HLA DQ2/DQ8 markers, a diagnosis of celi-
ac disease can be established without a biopsy [3].
In order to reliably assess the condition, morpho-
logical studies must be conducted while the patient
continues their usual consumption of gluten-con-
taining foods. Morphological diagnosis becomes
more accurate when five or more tissue samples
are taken, including the duodenal bulb region. Eli-
minating gluten from the diet can rapidly restore the
normal structure of the mucosa, which will signifi-
cantly complicate or even preclude the possibility
of confirming the diagnosis through morphological
analysis [3, 34].

An increase in the number of interepithelial lym-
phocytes may be observed in various pathological
conditions (such as food allergies, viral intestinal
infections, giardiasis, autoimmune diseases, and
inflammatory bowel diseases) associated with
changes in the histological structure of the small
intestinal villi corresponding to Marsh—0berhuber
type 1. Such changes in the SIM cannot serve as
a basis for diagnosing celiac disease without cor-
responding immunohistochemical analysisto They
must be evaluated only in combination with the cli-
nical picture and data from serological and genetic
testing [3, 35]. It should be noted that a distinctive
feature of interepithelial lymphocytes in celiac di-
sease is the presence of a specific T-cell receptor
on the surface of most enterocytes, which is uti-
lized in immunohistochemical studies to determine
the predominant type of lymphocytes in the SIM [2,
4]. The identification of type 2 and 3 lesions dur-
ing microscopic examination (type 2—hyperplastic,
type 3—destructive, in accordance with the Marsh-
Oberhuber pathomorphological classification of
enteropathy severity) is sufficient grounds for dia-
gnosing celiac disease in seropositive patients,
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even in the absence of clinical manifestations of
the disease [3].

In cases serological test are negative, some
researchers believe that a gluten-free diet (GFD)
should be initiated. If a patient responds to the diet,
a diagnosis of seronegative celiac disease is ren-
dered [36].

Other authors argue that patients with serone-
gative celiac disease should not be prescribed a
GFD because the diet does not improve quality of
life, and they describe acute nutrient deficiencies in
patients with seronegative celiac disease [5].

Diagnosis of seronegative celiac disease, es-
pecially when combined with type 1 diabetes,
anemia, chronic gastritis of mixed etiology (auto-
immune and Helicobacter pylori-associated), and
a family history of autoimmune diseases such as
type 1 diabetes, AIT, presents certain challenges.
Differential diagnosis with other pathological con-
ditions is necessary. For example, it is necessary
to rule out gluten sensitivity not associated with
celiac disease and common variable immunode-
ficiency [37].

When a patient has both celiac disease and T1D,
adherence to a diet is indicated, as a gluten-free
diet forms the basis for treating celiac disease,
while controlling carbohydrate intake is crucial for
T1D. The dilemma of combining diets for these
conditions stems from the fact that recommended
gluten-free foods often have a high glycemic index
and contain elevated amounts of added sugars and
fats, which can negatively impact blood glucose
control [26).

However, it is believed that GFD in children with
T1D and celiac disease improves control of the di-
sease and prevents growth retardation, even though
in some cases there is a slight increase in insulin
dosage in response to corrected malabsorption
and the higher glycemic index of gluten-free foods.

A gluten-free diet has a preventive effect on
vascular complications of type 1 diabetes [38].
Low adherence to dietary therapy in patients in this
group is associated with osteopenia and various
disorders of osteogenesis. A gluten-free diet and
improved glycemic control play an important role
in preventing osteopenia complications, diagnosed
by a decrease in bone mineral density [2, 4, 39, 40].

TREATMENT

Treatment of celiac disease in patients with
T1D involves dietary therapy that includes foods
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that are gluten-free and do not worsen glycemic
control. Processed gluten-free foods are low in
certain vitamins and minerals, such as B vitamins,
vitamin D, calcium, iron, zinc, and magnesium,
which will require dietary optimization and supple-
mental intake of vitamins and minerals.

It is essential to avoid not only foods that con-
tain “obvious” gluten (bread, baked goods and
pastries, pasta, wheat/semolina, barley/pearl
barley, bulgur, couscous, spelt, triticale, kamut),
but also those containing “hidden” gluten. This
refers to gluten used as a food additive during
production. Safe grains for people with celiac
disease include rice, buckwheat, corn, millet,
amaranth, quinoa, montina, chumiza, sago, sor-
ghum, and teff. Flours and starches made from
root vegetables such as potatoes, cassava, ta-
pioca, and sweet potatoes as well as legumes
(beans, peas, soybeans) and various nuts are
safe as well. Specialized gluten-free products
such as substitutes for bread, pasta, and baked
goods are recommended for patients with celiac
disease. In Russia, the consumption of oats is
not recommended for celiac disease because oat
groats are often contaminated with impurities
from other grains [3].

Patients with type 1 diabetes and celiac disease
are advised to follow a long-term low-carbohy-
drate diet, while taking into account the glycemic
index of foods. Insulin therapy, in conjunction with
dietary therapy, must be administered under strict
monitoring of blood glucose levels. Frequent,
small meals (5-6 times a day) are recommended,
taking into account the principles of mechanical,
thermal, and chemical sparing [26]. Given the
need for frequent meals and strict monitoring of
carbohydrate intake, the use of an insulin pump
to administer ultra-short-acting insulin is the most
optimal approach for patients with type 1 diabe-
tes, especially for children and adolescents. This
method of insulin administration expands oppor-
tunities for dose adjustment in cases of gastroin-
testinal disorders [39, 41].

However, it is important to remember that ad-
herence to a restrictive diet by children with celiac
disease and T1D affects their quality of life. For
example, children face emotional and behavioral
challenges in schools as they adapt to their con-
dition and dietary needs. Therefore, parents and
teachers must work together to implement neces-
sary changes in school practices to ensure com-
prehensive care for these children [41-44].
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Drug therapy for celiac disease is secondary,
but in some cases it can be vital. Long-term, re-
peated courses of highly active microencapsula-
ted pancreatic enzymes are often indicated to
correct digestive processes and are mandatory
during periods of acute diarrhea. During exacer-
bations of diarrhea, adsorbents that neutralize
organic acids, astringents, and coating agents
are widely used; for example, Smecta, which is
administered as a suspension before meals. The
use of loperamide is contraindicated [3]. The
most common differences in the microbiota in
children with T1D compared to healthy children
include changes in the abundance of Bacte-
roides, Streptococcus, Clostridium, Bifidobacte-
rium, Prevotella, Staphylococcus, Blautia, Faeca-
libacterium, Roseburia, and Lactobacillus spp.
[44]. Disruptions in gut microbiota in patients
with T2D reach 60% [45]. To restore the micro-
bial composition in cases of recurrent diarrhea,
courses of prebiotics, probiotics, and symbiotics
are indicated. According to specialists’ observa-
tions, in two-thirds of patients, disturbances in
the aerobic flora resolve, and in 50% of cases,
Bifidobacteria reappear or their titer increases.
In this regard, it is advisable to conduct repeated
courses of treatment with probiotics and prebio-
tics during recurrent episodes of diarrhea [3]. Ac-
cording to leading endocrinologists, it is advisa-
ble to assess the influence of the gut microbiota
not at the level of types, but of specific species
and the way they cause certain changes in pa-
tients with diabetes [46].

Nutritional status disorders in children and
adolescents on long-term GFD are manifested pri-
marily by a decrease in body mass index, which
was observed in 34.4%. Grade | protein-energy
malnutrition and obesity are rare (8.6% and 2.8%,
respectively). With long-term adherence to a
low-carbohydrate diet, vitamin B6 deficiency was
detected in 14.3%, decreased ionized calcium in
40.0%, decreased serum iron in 11.4%, and mild
anemia in 5.7% of children [47]. To correct seri-
ous protein metabolism disorders, such as severe
protein deficiency, plasma and albumin are ad-
ministered intravenously. In some cases, anabolic
hormones are used to improve protein absorption
[45]. The use of glucocorticoid medications in celi-
ac disease is indicated in cases of severe disease
with pronounced protein-energy malnutrition and
as replacement therapy to correct adrenal insuffi-
ciency [3]. The above-mentioned features of celi-
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ac disease treatment must be taken into account
in patients with type 1 diabetes, as both anabolic
hormones and glucocorticoids are counterinsular
hormones [13].

Patients with celiac disease who have calci-
um metabolism disorders (rickets-like syndrome,
hypocalcemic seizures, osteopenia, and osteo-
porosis) are prescribed calcium and vitamin D,
supplements [48]. Studies evaluating densitome-
try results in children have revealed a decrease in
bone mineral density not only at the time of celiac
disease diagnosis but also during subsequent fol-
low-up of these patients. It is important to note
that patients with type 1 diabetes, even without
celiac disease, are at risk of decreased levels
of total and ionized serum calcium. In cases of
long-standing decompensated diabetes, bone me-
tabolism is impaired [48, 49].

In cases of pellagra syndrome associated with
celiac disease, nicotinic acid preparations are
used. Preventive treatment with nicotinic acid
preparations is also relevant for patients with dia-
betes [50]. For the primary and secondary preven-
tion of cardiovascular complications in diabetes
among adult patients with and without dyslipide-
mia, statins are recommended as first-line medi-
cations. To treat and prevent vitamin deficiencies
in both patients with diabetes and those with ce-
liac disease, courses of B-complex vitamins, vita-
min C, and fat-soluble vitamins (A, D, K, and E) are
recommended [3, 9, 51].

CONCLUSION

The management of patients with a combina-
tion of diabetes and enteropathy requires a multi-
disciplinary approach involving a gastroenterolo-
gist, an endocrinologist, and a dietitian.

Even such an advanced and expensive method
of treating T1D as insulin pump therapy may not
be effective without proper dietary correction and
medication, in case of uncontrolled celiac disease.
It is impossible to predict the correlation between
insulinemia and glycemia in cases of impaired in-
testinal absorption. Both medical and economic
factors listed above and maintaining a good quali-
ty of life for require accurate and timely diagnosis
of celiac disease in patients with diabetes. This is
the only way to ensure patient compliance, which
will improve the quality of their treatment and en-
sure the effective use of medical and economic
resources.
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FTACTPO3HTEPOAOIMA U AUETOAOTUA

AONOAHUTEAbHAA UHO®OPMALUA

Bknap aBTOpoB. Bce aBTOpbl BHECAU Cylue-
CTBEHHbIIi BKNaj B pa3paboTKy KOHLENLMu, npo-
BeJleHMe uccnefoBaHna u NOAroTOBKY CTaTbM,
npounn n ogo6bpunu GuUHaNbLHY BEPCUIO Nepej
ny6nukawmen.

KoHdnuKkT MHTEpecoB. ABTOpPbI AeKNapupytoT
OTCYTCTBME IBHbIX U NMOTEHLMaNbHbIX KOHGNMK-
TOB MHTEPECOB, CBA3AHHbIX C Ny6nMKaLuen Ha-
CTOSILLEN cTaTbMm.
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ABSTRACT. Introduction. Celiac disease is currently one of the most common chronic immune-mediated
diseases, characterized by polymorphism of clinical manifestations and the complexity of early diagnosis.
Despite improvements in diagnostic methods, the disease often remains unrecognized, largely due to insufficient
awareness among healthcare professionals and future doctors. The aim of the study was to assess the level of
knowledge about celiac disease among 6th-year, 1st-year students, and medical college students. Materials and
methods. An anonymous online survey was conducted, consisting of 19 questions grouped into 7 thematic blocks.
A total of 1261 participants took part in the survey, including: 6th-year students — 418 people, medical college
students — 69, 1st-year students — 774. Statistical data processing was performed using SPSS for Windows 13.0
and Microsoft Excel 2019 software. Results. The study revealed an unsatisfactory level of knowledge among
medical students. Students primarily made errors in questions related to clinical presentation, specific serological
diagnosis, diseases associated with celiac disease, genetic markers, and complications. The data indicate an
insufficient understanding of the topic and the need to develop methods to increase knowledge and interest
among students. Conclusions. The obtained results highlight the relevance of implementing additional educational
activities. Effective measures may include: conducting additional lecture courses, scientific conferences, utilizing
clinical case discussions in student practice, and disseminating reliable informational materials through university
resources. A comprehensive educational approach and student discipline will improve the quality of training and
enhance early diagnosis of the disease.
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Opu T’MHaAbHaA CcTaTbA

https://doi.org/10.56871/CmN-W.2026.31.88.004

3HaHUe 0 ueAMakKuM Ha OCHOBaAHUMU aHOHUMHOIO onpoca
CTYA€HTOB 6-ro U 1-ro KkypcoB CaHkT-lleTepbyprckoro
rocyAapCcTBEHHOro neAuaTpuyecKoro MeAULUHCKOro
YHUBEpPCUTETA U MEAULIUHCKOI0 KOANEAKA

AHHa ArekcaHApOBHa KaanHuHa, Mapusa OneroBHa PeBHoBa, Banepusa MNaBaoBHa HoBMKOBa,
Napuca BuktoposHa CaxHo, EneHa BanepbeBHa CoycoBa, [ToanHa BaaancnaBoBHa KaH,
XaBa MaramepoBHa XamuueBa

CaHkT-lNeTepbyprckuii rocyAapCTBEHHbIN NEANATPUYECKUI MEAULIMHCKUI yHUBepcuTeT, 194100, r. CaHkT-MNeTtepbypr, yA. AWToBCKas,
A. 2, Poccuiickas ®epepaumsa

Ana untupoBanmsa: KanmHuHa A.A., PesHoBa M.O., HosukoBga B.I1., CaxHo A.B., CoycoBa E.B., KaH .B., XamuneBa X.M. 3HaHue

0 LleAMaKM1 Ha OCHOBaHWKM aHOHMMHOMO OMpPOoca CTYAEHTOB 6-T0 U 1-ro KypcoB CaHKT-IeTepbyprckoro rocyAapCTBEHHOro neamaTpuye-
CKOr0 MEAMLIMHCKOTO YHMBEPCUTETA U MEAMLMHCKOIO Koaeaxa. Children’s Medicine of the North-West. 2026;14(1):53-61.
https://doi.org/10.56871/CmN-W.2026.31.88.004.

Moctynuaa: 28.10.2025 Opobpena: 24.12.2025 MpuHAaTa K neuatun: 20.03.2026

PE3IOME. Beegenue. B HacTosLLee BPEMS Lennakus ABNSETCS OAHUM U3 Haubonee pacnpoCTPaHEHHbIX Xpo-
HUYECKMX MMMYHOOMNOCPEeA0BaHHbIX 3a60/1eBaHNi, KOTOPOE XapaKTepuayeTca NoAMMOPGU3MOM KIMHNYECKMX
NPOABNEHUN W CNOXHOCTbIO PaHHei AnarHoCTUKKU. HecMOTpsa Ha COBepLIEHCTBOBaHWE METOA0B LUarHoCTu-
Ku, 3a00NneBaHNe HepeLKO OCTAaeTCA Hepacno3HaHHbIM, YTO BO MHOrOM CBfI3aHO C HEA0CTaTOYHOI 0CBefOM-
NEHHOCTbI0 MeLULMHCKNX PabOTHUKOB W BYAYLWNX Bpadeil. Ljeab nccnefoBaHus — OLEHWUTb YPOBEHb 3HAHUI O
Llennakum cpeam CTyAeHToB 6-ro n 1-ro kypcoB CaHKT-[1eTepbyprckoro rocyAapCTBEHHOro nefuaTpuyeckoro
MeAULMHCKOro YyHMBepcUTeTa n MenLuHCKoro konneaxa. Marepuanni u MetTogbl. [1poBeleHO aHOHUMHOE OH-
naiiH-TecTMpOBaHue, BKtoYaBLiee 19 BONpoCoB, CrpynnMpoBaHHbIX B 7 TEMaTUUYECKKX 6JI0KOB. B aHKeTupoBaHum
npuHumMan yyactue 1261 yenosek, u3 HuX 6-in kypc — 418 yenoBek, MeAULUHCKKIA Konnegx — 69, 1-n kypc — 774
o6yyatowmxca. CtaTucTuyeckas 06paboTka faHHbIX BbIMONHEHA C MOMOLLbIO MPOrpaMMHOro obecneyeHns SPSS
for Windows 13.0 u Microsoft Excel 2019. Pe3ynbtatel. ViccnefoBaHue BbiBUNO HEYLOBIETBOPUTENbHbII YpO-
BEHb 3HaHWUI CpeAu CTYLEeHTOB-MeANKOB. B OCHOBHOM CTy[,€HTbl JOMYCKAKT OWMOKM B BONPOCAX KIMHUYECKOI
KapTMHbI, cneynduyeckoii ceponornyeckoi uarHocTuku, 3a6oneBaHuin, CBA3aHHbIX C LieNInakne, reHeTUYeCKMX
MapKepoB W 0CMOXHeHUN. [aHHble CBMAETENbCTBYIOT O HEAOCTAaTOYHOM MOHUMAHUM TeMbl U HEOBXOAUMOCTU
pa3paboTKyM METOLO0B MOBbILIEHUA 3HAHWIF U UHTEPeECca CPefu CTYAEHTOB. BbiBogbl. [onyyeHHble pesynbTathl
noJ4YepKUBatOT aKTyalbHOCTb BHePEHUSA LOMONHNUTENbHbIX 06pa30BaTe/ibHbIX MeponpuaTuii. 3G PeKTUBHbIMU
Mepami MOryT 6bITb: NPOBeLEHNE AONONHUTENbHbIX NEKLMOHHBIX KYPCOB, HayYHbIX KOH(DepeHLUin, pas3bopsl
KNIMHWUYECKMX CNyYyaeB B NPaKTUKe CTYEHTOB, pacnpoCTpaHeHNe A0CTOBEPHbIX MHDOPMaLMOHHbIX MaTepUanos
yepes YHMBepCUTETCKME pecypcbl. KoMnnekcHblil 06pa3oBaTenbHbIi NOLXOA M AUCLUMNHA 06yYatowmxcs no-
3BOJIIT NOBbLICUTb KAYeCTBO MOAIOTOBKM U YYUYLWIMUTb PAHHIO LUArHOCTUKY 3ab0neBaHus.

KJTIOMEBDBIE CJIOBA: yenuakus, 0cBeJOMAEHHOCTb CTYE€HTOB, aHOHUMHbIV OHJ1aliH-0MpPoC

UcTouHUK PpuHaHCUpOBaHUA. ABTOPbLI 3aABASAIOT 06 OTCYTCTBMUW BHELLHErT0 GUHAHCUPOBAHUA NPU NPOBEAEHUU UCCAEAOBAHUA.
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INTRODUCTION

Currently, celiac disease is one of the most
pressing issues in pediatrics and gastroentero-
logy. Over the past few years, its prevalence has
increased significantly [1]. Increased awareness
of celiac disease among physicians of various
specialties (including dentists, gynecologists, der-
matologists, and others), screening of children in
high-risk groups, and public education through the
media have contributed to increased numbers of
diagnosed cases. The public organization “Emi-
lia,” which supports people with celiac disease,
is actively involved in this educational work. Ac-
cording to the World Gastroenterology Organiza-
tion, the prevalence of celiac disease in various
populations ranges from 1 in 100 to 1 in 300 [1,
2]. Long-term studies indicate that gluten entero-
pathy occurs in 0.5-2% of the population, with an
average prevalence of about 1% [3].

Celiac disease can develop at any age; the
clinical picture is characterized by polymorphism
and includes both intestinal symptoms (abdomi-
nal pain, loose stools, bloating) and extraintesti-
nal symptoms (including failure to thrive, anemia,
osteopenia, dermatitis herpetiformis, peripheral
neuropathy, and others) [4, 5], which is why time-
ly diagnosis is often difficult. The symptoms are
so diverse that the disease has been dubbed the
“Great Mimic.”

Currently, serological tests are used for celi-
ac disease screening: detection of specific anti-
bodies to tissue transglutaminase (tTG) in serum
samples [6, 7]. A major advantage of mass scre-
ening is the identification of mild and asymptoma-
tic cases of celiac disease. Celiac disease is di-
agnosed through esophagogastroduodenoscopy
(EGD) with a biopsy of the small intestine mucosa
[8], and treatment consists of strict, lifelong ad-
herence to a gluten-free diet [4, 9].

The percentage of diagnosed cases of celiac
disease varies significantly from country to coun-
try, which is associated with both genetic factors
and the level of awareness among physicians and
the availability of diagnostic testing. In Finland, it
ranges from 60-80%, in Italy from 30-40%, in the
U.S. from 17-30%, in Germany from 10-20%, and
in Russia from 5-10% [1, 10]. Scandinavian coun-
tries have the highest detection rates due to active
population-based screening. Countries in Western
Europe and North America are improving their dia-
gnostic capabilities, but a significant proportion
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of cases (50-80%) still go undiagnosed [11]. In
Asian, African, and Eastern European countries,
the percentage of diagnosed cases is extremely
low, which is associated with low public aware-
ness and limited access to diagnostic tests (se-
rology, biopsy) [12].

Thus, celiac disease remains a significant me-
dical problem worldwide, affecting people of all
age groups. Given the high prevalence and diffi-
culties in timely diagnosis, studying this topic is
vitally important for physicians and medical stu-
dents, as it forms the foundation of their clinical
experience, enhances their knowledge, and guides
further scientific research in this field.

AlM

The aim of this study was to assess students'
knowledge of celiac disease among first- and
sixth-year students in the Faculty of Pediatrics
and the Medical College of St. Petersburg State
Pediatric Medical University (SPbSPMU) based on
an anonymous online survey.

MATERIALS AND METHODS

This study was conducted among medical stu-
dents in an anonymous online survey using Yan-
dex Forms during lectures. Respondents were
informed about the purpose of the survey, confi-
dentiality, and the non-disclosure of individual re-
sults.

There were 19 questions in total, divided into
seven thematic sections. The first section con-
tained questions about the basics and general
information regarding the disease, including its
definition, duration, and age-related characte-
ristics. In the second section, respondents were
asked to identify the clinical manifestations of
celiac disease and its complications. The third
section focused on testing knowledge of dise-
ases and conditions associated with an increased
risk of developing celiac disease, as well as
understanding of genotypes associated with it.
The fourth extensive section assessed students’
awareness of high-quality and timely diagnosis
of celiac disease, including laboratory and ima-
ging tests. The fifth section included questions
on treatment, namely dietary therapy. It was im-
portant to assess whether students understood
which foods can be consumed by patients with
this diagnosis without harming their health, and
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which must be completely excluded. The sixth
section addressed the topic of follow-up care
and treatment monitoring: how often patients
should be monitored and whether a follow-up
biopsy is necessary. In the final, seventh section,
we analyzed the prevalence of celiac disease
among respondents, their close and distant rela-
tives, to compare it with statistics in Russia, and
also identified the sources of information used
by students at SPSPMU.

A total of 1,261 people participated in the sur-
vey, including 418 sixth-year medical students,
69 medical college students, and 774 first-year
students.

Statistical analysis was performed using SPSS
for Windows 13.0 and Microsoft Excel 2019.
The means of independent sample populations
were compared using the Wilcoxon p-test. Chan-
ges were considered statistically significant at
p <0.05.

RESULTS AND DISCUSSION

The study revealed an insufficient level of
knowledge among medical students. Figure 1
shows the difference in correct answers among
students in different years.

The following percentages of students an-
swered all questions correctly: 56.6% (237) —
6th year; 45.1% (31) — Medical College (M/C);
46.9% (363) — 1st year. The difference between
the students’ answers is as follows: 6th year and
M/C — 11.5% (p <0.05); 6th and 1st years — 9.7%
(p <0.05); 1st year and M/C — 1.8% (p >0.05). The
data are presented in Figure 2.
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When comparing results among students from
different years, we can say that the difference bet-
ween the 1st year, M/C, and the 6th year is quite
small and amounts to approximately 10%. The le-
vel of knowledge increases as students’ progress
toward graduation; however, even among upper-
classmen, there remains a significant number of
gaps. Lower-year students demonstrate lower
scores in understanding this topic.

Difficulties with answers mainly arise in ques-
tions regarding clinical manifestations. Most
respondents are unaware that celiac disease
manifests not only with intestinal but also with
extraintestinal symptoms [13-16], and may also
be asymptomatic [17]. According to the survey
results, the following percentages of students se-
lected intestinal symptoms: 6th year—62% (259),
M/C—47% (32), 1st year—50% (387); and extrain-
testinal symptoms: 6th year—34% (142), M/C —
31% (21), 1st year — 29% (224). The difference
is: 6th year — p <0.05; M/C — p >0.05; 1st year —
p <0.05.

Students know significantly less about com-
plications of celiac disease. The percentage of
students who answered correctly was: 6th year —
11.2% (47), M/C — 4.5% (3), 1st year — 4.3% (33)
(6th year and M/C: p <0.05; 6th and 1st years:
p <0.05; M/C and 1st year: p >0.05).

In addition, students have low awareness of
risk groups. Autoimmune thyroiditis, atopic der-
matitis, first-degree relatives with celiac disease,
type 1 diabetes, Down syndrome, Turner synd-
rome, Williams syndrome, and total immunoglo-
bulin A deficiency [13, 18] represent an increased
risk of developing celiac disease. Identifying risk
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Fig. 1. Proportion of correct answers among students (the figure is prepared by the authors)

Puc. 1. CooTHOLLEHNE NPaBUAbHbIX OTBETOB MEXAY CTYAEHTaMM (PUCYHOK MOAFOTOBAEH aBTOpaMm)
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Fig. 2. Comparison of students achieving perfect scores
across different courses, % (the figure is prepared by the
authors)

Puc. 2. CpaBHeHWEe CTyAEHTOB, NPaBUAbHO OTBETUBLLMX
Ha BCe BOMNPOCHI, CPEAU Pa3sHbiX KypcoB, % (PUCYHOK
NOArOTOBAEH aBTOpamMM)

groups can significantly aid in diagnosis, so this
information should be relevant to medical stu-
dents. More than half of the 6th-year students
are aware of this (52% (217)), while students in
lower years are less familiar with this information
(M/C — 32% (22), 1st year — 35% (271)) (6th year
and M/C: p <0.05; 6th and 1st years: p <0.05; M/C
and 1st year: p >0.05).

Questions regarding genetic markers for ce-
liac disease also posed a challenge. A high pre-
valence of celiac disease has been demonstrated
in families with the presence of the HLA DQ2 and
DQ8 haplotypes [8, 19-21]. The correct answer
was given by students: 6th year — 50% (208),
M/C — 32% (22), 1st year — 39% (305) (6th year
and M/C: p <0.05; 6th and 1st years: p <0.05; M/C
and Tst year: p >0.05).

In addition, students found it difficult to answer
the question regarding diagnosis, which indicates
an insufficient understanding of the complete dia-
gnostic algorithm. The diagnosis of celiac disease
is based on data from laboratory and instrumental
studies. The most informative methods are se-
rological and specific genetic tests [20, 22]. This
option was chosen by: 6th-year students — 46%
(192), M/C — 35% (24), 1st-year students — 33%
(255) (6th-year students and M/C: p >0.05; 6th-
year and 1st-year students: p <0.05; M/C and 1st
year: p >0.05). The “gold standard” for definitive
confirmation in patients with positive immunolo-
gical tests is small bowel biopsy followed by his-
topathological examination [16, 23-25]. The stu-
dents demonstrated the best knowledge on this
question: 6th year — 65% (272), M/C — 46% (32),
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1st year — 48% (371) (6th year and M/C: p <0.05;
6th and 1st years: p <0.05; M/C and 1st year:
p >0.05).

The study allowed us to estimate the preva-
lence of celiac disease at our university. It turned
out that in the 6th year, 5 out of 418 students
(1.2%) had celiac disease, which almost corre-
sponds to the estimated prevalence of the disease
in Russia — 1:100 [1]. However, based on the re-
sponses of first-year medical students, 3 out of 69
students were found to have celiac disease (4.3%),
and in the first year, 41 out of 774 students (5.3%).
These figures already differ significantly from the
aforementioned data for our country and lead to
the conclusion that either the prevalence of celiac
disease has indeed increased substantially, or the
students’ responses simply do not reflect reality.
In total, 49 (3.9%) out of 1,261 people have the
disease — aratio of 1:25.

To learn about celiac disease, most students
use online resources (86% (1,089)), as this me-
thod offers a vast amount of information nowa-
days and is also more accessible and user-friendly
for the younger generation. However, the abun-
dance of information and the prevalence of un-
official data lead to unreliable, incorrect, and out-
dated knowledge about the disease. Fortunately,
there are still those who use books and medical
journals (37% (469) and 24% (299), respectively),
distance learning (12% (150)), and brochures (7%
(94)), but the percentage of such students is sig-
nificantly lower than those using the internet. One
of the most prioritized and reliable sources is in-
formation from the St. Petersburg Celiac Disease
Society “Emilia,” but, unfortunately, our study’s
data showed that only a small number of students
(7.5% (95)) are aware of this disease.

Thus, these results indicate a lack of under-
standing and the need to develop methods to in-
crease knowledge and interest among students,
as well as to implement additional educational
initiatives.

CONCLUSION

In conclusion, we would like to note that celi-
ac disease has a significant impact on people’s
health and quality of life. Every year, more and
more cases of the disease are identified. There-
fore, it is very important to raise public awareness
and vigilance regarding celiac disease. Based on
the results of our study, it is clear that not only
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underclassmen but also graduates are insufficient-
ly aware of celiac disease. To address this issue, it
is necessary to improve the professional training
of future physicians. Holding additional classes,
lectures, and scientific conferences on this topic
helps increase knowledge. In addition, real clini-
cal cases and interaction with patients contribute
to better retention of information, the acquisition
of valuable experience, and increased interest in
the disease. An important way to improve aware-
ness is to disseminate reliable information about
celiac disease: posters in universities and hos-
pitals, educational videos, and sections on the
university’s website with a library of materials for
self-study. May 16 is World Celiac Disease Day.
Thematic events and quizzes held on this day will
also help broaden students’ horizons and increase
their interest in the disease. The prevalence of ce-
liac disease is high, so knowledge of this condi-
tion will help in making an accurate diagnosis in
a timely and effective manner, differentiating it
from other diseases associated with malabsorp-
tion syndrome, and immediately prescribing tar-
geted treatment.
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ABSTRACT. The analysis of the peculiarities of tryptophan metabolism in children suffering from celiac disease is
presented. Tryptophan is one of the eight essential amino acids that are not produced in the human body, and their
intake from food is necessary for protein synthesis and cell proliferation, including cells of the immune system.
Tryptophan is metabolized by the human body to a large number of different signaling molecules and it occurs in
three ways: indole, serotonin, kynurenine pathways. Tryptophan metabolism catabolites play a signaling role in the
human body and in the intestinal microbial community. It is noted that tryptophan and its metabolites play a key
role in suppressing inflammation and maintaining the integrity of the intestinal barrier. Tryptophan metabolites,
especially kynurenine, also contribute significantly to immune regulation. In turn, a decrease in tryptophan intake in
the body can affect the psychological state of patients with celiac disease through the serotonin pathway of amino
acid metabolism, causing the development of depression and anxiety. Therefore, changes in tryptophan metabolism
may potentially underlie the impaired immune response in celiac disease, affecting both the development of the
disease and the persistence of symptoms, despite following a gluten-free diet.
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PE3IOME. lMpepcTaBneH aHanus ocobeHHocTeln MeTabonnama TpuntodaHa y AeTei, CTpafatoLnx Lenuakumei.
TpuntodaH ABNAETCH OAHON U3 BOCbMU HE3aMEHUMbIX (3CCEHLNaNbHbIX) aMUHOKUCNOT, KOTOPbIE He Bblpa-
0aTbIBAOTCA B OPraHU3me YesioBeKa, U UX NOCTYMJIEHWE C NULLeli Heo6X0AMMO ANS CMHTe3a 6enika, nponude-
pauun KNeTok, BKNYas KNETKM UMMYHHOI cucTeMbl. TpuntodaH MeTabonusupyeTcs opraHu3MoM YenoBeka
[0 60NbLIOr0 KONIMYECTBA PA3NMYHbIX CUTHANbHbIX MOMEKYN, U NPOMCXOAMUT 3TO TPEMSA NYTAMM: UHAOMbHbI,
CEPOTOHUHOBDI, KWHYPEHUHOBDIW NyTW. KaTa6onuTbl TpunTohaHOBOro 06MeHa UrpatoT CUrHanbHy ponb B
OpraHu3me yenoBeka U B MMKPOGHOM cO06LLeCTBe KuwweyHnka. OTMEeYeHO, YTo TpMNTodaH 1 ero MeTabonuThl
UrpatoT KYeBYHO PONb B NOJABNEHUN BOCNANEHNA U NOAAEPXKAHWN LLeNOCTHOCTM KU eyHoro 6apbepa. Takxe
MeTabonuTbl TpUnTodaHa, 0CO6EHHO KMHYPEHWH, BHOCAT 3HAUUTENbHbIA BKNaZ B UMMYHHYIO perynsauuto. B ceoro
ouyepefb, CHUKEHMe NOCTYNNeHNs TpuntodaHa B OpraHn3M MOXET BANATb HA NCUXONOrMYecKoe COCTOSHME NaLu-
EHTOB C LiefInakneii Yepes CEpOTOHUHOBLIN MNyTb MeTab6011M3Ma aMUHOKUCIIOThI, Bbi3biBasi pa3BUTUE Lenpeccuu
n TpeBoru. CnegoBatenbHo, U3MeHeHUs MeTabonmama TpuntopaHa NOTEHLNUANbHO MOTYT NieXaTb B OCHOBE
HapyLWeHHOro UMMYHHOIO OTBETA MPU LiefiMakuu, BNUASA KaK Ha pa3BUTue 3a60NeBaHNs, TaK U Ha COXPaHeHne
CUMNTOMOB, HECMOTPSA Ha cobntogeHne 6e3rNoTEHOBO ANETbI.

KNIOYEBBIE CNNOBA: getu, yennakus, TpuntopaH, KWHyPEeHUH, CEPOTOHUH

UcTouHuk puHaHcupoBaHUA. CTaTbsi MOAFOTOBAEHA B paMKax Hay4YHO-MCCAEAOBATEALCKOW PaboThl «[AKOTEH-acCoLMMPOBaH-
Hble 3ab0AeBaHWA y AETEN: NYTU COBEPLLEHCTBOBAHUSA AUArHOCTUKM, NEPCOHNOULMPOBAHHbBIE aATOPUTMbl AUCIIAHCEPHOTO
HabAOAEHWSA», HOMEP roCyAapCTBEHHOM pernctpaunn — 125040904988-0.
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INTRODUCTION

Celiac disease is a chronic autoimmune ente-
ropathy caused by gluten intolerance in patients
with the HLA-DQ2 or HLA-DQ8 haplotypes [1, 2].
The disease is characterized by gastrointestinal
symptoms (abdominal bloating, diarrhea), as well
as involvement of other organs and systemic dis-
orders such as osteoporosis, infertility, anemia,
depression, skin lesions, and neurological disor-
ders [3]. Currently, the only effective treatment
for celiac disease is the complete elimination
of gluten from the diet. A gluten-free diet (GFD)
can lead to regression of clinical symptoms and
serological and histological remission in most
patients [1]. However, adhering to strict dietary
restrictions is a challenge for some patients due
to the limited availability and high cost of glu-
ten-free products, as well as their taste charac-
teristics, which reduces the effectiveness of the
GFD [4, 5]. In addition, a patient’s self-imposed
adherence to dietary restrictions without prior
consultation with a dietitian may lead to a reduc-
tion in several important nutrients [1, 3].

Essential amino acids play a crucial role in
immune system function, maintaining intestinal
integrity, and regulating metabolism. Insufficient
absorption of these amino acids during an inflam-
matory process in the intestine, as well as ad-
herence to strict dietary restrictions in GFD, may
play a role in the pathogenesis of the disease.
Moreover, changes in the amino acid composi-
tion of plasma and feces correlate with disease
progression [6, 7].

The gastrointestinal tract (GIT) is the first to
come into contact with antigens entering our
body along with food. Furthermore, the GIT ini-
tiates the processes of nutrient metabolism with
the participation of the gut microbiota. The in-
testinal immune system, together with the mu-
cosal epithelium, provides a protective barrier
that prevents toxins and antigens from entering
the systemic circulation and causing damage
[8]. The nature of the immune response to anti-
gens derived from food or produced as a result
of nutrient metabolism is largely determined by
the phenotype of intestinal dendritic cells and
their degree of maturation, which is shaped by
their interaction with regulatory T cells (Treg) [9,
10]. Dendritic cells are distributed throughout
the intestine, in addition to mesenteric lymph
nodes, lymphoid follicles, and Peyer’s patches.
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The function of dendritic cells is to take up an-
tigens for subsequent presentation to naive T
cells. Based on their functional activity, dendrit-
ic cells are classified as immunogenic and tole-
rogenic. The former activates T-cell immunity,
while the latter participate in inducing tolerance
in peripheral T cells [11]. The primary function
of Tregs is to control the intensity and duration
of the immune response by regulating the func-
tion of T-effector cells (T-helpers and T-killers)
[12]. To suppress the immune response, Tregs
secrete transforming growth factor B, interleu-
kins (IL) 10 and 35. Additionally, Tregs express
cytotoxic T-lymphocyte glycoprotein 4 (CTLA-4),
that is a membrane protein that serves as a cell
receptor of the immunoglobulin superfamily and
inhibits T-cell activation by binding to B7 ligands
(CD80/CD86) on the surface of dendritic cells. It
has been suggested that tryptophan catabolism
is an important factor influencing Treg function
[9]. Furthermore, it has been established that low
concentrations of this amino acid limit T-cell pro-
liferation while simultaneously increasing Treg
production [13]. In turn, tryptophan catabolism is
limited by the cytosolic heme protein indoleamine
2,3-dioxygenase (ID0). This enzyme participates
in inhibiting the immune response, preventing a
potential exacerbation of inflammatory reactions
and inducing antigen tolerance [14].

The aim of this review was to analyze data in
the latest literature devoted to tryptophan meta-
bolism in patients with celiac disease.

MECHANISMS OF TRYPTOPHAN
METABOLISM IN HUMANS

Tryptophan is one of the eight essential ami-
no acids that cannot be produced. Their intake
through food is necessary for protein synthesis
and cell proliferation, including immune system
cells. Catabolites of tryptophan metabolism play
a signaling role in the human body and in the gut
microbiome. Receptors and signaling pathways
for so-called tryptophan signaling molecules
(TSMs), their cellular targets, and their physio-
logical and metabolic effects are currently being
actively studied. It has been established that vir-
tually all catabolites of tryptophan metabolism
are signaling molecules. Many of them exert their
signaling role through aryl hydrocarbon recep-
tors (AhR). The dominant pathway of tryptophan
metabolism is the kynurenine pathway, which is
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the source of universal signaling molecules: ky-
nurenine, quinolinic acid, and kynurenic acid. The
indole pathway of tryptophan catabolism is the
primary for microbes, with the exception of indole
formation reactions in immune cells. It serves as a
source of interkingdom and interspecies signaling
molecules such as indole and its derivatives: in-
dole-3-pyruvate, indole-3-lactate, indole-3-acetate,
indole-3-propionate, indole-3-acrylate, indole-3-bu-
tyrate, and indole-3-acetaldehyde. Serotonin and
melatonin are also universal signaling molecules
and have been extensively studied in various di-
seases of the nervous system [15]. A decrease in
tryptophan concentration in biological fluids will
affect cellular functions and the state of homeo-
stasis. Various factors can influence tryptophan
bioavailability, ranging from the composition of
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the gut microbiome to systemic inflammatory sig-
nals. Gut microorganisms can absorb tryptophan
themselves and thus limit its availability to the
host organism. Formed metabolites exert a local
effect on both the microbiome and the host's cells.
Tryptophan can also be formed through microbial
synthesis and recycling of other amino acids re-
sulting from peptide breakdown [16]. This amino
acid is found in bread, chocolate, cheese, cottage
cheese, yogurt, oatmeal, peanuts, bananas, beans,
milk, fish, turkey, chicken, and dried prunes, and in
small amounts in corn [17]. Consequently, a strict
restrictive gluten-free diet, impaired absorption,
as well as prolonged stress which contributes to
elevated cortisol levels that compete with trypto-
phan in celiac disease, can lead to a reduction in
tryptophan intake in the patient.

{ Bocnanenue
d Inflammation nnK
T IPC
J lMpoBoCcnaAUTEABHbIX
LMTOKMHOB MAK P
N Proinflammatory < IAC
cytokines
MK B
0 bapbepHoi dyHKLMK IMC
ANUTEAUA
7T Barrier function
of the epithelium UYK P
1AA
MHAOA P
3aLumra KuLWeuHoro Indole
3NUTEAUS OT NOBPEXAEHUA |
Protection of intestinal
epithelium from damage VA
1A B
TpuntamuH
Tryptamine

HAA+
NAD+ \ 0 Treg
A { BocnaneHus
0 Treg
KnHypeHuH / { Inflammation
Kynurenine
MAO
IDO
TpuntodaH
Tryptophan
Y HKKT Peryaauma MMMYyHHBbIX 1
CepoToHUH GIT BOCMaAUTEAbHbIX peakLui
Serotonin Regulation of immune
Mo3r and inflammatory responses
Brain
Helipomeanatop

Neurotransmitter

Fig. 1. The main pathways and effects of tryptophan metabolism: GIT — gastrointestinal tract; IA — indole-3-aldehyde;
IAC — indoleacrylic acid; IDO — indoleamine-2,3-dioxygenase; IMC — indolelactic acid; IPC — indolepropionic acid; IAA —
indole-3-acetic acid; NAD+ — nicotinamide adenine dinucleotide; Treg — regulatory T cells (borrowed from [20], with

modifications)

Puc. 1. OcHoBHble NyTH 1 3ddekTbl MeTaboanama TpuntodaHa: XXKT — XeAyAOUHO-KULEYHbIN TpakT; MA — MHAOA-3-
anbpervp; MAK — nHponakpunoBas kucnota; MAO — mHAONAMKH-2,3-AnoKeureHasa; UMK — MHAOAMOAOYHAA KUCAOTA;
MK — nHaoanponuoHoBas kucnota; MYK — nHAoA-3-ykeycHas knucnota; HAA+ — HUKOTUHaMUAGAEHUHANHYKAEOTHA; Treg —
PEeryAsTopHble T-KAETKM (3anuMCTBOBaHO U3 [20], C UISMEHEHUAMM)
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Tryptophan is metabolized into a large number
of different signaling molecules [18, 19], and this
occurs via three pathways (Fig. 1).

INDOLE PATHWAY

The indole metabolic pathway involves the gut
microbiota, which converts tryptophan into indole
and its derivatives, which in turn act as ligands
for aryl hydrocarbon receptors (AhR) [20]. Indole
is the most common microbial indole catabolite
of tryptophan and is synthesized by Proteus vulga-
ris, Bacteroides thetaiotaomicron, and Escherichia
coli [15, 17, 21]. Clostridium sporogenes converts
tryptophan into tryptamine, indole-lactic acid
(ILA), and indolepropionic acid (IPA). ILA is also
produced by Bifidobacterium spp. and Rumino-
coccus gnavus [20, 22]. IPA contributes to the ex-
pression of tight junction proteins, zonulin-1 and
occludin, maintaining the integrity of the intestinal
epithelium, which reduces the entry of bacterial
lipopolysaccharides into the bloodstream [20].
Peptostreptococcus spp. metabolize tryptophan
into indole-acrylic acid (lIAcrA), which also im-
proves the intestinal barrier function and reduces
inflammatory responses of immune cells. M. Wlo-
darska et al. found that treatment of mouse bone
marrow macrophages stimulated by bacterial Ii-
popolysaccharide with IAcrA resulted in increased
anti-inflammatory cytokine IL-10, accompanied by
a decrease in IL-1B and IL-6 [23]. Some members
of Bacteroides spp. and Clostridium spp. produce
ILA and indole-3-acetic acid (IAA), which is de-
carboxylated to form skatole. Lactobacillus spp.
metabolize tryptophan into indole-3-aldehyde (IA)
and ILA [20].

Indole has a beneficial effect on intestinal mu-
cosal cells, increasing the expression of genes
involved in maintaining the intestinal barrier func-
tion, and also inhibits inflammatory processes
[24]. In addition, indole stimulates the secretion
of glucagon-like peptide 1 by enteroendocrine
cells, suppressing gastric secretion and peristal-
sis, which creates a feeling of satiety [25].

The AhR (aryl hydrocarbon receptor) signaling
pathway is activated, serving as a key system
of cellular regulation. Inactive AhR in the cyto-
plasm can bind various ligands and translocate
to the nucleus, activating genes responsible for
xenobiotic metabolism, immunity, and mainte-
nance of barrier function, which is essential for
regulating immune mechanisms, regeneration,
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growth, and differentiation of immunocompe-
tent cells. Impaired activation of this pathway
underlies the pathogenesis of certain metabolic
diseases as well as malignant neoplasms [26].
AhR ligands include not only indoles but also
flavonoids, polyphenols, and other compounds
involved in maintaining the integrity of the intes-
tinal barrier [27]. Activation of AhR by indole and
its derivatives, such as the tryptophan metabo-
lite tryptamine, regulates intestinal motility [26].
In addition, tryptamine interacts with IDO and
AhR, participating in immunological control and
reducing the expression of pro-inflammatory cy-
tokines, normalizing the expression of the epithe-
lial tight junction protein zonulin-1, which leads
to improved barrier function of the intestinal wall
and reduced inflammation [25]. Furthermore, AhR
expression by intestinal mucosal cells decreases
during periods of celiac disease exacerbation.
However, interaction between the intestinal mi-
crobiota and AhR in patients with celiac disease
remains not fully established [28].

SEROTONIN PATHWAY

The gut-brain axis is a bidirectional system of
communication, linking the brain’s emotional and
cognitive centers with the peripheral functioning
of the digestive tract. It is becoming increasingly
evident that the gut microbiota influences behav-
ior, as do tryptophan and serotonin, suggesting
that changes in the gut may play a significant
role in the pathophysiology of human central
nervous system (CNS) disorders [29]. It is known
that more than 90% of serotonin is synthesized
in the enterochromaffin cells of the intestine and
in the brain. There, through a series of chemical
reactions, 5-hydroxylation and decarboxylation by
tryptophan decarboxylase in the presence of iron
ions and the pteridine cofactor, tryptophan is con-
verted into serotonin and 5-hydroxyindoleacetic
acid [17]. Serotonin (5-hydroxytryptamine) is a key
regulator of adaptive responses to environmental
factors, as well as states and changes in the cen-
tral nervous system, including mood, libido, cog-
nitive abilities, aggression, anxiety, nociception,
body temperature, and eating behavior. Up to 3%
of dietary tryptophan is used for serotonin synthe-
sis. The blood-brain barrier is considered imper-
meable to serotonin, and its primary function is to
regulate inflammatory and immune processes in
the gastrointestinal tract [17, 30].
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The gut microbiota controls the serotonin
pathway of tryptophan metabolism by synthesi-
zing deoxycholic acid, a stimulator of serotonin
synthesis [31]. Since Escherichia, Streptococcus,
Enterococcus, Pseudomonas, and Candida are
capable of synthesizing serotonin, it can be as-
sumed that modulating the gut microbiota may be
effective for normalizing the levels of this bioge-
nic amine [17].

K.Z. Sanidad found that serotonin signals
T cells to increase intracellular IA levels and sup-
press mTOR activation, thereby promoting Treg
differentiation both ex vivo and in vivo in the in-
testines of newborn mice. Oral administration of
serotonin to newborn mice led to the formation of
long-term antigen-specific immune tolerance, me-
diated by T cells, to both food antigens and com-
mensal bacteria [30].

THE KYNURENINE PATHWAY

More than 90% of all tryptophan in the body
is metabolized in the liver via the kynurenine
pathway, forming nicotinic acid via kynurenine
with the participation of IDO. This enzyme is
expressed throughout the human body depen-
ding on the concentration of pro-inflammatory
cytokines, primarily interferon y. However, its
maximum expression is found in the brain, gas-
trointestinal tract, and liver [16]. Through the ca-
tabolic products of IDO, kinurenines, tryptophan
suppresses immune processes by modulating
the activity of T-effector cells and stimulating
the proliferation of Tregs, thereby inducing im-
munological tolerance [32]. In addition, trypto-
phan participates in regulating neuronal func-
tions and maintaining intestinal homeostasis
via the kynurenine pathway [15, 17]. Kynurenine
is considered a signaling molecule that exerts
effects via AhR. It can also be metabolized into
signaling molecules that regulate inflammation
and promote increased immunological tolerance
[33]. Creating a local or systemic environment
with high kynurenine levels and low tryptophan
levels alters the function of surrounding cells.
T-lymphocytes are also susceptible to these
changes, as tryptophan exerts immunomodula-
tory and immunosuppressive effects on T-cells,
regulating their activation and function, including
the induction of tolerance via the AhR receptor.
Tryptophan also influences the differentiation of
T-regulatory cells, which is important in the con-

CHILDREN’S MEDICINE of the North-West

FTACTPO3HTEPOAOIMA U AUETOAOTUA

text of inflammation, autoimmune diseases, and
neuroimmune processes [15]. Tryptophan cata-
bolism occurs in inflamed tissue areas, reducing
their damage [34]. Pro-inflammatory cytokines
shift tryptophan metabolism toward kynurenine
formation [34, 35].

It is believed that tryptophan catabolism via
the kynurenine pathway is one of the mechanisms
that ensures tolerance of the human immune sys-
tem. The breakdown of tryptophan reduces the
levels and availability of this amino acid, thereby
suppressing T-cell proliferation. In addition, pro-
ducts of tryptophan catabolism, such as kynure-
nine, 3-hydroxykinurenine, and 3-hydroxyanthra-
nilate, inhibit T-cell proliferation, possibly through
apoptotic mechanisms [36].

A high nicotinamide content in the diet likely
deactivates the mechanism that halts the body's
production of nicotinamide from tryptophan via
kynurenine and causes immune intolerance, in-
cluding in the fetus, and infertility. It is hypothe-
sized that the decline in birth rates in certain re-
gions may be associated with the consumption of
meat low in tryptophan [37].

TRYPTOPHAN INFLUENCES
IMMUNO-INFLAMMATORY PROCESS

The described functions of tryptophan enable
control of immune and inflammatory reactions in
the gut by altering its concentration and inducing
its biologically active metabolites. Enzymes that
limit the rate of amino acid metabolism play an
important role in each of its degradation path-
ways. The role of certain amino acids and vita-
mins in modulating the immune response and
inflammatory reactions in immunopathological
diseases of the gastrointestinal tract has now
been established [7, 12]. For example, changes
in the metabolism of essential amino acids have
been identified in patients with celiac disease,
which may result from a combination of genetic
predisposition, dietary changes, and the activity
of the gut microbiota [38, 39]. The gut microbi-
ome participates in requlating the production of
tryptophan-derived bioactive metabolites, utili-
zing both dietary and microorganism-synthesized
amino acids [31].

Tryptophan metabolism can potentially influ-
ence an immune response in several ways. First,
the conversion of tryptophan to kynurenine via IDO
can lead to local depletion of the amino acid, which
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inhibits the proliferation of T cells, which are key
players in the immune response. Second, certain
tryptophan metabolites formed via the kynurenine
pathway promote the production of Tregs, which
perform an important role in maintaining immune
tolerance [7].

TRYPTOPHAN DEFICIENCY
AND CELIAC DISEASE

Adherence to a strict gluten-free diet by pa-
tients with celiac disease can lead to reduced
tryptophan intake, which alters amino acid meta-
bolism and may potentially exacerbate inflamma-
tory processes in patients with celiac disease [40].

Thus, according to N. Van Hees et al., long-
term adherence to a gluten-free diet led to re-
duced plant protein intake in patients with celi-
ac disease. The blood levels of essential amino
acids, including tryptophan, were lower in these
patients compared to those who did not follow any
dietary restrictions [41]. A study by V. Lamas et al.
found that patients with celiac disease experience
a decrease in AhR ligand concentrations during
disease exacerbation, which reduces the activity
of this signaling pathway [42]. S. Nikolaus et al.
reported that serum tryptophan concentrations in
patients with inflammatory bowel diseases were
significantly lower than in the control group. The
lowest tryptophan concentrations were observed
in patients with Crohn’s disease. Analysis of tryp-
tophan metabolite concentrations reveals high
degradation activity in patients with inflamma-
tory bowel disease, suggesting that tryptophan
deficiency may contribute to the development or
exacerbation of the disease. S. Nikolaus et al.
conclude that the administration of high doses of
tryptophan metabolites (nicotinamide, 1A) as die-
tary supplements may alter the state of the gut mi-
crobiome, thereby enhancing the anti-inflammato-
ry effect of tryptophan [43].

A study by F. Asgari showed that gliadin en-
hances the expression of maturation markers
such as CD83, CD86, and HLA-DR, and promotes
the secretion of tumor necrosis factor-a and IL-12
in dendritic cells. Vitamin A, tryptophan, and their
metabolites increase the expression of CD103
while simultaneously limiting the expression of
HLA-DR, CD83, and CD86. They also enhance the
expression of RALDH2 and IDO and promote the
secretion of TGF-B (transforming growth factor )
and IL-10, while simultaneously limiting the secre-
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tion of IL-12 and TNF-a (tumor necrosis factor a).
The data obtained indicate that vitamin A and tryp-
tophan have a beneficial effect on the course of
celiac disease, highlighting their potential as the-
rapeutic agents for this condition [12].

Given that tryptophan is a precursor of sero-
tonin, a neurotransmitter that plays a key role in
mood regulation, its reduced consumption may
lead to the onset of depressive symptoms in pa-
tients with celiac disease [44].

CONCLUSION

Tryptophan metabolism plays an important
role in maintaining physiological processes in the
gastrointestinal tract. Tryptophan derivatives pro-
duced via the indole pathway have a significant ef-
fect on the integrity and function of the intestinal
barrier, increasing the expression of tight junction
proteins and reducing inflammation. The conver-
sion of tryptophan to kynurenine via IDO can lead
to local depletion of the amino acid, which inhibits
the proliferation of T cells, key participants in the
immune response in celiac disease (see Fig. 1).
In addition, certain metabolites formed via the
kynurenine pathway promote the generation of
Tregs, which play a crucial role in maintaining im-
mune tolerance. A strict gluten-free diet may lead
to reduced consumption of tryptophan-rich foods.
In turn, decreased dietary tryptophan intake and
disturbances in its metabolism may potentially
influence the immune response in celiac disease.
These factors contribute to the pathogenesis of
the disease and the persistence of clinical symp-
toms despite adherence to a gluten-free diet.
Dietary adjustments and increased consumption
of tryptophan-rich foods, on the one hand, and
modulation of the gut microbiota to normalize the
metabolism of this amino acid, on the other, may
represent promising therapeutic strategies for pa-
tients with inflammatory bowel diseases.
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ABSTRACT. Introduction. Functional abdominal pain disorders are widespread in pediatric practice and have a
significant impact on the quality of life of patients. Aim — to evaluate the quality of life of children aged 8-17 years
with functional abdominal pain disorders compared to healthy peers. Materials and methods. A one-stage study was
conducted with the participation of 193 children with functional abdominal pain disorders (functional dyspepsia, irritable
bowel syndrome, functional abdominal pain, biliary dysfunction) aged 8-17 years and 183 healthy children (control
group). The quality of life was assessed using the Russian version of the PedsQL 4.0 questionnaire. Nonparametric
methods and a generalized linear model adjusted for age and gender were used for statistical analysis. Results.
Children with functional abdominal pain disorders demonstrated a significantly lower overall quality of life compared
to healthy peers (69.6 vs. 85.9; p <0.001). A decrease in scores was observed in all quality of life domains: physical
activity (71.9 vs. 87.5 in the control group) and psychosocial functioning (68.3 vs. 83.3) were significantly lower in the
functional abdominal pain disorders group. The school functioning scale was the most significantly affected (65.0 vs.
80.0; p <0.001). In the functional abdominal pain disorders group, lower quality of life scores were associated with female
gender and adolescence (13-17 years). A generalized linear model confirmed that the presence of functional abdominal
pain disorders was the most powerful independent predictor of lower quality of life. Healthy children had higher quality
of life by 12.34 points (B=12.34, p <0.001), after adjusting for gender and age. Conclusion. The presence of functional
abdominal pain disorders is associated with a significant decrease in the quality of life in children. Adolescents and
girls with functional abdominal pain disorders represent the most vulnerable groups. Comprehensive management of
such patients should be aimed not only at relieving pain, but also at improving the quality of life.

KEYWORDS: functional gastrointestinal disorders, abdominal pain, functional dyspepsia, irritable bowel syndrome,
biliary dysfunction, functional abdominal pain, quality of life, PedsQL
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PE3IOME. Beegenne. yHKLMOHaNbHbIE pacCTPOACTBA OPraHOB NULLEBAPEHMSA C a6A0OMUHANbHON 60bIO LWIKMPO-
KO pacnpocTpaHeHbl B NeAnaTpuyeckoii npakTuke u 0KasblBaloT 3HAUUTENIbHOE BAUSHNE Ha KAYeCcTBO XU3HU Na-
LMEeHTOB. Ljesib — OLLEHUTb KaYeCTBO XU3HK AeTel B Bo3pacTe 8-17 neT ¢ QyHKLUMOHANbHbIMW PacCTPONCTBaMU
OpraHoB MULLEBapeHNs ¢ abAOMUHANbHON 60MbI0 MO CPAaBHEHMUIO CO 30POBbIMU CBEPCTHUKAMU. MaTepuanbl u
MmeTogbl. [IpoBeeHO 0JHOMOMEHTHOE UccnefoBaHue ¢ yyactueM 193 geteil ¢ GyHKLMOHANbHBIMW paccTpou-
CTBaMU OpPraHoB NuiieBapeHus ¢ abaoMUHanbHoli 60nbto (GyHKLUOHaNbHasa fucnencus, CHHAPOM pa3apaxeH-
HOTO KUWeEYHUKA, PYHKLMOHaNbHas a6aoMuHanbHas 60nb, 6unuapHas aucdyHkuus) B Bospacte 8-17 net u
183 340poBbIX AeTeil (KOHTPONbHAsA rpynna). KauecTBo XNU3HM OLEHUBANOCh C MOMOLLbI PYCCKOS3bIYHOMN BEp-
cum onpocHuka PedsQL 4.0. 1nsa cTaTMCTMYECKOro aHanu3a UCnonb3oBanucb HenapaMeTpuyeckme MeTofbl
1 0606LLeHHas NMHeiHas MOZENb C MONPaBKOii Ha BO3pacT v non. Pe3ynbTatbl. [leTh ¢ QYHKLUOHANBHBIMHU
paccTpoiicTBaMu OpraHoB NULLEBAPEHUSA C abAOMUHaNbHOM 60/bI0 NPOAEMOHCTPUPOBAN 3HAYNTENBHO Gonee
HU3KOe 06lLee KaYecTBO XM3HU MO CPABHEHMIO CO 3[J0POBbIMU CBepCTHUKaMu (69,6 npotue 85,9; p <0,001).
CHWXeHMe nokasaTeneit 0TMEYEHO MO BCEM JOMEHAM KayecTBa XU3HU: puanyeckas akTuBHocTb (71,9 npoTus
87,5 y KOHTpONS) U ncuxocounanbHoe GyHKLMOHMpoBaHue (68,3 npoTus 83,3) 6biM JOCTOBEPHO HUXE B rpynmne

BX AHatouii Uabmuy XaBkuH. E-mail: khavkin@nikid.ru
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(YHKLMOHaNbHbIX pacCTPONCTB OPraHOB MULEBapeHUs ¢ abAoMuHanbHOM 60nblo. Hanbonee cywecTBEHHO
cTpajana wkana WwKonbHoro GyHkuuoHuposauus (65,0 npotus 80,0; p <0,001). B rpynne dyHKLMOHANbHbIX
PacCTPOICTB OpPraHOB NiLL,EBapeHns ¢ abA0MUHaNbHOI 60NbI 60/1ee HU3KWE MOKA3aTeNIM KauecTBa XNU3HU Gbinu
accoLMMpOoBaHbI C XXEHCKUM NOJIOM M NOAPOCTKOBbIM Bo3pacToM (13-17 neT). 0606w eHHas NUHeliHas MoaeNb
noATBEPANNIA, YTO Hannumne GYHKLMOHANbHBIX PaCCTPOMCTB OpPraHOB NuLieBapeHus ¢ ab40MUHaNbHOI 60Mbt0
ABNAeTCA Hanbonee MOLHbIM HE3aBUCUMbIM NPEAUKTOPOM CHUXEHUS KayecTBa XU3HU. Y 340pOBbIX AeTeii
06wmit 6ann 6611 Ha 12,34 nyHkTa Bbiwe (B=12,34, p <0,001) nocne KoppeKuuy Ha Non 1 Bo3pacT. 3aKmoyeHne.
®yHKLMOHaNbHble pacCTPOMCTBA OPraHOB NULLEBAPEHUSA C a6A0MUHANbHOI 60/1bI0 ACCOLUMPOBAHbI CO 3HAYM-
TeNbHbIM CHWXKEHWEM KayecTBa XU3HM y AeTeil. [ogpoCcTKN 1 feBOYKM € QYHKLMOHANbHbIMU pacCTPOACTBAMM
OpraHoB NULEBapeHns ¢ abAOMMHaNbHON 601bi0 NPEACTaBNAIOT Hanbonee ya3BuMble rpynnbl. KoMmnnekcHoe
BEAeHME TaKUX NaALMEHTOB AOJKHO ObiTb HanpaBieHO He TONbKO Ha KynupoBaHue 601, HO U Ha ynyylleHue
KayecTBa XU3HW.

KNIOYEBDBIE CNIOBA: (pyHKLMOHabHbIE PaCCTPONCTBA OPraHOB MuLeBapeHus, 60J1b B XUBOTE, PyHKLMOHAbHAS
AUCNENCUS, CUHEPOM Pa3ApPaxeHHOro KuWEeYHUKa, bunmapHas AUCQOyHKUYMS, QYHKLUMOHAIbHAS abf0MNHaNbHas
60/1b, Ka4ecTBO XM3HU, PedsQL

UcTouHUK pUHAHCUPOBaHUA. ABTOPbI 3asiBASIHOT 06 OTCYTCTBUM BHELUHETO GUHAHCUPOBAHUS MPW MPOBEAEHUN UCCAEAOBAHMS.
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INTRODUCTION

In modern medicine, when conducting clinical
trials designed to compare the effectiveness of dif-
ferent therapeutic approaches, particular attention is
paid to a comprehensive assessment of treatment
outcomes. Alongside traditional biomedical indica-
tors, such as laboratory data and instrumental stu-
dies, the assessment of a patient’s quality of life (QL)
is becoming increasingly important. This indicator
can serve both as a supplementary assessment tool
and as a key criterion in analyzing the effectiveness
of various treatment and monitoring regimens at dif-
ferent stages of clinical trials [1].

Special questionnaires have been developed
for a comprehensive assessment of QL in children
and adults with various diseases. An important
advantage of these questionnaires is that they are
universal and not tied to specific diseases, which al-
lows for comparing results across different patient
groups [2].

In pediatric practice, two versions of the ques-
tionnaire are often used. The first version is com-
pleted by the child, and the second by the parents.
It is important to note that there is a significant
discrepancy between the data provided by parents
and the information provided by the children them-
selves. This discrepancy is due to a number of
factors: differences in perception of the situation,
varying levels of understanding of the phenomena
being described, or insufficient awareness on the
part of one of the respondents. Given the above, it is
recommended to consider children’s self-reports as
more reliable [3, 4].

The most widely used QL questionnaire in pedi-
atrics is the Pediatric Quality of Life Inventory 4.0
(PedsQL 4.0). The questionnaire was developed in
1998, and its adaptation for the Russian-speaking
population was completed in 2005. It consists of 23
questions divided into four sections: physical func-
tioning, emotional well-being, social functioning, and
role or school functioning. Scores are transformed
to a 0-100 scale, with higher scores indicating better
quality of life. [4, 5].

The PedsQL 4.0 questionnaire has demonstra-
ted high effectiveness as a tool for the comprehen-
sive assessment of QL in children with inflamma-
tory bowel disease. This questionnaire provides
valuable information on the health status of chil-
dren with Crohn’s disease and ulcerative colitis,
including their physical, psychological, and emo-
tional well-being, and is recommended for use in
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follow-up care and monitoring of disease activity
[6-8].

In recent years, specialized programs have also
been developed in Russia to monitor the condition
of patients with GIT disorders, incorporating quali-
ty-of-life questionnaires [9].

Functional gastrointestinal disorders with abdo-
minal pain (FGID-AB) in children significantly affect
their quality of life. One study assessed the quality
of life of children with FGID-AB using the PedsQL 4.0
questionnaire. The sample included patients with
FGID-AB, organic GIT diseases, and healthy children.
The results showed that children with FGID-AB had
lower scores on all aspects of quality of life com-
pared to healthy children and children with organic
GIT diseases [10].

However, a review of the literature has revealed
a number of significant gaps. First, although there
are studies demonstrating a decline in quality of
life among children with FGID-AB, data collected
in outpatient settings that reflect Russian clinical
practice remain limited. Second, a significant por-
tion of the studies rely on the Rome criteria and,
as a rule, do not consider patients with biliary dys-
function (BD), which frequently appears in Russian
pediatric gastroenterology as a clinically significant
diagnosis. Third, quality of life assessment is often
conducted using specialized but more extensive
questionnaires (KIDSCREEN, CHQ, KINDL), the use
of which increases the burden on the respondent
and makes them difficult to use for rapid assess-
ment in the practice of a community pediatrician.
Thus, there remains a lack of data obtained using
a brief, universal tool for assessing quality of life in
children with FGID-AB, covering the entire spectrum
of nosological forms as defined in Russian guide-
lines.

This study assessed the quality of life of children
aged 8-17 years with FGID-AB, including patients
with BD, using the PedsQL 4.0 questionnaire (child
self-report). The analysis covered key health-rela-
ted quality-of-life components (physical, emotional,
social, and school functioning), as well as summary
measures. The results obtained can be used to opti-
mize the referral process and follow-up of children
with FGID-AB in outpatient settings.

AIM
To assess the quality of life of children aged

8 to 17 with functional gastrointestinal disor-
ders and abdominal pain.
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MATERIALS AND METHODS
Study design

A cross-sectional study was conducted to
assess the quality of life of children aged 8 to
17 years with functional gastrointestinal disorders
and abdominal pain, using the PedsQL 4.0 ques-
tionnaire.

Study setting

Our study included children aged 8 to 17 who
were treated at the pediatric clinic of the Dolgo-
prudny Central City Hospital (DOCCH), a municipal
healthcare institution in Dolgoprudny. The study
began on February 18, 2025, and was completed
on May 31, 2025.

Participants

The study included two groups of children
aged 8 to 17 years: children with functional gas-
trointestinal disorders presenting with abdominal
pain (the observation group) and healthy children
(the control group). The observation group inclu-
ded children diagnosed with one of the following
functional gastrointestinal disorders: functional
dyspepsia, irritable bowel syndrome, functional
abdominal pain, or biliary dysfunction, diagnosed
in accordance with the recommendations of the
Russian Society of Pediatric Gastroenterologists,
Hepatologists, and Nutritionists [11-14]. The in-
clusion criterion for the study was the absence
of organic gastrointestinal diseases and other
chronic conditions that could affect quality of
life. The control group consisted of essentially
healthy children without any chronic diseases.
A sample was selected from among all children
in both groups.

Variables

The primary dependent variable is quality of
life, which was assessed using the Russian-lan-
guage version of the PedsQL 4.0 questionnaire,
which includes an overall score and a score for
each domain (physical, emotional, social, and
school functioning). The independent variables
include the following: the presence of a functional
gastrointestinal disorder accompanied by abdo-
minal pain, and the child’s age and gender.

8
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Data sources

Quality of life was assessed using standar-
dized PedsQL 4.0 questionnaires designed for
children aged 8 to 12 and 13 to 17. Based on
these questionnaires, two electronic versions
were developed and posted on the Yandex Forms
platform. We contacted the children’s legal
guardians by phone and invited them to partici-
pate in the study. Upon receiving consent from
the child’s guardian, a link to the corresponding
questionnaire was sent to them via messenger
or email.

The observation group was created from a da-
tabase of outpatient records that we compiled in
a previous study [15].

The control group consisted of children who
had undergone routine medical examinations and
were classified as health groups | or II.

Systematic mistakes

For several reasons, the electronic medical re-
cords of the children who participated in the study
may have lacked information regarding organic
gastrointestinal disorders or any other chronic
conditions. First, some of them may have received
medical care at private clinics, regional referral
centers, or other healthcare facilities. Second,
some study participants may have recently been
assigned to a pediatric clinic, and data on their
medical conditions had not yet been entered into
their electronic medical records. To avoid such er-
rors, before sending the link to the questionnaire,
we confirmed with the legal guardian during a
phone call that the child did not have any chronic
diseases.

Scope of the study

A preliminary calculation of the sample size for
the observation group was performed using the
classical formula, taking into account the preva-
lence of FGID-AB obtained in our study [15]:

n=t-P-Q/A?

where P = 0.136 (the prevalence of FGID-AB ob-
tained in our previous study), Q =1 - P, t = 1.96,
A = 0.05. The minimum required number of chil-
dren with FGID-AB (n=180) was increased to 220
to account for possible refusals and incomplete
questionnaires. A similar number of children
(n=220) was selected for the control group.
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Statistical methods

Statistical analysis was performed using IBM
SPSS Statistics 26.0 (IBM Corp., USA) and Mic-
rosoft Excel 2021. Quantitative indicators are
presented as the median (Me) and interquartile
range (Q,-Q;), since the data distribution devi-
ated from the normal distribution (verified using
the Shapiro-Wilk test). The Mann-Whitney U test
was used for pairwise comparisons of two inde-
pendent groups. Statistical significance of diffe-
rences was determined at a significance level of
p <0.05.

To assess the independent contribution of fac-
tors to the overall quality-of-life score, we used a
generalized linear model (GLM) for a continuous
dependent variable, which was the total PedsQL 4.0
score. The model included the presence of FGID-AB
(healthy vs. children with FGID-AB), gender (girls
vs. boys), and age group (8-12 vs. 13-17 years).
Comparison categories were defined using refe-
rence values (boys, FGID-AB, 13-17 years). The
regression coefficient B reflected the difference
in the expected mean total QL score (in PedsQL
points) between the compared categories while
holding the other covariates constant; 95% con-
fidence intervals and p-values were calculated
using standard model methods. The level of sta-
tistical significance was set at 0.05.

FTACTPO3HTEPOAOIMA U AUETOAOTUA

RESULTS
Participants

The sample was selected in stages. In the first
stage, 220 children with FGID-AB and 220 apparent-
ly healthy children for the control group, who met
the selection criteria, were selected from the po-
pulation of children aged 8 to 17. The parents of the
children participating in the study received verbal
information over the phone about the study’s ob-
jectives, confidentiality, and anonymity, after which
they gave verbal informed consent for their child's
participation in the survey. After consent to partici-
pate in the study was obtained, parents were sent a
link to a questionnaire on Yandex Forms, which the
child was required to complete themselves.

Of the 440 invited participants (220 children with
FGID-AB and 220 healthy children), 376 completed
the questionnaire in full — 193 children with FGID-AB
and 183 healthy children, who constituted the control
group. The dropout rate was 14.5% (27 children with
FGID-AB and 37 healthy children), which was due to
subsequent withdrawal from the study.

The median age of the children in the observa-
tion group was Me=12.00 [10.0-13.0] years, and
in the control group, Me=13.00 [10.0-14.0] years.
The groups were comparable in terms of age
(U=18039.5; p=0.717). The gender distribution was

Table 1. Comparison of quality of life scores between children with functional abdominal pain disorders and healthy

controls

Tabnuua 1. CpaBHEHWE NOKa3aTEAEN KauecTBa XU3HU AETeN C OYHKUMOHAABHBIMMU paccTponCcTBaMKU OpraHoB NuLLEeBa-

peHus ¢ abAOMUHANBHOWM BOABIO U 3A0POBbIX

MokasaTenb KauecTBa XM3HM Aetn c PON-AB 3A0pOBbIE ASTH
Quality of life indicator Children with FAPD | Healthy children U p

Me [Ql'Q3] Me [QfQ3]
06wun Hann KauecTBa XMU3HK 69,6 [62,0-79,3] 85,9 [73,4-90,2] | 8016,5 <0,001
Overall quality of life score
dunsnyeckoe GyHKLMOHMPOBAHUE 71,9 [62,5-81,3] 87,5[76,6-93,8] | 7990,0 <0,001
Physical functioning
MNcuxocounansHoe GyHKLMOHMPOBaHUE 68,3 [68,3-78,3] 83,3[70,8-90,0] | 8826,0 <0,001
Psychosocial functioning
3AMouMOoHaAbHOE GYHKLUMOHMPOBAHNE 70,0 [55,0-80,0] 80,0 [65,0-90,0] | 12076,5 | <0,001
Emotional functioning
CoumnanbHoe GyHKLMOHUPOBaHME 75,0 [65,0-85,0] 85,0[77,5-95,0] |8707,0 <0,001
Social functioning
LLIkoAbHOE GYHKUMOHMpPOBaHWE 65,0 [50,0-75,0] 80,0 [70,0-85,0] | 7746,5 <0,001
School functioning

The table is prepared by the authors using their own data
TabAuua cocTaBAeHa aBTopamMM Mo COBCTBEHHbIM AQHHbIM

Note: FAPD — functional abdominal pain disorders (here and further in tables).
Mpumeuanue: ®POMM-AB — dyHKLMOHAABHOE PACCTPOMCTBO OPraHOB NULLEBAPEHUS ¢ abAOMUHAAbHOW BOABIO (3AECh U Aanee B TabauLax).
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as follows: in the observation group, there were 109
girls (56.5%) and 84 boys (43.5%), and in the con-
trol group, there were 96 girls (52.5%) and 87 boys
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Fig. 1. Comparison of the main indicators of the quality
of life of children with functional abdominal pain disorders
(FAPD) and healthy children: OB —overall quality of life score;
PF — psychosocial functioning; FF — physical functioning
(the figure is prepared by the authors)

Puc. 1. CpaBHeEHME OCHOBHbIX MOKa3aTeAel KauyecTBa
XU3HWU AeTell ¢ YHKUMOHAAbHbIMW PACCTPONCTBAMM
OpraHoB nuuieBapeHns ¢ abAoMUHaAbHOM 60Abto (PPOIT-
AB) 1 3p0poBbIX: OB — 061Kt 6ana kauecTBa XU3HK; MO —
ncuxocouranbHoe GyHKUMOHMpoBaHue; PO — duanueckoe
OYHKLMOHUPOBaHUE (PUCYHOK NMOAFOTOBAEH aBTOpaMM)

PERSONALITIES

(47.5%). The groups were comparable in terms of
gender (x2=0.46; p=0.498).

The study group consisted of 67 children (34.7%)
with functional dyspepsia, 30 children (15.5%) with
irritable bowel syndrome, 31 children (16.1%) with
functional abdominal pain, and 65 children (33.7%)
with biliary dysfunction.

Children with FGID-AB had lower quality-of-life
scores on all scales of the PedsQL questionnaire
compared with healthy children (Mann-Whitney
U test; p <0.001 for all comparisons).

The median values of quality-of-life scores are
presented in Table 1 and Figure 1. The most pro-
nounced differences were observed on the “School
Functioning” and “Physical Functioning” scales.

When comparing quality-of-life indicators among
children with FGID-AB (the main group) by gender,
statistically significant differences were found on
several scales. The median total QL score for boys
was higher than for girls — 75.0 [65.2-81.2] versus
67.4 [58.7-78.8] (U=5597.5; p=0.008).

The most pronounced differences were ob-
served on the physical functioning scale — 78.1
[66.4-84.4] for boys versus 68.8 [59.4-79.7] for
girls (U=5979.0; p <0.001). Differences in indica-
tors of psychosocial, emotional, social and school
functioning did not reach statistical significance
(p >0.05).

Thus, boys with FGID-AB have a higher quality
of life, primarily due to the physical component
(Table 2).

Table 2. Comparison of quality of life scores between children with functional abdominal pain disorders, depending

on their gender

Tabauua 2. CpaBHEHWE NoKa3aTenel KayecTBa XU3HU AeTeN ¢ OYHKLMOHAABHbBIMM paccTponCcTBaMmM OpraHoB NuLLEeBa-

peHust ¢ abAoOMUHAAbHOM BOALIO B 3aBMCMMOCTHM OT MOAa

AeBoukH Manbumnku
MokasaTtenb KauecTBa XU3HU .
Quality of life indicator Girls Boys u P

Me [Q,-Q;] Me [Q,-Q3]
06Kt Hann KauecTBa XMU3HU 67,4 [58,7-78,8] 75,0 [65,2-81,2] 5597,5 0,008
Overall quality of life score
dusnuyeckoe GyHKUMOHMPOBAHUE 68,8 [59,4-79,7] 78,1[66,4-84,4] 5979,0 <0,001
Physical functioning
McuxocounanbHoe GyHKLMOHMPOBaHUE 66,7 [55,0-78,3] 73,3[61,7-78,3] 5258,5 0,077
Psychosocial functioning
IMoUMOHaAbHOE GYHKLMOHUPOBaHWE 65,0 [50,0-80,0] 75,0 [60,0-83,8] 5242,0 0,083
Emotional functioning
CoumnanbHOE GYHKLMOHUPOBaHWE 75,0 [65,0-82,5] 75,0[70,0-85,0] 5183,0 0,113
Social functioning
LLIkoAbHOE GYHKUMOHMpPOBaHWE 60,0 [50,0-75,0] 65,0 [55,0-75,0] 5111,0 0,164
School functioning

The table is prepared by the authors using their own data
TabAnua cocTaBAeHa aBTOpamMMU N0 COOCTBEHHbIM AaHHbIM
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When comparing quality of life indicators among
children with FGID-AB by age group, statistically sig-
nificant differences were found across all scales of
the PedsQL questionnaire. The median total quality
of life scores for younger schoolchildren were hig-
her than those for adolescents — 76.1 [66.9-82.6]
versus 65.2 [56.8-75.0] (p <0.001). A similar trend
was observed for physical, psychosocial, emotion-
al, social, and school functioning (Table 3).

Thus, younger schoolchildren with FGID-AB have
a higher quality of life than adolescents, reflecting
the age-related intensification of the influence of

FTACTPO3HTEPOAOIMA U AUETOAOTUA

psychoemotional factors, academic workload, and
social stress.

A generalized linear model was constructed
to assess the independent contributions of FGID-
AB status, gender, and age to quality of life. The
following were selected as reference categories:
FGID-AB status, male gender, and the older age
group (13-17 years). The model showed that mem-
bership in the FGID-AB group was associated with
the most pronounced differences in quality of life
scores after adjusting for gender and age. Thus, in
healthy children, the total quality of life score was

Table 3. Comparison of quality of life scores between children with functional abdominal pain disorders, depending

on their age group

Tabauua 3. CpaBHeHWe NokasaTenei KauecTBa XMU3HU AeTel ¢ GYHKLMOHAAbHbIMK PaCcCTPOMCTBaMM OpPraHoB NULLEBa-
peHus ¢ abAOMUHaAAbHOM BOABIO B 3aBMCUMOCTM OT BO3PACTHOW rpynmbl

MMoka3aTtenb KauecTBa XXU3HU AeTM 8-12 net AeTM 13-17 ner
Quality of life indicator Children 8-12 years old | Children 13-17 years old | U p
y Me [Q,-Qs] Me [Q,-Qs]

O6Lunit Garn KAMECTBA KU3HH 76,1 [66,9-82,6] 65,3 [56,8-75,0] 2802,0 | <0,001
Overall quality of life score
dU3MuECKoe GYHKUMOHMPOBAHHE 78,1 [68,8-87,5] 65,6 [59,4-77,3] 2534,5 | <0,001
Physical functioning
renxocoumnancoe QYHKUMORMPOBARHE | 75 153 3 g1 7] 63,3 [52,1-75,0] 29455 | <0,001
Psychosocial functioning
?MOF‘”O”a’“’“‘.’e byHKUMOHMPOBAKKE | 75 1 155 0_85,0] 65,0 [45,0-75,0] 2817,5 | <0,001

motional functioning
CounaneHoe GyHKUMOHMPOBaHHE 75,0 [70,0-85,0] 70,0 [65,0-80,0] 3790,0 |0,026
Social functioning
LkoAbHOE GyHKUMOHUPOBaHNE 70,0 [55,0-75,0] 60,0 [45,0-70,0] 2881,0 | <0,001
School functioning

The table is prepared by the authors using their own data
TabAuua cocTaBAeHa aBToOpamMM Mo cOO6CTBEHHbIM AQHHbIM

Table 4. Factors associated with the overall quality of life score: results of the generalized linear model

Tabauua 4. BavsiHue pasanyHbiX GakTopoB Ha 06LLmMI HaAA KauecTBa XU3HU MO AaHHbIM 0606LWEHHON AMHEMHOM MOAEAN

dakrop Kateropus cpaBHeHUs B 95% AU p
Factor Comparison category 95% ClI

OPOM-Ab 3nopoBble (pedepeHc: PPOM-AB) +12,34 10,07-14,61 | <0,001
FAPD Healthy (reference: FAPD)

BospacTHas rpynna 8-12 net (pedepeHc: 13-17 aeT) +8,22 5,96-10,49 <0,001
Age group 8-12 years (reference: 13-17 years)

Mo AeBOYKM (pedepeHC: ManbUYMNKK) -3,69 -5,97..-1,41) | 0,001
Sex Girls (reference: boys)

KoHcTaHTa - 67,16 64,78-69,54 |<0,001
Constant

The table is prepared by the authors using their own data
Tabauua cocTaBAeHa aBToOpamMu No COBCTBEHHBIM AAHHBIM

Note: Cl — confidence interval; FAPD — functional abdominal pain disorders; B — regression coefficient showing the change in the
quality of life score, a positive B value indicates a higher quality of life in the first comparison group.

Mpumeuanue: A — poBeputenbHblit MHTEpPBan; ®POM-AB — dyHKLMOHAABHOE PacCCTPOMCTBO OPraHoOB NULLLEBapeHns ¢ abAOMUHaNb-
HOW 60AbI; B — KO3bOULMEHT perpeccuu, nokasbiBatoLWwmuii U3MeHeHUe 6anna KauecTBa XU3HU, MOAOXKUTEAbHOE 3HAaUYeHUE B ykasbl-
BaeT Ha 60Aee BbICOKOE KaueCTBO XMW3HW B NEPBOM rpynne CpaBHEHUS.

CHILDREN’S MEDICINE of the North-West

2026 Tom 14 Ne 1

81

ISSN 3034-6312 (Print) ISSN 3034-6320 (Online)



12.34 points higher than in patients with FGID-AB
(B=12.336; 95% CI 10.068-14.605; p <0.001).

Age also had a significant independent effect:
among younger schoolchildren (8-12 years), qua-
lity of life was 8.22 points higher than among ado-
lescents (13-17 years) (B=8.224; 95% Cl 5.957-
10.491; p <0.001).

The child’s gender had a statistically significant
but less pronounced effect: girls had a quality of
life score that was 3.69 points lower than that of
boys (B=-3.691; 95% Cl -5.968...-1.414; p=0.001).

Thus, the generalized linear model showed that dif-
ferences in the total quality of life score between the
groups of healthy children and patients with FGID-AB
persist after adjusting for age and gender (Table 4).

DISCUSSION

Key findings

The results of our cross-sectional study
demonstrate that the presence of FGID-AB is an
independent factor associated with a significant
reduction in QL among children aged 8-17 years.
The most pronounced differences compared to
the group of healthy peers were observed in the
areas of academic and psychosocial functio-
ning. Within the group of children with FGID-AB,
lower QL scores were found among girls and
adolescents.

LIMITATIONS

The main limitation of this study is its cross-sec-
tional design, which does not allow for conclusions
regarding causal relationships between the presence
of functional gastrointestinal disorders with abdomi-
nal pain (FGID-AB) and reduced QL.

Furthermore, the assessment was based on chil-
dren’s self-reports, which could potentially lead to
subjective distortions in the perception of symptoms
and overall condition. Nevertheless, the use of the
standardized and validated PedsQL instrument, adap-
ted for the pediatric population, ensures sufficient
reliability and reproducibility of the data obtained.

Another limitation is that the survey was con-
ducted during a period of seasonal increase in the
incidence of acute respiratory infections, which
may have temporarily affected self-reported quality
of life, particularly on the school functioning scale,
which reflects a child’s attendance and participation
in the educational process.
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Limitations of the study include the lack of an
assessment of the current severity of clinical symp-
toms at the time the questionnaire was completed,
as well as information on ongoing treatment (phar-
macological and non-pharmacological) during the
survey period. Given the possible variability of symp-
toms in FGID-AB, these factors could have influenced
quality-of-life indicators and partially accounted for
the observed differences.

Interpretation of the results

Our findings regarding a significant reduction
in QL among children with FGID-AB are fully con-
sistent with the results of major international and
Russian studies. Our key observation that children
with FGID-AB have significantly lower QL scores
compared to healthy peers not only replicates the
findings of H. Karami et al. (2022), but also con-
firms the data from a larger study by J.W. Varni et
al. (2015), which also demonstrated that children
with functional gastrointestinal disorders have lo-
wer QOL scores compared to healthy peers [10, 16].

Similar results were obtained in the Russian po-
pulation: in a study by T.V. Polivanova et al. (2023),
which included school-aged children, a significant
decrease in QL was also noted in the presence of
abdominal pain, with the children themselves re-
porting deterioration across a greater number of pa-
rameters compared to their parents’ assessments
[17]. The data obtained confirm the validity of our
methodological approach, according to which pri-
ority in assessing QL is given to the children’s own
reports, since their perception of the illness may
differ significantly from their parents’ perspective.

Our study provides a detailed breakdown of this
decline: the most pronounced differences were found
in the areas of school and psychosocial functioning.
This focus on school maladjustment complements
the findings of T.V. Polivanova et al., who also
identified behavioral problems and reduced family
cohesion in children, and expands upon the conclu-
sions of H. Karami et al. (2022), where the greatest
differences concerned social and emotional aspects.

In contrast to the work by T.V. Polivanova et al.
[17], where gender differences did not reach sta-
tistical significance, our study revealed lower QL
scores among girls and adolescents with FGID-AB.

A key methodological strength of our study is the
regression analysis we conducted, which confirmed
that the negative impact of FGID-AB on quality of
life is independent and remains significant after ad-
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justing for gender and age. Thus, our study not only
confirms the findings of international and domestic
authors regarding reduced quality of life in children
with FGID-AB but also expands upon them, demon-
strating the independent contribution of the core
symptoms of these disorders to reduced QL.

The significant reduction in the total quality of
life score in children with FGID-AB identified in our
study is consistent with the biopsychosocial model
of these disorders, within which chronic abdominal
pain acts not merely as an isolated symptom, but as
a constant stressor that triggers a cascade of inter-
related physical and psychoemotional disturbances.

The most pronounced decline was observed in
academic performance. This key finding has a logical
pathophysiological basis. Chronic pain, acting as a
constant distraction, directly disrupts the cognitive
processes necessary for successful learning. A vi-
cious cycle develops: against a backdrop of missed
classes and declining academic performance, aca-
demic debt accumulates, which in itself becomes a
powerful source of chronic stress and anxiety. These
negative emotions, in turn, through the gut-brain axis
mechanisms, potentiate visceral hypersensitivity and
intensify pain perception, closing the vicious cycle.

A decline in physical functioning scores may be
associated with a direct limitation of activity caused
by chronic abdominal pain. Children often con-
sciously avoid games, sports, and other physical ac-
tivities for fear of triggering pain or other symptoms
of FGID-AB, which leads to physical inactivity and, in
the long term, to reduced exercise tolerance and a
deterioration in overall physical condition.

The decline in emotional well-being is a direct
consequence of constant psychological and emo-
tional stress. Living with the unpredictability of
FGID-AB symptoms contributes to the development
of anxiety and impairments in social functioning.

The identified intra-group differences — name-
ly, a more significant decline in QL among girls and
adolescents — can also be explained. Adolescence
is characterized by a sharp increase in academic
workload, more complex social relationships, and
hormonal changes, all of which increase the ner-
vous system'’s vulnerability to chronic stress. Gen-
der imbalance, in turn, may be associated with a
higher prevalence of anxiety and depression among
girls, which are closely linked to FGID-AB and exac-
erbate the subjective perception of the illness.

The findings have direct practical implications
for improving care for children with FGID-AB. They
clearly demonstrate that the goal of treatment for
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FGID-AB should be not only to relieve abdominal
pain but also to comprehensively improve the pa-
tient’s quality of life. Standardized assessment of
QL using questionnaires such as the PedsQL should
be considered an integral part of dynamic monitor-
ing, allowing for the identification of the areas of
the child’s life most affected and the quantitative
evaluation of treatment effectiveness.

Generalizability

Despite these limitations, the findings have im-
portant practical implications. They not only con-
firm the significant negative impact of FGID-AB on
children’s quality of life, but also help identify the
most vulnerable groups (adolescents and girls)
that require special attention.

The data obtained indicate the need for a com-
prehensive approach to the management of pa-
tients with FGID-AB. Treatment strategies should
be aimed not only at relieving abdominal pain
but also at actively improving quality of life. To
develop and validate such strategies, prospective
studies are needed in which the comparative as-
sessment of the effectiveness of various treat-
ment methods will be conducted using validated
instruments, such as the PedsQL questionnaire,
as a key objective outcome measure.

CONCLUSION

Functional gastrointestinal disorders accom-
panied by abdominal pain are an independent fac-
tor contributing to a significant decline in quality
of life among children aged 8-17, particularly in
school and psychosocial settings, with girls and
adolescents being the most vulnerable. The re-
sults obtained support the need for a comprehen-
sive therapeutic approach aimed not only at pain
relief but also at improving quality of life.
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AOMNOAHUTEABHAA UHO®OPMALUA

Bknap aBTopoB. H.3. 30knMpoB — pa3paboTka
KOHLenuuu n gusaitHa uccnefoBaHus, aHanms pe-
3ynbTaToB, HanucaHue TekcTa pykonucu; 3.U. Anu-
eBa — pa3paboTka gu3aiiHa UccrefoBaHus, yya-
CTHe B 06CY)XAEHMMN Pe3ynbTaToB, PeAakTMpOBaH1e
TekcTa; A.B. KpacHOB — opraHusauus aHKeTupo-
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BaHMA, aHaNU3 1 06paboTKa AaHHbIX, CTaTUCTUYE-
CKWii aHanu3, yyactue B 06CYXEHUN pesynbTaTos;
A.W. XaBKMH — pa3paboTKa KOHLenumu nccneaoBa-
HUS, OKOHYaTeNbHOE peAaKTUPOBaHWE PYKOMUCH,
yTBEPXAeHWe GuHanbHon Bepcuu; B.B. CbiTbkoB —
aHanu3 1 06paboTKa AaHHbIX, CTaTUCTMYeCKas 06-
paboTKa, HanucaHue TeKCTa PyKOmnucHm.

Bce aBTOpbI Npounu U 0f06punu GuHanbHyo
BEpCUio nepej nybnukawmei.

KoHdnukT nHTepecoB. ABTOpbI AeKnapupytoT
OTCYTCTBME IBHbIX W NOTEHLMUANbHbIX KOHDANK-
TOB MHTEPECOB, CBA3aHHbIX C Ny6NMKaLWUen Ha-
CTOALLEN CTaTbMU.

dTnyeckmne acnektbl. [IpoTOKON MCCNeAoOBa-
HUS 6bl1 PACCMOTPEH U 0J,06pEH NOKaNbHbIM 3TH-
YecKUM KOMUTETOM. YuyacTue feTei u ux pogute-
nei 66110 f06POBONbHLIM. epes 3anonHEHNEM
aHKeTbl POAUTENN NONYYMNIN YCTHYIO MHbOpMa-
LUMI0 O Lensax uccnepfoBaHus, NMPUHLMNAX KOH-
buAEHUMANbHOCTM M @aHOHUMHOCTU, NOCNE Yero
Aanu yCTHOe WHGOPMMPOBAHHOE COrfiacue Ha
yyacTue pebeHka B onpoce. AHKeTa He coaepxa-
na NepcoHanbHbIX AaHHbIX U He N03BOJISNA UAEH-
TuduunpoBaTb pecnoHAEHTOB. MccnegoBaHue
HOCWNIO HabntoaaTeNnbHbIA XapaKTep U He BKJItO-
yano BMeLaTenbCTB B 3[,0POBbE YYaCTHUKOB.
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ABSTRACT. Introduction. The Montreal Consensus Meeting defined gastroesophageal reflux disease as a
condition that develops when reflux of gastric contents causes bothersome symptoms and/or complications. The
global prevalence of gastroesophageal reflux disease is 13.3% and continues to increase. Data on the prevalence
of gastroesophageal reflux disease in the pediatric population are significantly scarcer. Study. Aim — to study the
prevalence of gastroesophageal reflux disease symptoms in school-aged children using the Gerd-Q questionnaire.
Materials and methods. A study was conducted to assess the prevalence of gastroesophageal reflux disease
symptoms among schoolchildren in Barnaul. The study included 291 schoolchildren, including 131 boys (45.0%)
and 160 girls (55.0%), studying in grades 7-11 of comprehensive schools. The validated Gerd-Q questionnaire
was used to quantitatively assess the prevalence of gastroesophageal reflux disease symptoms in the pediatric
population. The statistical significance of differences in qualitative characteristics was assessed using the Pear-
son X2 goodness-of-fit test. Differences at p <0.05 were considered significant. Results. According to a study of
gastroesophageal reflux disease symptoms conducted using the Gerd-Q questionnaire, the prevalence of gastro-
esophageal reflux disease in school-aged children was 8.2%. Heartburn and regurgitation, with a frequency of at
least once a week, were reported by 19.6% and 35.7% of schoolchildren, respectively. Nocturnal gastroesophageal
reflux disease symptoms were observed in 2.7% of schoolchildren. Periodic self-administration of antacids to
relieve symptoms was used by 4.1% of those surveyed. Conclusion. The use of the Gerd-Q questionnaire allows to
improve the frequency of detection of gastroesophageal reflux disease symptoms, and the most frequent, among
school-age children, is determined by heartburn, which bothers boys predominantly.

KEYWORDS: gastroesophageal reflux disease, children, Gerd-Q questionnaire
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Opu T’MHaAbHaA CcTaTbA

https://doi.org/10.56871/CmN-W.2026.70.63.007

PacnpocTpaHeHHOCTb CUMNTOMOB racTpoa3ogarearbHoOM
pedPAIOKCHOU 60NEe3HU Y AeTeU LLKOAbHOro Bo3pacTa

AmuTpui FOpbeBuy NAaTtbiwes, KOpuin Gepoposury NobaHos, Mapus AeH1McoBHa A\MAep,
Haaexaa AHatonbeBHa TekyTbeBa, EBreHnin BacuabeBuy CKypapHOB,

Bukrtop Cepreesuu lMNoHomapés, UpunHa HOpbeBHa boapeHKOBa

AATANCKUI FOCYAQPCTBEHHbIN MEAULIMHCKUI YHUBepcuTeT, 656038, r. bapHaya, np. AeHuHa, A. 40, Poccuiickas depepaumsn

Ansa uutupoBanuma: Natbiwes A.KO., AobaHoBs 10.0., Anaep M.A., TekytbeBa H.A., CkypapHoB E.B., NMoHomapés B.C., boapeHkoBa W.HO.
PacnpoctpaHeHHOCTb CHMMNTOMOB racTpo330dareanbHON PEGAOKCHOM HOAE3HU Y AETEN LUKOABHOTO BO3pacTa.

Children’s Medicine of the North-West. 2026;14(1):87-96. https://doi.org/10.56871/CmN-W.2026.70.63.007.

Moctynuaa: 12.01.2026 Opobpena: 18.02.2026 MpuHAaTa K neuatun: 20.03.2026

PE3IOME. BeegeHnne. MoHpeanbCKoe KOHCEHCYCHOE COBELLaHK1e ONpeAenunio ractpodsodareanbHyto pednrokc-
Hyto 60/1€3Hb KaK COCTOSIHME, pa3BuBatoLLeecs, Koraa pedioKc COAEpPXUMOro Xenyika Bbi3biBaeT 6ecnokos-
LMe CUMNTOMbI U/UNK 0CNOXHeHNs. 061 emMUpoBas pacnpoCcTpaHeHHOCTb racTpoa3odareanbHoO penioKCHOI
6onesHun coctaBnseT 13,3% 1 npogoskaet pacTu. [laHHbIX 0 pacnpoCTpaHeHHOCTW racTpoasodareanbHoit ped-
NIOKCHOW 6ONE3HU B NEeAMATPUYECKON NONYNALUKM 3HAYUTENBHO MeHbLe. Ljenb nccnegoBaHusas — yCTaHOBUTb
pacnpocTpaHeHHOCTb CUMNTOMOB racTpoa3odareansHoi pedtoKCHO 601e3HM y AeTeil WKONbHOro BO3pacTa
c nomoLbto onpocHuka Gerd-Q. MaTepuanbl u MeTogbi. [POBEAEHO UCCNELOBaHNE PAaCNPOCTPAHEHHOCTH CUMI-
TOMOB racTpoasodareanbHoit peditoKCHO 60/1€3HM Cpefy WKONbHUKOB ropofa bapHayna. B uccnegoBanue
BKJIIOYEH 297 WKOMbHMUK, U3 HUX 131 Manbuuk (45,0%) u 160 geBoyek (55,0%), yyawmecs 7-11 knaccos o6Lwe-
06pasoBaTenbHbIX yYpexaeHuii. [1na KoAMYecTBEHHOMN OLLEHKM PacnpoCTPaHEHHOCTW CUMNTOMOB racTpo33so-
(hareanbHoi peiOKCHON 60/1€3HM B LETCKOW NOMyNsLUM NPUMEHANU BanUANPOBaHHbIA onpocHuk Gerd-Q.
CTaTucTuyeckas 3Ha4UMMOCTb PasnuUyUmnii Ka4ecTBEHHbIX MPU3HAKOB OLEHUBANAch C UCNOJIb30BaHUEM KPUTepPUSs
cornacus x? MupcoHa. Paznuyus npu p <0,05 pacLeHnBany kak sHaunmMble. PeaynbTartel. 10 faHHbIM UCCNEA0Ba-
HMS CUMNTOMOB racTpo3asodareanbHoii pedioKCHOI 601e3HU, MPOBEAEHHOTO C NPMMeHEHNEM aHKeTbl Gerd-Q,
pacnpocTpaHeHHOCTb racTpoasohareanbHoii pedioKCHOM 6051e3HM Y feTeli WKOMbHOMO BO3pacTa cocTaBuna
8,2%. XXanobbl Ha M3XOTy W perypruTaumnio ¢ 4YactoTon He MeHee 1 pasa B Hefento npeabasnanu 19,6 n 35,7%
WKONbHUKOB. HOYHbIe CUMNTOMBI racTpoasohareanbHon pediloKCHOW 60N1e3HM oTMevanuchb y 2,7% LUKONb-
HUKOB. K nepnofmyeckomMy camoCTOATEIbHOMY MpUEMY aHTauuAoB LS KyNMpPOBaHUSA CUMNTOMOB npuberanu
4,1% o6cnef0BaHHbIX. 3akatoyenne. icnonb3oBaHue aHKeTbl Gerd-Q N03BONSAET YBENNYUTD YACTOTY BbISBNIEHMUS
CMMNTOMOB racTtpoasodareanbHoii peGnoKCHON 60/1€3HM, NpUYeM Hanbonee YacTbiM CpeLu CUMNTOMOB Onpe-
JensieTcsa uaxora, Kotopas 6eCnokouT NPeMMYLLECTBEHHO MaJIbYMKOB.

KJIOYEBBIE CJIOBA: racTpoasogareanbHas peokcHas 601e3Hb, feTu, aHkeTa Gerd-Q

UcTouHUK pUHaAHCUPOBaHUA. ABTOPbI 3asiBASIOT 06 OTCYTCTBUM BHELUHErO GUHAHCUPOBAHUS MPW MPOBEAEHUU UCCAEAOBAHMS.
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INTRODUCTION

The Montreal Consensus Meeting defined gas-
troesophageal reflux disease (GERD) as a condi-
tion that develops when reflux of stomach contents
causes bothersome symptoms and/or complica-
tions. Common esophageal signs and symptoms
include peptic stricture, esophageal ulcer, Barrett's
esophagus, esophageal adenocarcinoma, retros-
ternal pain, heartburn, regurgitation, and dyspha-
gia[1, 2]. The prevalence of GERD among the adult
population is high and continues to rise. The hig-
hest prevalence of GERD symptoms was observed
in a single study in Central America (19.6%), while
the lowest was in Asia (10.0%; 23 studies), par-
ticularly in Southeast Asia (7.4%; 18 studies) [3].
The global prevalence of GERD is 13.3% (95% Cl
12.0-14.6) [3]. The prevalence is higher among
individuals over 50 years of age (OR 1.32; 95% Cl
1.12-1.54) [4].

There is significantly less data on the preva-
lence of GERD in the pediatric population [5]. Ac-
cording to the results of some studies, the pre-
valence of GERD symptoms among school-aged
children and adolescents may be comparable
to that in adults. For example, the prevalence of
heartburn in the “weekly” category among adoles-
cents, according to data from Novosibirsk authors
for 2009, was 6.9% among boys, 4.4% among girls,
and 5.5% overall [6]. The prevalence of trouble-
some heartburn in the school-age population of
Krasnoyarsk was reported as 10.4% in one study;
other GERD symptoms—a sensation of acidity
and/or bitterness in the throat, regurgitation, and
difficulty swallowing — were observed less fre-
quently and were associated with heartburn in
most patients; heartburn was reported 1.4 times
more often in boys than in girls, and 1.6 times
more often in older schoolchildren than in younger
schoolchildren [7]. According to other data, 21.3%
of schoolchildren experienced heartburn at least
once in the past year. Heartburn was significantly
more common among boys than among girls. The
prevalence of heartburn was 26.2% among older
school-aged children and 14.3% among younger
school-aged children. Weekly heartburn was re-
ported in 2.7% of children [8]. In a survey of older
children and adolescents, the frequency of typi-
cal subjective manifestations of GERD was 19.4%
(95% Cl 17.7-21.1%); sour belching was the most
common symptom (in 8.2% (95% Cl 7.0-9.4) of the
examined children and adolescents, heartburn (in
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7.4% (95% Cl 6.3-8.6) of respondents), and regur-
gitation (in 7.3% (95% Cl 6.2-8.4) [9]. In a survey of
55 adolescents in the Republic of Belarus, clinical
symptoms of GERD of varying duration were iden-
tified in 65% (95% Cl 51.4-77.8) of the 17-year-old
adolescents surveyed. Based on diagnostic clini-
cal criteria, GERD was diagnosed in 3.6% of cases
(95% Cl1 0.4-12.5) [10].

When planning a survey, the choice of question-
naire is crucial. One of the tools used to diagnose
GERD is the GERD-Q questionnaire. In adult pa-
tients, the GERD-Q questionnaire has a sensitivity
of 65.4% and a specificity of 91.7% [11]. Another
study showed that the most satisfactory results
for detecting erosive esophagitis in school-aged
children were obtained using the GERD-Q ques-
tionnaire with a cutoff score of 8; in this case,
sensitivity and specificity were 64.1% and 82.9%,
respectively [12]. The prevalence of GERD can also
be studied based on endoscopic findings. In 2008,
a large-scale study was conducted involving 7,188
children and adolescents under the age of 17
(mean age 12.7+4.9 years); erosive esophagitis
was detected in 12.4% of them. Its prevalence in-
creased with age, reaching 19.6% by age 17 [13].
In another study, during fibrogastroscopy of 2,935
children with symptoms of dyspepsia aged 7 to
18 years, changes consistent with epithelialized
esophageal erosions were detected in 20.2%, and
non-epithelialized erosions in an additional 7.6% of
children. Among patients with erosive esophagitis
across all age groups, stage A according to the Los
Angeles classification was predominant — 67.1%
of children, stage B — 28.4%, stage C in only 3.5%
of those examined; erosive changes in the esopha-
gus were more common in boys, and the propor-
tion of children with erosive esophagitis was si-
milar across all age groups from 7 to 18 years [14].

Thus, the data on the prevalence of GERD in
children are inconclusive and require further re-
search in this area.

AIM

To investigate the prevalence of symptoms of
gastroesophageal reflux disease in school-aged
children using the GERD-Q questionnaire.
MATERIALS AND METHODS

A study was conducted on the prevalence of GERD
symptoms among schoolchildren in Barnaul. Surveys
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were conducted in each of the four administrative dis-
tricts. In each district, a school and a class were se-
lected by random draw. A total of 400 questionnaires
were distributed; of these, 109 were incomplete or in-
correctly filled out and were therefore excluded from
the study. Thus, the analysis included data from 291
schoolchildren, of whom 131 were boys (45.0%) and
160 were girls (55.0%), students in grades 7-11 of
general education institutions. The mean age of the
surveyed children was 15.3+1.25 years. The inclusion
criteria for the study were:

e school-age;

* enrollment in a general education school;

« the presence of informed voluntary consent

for children’s participation in the study.

To quantitatively assess the prevalence of GERD
symptoms in the pediatric population, the validated
GERD-Q questionnaire (Russian-language version)
was used. It is based on six indicators: “heartburn,”
“regurgitation,” “pain,” “nausea,” “nocturnal GERD
symptoms,” and “use of medications to relieve heart-
burn.” A score of 8 points or more serves as the basis
for a diagnosis of GERD. The statistical significance
of differences in qualitative characteristics was as-
sessed using Pearson’s X2 test. Differences at p <0.05
were considered significant.

RESULTS

According to international consensus and Rus-
sian clinical guidelines, the main clinical manifes-
tations of GERD are heartburn and regurgitation.
When evaluating the survey results, 57 out of 291
(19.6%) school-aged children experienced heart-

GASTROENTEROLOGY AND DIETOLOGY

burn, with an equal frequency among boys—24 out
of 131 (18.3%) — and girls — 33 out of 160 (20.6%),
p=0.623. Heartburn occurring at least once a week
was reported by 43 out of 291 (14.8%) respon-
dents, with 17 out of 131 (13.0%) boys and 26 out
of 160 (16.3%) girls, p=0.434. Complaints of heart-
burn occurring 2-3 times a week were reported by
a significantly smaller number of children: 13/291
(4.5%), 6/131 (4.6%) among boys, and 7/160
(4.4%) among girls, p=0.933. Frequent heartburn
4-7 times a week was observed in only one boy —
1/291 (0.3%). The data are presented in Table 1.

Complaints of regurgitation were reported by
104/291 (35.7%) of the examined schoolchildren, which
is nearly twice as common as heartburn. Boys reported
this symptom slightly more often — 54/131 (41.2%) —
than girls — 50/160 (31.3%), p=0.078. Regurgitation at
least once a week was experienced by 76/291 (26.1%)
children; boys also reported it slightly more often —
40/131 (30.5%) — than girls — 36/160 (22.5%), p=0.121.
Regurgitation 2-3 times a week was reported by 21/291
(7.2%) schoolchildren, with boys accounting for 12/131
(9.2%) and girls for 9/160 (5.6%), p=0.247. Complaints
of frequent regurgitation were reported by 7/291 (2.4%)
children, girls — 5/160 (3.1%), boys — 2/131 (1.5%),
p=0.376. The results are presented in Table 2.

Less prominent symptoms of GERD include ab-
dominal pain and nausea, as reflected in the GERD-Q
questionnaire scoring. The total number of children
reporting abdominal pain was 98/291 (33.7%);
girls reported it significantly more often — 68/160
(42.5%) — than boys —30/131(22.9%), p <0.001. At
least once a week, 66 out of 291 (22.7%) children
experienced abdominal pain, with girls accounting

Table 1. Proportion of schoolchildren complaining of heartburn

Tabamua 1. NOASI LUKOABHWKOB, NPEeAbABASIOLLMX Xanobbl Ha n3xory

MposBnaeHne cumnToma

MauueHTbl Symptom manifestation

Patients cumnTom oTcytcTByeT | 1 pas B Hepento | 2-3 pasa B Hepenlo | 4-7 pas B HepeAlo
there is no symptom once a week 2-3 times a week 4-7 times a week

Manb4umku 107/131 17/131 6/131 1/131

Boys (81,7%) (13,0%) (4,6%) (0,8%)

(n=131)

AeBOoYKH 127/160 26/160 7/160 0/160

Girls (79,4%) (16,3%) (4,4%) (0,0%)

(n=160)

Bcero 234/291 43/291 13/291 1/291

Total (80,4%) (14,8%) (4,5%) (0,3%)

Pio 0,623 0,434 0,933 0,269

The table is prepared by the authors using their own data
TabAuLa cocTaBAeHa aBTOPaMMU MO COOCTBEHHbIM AAHHbIM
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Table 2. Proportion of schoolchildren complaining about regurgitation
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Tabamua 2. NOASI LUKOABHUKOB, NPEAbABASIOLLMX XaA0bbl HA peryprutaLmio

MposaBneHne cumnTtoma

MMauneHTbl Symptom manifestation

Patients CUMNTOM OTCYTCTBYEeT | 1 pa3s B HeaeAl 2-3 pa3a B Hepaenlo | 4-7 pa3 B HepeAlo
there is no symptom once a week 2-3 times a week 4-7 times a week

Manbunku 77/131 40/131 12/131 2/131

Boys (58,8%) (30,5%) (9,2%) (1,5%)

(n=131)

AeBouku 110/160 36/160 9/160 5/160

Girls (68,8%) (22,5%) (5,6%) (3,1%)

(n=160)

Bcero 187/291 76/291 21/291 7/291

Total (64,3%) (26,1%) (7,2%) (2,4%)

(n=291)

Pio 0,078 0,121 0,247 0,376

The table is prepared by the authors using their own data
TabAvua cocTaBAeHa aBTOpamMu No CO6CTBEHHLIM AQHHbLIM

Table 3. Frequency of abdominal pain syndrome in school-age children

Tabauua 3. Yactota abpoMUMHAABHOTO BOAEBOTO CMHAPOMA Y AETEN LIKOABHOMO Bo3pacTa

MposaBneHUe cumnToma

MNauneHTbl Symptom manifestation

Patients cumnTom otcytcTByeT |1 pa3 B Hepeno | 2-3 pasa B Hepeatlo | 4-7 pa3s B HepAeAl
there is no symptom once a week 2-3 times a week 4-7 times a week

MaAb4ymKku 101/131 21/131 7/131 2/131

Boys (77,1%) (16,0%) (5,3%) (1,5%)

(n=130)

AeBOYKM 92/160 45/160 18/160 5/160

Girls (57,5%) (28,1%) (11,3%) (3,1%)

(n=160)

Bcero 193/291 66/291 25/291 7/291

Total (66,3%) (22,7%) (8,6%) (2,4%)

Pio <0,001 0,015 p=0,074 0,376

The table is prepared by the authors using their own data
Ta6/\mua COCTaBA€Ha aBTOpaMu no COBCTBEHHbIM AaHHbIM

Table 4. Proportion of schoolchildren complaining of nausea

Tabnuua 4. NONSI LUKOABHUKOB, nPeAbABAAOLLNX Xanobbl Ha ToLL HOTY

MposaBaeHne cumnToma

MauuneHTbl Symptom manifestation

Patients CUMMTOM OTCYTCTBYET 1 pa3 B Hepenro 2-3 pa3a B Hepenro | 4-7 pas B Hepenlo
there is no symptom once a week 2-3 times a week 4-7 times a week

Manbunkm 98/131 25/131 6/131 2/131

Boys (74,8%) (19,1%) (4,6%) (1,5%)

(n=130)

AeBouku 86/160 39/160 28/160 8/160

Girls (53,8%) (24,4%) (17,5%) (5,0%)

(n=160)

Bcero 184/291 64/291 34/291 10/291

Total (63,2%) (22,0%) (11,7%) (3,4%)

Pio <0,001 0,279 <0,001 0,123

The table is prepared by the authors using their own data
TabAavua cocTaBAeHa aBTOpamMu Mo CO6CTBEHHbIM AQHHbBIM
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for 45 out of 160 (28.1%), which was also signifi-
cantly more common than in boys — 21 out of 131
(16.0%), p=0.015. Abdominal pain was observed
in 25/291 (8.6%) children 2-3 times a week; it
was also slightly more common in girls — 18/160
(11.3%) — than in boys — 7/131 (5.3%), p=0.074.
Frequent abdominal pain was noted in only 7/291
(2.4%) of those examined, with equal frequency
among boys — 2/131 (1.5%) — and girls — 5/160
(3.1%), p=0.376. The results are presented in Table 3.

The total number of children who reported
nausea was 107 out of 291 (36.8%), with a higher
proportion of girls — 74 out of 160 (46.3%) — than
boys — 33 out of 131 (25.2%) — p <0.001. At least
once a week, 64 out of 291 (22.0%) schoolchildren
reported nausea, with an equal frequency among
boys — 25 out of 131 (19.1%) — and girls — 39 out
of 160 (24.4%), p=0.279. More frequent episodes

GASTROENTEROLOGY AND DIETOLOGY

of nausea (2-3 times a week) were reported by
34/291 (11.7%) respondents, with girls reporting it
significantly more often — 28/160 (17.5%) — than
boys — 6/131 (4.6%), p <0.001. A small number of
schoolchildren —10/291 (3.4%) — reported frequent
episodes of nausea, occurring 4-7 times a week;
among girls — 8/160 (5.0%), among boys — 2/131
(1.5%), p=0.123. The data are presented in Table 4.

In addition, to more accurately assess the like-
lihood of gastroesophageal reflux disease, the
GERD-Q questionnaire includes an assessment
of nocturnal symptoms of the disease and the
frequency of self-administration of antacids and
other medications to relieve heartburn. Nocturnal
GERD symptoms in children were noted in only
8/291 (2.7%) children, with equal frequency among
boys — 4/131 (3.1%) — and girls — 4/160 (2.5%),
p=0.774. At least once a week, 5 out of 291 (1.7%)

Table 5. Frequency of nocturnal symptoms of gastroesophageal reflux disease in school-age children

Tabamua 5. YacTtota HOYHbIX CUMMTOMOB racTPo330dparearbHON PEeGAIOKCHON BOAE3HU Y AETEN LLKOABHOIO Bo3pacTa

MposBAeHME cumnTOMa

MauueHTbl Symptom manifestation

Patients CMMMNTOM OTCYTCTBYET 1 pa3 B Hepeno | 2-3 pasa B HepeAlo | 4-7 pa3 B HeAeAo
there is no symptom once a week 2-3 times a week 4-7 times a week

ManbuYmKn 127/131 3/131 0/131 1/131

Boys (96,9%) (2,3%) (0,0%) (0,8%)

(n=131)

AeBOYKH 156/160 3/160 2/160 0/160

Girls (97,5%) (1,9%) (1,3%) (0,0%)

(n=160)

Bcero 283/291 5/291 2/291 1/291

Total (97,3%) (1,7%) (0,7%) (0,3%)

Pis 0,774 0,805 0,200 0,269

The table is prepared by the authors using their own data
TabAanua cocTaBAeHa aBTOpaMMU No COOCTBEHHbIM AaHHbIM

Table 6. Proportion of schoolchildren with heartburn taking antacid medication

Tabauua 6. AOAA LUKOABHUKOB C U3XOrOM, NMPUHUMAOWMX aHTaUUAHbIE NpenapaTtbl

MposABAeHME cumnTOMA

MauneHTbl Symptom manifestation

Patients HeT 1 pas B Hepenlo | 2-3 pa3a B HepeAlo | 4-7 pas B HEAEAO
no once a week 2-3 times a week 4-7 times a week

Manbumku 127/131 2/131 1/131 1/131

Boys (96,9%) (1,5%) (0,8%) (0,8%)

(n=131)

AeBOUKH 152/160 3/160 4/160 1/160

Girls (95%) (1,9%) (2,5%) (0,6%)

(n=160)

Bcero 279/291 5/291 5/291 2/291

Total (95,9%) (1,7%) (1,7%) (0,7%)

Pio 0,407 0,821 0,257 0,887

The table is prepared by the authors using their own data
TabAuLa cocTaBAeHa aBTOPaMMU MO COOCTBEHHbIM AAHHbIM
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Fig. 1. Symptoms of gastroesophageal reflux disease in school-age children (%) (the figure is prepared by the authors)

Puc. 1. CumMnTOoMbI racTpoasodareanbHol PedAOKCHOM BOAE3HU Y AETEN LLIKOABHOTO Bo3pacTa (%) (PUCYHOK NMOATOTOBAEH
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Table 7. The proportion of children who scored eight or more points according to the Gerd-Q

Tabauua 7. Nons peTelt, HabpaBLUKMX MO AaHHbIM aHKeTbl Gerd-Q 8 6annoB 1 Honee

Mokasartenb <8 6annoB 28 6annoB
Indicator <8 points 28 points
MaAb4mKK 117/131 14/131
Boys (n=131) (89,3%) (10,7%)
AeBOYKH 150/160 10/160
Girls (n=160) (93,5%) (6,5%)
Bcero 267/291 24/291
Total (91,8%) (8,2%)

Pio 0,172

The table is prepared by the authors using their own data
TabAavua cocTaBAeHa aBTOpamMu No COOCTBEHHBIM AQHHbBIM

schoolchildren experienced nighttime symptoms.
Periodic nighttime symptoms 2-3 times a week
were reported in 2 out of 291 (0.7%) of the surveyed
children. Frequent nocturnal symptoms 4-7 times
a week were observed in only 1/291 (0.3%) child.
No gender differences were found. The results are
presented in Table 5.

The total number of children who occasionally
took antacids was 12 out of 291 (4.1%), with an
equal frequency among girls (8 out of 160, 5%) and
boys (4 out of 131, 3.1%); p=0.407 (Fig. 1). Among
the surveyed schoolchildren who took the medica-
tions at least once a week, there were 5/291 (1.7%)
children, 2/131 (1.5%) boys, and 3/160 (1.9%) girls,
p=0.821. Periodic use of antacids 2-3 times a
week was reported by 5/291 (1.7%) of the respon-
dents, 4/160 (2.5%) of whom were girls and 1/131
(0.8%) of whom were boys, p=0.257. Frequent use
of antacids was observed in only 2/291 (0.7%) of
respondents. The data are presented in Table 6.

A total score of 8 or higher on the questionnaire
indicates a high probability of GERD. The propor-

CHILDREN’S MEDICINE of the North-West

tion of schoolchildren who scored 8 points or more
was 24/291 (8.2%), with 14/131 (10.7%) boys and
10/160 (6.59%) girls, p=0.172. The data are pre-
sented in Table 7.

DISCUSSION

The study found that 8.2% of school-aged chil-
dren scored 8 points or higher on the GERD-Q ques-
tionnaire; 10.7% of boys and 6.5% of girls. This is
slightly lower than in the adult population [1, 2],
but higher than in one pediatric study [10]. The
prevalence of individual GERD symptoms among
schoolchildren was higher. Thus, 19.6% of those
examined reported heartburn, 14.8% experienced
heartburn episodes once a week, and in the re-
maining 4.8% of cases, 2 to 7 times a week. This
is somewhat more frequent than in other studies,
where the prevalence of weekly or troublesome
heartburn among adolescents ranged from 2.7%
to 10% [6, 7, 9]. At the same time, up to 21.3%
of schoolchildren may experience less frequent
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episodes of heartburn (less than once a week) [8].
Unlike other pediatric studies, heartburn was re-
ported with equal frequency among boys and girls.
Regurgitation was observed significantly more
frequently than heartburn—in 35.7% of those exa-
mined (also with equal frequency among boys and
girls) — which is significantly more common than in
other studies [9, 10]. As with heartburn, episodes of
regurgitation occurring no more than once a week
were most common, observed in 26.1% of the chil-
dren examined. Nocturnal GERD symptoms, indi-
cative of a more severe course of the disease, were
observed in 2.7% of schoolchildren. 4.1% of the
examined children resorted to periodically taking
antacids on their own to relieve GERD symptoms.

CONCLUSION

Thus, the use of the GERD-Q questionnaire
improves the detection rate of GERD symptoms,
with heartburn being the most common symptom
among school-aged children, affecting boys in
particular.
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AOMOAHUTEABHAA UHOOPMALIUA

Bknap aBTopos. [.10. Jlatbiwes, M.[I. Jinugep,
H.A. TekyTbeBa — MOUCK nUTepaTypbl, Hanuca-
HWe YyepHOBMKa CTaTbM, OnucaTefibHas 4acTb,
Habop faHHbIX, Mepenucka c pefakumeil XypHa-
na; 10.0. JlobaHos, E.B. CkynapHOB — HayyHoe
PYKOBOACTBO, BHECEHWE 3aMeyaHuil B YepHOBOIA
BapuWaHT CTaTby, yTBEPXEHWNE UTOrOBON BEpCUY,;
B.C. MoHomapés, W.10. bongeHkoBa — popmanb-
Hblii @aHanu3, KOHLENUMs 1 KoHLenTyanusaums.

Bce aBTOpbI BHEC/N CYWECTBEHHbI BKNaj B
npoBefjeHne uccrnefoBaHua U NOAroToBKYy cTa-
TbM, NPOYNU N OA06PUNIN DUHANbHYIO BEPCUID
nepea nyénukaumei.

KoHpnukT nHTepecoB. ABTOpbI AeKnapupytoT
OTCYTCTBUEABHbLIXUMOTEHLNANbHbIXKOH(INKTOB
WHTEPeCcoB,CBA3aHHbIXCNy6aMKaLMenHacTosLen
cTaTby.

WHdopmupoBaHHoe cornacue Ha nybnuka-
uuio. ABTOpbI NOJyYMNN NUCbMEHHOe cornacue
3aKOHHbIX MpeAcTaBuTeNen aHKeTUpYeMblX Ha
Ny6NNKaLNI0 MEAULMHCKUX JaHHbIX.
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ABSTRACT. Introduction. The nutritional status of children with cerebral palsy has been described repeatedly, while
children with severe organic damage to the central nervous system have similar changes. The aim — to determine
the frequency of nutritional deficiency and possible ways of correction in children, pupils of the mercy department
of the orphanage for the disabled. Materials and methods. The design of a single-center retrospective cohort study
assessed the physical development and nutritional status of 113 mercy ward students with severe organic damage
to the central nervous system from 4 to 18 years of age. Results. The study included equal proportions of children
with cerebral palsy (n=38) and spastic tetraparesis (n=39). The study involved children fed through a gastrostomy
tube, 33 of whom had cerebral palsy and three with organic central nervous system damage. Most children included
in the study (n=56; 49.5%) had spastic tetraparesis, GMFCS level 5 of motor activity. According to the GMFCS scale,
level 4 was diagnosed in 3 people (2.5%), and 1 child each with mobility at the GMFCS 2 and GMFCS 3 levels. Other
variants of cerebral palsy included paraplegia and hemiplegia, ataxic-hyperkinetic and mixed variants. Children
with cerebral palsy also had pronounced motor impairments. A third of the entire sample of children (n=36) had
severe malnutrition, another third had mild and moderate severe malnutrition (n=37), satisfactory nutritional
status was diagnosed in 35 children, obesity in 5. Growth retardation of varying degrees of severity was noted
in 17 children. Conclusions. There is a cohort of children who, due to severe organic disorders, have significant,
difficult-to-correct nutritional deficiencies. Nutrition for children with severe neurological pathology requires the
work of a multidisciplinary team of highly qualified specialists (pediatrician, nutritionist, gastroenterologist, speech
therapist, pulmonologist, clinical pharmacologist, kinesiologist, and occupational therapist).

KEYWORDS: children, organic damage to the central nervous system, nutritional status, enteral nutrition, gastrostomy
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Opu T’MHaAbHaA CcTaTbA
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AKTyanbHble NpobAeMbl NUTAHUA A€TEU C OPraHUUYECKUM
nopa)keHuem LEeHTPaAbHOU HEPBHOU CUCTEMbI

M BO3MO)XHbI€ NYTU peLueHUs

Mapusa HukonaeBHa KauvanoBal: 2

1 CaHKkT-lMeTepbyprckuii rocyAapCTBEHHbIN NeAUaTpUUECKU MeAULMHCKKIA YHUBepeuTeT, 194100, r. CaHkT-lMetepbypr, yA. AUTOBCKas,
A. 2, Poccuiickas ®epepaums

2 Aom coumnanbHoro obcayxuBaHusa «Bmecte», 196620, r. CaHkT-lNeTepbypr, r. MaBAoBCK, yA. EAnzaBeTnHeKas, A. 11, Poccuiickas
Pepepauns

Ana untupoBaHma: Kauanosa M.H. AkTyanbHble NpobAeMbl MUTAHWUA AETEN C OPraHUUYEeCKUM NopaxeHWemM LeHTPaAbHON HEPBHOM
CUCTEMbI M BO3MOXHbIe NyTU pelueHus. Children’s Medicine of the North-West. 2026;14(1):97-109.
https://doi.org/10.56871/CmN-W.2026.29.47.008.

Moctynuaa: 06.11.2025 0Opo6peHa: 23.12.2025 Mpunata Kk neuatu: 20.03.2026

PE3IOME. Beegenne. CTaTyc NUTaHUS feTeil C AETCKUM LepebpanibHbiM NapasnMioM OnucaH HEOLHOKPATHO,
Mpu 3TOM [eTU C TAXeNblM OpraHn4yecKUm nopaxeHUeM LeHTpanbHOi HEPBHOW CUCTEMbl UMEIOT CXOXMWE U3-
MeHeHus. Ljenb — onpefenuTb Y4acToOTy Pa3BUTUS HYTPUTUBHOIO feduuuTa 1 BO3MOXHbIE MYTW €ro KOppek-
LMK y feTeil — BOCNUTAHHWKOB OTAENeHns MUnocepams AeTCKoro AoMa-uHtepHaTta uHeanuios. Marepuanbi
u MeTogbl. B nusaiiHe OLHOLEHTPOBOr0 PETPOCNEKTMBHOIO KOrOPTHOrO UCC/IEA0BaHNS OLEHEHO Gu3nyeckoe
pasBuUTUE W HYTPUTUBHbINA cTatyc 113 BOCMUTAHHUKOB OTAENEHUA MUNOCEPANS C TAXKENbIMU NPOSBIEHUAMU
OpraHUYecKoro NopaxxeHus LEeHTpanbHoOi HepBHOW cucTeMbl 0T 4 o 18 neT, npeobnagany et NOAPOCTKOBOrO
U lOHOWeCKOro BospacTa. PesynbTarbl. B uccnefoBaHumu B paBHbIX AONAX NPUCYTCTBOBANW LeTU C OpraHu-
YECKMM MOpaXeHWeM LeHTPasbHON HepBHOI cucTeMbl (N=38) u JeTCKUM Liepe6panbHbiM napanumyom (n=39).
B uccnepoBaHuu nNpuHANW yyactue AeTun, nuTaloLuecs Yepes racTpocTomy, U3 KOTOpbIX 33 UMeNn JeTCKui
LlepebpanbHblid Napanuy, a Tpoe — OpraHNYeckoe NopaXeHWe LeHTPanbHON HepBHOI cucTeMbl. bonblUMHCTBO
(n=56; 49,5%) xapakTepM30BannUCb CNacTUYECKUM TeTpanapesom c ypoBHeM MobunbHocTU GMFCS 5, y Tpomx
(2,5%) oTMeueH ypoBeHb GMFCS 4, 1 no ogHOMy pebeHky — ¢ ypoBHaMKU GMFCS 2 u GMFCS 3. Cpeau Apyrux Ba-
PUaAHTOB JETCKOro LiepebpanbHOro napannya 0TMeYeHbl Napa- h reMunieruu, atakcuyecku-runepkuHeTuYecKmne
U CMeLlaHHble BapuaHThl. [leTu ¢ opraHn4yeckum nopaxeHuem LeHTPasbHON HEPBHOW CUCTEMbI TaKXe UMenu
BbIpaXKeHHble fBUraTeNibHble HapyLweHus. TpeTb Bcell BbIGOpKM AeTel (n=36) nMenu Tsxenyt 6enKoBo-3Hepre-
TUYECKYH HELOCTAaTOYHOCTb, Apyras TPETb — NErKYl0 U YMEPEHHYH 6e1KOBO-3HEPreTUYeCKyH HeJOCTaTOYHOCTb
(n=37), ynoBNETBOPUTENbHbI HYTPUTUBHbII CTATyC AMArHOCTUPOBaH y 35 AieTeil, oXupeHue y 5. 3afiepxka pocTa
pasHoii CTeneHn BblpaXXeHHOCTM 0TMeveHa y 17 peTeil. Boiogbl. CyulecTBYeT KOropTa fieTeil, KoTopble B cuny
CBOWX TSKENbIX OPraHNYecKnX HapyLIeHNii UMeLoT 3HauYnTeNbHble, TPYAHO NOAAALNECS KOPPEKLMK HapyLLeHUs
nutaHus. MnTaHue feTeil ¢ TAXKENOH HEBPOIOTMYECKOIA maTonorueli Tpebyet paboTbl MyNbTUANCLUNIMHAPHOIA
KOMaHAbl CNeLmanmcToB BbICOKON KBanndukaumm (neguatp, [UETONON, FaCTPOIHTEPOION, I0roNed, Ny bMOHO-
O, KNNHUYECKUit papMaKonor, KNHe3nosor, 3proTepanesT).

KJTIOYEBDBIE CJIOBA: getu, opraHnyeckoe nopaxenue LeHTPasbHOi HEPBHOW CUCTEMbI, HYTPUTUBHbINA CTATYC,
9HTepasibHOe NMUTaHue, racTpocToMa

UcTouHuk puHaHcupoBaHUsA. ABTOP 3asBAAET 06 OTCYTCTBUU BHELLHEr0 GUHAHCUPOBAHWA NMPKU NPOBEAEHUU aHAAUTUUYECKOTO 0630pa.
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INTRODUCTION

Organic central nervous system disorders
(OCNSD) is a collective term that encompasses a
group of conditions, the most common of which
are cerebral palsy (CP), congenital malformations
(hydrocephalus, spina bifida, genetic abnorma-
lities), and the consequences of perinatal hypo-
xia (congenital infections, toxic and mechanical
factors, severe neonatal jaundice) [1-5]. In the
current International Classification of Diseases
(ICD-10), the term “organic lesion of the central
nervous system” is coded under F06-F09 “Mental
disorders due to brain injury or somatic disease,”
as well as G90-G99 “Other disorders of the ner-
vous system.” In clinical practice, specific diag-
noses are used (e.g., “consequences of perinatal
hypoxic-ischemic CNS damage,” “symptomatic
epilepsy,” etc.). Statistical data worldwide are col-
lected according to specific nosologies. Thus, the
prevalence of cerebral palsy in developed coun-
tries and the Russian Federation (RF) is 2-3.5 per
1,000 live births [1-7].

In developed countries and the Russian Fede-
ration, the incidence of severe central nervous
system (CNS) disorders has remained relatively
stable over the past 20-30 years. The incidence
of birth defects is declining due to preventive mea-
sures (folic acid supplementation, improved peri-
natal and neonatal screening). At the same time,
with improved survival rates among extremely pre-
term infants, some of them develop CNS malfor-
mations due to genetic abnormalities or other pe-
rinatal causes [2, 7, 8]. According to Rosstat data,
as of 2023, approximately 15,000-18,000 children
with intellectual disabilities—most often severe
or profound — reside in residential care facilities
within the Russian Federation’s social protection
system; these disabilities are primarily caused by
organic damage to the central nervous system’.
Dysphagia? [9, 10], motor impairments [1, 10-12],
an inability to communicate [12], and dependence
on external care [13] create conditions conducive
to the development of malnutrition [14-16].

' Rosstat. Residential care institutions for children with dis-
abilities [website]. Available from: https://www.rosstat.gov.ru/
(accessed: 15 Dec 2025).

Z Common Gastrointestinal Problems in Children with Neuro-
logical Impairments (NI): Evaluation, Treatment and Monitoring.
URL: http://odgru.ru/images/Common_Gastrointestinal_Prob-
lems_in_Children_with_Neurological_Impairments_NI._ESP-
GHAN_Advice_Guide._2019.pdf (accessed: 15.12.2025).
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The prevalence of nutritional deficiencies
among children with severe neurological disor-
ders ranges from 30% to 70%, depending on the
child’s age, the specific condition, and its severity,
and represents a central challenge in the manage-
ment of such patients® [10, 12, 14].Scientific data
clearly indicate that protein-energy malnutrition is
a significant independent factor that shortens the
life expectancy of children with severe neurologi-
cal disorders [17-21].

AIM

To determine the prevalence of nutritio-
nal deficiencies and possible ways to address
them among children in the special care unit of
a residential care home for children with disa-
bilities.

MATERIALS AND METHODS

This single-center retrospective cohort study
evaluated the physical development and nutritio-
nal status of 119 children aged 4 to 18 years with
severe manifestations of cerebral palsy who were
residents of a special care facility.

Somatometric measurements (height, weight)
of low-mobility patients with pronounced body
deformities, intellectual disability, and severe
behavioral disorders sometimes present certain
difficulties and can significantly distort the actu-
al picture [22-28]. For children with severe motor
impairments, a segmental method of measuring
height based on lower leg length was used (Ta-
ble 1) [26, 27, 29].

Estimated height was calculated using the pro-
vided formulas based on age, and during puberty,
based on sex. Measurement errors could reach
1.5¢cm [27, 29].

The children’s body weight was measured
using electronic floor scales, which were cali-
brated before each measurement. Children who
were unable to stand were weighed using the tare
method [27, 29] while held by staff, with the weight
of the person weighing them subtracted. The fre-
quency of measurements varied depending on the
feeding method: once every 3 months for orally
fed children; once a month for children receiving
tube feeding and gastrostomy feeding; once a
week or more frequently in cases of weight loss.

¥ Ibid.
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Table 1. Formulas for calculating body length by shin length in patients with limited mobility [27, 29]

Tabauua 1. Dopmyabl pacyeta AAMHbI TeAa MO AAMHE TOAEHW Y MAaAOMOBUAbHBIX NauMeHToB [27, 29]

Up to 12 years old

Bospact dopmyna
Age Formula
Ao 12 net Poct (cm) = (3,26 - Al (cm) + 30,8

Height (cm) = (3.26 - SL (cm) + 30,8

ManbumkK, cTapiue 12 aet
Boys over 12 years old

Poct (cm) = 64,19 - 0,04 - Bo3dpacT (roabl) + 2,2 - AT (cMm)
Height (cm) = 64.19 - 0.04 - Age (years) + 2.2 -SL (cm)

AeBouKkH, cTaplie 12 net
Girls over 12 years old

PocT (cm) = 84,88 - 0,24 - BospacTt
Height (cm) = 84.88 - 0.24 - Age (years) + 1.83 - SL (cm)

(
)
(roabt) + 1,83 - Al (cm)
)

Note: SL — shin length.
MpumeyaHue: Al — AAMHA TOAEHU.

Hata
7o)
Bec/poct

oL Oz

Bospacr
Ouera " =5r 7

PBota

, 4aCTOTa PBOTbI
LIBET, KOHCUCTEHUMA

OueHouHan wkana

0 2 4 6 8 10

Ouenute no wxane criegyolee:
Towrora Bone

0123456780140 012345670910

AnneTut
012345678910

Hacrpoervie
0

12345

, CTyn

3asTpak / nepsoe 611040

3aBTpak / 8BTOpOE 6NI0A0

Bropoii 3aBTpak

06epn / nepsoe 6n000

O6epn / 8TOPOE 61040

YxuH

YxuH

Nepepn cHom

JlononHUTENBHBIE MPYEMBI MLLIA

OTmeTkTe, KaKoi 0GHEM NATAHNS YAANOCH ChECTb CErofHs

. KPATHOCTb

0% 25% 50%  75%

100%

Fig. 1. Nutrition diary filled out by the nursing staff (figure provided by the author)

Puc. 1. AHEBHUK MUTaHKA, 3aNMOAHEHHbINA CPEAHUM MEAULIMHCKUM NEPCOHAAOM (PUCYHOK NPEeAOCTaBAEH aBTOPOM)

To assess the children’s physical development,
Z-scores were used with software recommended
by the World Health Organization (WHQ): WHO
Antro (for children aged 0 to 5 years) and WHO
Antro Plus (for children over 5 years of age),

100 Volume 14 N1 2026

as well as a modified version of its mobile app,
AntroCalc [27]. For children with cerebral palsy,
in accordance with WHO recommendations, spe-
cial percentile curves were used to assess height,
age, and body mass index (BMI), depending on the
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degree of gross motor impairment, gender, and
feeding method [27]. In our study, percentile va-
lues were converted to Z-scores according to the
conversion table [27].

Meal provisions for children residing in social
care facilities for people with disabilities are re-
gulated by St. Petersburg Government Resolution
No. 1284 of December 29, 2014, “On the Approval
of Nutritional Standards in Social Service Orga-
nizations in St. Petersburg” (as amended on July
18, 2025)". For patients requiring additional the-
rapeutic nutrition, the amount of food consumed
was assessed by nursing staff using a specia-
lized food diary (Fig. 1), which was filled out daily.
Subsequently, dietary analysis was conducted by
a physician with a parallel assessment of nutri-
tional status. The results of the two-week dietary
log made it possible to identify children who re-
gularly did not finish the offered portion of food,
as well as children with dysphagia, and to deter-
mine its severity. Children who were fed orally,
most often with pureed food, over a prolonged
period and whose feeding did not meet physio-
logical norms — as confirmed by low physical
development indicators — became candidates for
the introduction of supplemental therapeutic nu-
trition [28-30].

The diagnosis of malnutrition and its severity
were determined in accordance with WHO recom-
mendations [26].

Permission to conduct the study was obtained
from the independent ethics committee of the
St. Petersburg State Pediatric Medical University
of Ministry of Health of Russia.

Statistical analysis of the results was per-
formed using Microsoft Excel (Microsoft 365 ver-
sion, 2025-2026) with descriptive statistical
methods and nonparametric methods.

RESULTS

The study included equal numbers of oral-
ly fed children with OCNSD (n=41) and cerebral
palsy (n=37). The group of children fed via gast-
rostomy was combined: it consisted primarily
of children with cerebral palsy (n=38) and three

" Resolution of the Government of St. Petersburg of
December 29, 2014 No. 1284 “On Approval of Nu-
trition Standards in Social Service Organizations
of St. Petersburg” (as amended on July 18, 2025). URL:
https://docs.cntd.ru/document/822404350 (accessed:
12.12.2025).
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children with OCNSD. The age distribution is pre-
sented in Table 2. Adolescents predominate in
the groups.

Among patients with OCNSD, the majority of
children have a history of hypoxic-ischemic CNS
damage.

The following neurological disorders are inclu-
ded in the spectrum of this condition:

* moderate to severe intellectual disability, with

or without behavioral disturbances;

e chromosomal disorders, such as Down syn-
drome, Pierre Robin syndrome, and Franc-
eschetti syndrome;

« structural and symptomatic epilepsy, including
drug-resistant epilepsy;

* Duchenne muscular dystrophy;

e an atypical form of adrenoleukodystrophy (in-
herited peroxisomal disorders);

» malformations of the brain and spinal cord.

Most of the children included in the study had
spastic tetraparesis (n=654; 54.6%) and a GMFCS
Level 5 motor activity score (n=68; 57.1%). Accor-
ding to the GMFCS scale, 6 (5.0%) patients were
diagnosed with Level 4, 4 (3.4%) with Level 3 mo-
bility, 2 (1.7%) with Level 2, and 40 (33.6%) with
Level 1 or no motor impairments. Among other
variants of cerebral palsy: ataxic-hyperkinetic (n=7;
5.9%), atonic-asthenic (n=2; 1.7%), and mixed vari-
ants (n=2; 1.7%). It should be noted that children
with CNS disorders also had pronounced motor
impairments.

Since 2019, patients with severe CNS damage
who have reached the age of 18 have been trans-
ferred to psychoneurological residential facilities
until they reach the age of 24% 3. The longer stay of
patients over the age of 18 in residential care faci-
lities for people with disabilities is due to their phy-
sical and mental development, as well as signifi-
cant limitations in their self-care skills. It should be
noted that the latest WHO consensus documents

2 Ministry of Labour and Social Protection of the Russian
Federation. Order No. 305n of 14 May 2025 “On Approval of the
Rules for Organizing the Activities of Social Service Organizations
and Their Structural Units” [Internet]. Available from: https://
legalacts.ru/doc/postanovlenie-mintruda-rf-ot-08082002-n-54/
(accessed: 15 Dec 2025).

3 Ministry of Labour and Social Development of the Russian
Federation. Resolution No. 54 of 8 August 2002 “On Approval
of Methodological Recommendations for the Organization of
Activities of State (Municipal) Residential Institutions for Chil-
dren with Intellectual Disabilities” [Internet]. Available from:
https://normativ.kontur.ru/document?moduleld=1&documen-
t1d=500399 (accessed: 15.12.2025).
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Table 2. Age composition of groups

GASTROENTEROLOGY

Tabauua 2. Bo3pacTHoM cocTas rpynn

AND DIETOLOGY

n=119 (100%)

pynna P
MpusHak Group a3AMUUA MEeXAY
. rpynnamu
Sign Ne 1 OMUHC Ne 2 AUN Ne 3 TCT Statistics
OLCNS cP GST
MepBoe AETCTBO 1(2,4%) 3(8,1%) 9 (22,0%) 0,013
First childhood P173=0,021
n=13 (10,9%)
Btopoe aeTtcTtBO 7 (17,1%) 13 (35,1%) 19 (46,3%) 0,017
Second childhood Pl_3=0,025
n=39 (32,8%)
MoApPOCTKOBbLIN BO3pacT 3(7,3%) 4 (10,8%) 3(7,3%) 0,820
Adolescence
n=10 (8,4%)
HOHoLwweckui Bo3pacT 30 (73,3%) 17 (45,9%) 10 (24,4%) <0,001
Youth age P,5<0,001
n=57 (47,9%)
UToro 41 (34,5%) 37 (31%) 41 (34,5%) 119 (100%)
Total

The table is prepared by the authors using their own data
TabAuua cocTaBAeHa aBTopamu no CcO6CTBEHHbIM AQHHbIM
Note: GST — gastrostomy; CP — cerebral palsy; OLCNS — organic lesion of the central nervous system.
Mpumeuanue: ICT — ractpoctoma; ALUM — aeTckuit uepebpanbHbii napaany; OMLUHC — opraHuyeckoe nopaxeHne LeHTpaAbHOM

HEepPBHOW CUCTEMBI.

Table 3. Structure of physical development and nutritional status of pupils of the nursing department

Tabauua 3. CTpykTypa GU3MYECKOrO PA3BUTUSI U HYTPUTUBHOIO CTaTyca BOCMUTAHHUKOB OTAEAEHWUA MUAOCEPAUS

Mepuopbl peTcTBa
Childhood periods
BTOpOE . . | Bcero

HyTputuBHBIN cTaTyc nepBoe AETCTBO | AETCTBO MOAPOCTKOBBIN | FOHOLIECKUN | 1ot
Nutritional status first childhood second BgSIpaCT BOS[.;laCT n=119

n=13 childhood | 290'escence | youthage | 4009,

(10,9%) n=39 n=10 n=57

’ 0, 0,
(32,8%) (8,4%) (47,9%)

YAOBAETBOPUTEABHbIN 7 (53,8%) 16 (41,0%) |3 (30,0%) 16 (28,0%) 42 (35,3%)
Normal
N\erkas HeAOCTaTOYHOCTb NUTaHUA | 3 (23%) 7 (17,9%) 2 (20,0%) 12 (21,0%) 24 (20,2%)
Mild malnutrition
YMepeHHas HeAOCTaTOYHOCTb 1(7,7%) 10 (25,6%) | 1 (10,0%) 8 (14,0%) 20 (16,8%)
nuTaHus
Moderate malnutrition
Taxenas HEAOCTATOYHOCTb NUTaHus | 2 (15,4%) 4 (10,3%) 4 (40,0%) 20 (35%) 30 (25,2%)
Severe malnutrition
M36bITouHas Macca Tena 0 0 0 0 0
Overweight
OxupeHue 0 2 (5,1%) 0 1(1,75%) 3 (2,5%)
Obesity
3apepxka pocta 2 (1,8%) 1 (0,9%) 0 1 (0,9%) 4 (3,4%)
Stunting
BbipaxeHHan 3apepxka pocTa 0 2 (1,8%) 3 (2,6%) 8 (7,1%) 13 (10,9%)
Growth retardation

The table is prepared by the authors using their own data
TabAuua cocTaBAeHa aBTOpPaMMU MO COOCTBEHHbIM AaHHbIM
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on age categories define adolescence as exten-
ding up to age 25" [26, 27].

Deviations in physical development and nutri-
tional status among children with CNS disorders
are presented in Table 3. It should be noted that
35 (31%) children were diagnosed with average
physical development and satisfactory nutritional
status.

Among the study cohort, normal nutritional sta-
tus was determined in 42 (35.3%) children. In per-
centage terms, children in the younger age group
predominated (53.8%), while the lowest number of
children without nutritional disorders was among
adolescents (28%). Severe protein-energy mal-
nutrition was diagnosed in 30 (25.2%) children,
primarily among adolescents (n=4, 40%) and
young adults (n=20, 35%). Obesity was observed
in 5 patients from different age groups. Growth
retardation was observed in every age group. Se-
vere growth retardation was also characteristic of
young adult residents — 8 (7.1%).

Motor impairments worsened the nutritional
status of the children. In most cases, normal nu-
tritional status was observed in children with mi-
nimal motor impairments (n=23; 53.7%). Severe
motor impairments were mostly associated with
severe malnutrition (n=27; 39.7%). Obesity was
more common in the group of children with severe
cerebral palsy (n=4; 5.9%) (Fig. 2).

Depending on the feeding method, the sub-
jects were distributed as follows: 43 (36.1%)
children characterized by limited mobility and
severe dysphagia were fed via gastrostomy; 35
(29.4%) children with moderate and mild dys-
phagia received pureed food from the family ta-
ble; 47 (39.5%) patients were fed according to
age-appropriate standards. Among the children
receiving feeding via a gastrostomy, 12 had a
tracheostomy, and one child was on continu-
ous mechanical ventilation. The feeding rate
was determined by the child's physiological
capabilities. However, frequent rumination, hy-
perkinesis, convulsive syndrome, maintenance
of pathological muscle tone, and the tendency
of children with severe neurological pathology
to induce vomiting on their own led to severe nu-
tritional deficiency.

Methods for correcting nutritional status dis-
orders in neurological patients are currently not
standardized, and there are no clinical guidelines

' The WHO Child Growth Standards. URL: https://www.who.
int/tools/child-growth-standards (accessed: 15.12.2025).
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for the nutrition of children with central nervous
system disorders. At the same time, studying the
nutritional status of children with central nervous
system disorders and developing a general algo-
rithm for its assessment and correction will im-
prove the quality of life for these patients.

Choosing a feeding method. For children with
no safety or efficacy restrictions regarding food in-
take, the diet was selected based on the presence
of comorbid conditions. A standard diet was de-
fined as one balanced in terms of caloric content
and macronutrients — proteins, fats, and carbohy-
drates — in accordance with age-specific guide-
lines for residents of care facilities for people
with disabilities? [31]. A general pureed diet was
prescribed for children with an intact swallowing
reflex but clear signs of dysphagia, rated at 2-3
on the EDACS scale. In cases of childhood obesi-
ty, restrictions on simple carbohydrates and fats
were prescribed, along with an increase in fiber
intake. In cases of low weight gain or nutritional
deficiency, the possibility of supplemental feeding
with a therapeutic formula was considered, either
orally, via a feeding tube, or by adding it to foods
(porridge, cottage cheese, yogurt) [32-34].

Meal frequency and portion size. Portion
sizes and meal frequency are established in
accordance with St. Petersburg Government
Resolution No. 1284 of December 29, 2014, “On
the Approval of Nutritional Standards in Social
Service Organizations of St. Petersburg,” which
regulates the daily food intake for orphaned
children in residential social service facilities?®.
Children who could feed themselves were fed 5
times a day; those fed via gastrostomy were fed
6 times a day; in cases of diagnosed nutritional
deficiency, tube feeding was added to the 5-meal
regimen [27, 33, 34].

Methods of feeding children with severe
dysphagia. In children with severe impairments
in the effectiveness and safety of oral feeding
(EDACS IV-V), tube feeding was initiated. If the
need for tube feeding persisted for more than
a month, a gastrostomy was performed [10,
27, 34]. Balloon “tailed” gastrostomies were
most commonly used for children with severe

2 Resolution of the Government of St. Petershurg of Decem-
ber 29, 2014 No. 1284 “On approval of nutrition standards in
social service organizations of St. Petersburg” (as amended on
July 18, 2025). URL: https://docs.cntd.ru/document/822404350
(accessed: 12.12.2025).

3 Ibid.
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Fig. 2. Nutritional Status Characteristics Relative to the Degree of Gross Motor Function Impairment (the figure is

prepared by the author using their own data)

Puc. 2. XapakTepucTuka HyTPUTHBHOIO CTaTyca B 3aBWCUMOCTH OT CTEMEHW HapyLleHUst BOAbLUMX MOTOPHbLIX GYHKLMMA

(PMCYHOK NOArOTOBAEH aBTOPOM MO COBCTBEHHbLIM AAHHbIM)

multiple impairments [34-36]. The more physio-
logical bolus method of feeding formula was used
most frequently. In cases of vomiting and regur-
gitation caused by frequent concomitant gastroe-
sophageal reflux (GER), we switched to enteral drip
feeding [36-39].

Nutritional guidelines for children with feeding
tubes. Patients with stomas or feeding tubes were
fed six times a day; between feedings, the children
were given water. In cases of illness, GERD exa-
cerbations, frequent regurgitation, or weight loss,
we switched to frequent, small feedings, reducing
the volume of formula per feeding and increasing
the frequency of feedings while maintaining the
daily volume and caloric intake. If frequent, small
feedings were ineffective, we resorted to drip
feeding. Difficulties with drip feeding may be due
to the need for the patient to remain immobile;
therefore, such feeding was performed more often
at night' [29, 33, 34, 36]. The calculation of the vo-
lume of therapeutic formula provided in inpatient
social care facilities is governed by St. Petersburg
Government Resolution No.12842 of December 29,
2014, and was conducted taking individual cha-
racteristics into account.

' Dietetic Management of Children with Neurological Impair-
ments (NI). URL: http://odgru.ru/images/Dietetic_Management_
of_Children_with_Neurological_Impairments_NI._ESPGHAN_Ad-
vice_Guide._2019.pdf (accessed: 15.12.2025).

2 Government of Saint Petersbhurg. Resolution No. 1284 of 29
December 2014 “On Approval of Nutrition Standards in Social Service
Organizations of Saint Petershurg” (as amended on 18 July 2025) [In-
ternet]. Available from: https://docs.cntd.ru/document/822404350
(accessed: 12.12.2025).

DISCUSSION

There is evidence of differences in physical de-
velopment [10, 12-16, 25], nutritional status [10,
16, 22-24, 28], and body composition in children
with OCNSD [10, 13, 22, 28] compared to neuroty-
pical children. Measurements of basic indicators
of physical development (height and body weight)
in children with limited mobility differ from those in
typically developing children [12, 15, 29]. Methods
for assessing physical development and nutritional
status also differ [10, 12, 14, 15]. The WHO website
provides charts and tables for assessing physical
development and nutritional status in children with
cerebral palsy based on motor activity levels on
the scale GMFCS® [26, 27] and certain genetic syn-
dromes (trisomy 21, Noonan syndrome)*. Previous
studies on the nutritional status of children with ce-
rebral palsy have shown that children with minimal
motor impairments may be classified as typically de-
veloping according to AntroCalc, whereas children
with limited mobility, when classified as typically de-
veloping, will exhibit significant nutritional deficien-
cies and severe growth retardation [12, 14, 23, 25].
Given the high prevalence of nutritional disorders in
children with CP [12, 14, 23, 25] and OCNSD, the cor-
rection of malnutrition in this patient populationis a
critically important component of therapy, directly
affecting prognosis and life expectancy [19, 20].

3 Growth Charts for Cerebral Palsy» Life Expectancy. Project.
URL: https://www.lifeexpectancy.org/articles/GrowthCharts.
shtml (accessed: 12.12.2025).

* The WHO Child Growth Standards. URL: https://www.who.
int/tools/child-growth-standards (accessed: 15.12.2025).
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In Russia, there are no clinical guidelines for the
nutrition of children with severe organic CNS dis-
orders and cerebral palsy. Based on the regulatory
framework and available scientific literature, the Mi-
loserdie Department has developed a standardized
algorithm for diagnosing malnutrition and selec-
ting individualized nutrition plans for the facility’s
residents. There is a cohort of children who, due
to their severe organic disorders, have significant
nutritional disorders that are difficult to correct.

CONCLUSION

One-third of the residents (n=42; 35.3%) at the
social care facility had a satisfactory nutritional
status. Severe malnutrition was diagnosed in 30
(25.2%) residents, primarily among adolescents
(n=4; 40%) and young adults (n=20; 35%). One-
third of the residents with severe swallowing dis-
orders — dysphagia — require additional feeding
devices (gastrostomies). Feeding via gastrosto-
my is most commonly provided to children in late
childhood (n=19; 46.3%), early childhood (n=9;
22%), and adolescence (n=10; 24.4%).

Feeding children with severe neurological dis-
orders requires the work of a multidisciplinary
team of highly qualified specialists (pediatrician,
dietitian, gastroenterologist, speech therapist,
pulmonologist, clinical pharmacologist, kinesio-
logist, occupational therapist). Providing ade-

FTACTPO3HTEPOAOIMA U AUETOAOTUA

quate nutrition and treatment for children with
neurological disorders entails very high financial
costs. The organization of nutrition for children
in social care facilities requires improvements to
the regulatory framework, development of clinical
guidelines, and further scientific research.
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AONOAHUTEAbHAA UHO®OPMALUA

ABTOp npounTan u ogo6pun GuHanbHy Bep-
CUi0 nepea nybnukauue.

KoHpnukT uHTepecoB. ABTOp feknapupyeTt
OTCYTCTBME AIBHbIX U NOTEHLWANbHbIX KOHPANK-
TOB MHTEPECOB, CBA3aHHbIX C Mybnukaymeii Ha-
CTOSILLEN cTaTbMu.

WudopmupoBaHHOe cornacue Ha nyb6nmkauuio.
ABTOp nonyyun NUCbMEHHOE cornacue 3aKOHHbIX
npeLcTaBuTENE NALMEHTOB Ha Ny6aMKauuio Me-
AULWMHCKUX faHHbIX.
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ABSTRACT. Introduction. Evaluation of diagnostic efficiency of leukocyte indices in differential diagnostics of
acute abdominal pain in children under 6 years of age, with identification of the most informative indicators, is a
highly relevant task of modern pediatrics. The solution to this problem can significantly improve the accuracy of
diagnostics, reduce the incidence of complications and optimize patient management tactics. The aim — to evalu-
ate the efficiency of integral leukocyte indices in differential diagnostics of acute abdominal pain in children of
the first 6 years of life. Materials and methods. A retrospective cohort study of 130 children was conducted (acute
appendicitis n=35; functional bowel disorders: n=40; control: n=55). Based on the general blood test data, 13 inte-
gral leukocyte indices were calculated. Statistical analysis was performed using nonparametric methods. Results.
High differential potential was revealed for the following indices: erythrocyte loading coefficient (0.88+0.76 con-
ventional units for acute appendicitis, compared with 0.53+0.33 conventional units for functional bowel disorders;
p=0.006), immunolymphocytic potential (147.41+177.87 conventional units for acute appendicitis, compared
with 287.21+272.83 conventional units for functional bowel disorders; p <0.001), leukocyte intoxication index
(4.84+5.58 conventional units for acute appendicitis, compared with 0.86+1.29 conventional units for functional
bowel disorders; p <0.0001), modified leukocyte intoxication index (4.32+3.24 conventional units for acute appen-
dicitis, compared with 3.2742.57 conventional units for functional bowel disorders; p <0.01), reactive neutrophil
response (15.54113.07 conventional units in acute appendicitis compared to 9.21+15.36 conventional units in
functional bowel disorders; p >0.05), body resistance index (5.82+9.69 conventional units in acute appendicitis,
compared to 33.59+13.66 conventional units in functional bowel disorders; p <0.001), lymphocyte-granulocyte
index (2.45£3.31 conventional units in acute appendicitis, compared to 5.72+7.98 in functional bowel disorders;
p <0.05). Moderate value was noted for blood leukocyte shift index and Krebs index, but with limitations. Low signi-
ficance was revealed for cell-phagocytic potential, leukocyte ratio and erythrocyte sedimentation rate, nuclear index
of endotoxicosis — no significant differences, for allergic predisposition of the body — nonspecificity. Conclusions.
The combination of erythrocyte loading coefficient, immunolymphocytic potential, leukocyte intoxication index,
modified leukocyte intoxication index, body resistance index, blood leukocyte shift index, lymphocyte-granulocyte
index demonstrated the greatest potential for differential diagnosis of acute appendicitis and functional bowel
disorders in children under 6 years of age. Validation on an independent cohort and clarification of threshold
values are necessary for implementation in clinical practice.

KEYWORDS: acute abdominal pain, differential diagnosis, leukocyte indices, children
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FTACTPO3HTEPOAOIMA U AUETOAOTUA

OerMHaI\bHaH cTaTtbA

https://doi.org/10.56871/CmN-W.2026.74.31.009

OueHka 3¢pPeKTUBHOCTU NPUMEHEHUA A€eUKOLUTAPHbIX
WHAEKCOB npu audpdpepeHuMarbHOU AUArHOCTUKE
OCTpoUu 60AM B )KUBOTE Y A€TEU NEPBLIX 6 AeT XXU3HU

PaBua ®atkyancasmoBmy MaxmyToB, Neb AnekcaHApoBMY HOBUKOB

AOHELIKMI rOCyAapPCTBEHHbIN MEANLIMHCKUI yHUBepceuTeT UM. M. Topbkoro, 283003, r. AoHeuk, np. Uabuua, A. 16, AoHeukasn
HapoaHas Pecnybavka, Poccuiickaa ®epepaums

Ans uutupoBaHus: MaxmytoB P.®., HoBukoB " A. OueHka apdEKTUBHOCTU NPUMEHEHUSI AeMKOLMTAPHbIX MHAEKCOB Mpu AUddepeHLm-
anbHOM AMArHOCTHMKE OCTPOM BOAK B XMBOTE Yy A€TEN NepBbix 6 AeT XuU3HW. Children’s Medicine of the North-West. 2026;14(1):110-125.
https://doi.org/10.56871/CmN-W.2026.74.31.009.

MocTtynuaa: 21.10.2025 OpobpeHa: 17.12.2025 MpuHAaTa K neuatu: 20.03.2026

PE3IOME. Beegenne. OLeHKa JUarHoCTUYecKoii ahpdeKTUBHOCTY NEAKOLMTAPHbIX MHLEKCOB Npy AnddepeHumans-
HOW AWarHOCTUKe OCTPOI abaoMuHanbHoOI 601K y fieTell B Bo3pacTe [0 6 NieT ¢ BbifiBNEHNeM Hanbonee MHGopma-
TWUBHbIX NOKasaTesnieli — BbICOKOAKTyasbHasi 3ajjaya COBPEMEHHOIA Neanatpum. PelueHne 3aToii npo6nembl MOXeT
CYLL,eCTBEHHO NOBbICUTb TOYHOCTb AUArHOCTUKU, CHU3UTb YaCTOTY OC/IOXXHEHWI M ONTUMU3NPOBATL TaKTUKY BeAeHNA
nauueHToB. Ljesib — oueHnTb 3Q(EKTUBHOCTb MHTErPanbHbIX NEWKOLMUTAPHbIX MHLEKCOB Npu AnddepeHLmanbHom
ANarHocTMKe OCTPOW 60Mn B XXUBOTE Y AeTel NepBbIX 6 NeT xu3Hu. MaTepuanbl n MeTogbl. [poBefeHO PeTPOCTEK-
TUBHOE KOoropTHoe uccnegoBaHue 130 geteit (oCcTpblil anneHAMLMT: N=35; GYHKLMOHANbHbIE HAPYLIEHWUA KULIEYHMNKA:
n=40; KOHTPONb: N=55). Ha 0CHOBE AaHHbIX 06LLEro aHanu3a KPoBM paccuynTaHbl 13 MHTErpanbHbIX NEAKOLUTAPHbIX
nHpekcoB. CTaTMCTMUYECKNiA aHann3 BbIMONHEH C UCNO/Ib30BaHWEM HenapaMeTpuyeckux MeTofoB. Pe3ynbTarsl.
Bbicokuii auddepeHumanbHbli NOTEHLMAN BbISBAEH Y CNEAYIOWMX UHAEKCOB: Harpy304HbIA 3pUTPOLUTAPHBIA KO-
abduumenT (0,88+0,76 ycn. en. npu ocTpoM anneHanuuTe B cpaBHeHuu ¢ 0,53+0,33 ycn. ed. npu GyHKLMOHANbHbIX
HapyLLeHUAX KnieyHuka; p=0,006), uMMyHonuMboLMTapHblii noTeHuuan (147,41+177,87 ycn. e4. npu OCTPOM anmneH-
AVLNTE B CpaBHeHUM ¢ 287,214272,83 ycn. eA. npu GYHKLUMOHANbHbIX HApYLLEHUsX KuleyHuka; p <0,001), neitkoum-
TapHbIit UHAEKC MHTOKCUKaLu (4,8415,58 ycn. ed. npu ocTpoM anneHanuuuTe B cpaBHeHum ¢ 0,8611,29 yen. ed. npu
(yHKUMOHANbHDBIX HApYLLEHUAX KULWEeYHMKa; p <0,0001), neiikouuTapHblil UHAEKC MHTOKCUKALMM MOANDULMPOBAHHDII
(4,3243,24 ycn. eq. Npu OCTPOM anmneHANLUTE B CPaBHEHUN ¢ 3,27+2,57 ycn. eA. npu GYHKLUOHANbHbIX HapyLLEHUSX
KuLeyHuKa; p <0,01), peakTuBHbIiA 0TBET HeliTpodpunos (15,54413,07 ycn. eA. Npu OCTPOM anneHANLUTE B CPaBHEHUM
¢ 9,21115,36 ycn. ea. npu GyHKLUMOHANbHbIX HAPYLIEHNAX KULWEYHUKA; p >0,05), UHAEKC Pe3UCTEHTHOCTM OpraHu3Ma
(5,8249,69 ycn. en. Npu OCTPOM anneHAMLMTE B cpaBHeHuM ¢ 33,59+13,66 ycn. ed. Npu GYHKLMOHAbHbIX HapyLIeHN-
X KuLWeyHuKka; p <0,001), nHaeke nuM@oumMTapHo-rpaHynouuTapHblii (2,453,317 ycn. eA. Npu ocTPOM anneHauuuTe
B CpaBHeHUM ¢ 5,72+7,98 ycn. ef. Npu GYHKLUMOHAbHbIX HapyLWeHUsX KUWeYHUKa; p <0,05). YMepeHHas LieHHOCTb
OTMeYeHa Y MHAEeKca CBUra NeiikoLmMToB KPOBM U MHAeKca Kpebea, Ho ¢ orpaHuyeHusiMn. Huskas 3HaunmocTb Bbl-
SIBNIEHA Y KNETOYHO-(haroLMTapHoOro noTeHLMana, tHAEKCa COOTHOLLEHMS NEAKOLMTOB U CKOPOCTM 0CeaHUs 3PUTPO-
LMTOB, Y AEpHOro UHAEKCa 3HAO0TOKCMKO3a — OTCYTCTBME 3HAUYMMbIX PasNuymid, y annepruyeckoit HaCTPOEHHOCTH
opraHuama — HecneumduyHocTb. BbiBogbl. KOMOMHALMA Harpy304HOTO 3PUTPOLUTAPHOIO KOG UL MEHTA, UMMYHO-
AMMOoLMTapHOro NoTeHLNana, NeiikoLUTapHoOro MHAEKCA MHTOKCUKALIMW, NEKOLUTapHOr0 MHAEKCA MHTOKCHUKALMK
MOAMGOULMPOBAHHOTO, PEaKTUBHOMO OTBETA HEMTPOGUIOB, MHAEKCA PESUCTEHTHOCTU OpraHu3Ma, MHAEeKca caBura
NeiikOLMTOB KPOBH, MHAEKCA IMM(OLUTApPHO-TPaHYIOLUTapHOro NPOLEMOHCTPUPOBANa HanbonbLLNiA NOTeHLan
ans puddepeHunanbHON ANarHOCTMKM OCTPOro anneHanunuTa U GYHKLMOHANbHbIX HapyLWeHU KUIIEeYHUKa Y AeTen
40 6 net. [1ns BHELPEHUS B KIMHUYECKYIO NPAKTUKY HEOOXOANMA BaNMAaLMa Ha He3aBUCUMOM KOrOpTe U YTOYHEHNe
MOPOroBbIX 3HAYEHWIA.

KJNTIOYEBDBIE CJIOBA: ocTpas a6joMuHanbHas 60k, AN pepeHLnanbHas narH0CTUKa, NeifKOLNTapHbIE UHAEKCHI, AETU

UcTouHUK GpUHAHCUPOBAHUA. ABTOPbI 3aSABASIOT 06 OTCYTCTBMU BHELLHErO GUHAHCUPOBAHMSA NPW NPOBEAEHWU UCCAEAOBAHMUS.

X PaBua ®atkyancaamosmy Maxmytos. E-mail: ravilclassic@yandex.com

© MaxmyToB P.®., Hosukos I".A., 2026

CHILDREN’S MEDICINE of the North-West 2026 Tom 14 Ne 1 111
ISSN 3034-6312 (Print) ISSN 3034-6320 (Online)



INTRODUCTION

Acute abdominal pain (AAP) is the most com-
mon reason for referral to a pediatric surgeon in
children under 6 years of age [1, 2]. Between 10%
and 25% of children experience recurrent episodes
of abdominal pain over the course of a year, yet
only 2% to 4% of them seek medical care [1-3]. In
the breakdown of emergency surgical procedures
on abdominal organs, appendectomy accounts for
80%, diagnostic laparoscopy for 11%, acute gyne-
cological pathology for 5%, abdominal trauma for
2%, other conditions — 2%, of which 1% is intestinal
obstruction [1-3]. Overall, complaints of abdomi-
nal pain in children rank second in frequency af-
ter infectious diseases in pediatric practice [2, 3].
This symptom serves as a nonspecific marker for
a wide range of conditions — from transient func-
tional disorders to life-threatening surgical patho-
logies — with up to 60% of episodes of acute ab-
dominal pain remaining etiologically unrecognized
at the initial stage [4, 5, 7].

The key diagnostic challenge is to distinguish
conditions requiring urgent surgical intervention —
such as acute appendicitis (AA), intussusception,
and peritonitis — from conditions that can be
managed conservatively or do not require active
treatment (functional bowel disorders (FBD), gas-
troenteritis, mesadenitis) [6]. Delayed detection of
surgical pathology or unwarranted surgical inter-
vention is associated with high risks of complica-
tions and an unjustified burden on the child and the
healthcare system [2, 4, 7].

The differential diagnosis of acute abdominal
pain is particularly challenging in preschool-aged
children (<6 years) for the following reasons:

« the nonspecific nature of the clinical pre-
sentation (symptoms of AAP and other acute
surgical conditions — such as pain, vomiting,
fever, refusal to eat) are virtually indistinguis-
hable from the manifestations of common vi-
ral infections, gastroenteritis, and functional
abdominal pain) [8, 9];

e limited communication (a young child cannot
accurately describe the nature, location, and
intensity of pain) [8, 9];

« difficulties with physical examination (assess-
ment of the abdomen is often hampered by the
child’s fear, restlessness, and muscle guar-
ding, which reduces the informative value of
physical findings, including signs of peritoneal
irritation) [9, 10];
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* high frequency of complications (due to dia-
gnostic difficulties, children under 6 years of
age with acute appendicitis are admitted to the
hospital at the stage of perforation in 43-72%
of cases, with the development of peritonitis
and sepsis) [7];

the standard diagnostic algorithm includes
a clinical evaluation and a complete blood
count (CBC), with a focus on leukocytosis;
however, it has extremely low specificity [11].
Leukocytosis is observed in bacterial infec-
tions, viral diseases, stress reactions, and
many non-surgical causes of AAP. Its level
does not allow for reliable differentiation of
AA from FBD or other inflammatory non-sur-
gical conditions. The lack of accessible, rapid,
and objective laboratory tests to distinguish
between surgical and non-surgical causes of
AAP in preschoolers remains one of the key
unresolved problems, leading to delays in vital
surgery or to unnecessary surgical interven-
tions [9, 12].

In this context, the use of calculated leuko-
cyte indices (LI) derived from standard CBC data
appears to be a promising approach. These com-
posite indices (such as the leukocyte shift index,
leukocyte intoxication index, neutrophil-to-lympho-
cyte ratio, etc.) combine information about vari-
ous leukocyte subpopulations and their ratios. In
theory, they are capable of reflecting the degree
and nature of the systemic inflammatory response
(bacterial and viral, acute and chronic) and the se-
verity of endogenous intoxication more accurately
than isolated leukocytosis. Assessing the body’s
immunoreactivity allows for predicting the course
of the process and evaluating the risk of postoper-
ative complications [8-10].

Their advantages lie in their objectivity, accessi-
bility, speed of results, and potentially higher spe-
cificity due to the simultaneous consideration of
multiple parameters, which reduces the influence
of individual variations [8-10]. LI make it possible
to detect endogenous intoxication even in cases
where standard CBC levels fall within the reference
range. The use of LI should be viewed not as a re-
placement for existing comprehensive diagnostic
algorithms, but as a valuable supplement to them
in the early stages. Integrating LI into established
assessment scales (e.g., the Alvarado scale) can
enhance their objectivity and informative value,
particularly in borderline cases or when diagnostic
resources are limited [8-10].
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A critical barrier to incorporating LI into the
differential diagnosis algorithm for AAP in young
children is the lack of evidence specifically for
this population. Their actual diagnostic effective-
ness and differential diagnostic significance have
not been studied specifically for distinguishing
between surgical (AA) and nonsurgical (FBD)
causes of AAP in this complex group of patients
[8-10].

Thus, evaluating the diagnostic effective-
ness of LI for the differential diagnosis of AAP,
particularly the distinction between AA and FBD,
in children under 6 years of age — including the
determination of reference values and the iden-
tification of the most informative indicators — is
a highly relevant task in modern pediatrics and
pediatric surgery. Resolving this issue could sig-
nificantly improve diagnostic accuracy, reduce the
incidence of complications, and optimize patient
management strategies.

AIM

To evaluate the effectiveness of comprehen-
sive leukocyte indices in the differential diagnosis
of acute abdominal pain in children under 6 years
of age.

MATERIALS AND METHODS

A cohort, comparative, retrospective study was
conducted involving 75 children with AAP (AA,
n=35; FBD, n=40), aged 1 month to 6 years. The
children were hospitalized within 1-72 hours of
the onset of initial symptoms. Healthy children of
the same age constituted the control group (CG)
(n=55).

Inclusion criteria: clinical diagnosis of AA or
FBD (at discharge from the hospital), hospitalized
for elective surgical treatment of a pathological
condition, age ranging from 1 month to 6 years,
consent of parents or guardians to participate in
the study.

Exclusion criteria: failure to meet inclusion
criteria, congenital malformations and abdominal
neoplasms, HIV infection.

Complete blood count (CBC) parameters were
analyzed (performed within 1 hour of admission).
Based on the complete blood count data, integral
leukocyte indices (ILI) were calculated [9, 10]. In
practice, calculating ILI data does not require spe-
cial software and can be performed by a physician
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using Microsoft Excel (or similar software), as
well as manually.

The data were analyzed using STATISTICA 13.3
with nonparametric methods. Continuous varia-
bles are expressed as medians (Me) with confi-
dence intervals (95% CI) or means (M) and stan-
dard deviations. The Mann-Whitney U test was
used to compare two independent samples in the
absence of evidence of a normal distribution of
the data. Differences were considered statistically
significant at a p-value of less than 0.05.

RESULTS AND DISCUSSION

In CG patients ILI was studied, and refe-
rence values were established for children under
6 years of age. The status of the overall reactive
potential was assessed based on the calculation
of integral indices [9, 10].

Erythrocyte Load Coefficient (ELC). This in-
dicator indirectly reflects the degree of endoge-
nous intoxication and inflammatory processes
in the body. It is based on the ability of erythro-
cyte membranes to adsorb toxic metabolites,
inflammatory mediators, and tissue breakdown
products on their surface. An increase in ELC
indicates increased absorption of pathological
substances on erythrocytes, which is a marker of
toxic exposure [9, 10].

Cellular-Phagocytic Potential (CPP). This indi-
cator reflects the overall ability of blood immune
cells (primarily neutrophils and monocytes) to
perform phagocytosis. The higher the CPP level,
the greater the body's protective capacity [9, 10].

Immunolymphocytic Potential (ILP). This indi-
cator reflects the functional activity and reserve
capacity of lymphocytes. A decrease in ILP di-
rectly indicates functional insufficiency of the
lymphocytic component [9, 10].

Allergic Predisposition of the Body (APB).
This indicator is primarily based on the eosino-
phil level. It serves as an indirect marker of the
presence and activity of an inflammatory process
(parasitic, autoimmune) in the body. A decrease
in APB indicates infectious inflammatory phe-
nomena, while an increase in APB indicates an
autoimmune or allergic process [9, 10].

The degree of endogenous intoxication was
assessed according to the calculation of integral
indices.

Leukocyte Intoxication Index (LII). This indica-
tor takes into account changes in the leukocyte
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formula, the ratio of different types of leukocytes,
and the appearance of immature and degene-
rative forms of neutrophils. An increase in LIl is
associated with an increase in toxic burden and
severity of the condition [9, 10].

Modified Leukocyte Intoxication Index (MLII).
This is an improved formula for assessing the
severity of endogenous intoxication and the in-
flammatory process, calculated on the basis of
the blood leukocyte formula. Its calculation also
includes eosinophils and plasma cells, with cor-
rection for zero values [9, 10].

Neutrophil Reactive Response (NRR). This
indicator reflects the intensity of the neutrophil
response to inflammation or intoxication. Unlike
LIl, it focuses only on the neutrophilic component
[9, 10].

Body Resistance Index (BRI). This indicator
assesses the ability of the immune system for
emergency mobilization during acute inflam-
mation or intoxication. An increase in BRI indi-
cates immune hyperreactivity (acute bacterial
process, pronounced intoxication), while a de-
crease in BRI indicates depletion of reserves
(severe sepsis, viral infections, immunodefi-
ciency) [9, 10].

Blood Leukocyte Shift Index (BLSI). This index
reflects the presence of immature forms of the
neutrophilic component in response to inflamma-
tion or intoxication. An increase in BLSI indicates
an acute bacterial process and the release of im-
mature neutrophils from the bone marrow into the
bloodstream, while a decrease in BLSI is observed
in viral infections or depletion of the granulocytic
lineage [9, 10].

Lymphocyte-Granulocyte Index (LGI). This in-
dicator reflects the balance between lymphocytes
and neutrophils, and the immune response in the
hemogram. An increase in LGl indicates predo-
minance of the lymphocytic component (typical
of viral infections and autoimmune processes),
while a decrease in LGl indicates dominance of
the neutrophilic response (typical of acute bac-
i[eriaI]infections and pronounced intoxication)
9,10].

Garkavi Index (GI). This indicator reflects the
relationship between two components of im-
munity—cellular and humoral. Its key essence
is the assessment of the adaptive tension of
the body during inflammation, intoxication, or
stress. A decrease in Gl indicates dominance
of the neutrophilic component, characteristic
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of acute bacterial infections. An increase in
Gl indicates predominance of the lymphocytic
response, typical of viral infections, chronic in-
flammation, and autoimmune processes. It is
also observed in depletion of the neutrophilic
lineage [9, 10].

Leukocyte-to-Erythrocyte Sedimentation Rate
Ratio Index (LESRI). This indicator assesses the
relationship between the cellular and humoral
components of the inflammatory response. An
increase in LESRI indicates predominance of an
acute cellular response, where leukocytosis rises
faster than ESR. A decrease in LESRI indicates
dominance of the humoral immune response,
where ESR is elevated despite normal or reduced
leukocyte levels [9, 10].

Krebs Index (KI). This indicator reflects the
ratio between neutrophils and lymphocytes in pe-
ripheral blood. An increase in Kl indicates acute
bacterial infections and stress conditions, while
a decrease in Kl is interpreted as a manifestation
of viral infection or depletion of the neutrophilic
component [9, 10].

Nuclear Endotoxicosis Index (NEI). This in-
dicator assesses the degree of toxic damage
to neutrophils during severe intoxication. An in-
crease in NEI is associated with the severity of
endotoxicosis and reflects the accumulation of
toxins that damage blood cells [9, 10].

Comparing the groups of children with FBD
and AA according to the above-mentioned ILI, the
following results were obtained.

The ELC in the group of children with FBD was
0.53+0.33 conventional units, Me=0.43 (95% ClI
0.28-0.41), which was significantly higher than
in the CG (0.43£0.24 conventional units, p <0.05)
and indicated the presence of a moderate inflam-
matory process and intoxication. In the group of
patients with AA, the ELC was 0.88+0.76 conven-
tional units, Me=0.59 (95% CI 0.62-1.01), which
sharply and significantly exceeded both the CG
values and the values of the FBD group (p <0.01)
(Fig. 1). This indicates a pronounced inflamma-
tory process and severe intoxication in AA. Ob-
jective confirmation of significant inflammation
in the vermiform appendix in all patients with AA
confirms the diagnostic value of ELC for this pa-
thology in this age group.

The CPP in the group of children with FBD was
685.64+287.79 conventional units, Me=652.54
(95% Cl 237.29-365.78), which was slightly hig-
her than in the CG (604.10£238.14 conventional
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Fig. 1. Erythrocyte loading coefficient (ELC) levels in the
study groups: OA — acute appendicitis; FBD — functional
bowel disorders (here and further in the figures) (the figure
is prepared by the authors)

Puc. 1. YpoBeHb Harpy3ouyHoOro 3puUTPOLMUTApPHOrO
KoadpduumerHta (HIK) B uccaeayembix rpynnax: OA —
ocTpbii anneHAMumT; ®HK — GyHKUMOHAAbHbBIE HapyLLEHUS
KMWEYHUKa (3AECb M AAANEe Ha pPUCYHKax) (PUCYHOK
NMOArOTOBAEH aBTOPaMM)
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Fig. 3. Immunolymphocytic potential (ILP) levels in the
study groups (the figure is prepared by the authors)
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B UCCAEAYEMBbIX Ipymnnax (PUCYHOK MOArOTOBAEH aBTOPaMM)
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Group AA Group FBD
Fig. 2. Cell-phagocytic potential (CPP) levels in the study
groups (the figure is prepared by the authors)

Puc. 2. YpoBeHb KAETOYHO-GAroUMTapHOro noTeHuMana
(K®M) B uccaepyeMbix rpynnax (PUCYHOK MOAFOTOBAEH
aBTopamu)

AHO (Me)

APB
KoHTpoAbHas rpynna
Control group
35
30
25
20,

1

l'pynna OA
Group AA

lpynna ®HK
Group FBD

Fig. 4. Allergic predisposition of the body (APB) levels in
the study groups (the figure is prepared by the authors)

Puc. 4. YpoBeHb annepruyeckon HaCTPOEHHOCTU OpraHmns-
Ma (AHO) B nccaepyembix rpynnax (PUCyHOK MOArOTOBAEH
aBTOpamMm)

units, p >0.05) and indicated activation of nonspe-
cific defense mechanisms in response to a mo-
derate inflammatory process in FBD. In the group
of patients with AA, the index was 641.7+195.6
conventional units, Me=601.45 (95% CI 159.85-
252.09). These index values were slightly higher
than in the CG but showed marked differences
compared with the FBD group (p >0.05) (Fig. 2).
These values may reflect either insufficient acti-
vation of phagocytosis to control acute inflam-
mation (which contributed to the development of
AA) or depletion of protective capacities (decom-
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pensation) against the background of a severe
inflammatory process.

The ILP in the group of children with FBD was
287.214272.83 conventional units, Me=201.92
(95% Cl 224.96-346.77), which was significantly
lower than in the CG (646.99+265.64 convention-
al units, p <0.001). In the group of patients with
AA, the index was 147.41+177.87 conventional
units, Me=116.79 (95% CI 145.37-229.24), and
was even more significantly reduced compared
with both the CG (p <0.001) and FBD (p <0.01)
(Fig. 3). Since ILP reflects the activity of the
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lymphocytic component (specific immunity), a
pronounced decrease in both groups, especially
in AA, is characteristic of inflammatory process-
es of bacterial origin, where redistribution of im-
mune resources and/or suppression of lympho-
poiesis occurs.

The APB in the group of children with FBD
was 16.02+12.11 conventional units, Me=11.10
(95% Cl 8.62-19.25), which was significantly
lower than in the CG (38.15+32.72 conventional
units, p <0.001). In the group of patients with AA,
the index was 15.174£11.25 conventional units,
Me=10.86 (95% Cl 6.29-17.69), which was also
lower than in the CG (Fig. 4). Compared with the
CG, both groups demonstrated more than a two-

AU (Me)

LIl
KOHTpOAbHas rpynna
Control group

2

1,5

1
0,5

lpynna OA lpynna ®HK
Group AA Group FBD
Fig. 5. Leukocyte intoxication index (LII) levels in the study
groups (the figure is prepared by the authors)

Puc. 5. YpoBeHb AEMKOLUUTAPHOIO MHAEKCA MHTOKCUKALIMK
(AMU) B nccaepyeMblix rpynnax (PUCYHOK MOAFOTOBAEH
aBTOpamMu)
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fold decrease in the index (p=0.01), which may
be interpreted as an acute inflammatory process.
The index values between the study groups dif-
fered insignificantly (p 20.05).

The LIl in the group of children with FBD was
0.8611.29 conventional units, Me=0.44 (95% ClI
1.08-1.60), which was slightly higher than in
the CG (0.33+0.59 conventional units, p <0.01).
In the group of patients with AA, the index was
4.84+5.58 conventional units, Me=1.96 (95% ClI
4.56-7.19), thus sharply and significantly ex-
ceeding both the CG and the FBD group values
(p <0.001) (Fig. 5). This clearly demonstrates the
severity of endogenous intoxication and inflam-
matory changes in AA compared with FBD.
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Control group
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2
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Mpynna OA Mpynna ®HK
Group AA Group FBD
Fig. 6. Modified leukocyte intoxication index (LIim) levels
in the study groups (the figure is prepared by the authors)

Puc. 6. YpoBeHb AEMKOLIMTAaPHOIro MHAEKCA MHTOKCHUKALMK
MoanduumMpoBaHHoro (AUMM) B mUccAepyeMbIX rpynnax
(PUCYHOK MOATOTOBAEH aBTOPaMMU)
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Fig. 7. Reactive neutrophil response (RNR) levels in the
study groups (the figure is prepared by the authors)

Puc. 7. YpoBeHb peakTMBHOIo otBeTa HenTpoduaos (POH)
B UCCAEAYEMbIX rpynnax (PUCYHOK MOAFOTOBAEH aBTOpaMu)
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Fig. 8. Body resistance index (BRI) levels in the study
groups (the figure is prepared by the authors)

Puc. 8. YpoBeHb MHAEKCA PE3UCTEHTHOCTM opraHmama (MPO)
B MCCAEAYEMbIX rpynnax (PUCYHOK MOArOTOBAEH aBTOPaMM)
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The modified LIl in the group of children with
FBD was 3.27£2.57 conventional units, Me=2.57
(95% Cl 1.78-3.76), which was slightly higher
than in the CG (0.88+0.68 conventional units,
p <0.007). In the group of patients with AA, the
index was 4.3213.24 conventional units, Me=3.29
(95% C12.92-5.25;p <0.001) (Fig. 6). Considering
the differences in the obtained values, this index
quite accurately (p <0.001) reflects the severity of
the inflammatory process.

The NRR in the group of children with FBD
was 9.21£15.36 conventional units, Me=3.13
(95% CI 12.19-20.78), which was significant-
ly higher than in the CG (0.88+1.29 conventio-
nal units, p <0.001). In the group of patients
with AA, the index was 15.54+13.07 conven-
tional units, Me=13.43 (95% CI 9.81-19.59),
which was also significantly higher than in the
CG (p <0.001) and in the FBD group (p <0.05)
(Fig. 7). As a modification of LII, NRR confirms
the pattern: the severity of inflammatory chan-
ges and intoxication is maximal in AA, moderate
in FBD, and minimal in the CG. A correlation was
found between increased NRR and the severity
of the process.

The BRI in the group of children with FBD was
33.59113.66 conventional units, Me=6.32 (95% ClI
105.14-156.19), and was significantly higher
than in the CG (19.52+25.53 conventional units,
p <0.05). This may be regarded as an adequate
response of the body’s defense systems to mode-
rate inflammation in FBD. In the group of patients
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KoHTpOAbHas rpynna
Control group
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I'pynna OA
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Fig. 9. Blood leukocyte shift index (BLSI) levels in the
study groups (the figure is prepared by the authors)

Puc. 9. YpoBeHb MHAEKCA CABUIa AeMKOUMTOB KpoBK (MCAK)
B UCCAEAYEMbIX rpynnax (PUCYHOK NMOArOTOBAEH aBTOPaMu)
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with AA, the index was 5.8219.69 conventional
units, Me=1.16 (95% Cl 7.90-12.54), and was sig-
nificantly lower than in the CG (p <0.001) (Fig. 8).
Such a sharp decrease in BRI indicates suppres-
sion of the body's resistance in AA, reflecting the
severity of the condition and decompensation of
defense mechanisms.

The BLSI in the group of children with FBD was
3.02+2.57 conventional units, Me=2.33 (95% Cl
2.15-3.19), and was significantly higher than in
the CG (1.0140.78 conventional units, p <0.001).
In the group of patients with AA, the index was
4.51+2.88 conventional units, Me=3.76 (95% ClI
2.36-3.72), exceeding the values in both the CG
(p <0.007) and the FBD group (p <0.05) (Fig. 9).
The obtained data confirm the presence of an in-
flammatory process in both groups, with greater
severity in AA. However, the difference between
FBD and AA is less pronounced than their diffe-
rence from the CG, which may indicate relatively
low specificity of BLSI for differentiating these
two pathologies compared with other indices
(e.g., ILP, LII, NRR).

The LGI in the group of children with FBD
was 5.72+7.98 conventional units, Me=3.19
(95% Cl 6.67-9.92), which was lower than in the
CG (14.191£11.09 conventional units, p <0.001).
In the group of patients with AA, the index was
2.45%3.31 conventional units, Me=1.84 (95% ClI
2.71-4.27), which was significantly lower than
in both the CG and the FBD group (p <0.001)
(Fig. 10). A significant decrease in LGl in the
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Fig. 10. Lymphocytic granulocytic index (ILG) levels in the
study groups (the figure is prepared by the authors)

Puc. 10. YpoBeHb MHAEKCA AMMPOLMUTAPHO-TPAHYAO-
umtapHoro (MAT) B uccaepyeMbix rpynnax (PUCYHOK
NOAFOTOBAEH aBTOpaMM)
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Fig. 11. Harkavi index (IH) levels in the study groups
(the figure is prepared by the authors)

Puc. 11. YpoBeHb nHAeKkca Mapkasu (Ul B nccrepyembix
rpynna (PUCyHOK MOAFOTOBAEH aBTOpaMu)
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Fig. 13. Krebs index (IK) levels in the study groups (the
figure is prepared by the authors)

Puc. 13. YpoBeHb nHaekca Kpebea (MK) B UccaepyeMbix
rpynnax (PMCyHOK MOAFOTOBAEH aBTOpPaMM)
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Fig. 12. Leukocyte ratio and ESR index (LRESR) levels in
the study groups (the figure is prepared by the authors)

Puc. 12. YpoBeHb UHAEKCA COOTHOLLEHUA AEMKOLMTOB
n CO3 (MACOI) B uccaepyemMbix rpynnax (PUCYHOK
NOAFOTOBAEH aBTOpamMm)
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Fig. 14. Nuclear index of endotoxicosis (NIE) levels in the
study groups (the figure is prepared by the authors)

Puc. 14. YpoBeHb AAEPHOro MHAEKCA 3HAOTOKCKKO3a (ANJ)
B MCCAEAYEMbIX Fpynnax (PUCYHOK MOAFOTOBAEH aBTOpPaMMU)

pathological groups (especially in AA) compared
with the CG indicates intoxication by autolysis
products.

The Gl in the group of children with FBD was
0.39£0.34 conventional units, Me=0.32 (95% ClI
0.05-1.42), which was lower than in the CG
(1.65%1.36 conventional units, p <0.001). In
the group of patients with AA, the index was
0.29+0.41 conventional units, Me=0.20 (95% ClI
0.09-0.56) (Fig. 11). The results in both groups
were significantly lower than in the CG (p <0.001),
indicating a reduced immune response to the in-
flammatory process (typical of acute bacterial
infections); however, the difference between the
FBD and AA groups was small (p >0.05).
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The L/ESR ratio in the group of children with
FBD was 202.411£106.51 conventional units,
Me=168.29 (95% Cl 88.66-133.41), which was
slightly higher than in the CG (196.28+97.88 con-
ventional units, p >0.05). In the group of patients
with AA, the index was 188.66+111.88 conven-
tional units, Me=162.85 (95% Cl 90.50-146.59),
which was slightly lower than in the CG. The dif-
ferences between the FBD and AA groups were
statistically insignificant (p >0.05) (Fig. 12). The
observed fluctuations relative to the CG values do
not provide a clear picture for differentiating the
infectious nature of inflammation (where an in-
crease would be expected) from the autoimmune
nature (where a decrease would be expected) in
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either group. The results appear questionable. It
is possible that studying a larger number of obser-
vations would reveal more significant patterns.

The Kl in the group of children with FBD was
4.49+4.75 conventional units, Me=3.04 (95% ClI
3.97-5.90), which was significantly higher than in
the CG (1.09£0.91 conventional units, p <0.001).
In the group of patients with AA, the index was
6.06+3.25 conventional units, Me=5.43 (95% Cl
2.66-4.19), which was also significantly higher
than in the CG (p <0.001) (Fig. 13). Exceeding
the reference values in both groups indicates the
presence of a certain degree of endogenous in-
toxication. Higher index values in AA compared
with FBD (p >0.05) indicate greater severity of in-
toxication.

The NEI in the group of children with FBD was
0.22+0.16 conventional units, Me=0.16 (95%
Cl 0.13-0.19), which was slightly lower than in
the CG (0.25+0.17 conventional units, p >0.05).
In the group of patients with AA, the index was
0.19+0.14 conventional units, Me=0.14 (95% ClI
0.11-0.18), which was also slightly lower than
in the CG (p >0.01) (Fig. 14). The differences
between the FBD and AA groups were statisti-
cally insignificant (p >0.05). The obtained results
(a decrease relative to the CG in both groups)

OA > KT (p <0,01); OA > BHK (p <0,01)
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Fig. 15. Comparative characteristics of the erythrocyte
loading coefficient (ELC) level in the studied groups
(the figure is prepared by the authors)

Puc. 15. CpaBHUTEAbHASA XapaKTEPUCTUKA YPOBHA Ha-
rPY30YHOIr0 3pUTPOLMTapHOro koadoduumeHta (HIOK) B
MCCAEAYEMBIX FPynnax (PUCYHOK NOAFOTOBAEH aBTOPaMM)

FTACTPO3HTEPOAOIMA U AUETOAOTUA

contradict the expected increase in the index in
endotoxicosis. This may indicate either insuffi-
cient sensitivity of NEI in the studied processes
or an insufficient sample size for evaluating this
parameter.

A COMPARATIVE ANALYSIS
OF THE DIAGNOSTIC EFFECTIVENESS
OF THE LEUKOCYTE INDEX

For a comprehensive assessment of the diag-
nostic value of the ILI, a three-stage comparison
was performed. The pathology groups (FBD, AA)
and the control group (CG) were compared to as-
sess sensitivity to inflammatory changes. The AA
and FBD groups were compared with each other
to evaluate differential diagnostic potential.

ELC in the FBD group (0.53+0.33 conventional
units) did not differ statistically significantly from
the CG (0.4310.24 conventional units, p <0.05)
(Fig. 15). In the AA group, a significant increase
in the parameter to 0.8810.77 conventional units
was recorded. Differences compared with the
CG (p <0.01) and the FBD group (p <0.01) were
statistically significant, confirming the differen-
tial diagnostic potential of ELC for distinguishing
these pathological conditions. The value in the
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Fig.16. Comparative characteristics of the cell-phagocytic
potential (CPP) level in the studied groups (the figure is
prepared by the authors)

Puc. 16. CpaBHUTEAbHAA XxapakKTePUCTUKA YPOBHS KAe-
TOYHO-daroumTapHoro noteHunana (K®IM) B nceaepyemMbix
rpynnax (PUCyHOK MOArOTOBAEH aBTOpPaMM)

CHILDREN’S MEDICINE of the North-West

2026 Tom 14 Ne1 119

ISSN 3034-6312 (Print) ISSN 3034-6320 (Online)



OHK < K (p <0,001); OA < K (p <0,001); OA < ®HK
(p <0,001)
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Fig. 17. Comparative characteristics of the immuno-
lymphocytic potential (ILP) level in the studied groups
(the figure is prepared by the authors)

Puc. 17. CpaBHUTEAbHAA XapaKTepUCTUKa YPOBHSA
UMMYHOAUMbOUMTApPHOrO noTteHunana (UAM) B
MCCAEAYEMBbIX Fpynnax (PUCYHOK MOAFOTOBAEH aBTOpPaMU)
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Fig. 18. Comparative characteristics of the leukocyte
intoxication index (LII) level in the studied groups (the figure
is prepared by the authors)

Puc. 18. CpaBHWTEAbHAA XapakKTepPUCTUKa YPOBHA
AEVKOLUMUTAPHOroO MWHAEKCa WHTOKcuKauun (AUN) B
MCCAEAYEMBbIX FPynnax (PUCYHOK MOArOTOBAEH aBTOPaMM)

®HK > KT (p <0,001); OA > KT (p <0,001); OA > OHK
(p <0,001)
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Fig. 19. Comparative characteristics of the leukocyte
intoxication index (LIIm) level in the studied groups (the fi-
gure is prepared by the authors)

Puc. 19. CpaBHUTEAbHAA XapakKTepUCTUKa YPOBHSA
/\eVIKOLI,VITapHOFO MHAEKCAQ WUHTOKCUKaALUU MOAVI(I)VILJ,VI-
poBaHHOro (AMMM) B MCCAeAyEMbBIX rpynnax (PUCYHOK
NMOArOTOBAEH aBTOpPaMM)

®HK > KT (p <0,001); OA > KT (p <0,001)
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Fig. 20. Comparative characteristics of the reactive
neutrophil response (RNR) level in the studied groups
(the figure is prepared by the authors)

Puc. 20. CpaBHUTEAbHAS XapaKTepuUCTMKa YPOBHA pe-
aKTMBHOro oteeTta Hentpodmnos (POH) B nccaepyembix
rpynnax (pMCyHOK MOArOTOBAEH aBTOpamMu)

AA group exceeded the ELC in the CG by more
than two standard deviations. These findings
suggest that ELC may be considered a promising
marker for differentiating surgical (AA) and func-
tional (FBD) pathology. The statistically signifi-
cant increase in ELC in the AA group compared
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with the FBD group is consistent with its poten-
tial role as an indicator of destructive processes.

CPP in the FBD group (685.64+287.79 con-
ventional units) did not differ statistically sig-
nificantly from the CG (604.11+238.14 conven-
tional units, p >0.05) (Fig. 16). In the AA group
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(641.70£195.60 conventional units), the CPP
level also showed no statistically significant dif-
ference compared with the CG (p >0.05). No sta-
tistically significant differences were observed
between the groups either. At this stage of the
study, these findings call into question the cli-
nical utility of CPP as a diagnostic marker for
differentiating the presented pathological condi-
tions.

ILP in the FBD group (287.21+272.83 con-
ventional units) was significantly lower than
in the CG (646.994265.64 conventional units,
p <0.001) (Fig. 17). In the AA group, a pro-
nounced decrease in the parameter was re-
corded (147.41+177.88 conventional units),
statistically significant compared with both
the CG (p <0.001) and the FBD group (p <0.01),
corresponding to severe lymphopenia. The ob-
served marked decrease in ILP in the AA group
indicates its potential as a marker of immuno-
suppression in this pathology, consistent with
the assumption that the degree of ILP reduction
correlates with disease severity.

LIl in the FBD group (0.86+1.29 conventional
units) was statistically significantly higher than
in the CG (0.33+0.59 conventional units, p<0.01),
corresponding to a moderate increase (Fig. 18).
In the AA group, a pronounced increase in the
parameter was observed (4.84+5.58 conven-
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Fig. 21. Comparative characteristics of the body
resistance index (BRI) level in the studied groups (the figure
is prepared by the authors)

Puc. 21. CpaBHWUTEAbHANA XapaKTEPUCTUKA YPOBHA MHAEKCA
pesucTeHTHoCTU opraHuama (MPO) B uccaeayeMbix rpynnax
(PUCYHOK NMOAFOTOBAEH aBTOpaMm)

FTACTPO3HTEPOAOIMA U AUETOAOTUA

tional units), statistically significant compared
with both the CG (p <0.001) and the FBD group
(p <0.01), with a mean value exceeding the con-
trol by 14.4 times. These findings confirm the
role of LIl as an important indicator of intoxica-
tion severity, while its marked elevation in the AA
group supports its potential value for identifying
purulent-destructive forms.

Modified LIl in the FBD group (2.88+2.42 con-
ventional units) was statistically significantly
higher than in the CG (0.8840.68 conventional
units, p <0.001) (Fig. 19). In the AA group, a pro-
nounced increase in the parameter was recorded
(4.3742.92 conventional units), statistically sig-
nificant compared with both the CG (p <0.001)
and the FBD group (p <0.01). The observed
marked elevation of modified LIl in the AA group
compared with both the CG and the FBD group
is consistent with its potential role as a mar-
ker of inflammatory severity and endotoxicosis
characteristic of AA. The high variability of this
parameter in the studied groups (standard devi-
ation comparable to the mean value) should be
taken into account when interpreting individual
measurements.

NRR in the FBD group (9.21+15.36 convention-
al units) was statistically significantly higher than
in the CG (0.88+1.29 conventional units, p <0.001)
(Fig. 20). In the AA group, a pronounced increase
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Fig.22. Comparative characteristics of the blood leukocyte
shift index (BLSI) level in the studied groups (the figure is
prepared by the authors)

Puc. 22. CpaBHUTEAbHASA XapaKTEPUCTUKA YPOBHSA MHAEKCA
cABUra nemkoumntoB kKposu (MCAK) B ccaepyeMbIx rpynnax
(PUCYHOK NOAFOTOBAEH aBTOpaMM)
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Fig. 23. Comparative characteristics of the lymphocytic
granulocytic index (ILG) level in the studied groups
(the figure is prepared by the authors)

Puc. 23. CpaBHUTEAbHAsS XxapaKTepUCTUKa yPOBHA MHAEKCA
AMMbOoUUTApPHO-TpaHyAoumtapHoro (UAIN) B nccaepyemMblx
rpynnax (PMCyHOK MOAFOTOBAEH aBTOpaMM)
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Fig. 24. Comparative characteristics of the Harkavi index
(IH) level in the studied groups (the figure is prepared by
the authors)

Puc. 24. CpaBHUTEAbHAA XapakKTepUCTUKa YPOBHSA
nHaekca lapkasu (UIN) B uccaepyemblix rpynnax (PUCYHOK
NOArOTOBAEH aBTOpaMu)
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Fig. 25. Comparative characteristics of the leukocyte
ratio and ESR index (LRESR) level in the studied groups
(the figure is prepared by the authors)

Puc. 25. CpaBHUTEAbHAS XapaKTEPUCTUKA YPOBHA MHAEKCA
COOTHOLEeHWA AerkounToB 1 CO3 (MACO3) B UccrepyeMbix
rpynnax (PUCyHOK MOATOTOBAEH aBTOpPaMM)

®OHK > KT (p <0,001); OA > KT (p <0,001); ®HK vs OA:
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Fig. 26. Comparative characteristics of the Krebs index
(IK) level in the studied groups (the figure is prepared by
the authors)

Puc. 26. CpaBHUTEAbHAsS XapaKTepUCTUKa YPOBHA MHAEKCA
Kpebca (MK) B nccaepyeMbix rpynnax (PMCYHOK MOATOTOBAEH
aBTopamm)

in the parameter was recorded (15.54+13.07
conventional units), statistically significant com-
pared with the CG (p <0.001). Despite the signifi-
cantincrease in pathological conditions, the high
variability of the parameter, with a standard devi-
ation exceeding 100% of the mean value in both
the FBD and AA groups, substantially reduces the
diagnostic reliability of NRR in single measure-
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ments, suggesting its potential value mainly for
dynamic monitoring.

BRI in the FBD group (33.59+12.66 conven-
tional units) was slightly but statistically sig-
nificantly higher than in the CG (19.52+25.53
conventional units, p <0.05) (Fig. 21). In the AA
group, a significant decrease in the parameter
was observed (5.82+9.69 conventional units),

CHILDREN’S MEDICINE of the North-West

ISSN 3034-6312 (Print) ISSN 3034-6320 (Online)



Bce cpaBHeHus: p >0,05

1,20
1,00 - o
< 0,80 - °
(0]
<' [ ]
S 3 0,60 - H
- © °
® Z 0,40 |
0,00
1
Mccaepyemble rpynnbl
Study groups

m [pynna OA @ lpynna koHTpoAs M lpynna OHK
Group AA Control group Group FBD
Fig. 27. Comparative characteristics of the nuclear index
of endotoxicosis (NIE) level in the studied groups (the figure
is prepared by the authors)

Puc. 27. CpaBHUTEAbHAsA xapakKTepUCTUKa YPOBHS SAEP-
HOrO WMHAEKCa 3HAOTOKCMKO3a (AMN3) B uccaepyembix
rpynnax (PUCyHOK NOArOTOBAEH aBTOpPamMM)

statistically significant compared with both the
CG and the FBD group (p <0.001). These findings
reflect decreased body resistance in AA; howe-
ver, the difference from FBD may be influenced
by the high variability of the parameterin the FBD
group, which limits the specificity of this index.

BLSI in the FBD group (3.02+2.57 conventional
units) was statistically significantly higher than in
the CG (1.01+0.78 conventional units, p <0.001)
(Fig. 22). In the AA group, a pronounced increase in
the parameter was recorded (4.51+2.88 conventional
units), statistically significant compared with both
the CG (p <0.001) and the FBD group (p <0.05). BLSI
demonstrates the ability to reflect the intensity of
the inflammatory process; however, overlapping va-
lues between the FBD (Me=2.33) and AA (Me=3.76)
groups limit its specificity for differential diagnosis,
suggesting that it is more appropriate when used in
combination with other markers.

LGl in the FBD group (5.72+7.98 conventional
units) was statistically significantly lower than in
the CG (14.19+11.09 conventional units, p<0.001)
(Fig. 23). In the AA group, a pronounced de-
crease in the parameter was recorded (2.45+3.31
conventional units), statistically significant com-
pared with both the CG (p <0.001) and the FBD
group (p <0.001). The observed marked decrease
in LGl under pathological conditions contradicts
the theoretical expectation of its increase during
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infectious-inflammatory processes, indicating
the need to revise the interpretative criteria and
methodological aspects of its application for
this pathology within the present study.

Gl in the FBD group (0.3910.34 conventional
units) was statistically significantly lower than in
the CG (1.65£1.36 conventional units, p <0.001)
(Fig. 24). In the AA group, a comparable decrease
was observed (0.29£0.41 conventional units),
also statistically significant compared with the
CG (p <0.001), but without significant differences
compared with the FBD group (p >0.05), making
this index of limited value for differential diagno-
sis of these conditions.

L/ESR Index in the FBD group (202.41£106.51
conventional units) did not differ statistically
significantly from the CG (196.28+97.88 conven-
tional units, p >0.05) (Fig. 25). In the AA group,
the parameter (188.66+111.89 conventional
units) also did not differ significantly from the CG
(p >0.05) or from the FBD group (p >0.05). The
absence of significant changes in the studied
groups indicates that the L/ESR Index cannot be
used for differential diagnosis of abdominal syn-
drome in children.

Kl in the FBD group (4.4914.75 conventional
units) was statistically significantly higher than in
the CG (1.09£0.91 conventional units, p <0.001)
(Fig. 26). In the AA group, a pronounced increase
in the parameter was observed (6.06%3.26 con-
ventional units), statistically significant compared
with both the CG and the FBD group (p <0.001).
The statistically significant increase in Kl con-
firms its sensitivity as a marker of endotoxicosis;
however, the absence of a significant difference
between the FBD and AA groups (p >0.05) indi-
cates limited differential diagnostic potential for
distinguishing these conditions at this stage.

NEI in the FBD group (0.22+0.16 conventional
units) did not differ statistically significantly from
the CG (0.250+0.170 conventional units, p >0.05)
(Fig. 27). In the AA group (0.189+0.139 conventional
units), no significant differences were also observed
compared with either the CG (p >0.05) or the FBD
group (p >0.05). These results indicate that NEI is
not an informative marker for these pathologies.

CONCLUSION
The conducted study revealed a high differ-

ential diagnostic potential of the combination of
the indices ELC, ILP, LI, modified LII, NRR, BRI,
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BLSI, and LGl for distinguishing acute appendicitis
and functional bowel disorders in children. Sta-
tistically significant differences in these markers
between the acute appendicitis and functional
bowel disorder groups, as well as characteristic
dynamics (in acute appendicitis: a pronounced
increase in ELC, LII, modified LII, NRR, and BLSI; a
significant decrease in ILP, BRI, and LGI), indicate
the promise of their combined use. Our findings
require validation in an independent patient co-
hort, i.e., under the conditions of a new prospec-
tive study conducted prior to establishing a final
diagnosis, followed by analysis of the new results.
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AOMOAHUTEAbHAA UHOOPMALIUA

Bknap asTopoB. P.O. MaxmyToB — dopmynu-
poBaHuWe W pasBUTUE UJen, Lenu uccnefoBaHus,
buHanbHoe pepakTupoBaHue; .A. HoBukoB —
NnoAroToBKa, HanmMcaHue nepBoHavanbHOro yep-
HOBMKa PYKOMUCH.

Bce aBTOpbI BHECNM CYLIECTBEHHbIW BKNaj B
pa3paboTKy KOHLenuuu, NpoBefeHne uccneao-
BaHMA U NOATOTOBKY CTaTbM, NPOYSIN U 0L06pUM
buHanbHyo Bepcuio nepeg nybankaymei.

KoHpnukT MHTEpecoB. ABTOpbI AeKnapupyoT
OTCYTCTBME SIBHbIX U MOTEHLMUANbHbIX KOHDINK-
TOB MHTEPECOB, CBA3aHHbIX C nybnukaunen Ha-
CTOALLEN cTaTbMu.

WHdopmupoBaHHoe cornacue Ha nybnmka-
uuto. ABTOPbI NONYYUN NMUCbMEHHOE cornacue
3aKOHHbIX NMpeAcTaBuUTeNieil NauUeHToB Ha ny-
61MKaumMio MeANLMHCKUX AaHHbIX.
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ABSTRACT. The review provides an analysis of literature data on changes in the blood microcirculation system
at inflammatory bowel diseases and their impact on the development of general disorders in the body. It explores
the consequences of damage to the inner lining of blood vessels (endothelium) and the slowdown in capillary
blood flow. These processes are being studied because the hemostasis system and blood fluidity (haemorheology)
ensure normal blood supply to tissues, and when these systems are disrupted, perfusion is severely impaired. An
analysis of scientific data allows us to draw a clear conclusion: disruptions in microcirculation and a decrease in
blood fluidity, primarily due to increased clumping of red blood cells and a loss of their flexibility, play a crucial
role in the development of inflammatory bowel diseases. These abnormalities create a vicious cycle: the worse
the blood supply to tissues, the more pronounced the tissue ischemia is, and the more severe the inflammation
is. This combination causes the disease to worsen.
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3HaueHue pacCTPOMUCTB MUKPOLUPKYAALIUM
M U3MEHEHUHN PEONOTMUYECKUX XapaKTePUCTUK KPOBHU
ANAl pa3BUTUA BOCNAAUTEAbHbIX 3aboneBaHUM KMLLEYHUKA

AnekcaHpapa HukonaeBHa NonoBuyeBa, dnbBUpa HrukonaeBHa PepynoBa,
BauecnaB AnekcaHapoBuY Llapes

MPUBOAXCKMIA UCCAEAOBATEALCKUI MEANLMHCKMI yHUBepcuTeT, 603005, r. HuxHMIM HoBropoa, nA. MmuHuHa 1 MNoxapckoro, A. 10/1,
Poccuiickaa Gepepaums

Ana uutupoBanumsa: MNonosuruesa A.H., Peaynosa 3.H., Llapes B.A. 3HaueHMe pacCTPONCTB MUKPOLIMPKYASILIMK U UBMEHEHWIN PEOAO-
TMYECKUX XapaKTePUCTUK KPOBU AN PA3BUTUS BOCMAAUTEABHBIX 3ab0AeBaHUIM KuedHrKka. Children’s Medicine of the North-West.
2026;14(1):126-136. https://doi.org/10.56871/CmN-W.2026.92.22.010.

MocTtynuaa: 30.09.2025 OpobpeHa: 23.12.2025 MpuHATa K neuatu: 20.03.2026

PE3IOME. B 0630pe npefCcTaB/ieH aHaNu3 faHHbIX NUTepaTypbl 06 N3MEHEHUsIX B CUCTEME MUKPOLMPKYNALMUK
KpOBW Npu BOCNANUTENbHbIX 3a60/1€BaHNAX KULWEYHMKA U UX BIMSIHUM Ha pa3BMTUE OOLLMX HapyLLEeHW B opra-
HU3Me. Pa306paHo, YeM MOXET 06EPHYTbCA TPaBMa BHYTPEHHEl BbICTUNKM COCYA0B (3HAOTENNUA) U U3MEHEHME
CKOPOCTU KanuinspHOro KpOBOTOKA Ha 6onee MeAneHHoe. 3TU NpoLecchl MCCnesyTCs, NOCKONbKY cUCTEMa
reMocTasa ¥ TeKy4YecTb KpoBH (reMopeosniorus) o6ecneynBatoT HOpManbHOe KPOBOCHAGXKEHWE TKaHel, a npu nx
paccTpoiicTBe nepdy3nsi cepbe3Ho HapylaeTca. AHaNM3 HayYHbIX AaHHbIX MO3BOJNISIET CAENaTh OAHO3HAYHbIIA
BbIBOA: COOM B MUKPOLMPKYNALNK U YXYALIEHWNE TEKYYECTU KPOBU, B MEPBYIO 0YEpefb U3-3a NOBbILIEHHOTO CMK-
MaHMa KPacHbIX KNETOK KPOBW M MOTEPU UMK TMOKOCTM, UFPAtOT peLlatoLLyto poib B pa3BUTUM BOCNANUTENbHbIX
3a6oneBaHui KULWEYHNKA. TN HapyLLeHWs NPOBOLUPYIOT NOPOYHDINA KPYr: YEM XYXe KPOBOCHabXeHMe TKaHeil,
TeM 60siee BblpaXeHa TKaHEeBasi MWEMUS U TEM CUIbHEE B HUX MPOTEKAeT BOCManeHue. 3T0 B COBOKYMHOCTH
npoBoLMpyeT 060CTpeHNe 60Ne3HN.

KJNIOYEBDBIE CJIOBA: BocranutenbHbie 3a601eBaHns KulieyHuka, B3K, BA3K0CTb, BOCNaneHmne, KpacHbie KNeTKu
KPOBM, KPOBOCHabXeHMUE

UcTOUHUK PpUHaAHCUpPOBaHUA. ABTOPLI 3aABAAIOT 06 OTCYTCTBUU BHELLUHETO GUHAHCUPOBAHUA MPU NPOBEAEHUN UCCAEAOBAHUSA.
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INTRODUCTION

Inflammatory bowel diseases (IBD), such as
Crohn’s disease (CD) and ulcerative colitis (UC),
represent a serious medical and social problem
in modern gastroenterology. The relevance of
this group of diseases is multifactorial: their etio-
logy remains unclear, the incidence among the
working-age population continues to rise, and the
course of the disease becomes chronic and recur-
rent. The main risk factors include complications
that pose a life-threatening risk to the patient.
The situation is further exacerbated by the lack of
curative treatments and the need for expensive,
long-term therapy. Patients’ quality of life is sig-
nificantly reduced as a result [1].

Currently, there is a trend toward the disease
affecting younger age groups — 20% of all newly
diagnosed cases of IBD occur in children under 6
years of age, and among adolescents, the peak
incidence is between 15 and 29 years of age [2].
Data from various regions of Russia confirm the
global trend of an increasing number of these di-
seases in children.

The significance of Crohn’s disease and ulce-
rative colitis in pediatric practice cannot be over-
stated. These conditions strike children during
their most active period of growth and develop-
ment, a time when the body’s need for proteins,
fats, and carbohydrates — as well as micronutri-
ents and macronutrients — is heightened. As a
result, there is a decrease in appetite, as well as
impaired absorption and metabolism in general;
in the long term, such disruptions in intestinal ab-
sorption inhibit growth, weight gain, and skeletal
mineralization. This leads to delayed puberty, an
imbalance in the child's psycho-emotional state,
and, consequently, reduced social adaptation [3].

THE ROLE OF MICROCIRCULATORY
ALTERATIONS IN THE DEVELOPMENT
OF INFLAMMATORY

BOWEL DISEASE

Despite extensive research, the exact causes
of IBD remain unclear. According to current under-
standing, the disease develops due to a combina-
tion of genetic predisposition and environmental
factors, leading to a disruption in the regulation of
the immune response to the intestinal microbiota
and a loss of control over the inflammatory reac-
tion in the intestinal mucosa [4, 5].
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An important link in the pathogenesis is dam-
age to the epithelial barrier, increased permeabi-
lity, and the development of endogenous intoxica-
tion. These processes have a variety of negative
effects on cellular structures and contribute to
the maintenance of metabolic disturbances in IBD
[6-8].

Although the pathogenesis of IBD has been
studied in considerable detail, there is still no
unified concept explaining the mechanisms of
development and progression of UC and CD. Im-
proving therapeutic efficacy is directly linked to
an in-depth investigation of currently emerging
individual pathogenetic pathways [8]. One such
insufficiently studied aspect is the role of micro-
circulatory disorders.

Chronic inflammation in IBD is a complex pro-
cess involving both immune and non-immune
cells, including components of the microcirculato-
ry bed. The inflammatory process in the intestine
differs fundamentally from that in other organs.
First, UC and CD are characterized by the pheno-
menon of leukocyte hyperadhesion to the vascular
endothelium against a background of microvascu-
lar dysfunction [9]. Second, microcirculatory alte-
rations maintain chronic inflammation through re-
duced tissue perfusion, development of ischemia,
activation of the coagulation system, and angio-
genesis leading to structural tissue remodeling
[10-12].

Structural changes include remodeling and
proliferation of endothelial cells in capillaries
and venules, which contributes to the persis-
tence of inflammation in the gastrointestinal
tract [13]. Experimental and clinical observations
have demonstrated an increased reticular struc-
ture of microvessels, as well as an increase in
their diameter and density in patients with IBD
[14,15].

The severity of endothelial dysfunction cor-
relates with disease severity and activity in both
adults and children [16-19]. Microvascular dis-
turbances are also associated with increased oxi-
dative stress and represent a specific feature of
intestinal involvement in IBD [20].

Perfusion studies demonstrate a reduction in
small intestinal blood flow in CD, depending on
the degree of inflammation [21]. In children with
UC, changes in capillary blood flow velocity in the
duodenum have been identified, which are not as-
sociated with inflammatory markers or disease
activity [22]. The most pronounced reductions in
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blood volume and flow are observed in CD when
inflammation is combined with fibrosis [23]. In
the active phase of IBD, a significant deteriora-
tion in microcirculatory function is observed com-
pared with remission [24]. Even in UC remission,
an imbalance in mucosal blood supply persists,
and incomplete restoration correlates with local
ischemia [25].

Experimental data confirm that a decrease in
capillary blood flow occurs already in the early sta-
ges of colitis. Impaired microcirculation precedes
chronic histological changes and contributes to
functional disturbances during disease progres-
sion, whereas its improvement is associated with
stabilization of intestinal permeability [26)].

THE EFFECT OF BLOOD
RHEOLOGICAL PARAMETERS
ON MICROCIRCULATION FUNCTION

The functioning of the microcirculatory system
largely depends on the rheological parameters of
blood, with erythrocytes serving as a universal
model for studying the state of cytoplasmic mem-
branes and cellular metabolism [27]. The study of
erythrocyte membrane characteristics and their
functional properties in IBD is of fundamental im-
portance for understanding the pathogenesis of
these diseases.

As the most numerous blood cells, red blood
cells play a key role in microcirculation, ensu-
ring oxygen delivery to tissues and responding to
changes in its local concentration [28]. They de-
termine the rheological properties of blood in the
microvascular bed due to their ability to aggregate
and deform [29].

The process of erythrocyte aggregation is ac-
tively studied in both clinical and basic research
[30-33]. A continuous dynamic “aggregation-
disaggregation” process occurs in the blood, with
disaggregation normally prevailing over aggrega-
tion. When blood flow velocity decreases, erythro-
cytes form linear aggregates, which are disrupted
when shear rate increases [34]. Optimal aggrega-
tion is of great importance for the microcircula-
tory bed, as it regulates venous resistance and
maintains the necessary hydrostatic pressure in
capillaries [35].

The aggregation process is influenced both
by plasma properties and by characteristics of
the erythrocytes themselves. Albumin, immu-
noglobulins, prostaglandins, and other compo-
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nents possess pro-aggregatory activity [36, 38],
with fibrinogen recognized as the most potent
stimulator of aggregation [37]. The formation
of “rouleaux” occurs with the participation of
plasma proteins that create molecular “bridges”
between cells [39-41]. According to the alter-
native “depletion layer” theory, aggregation is
driven by an osmotic gradient [41]. The contra-
dictions between existing theories indicate that
the mechanisms of aggregation remain insuffi-
ciently studied [40].

Important determinants of aggregability include
biochemical, geometric, and biomechanical pro-
perties of erythrocytes, including sialic acid con-
tent, membrane phospholipid composition, and
cell shape [42-44)]. Altered erythrocytes (e.g., echi-
nocytes) can form particularly strong aggregates.

In pathological conditions, a syndrome of in-
creased blood viscosity is observed, characterized
by the formation of stable “clump-like” aggregates
that persist even at high shear rates. Erythrocyte
hyperaggregation is recorded in type 1 and type 2
diabetes mellitus, cardiovascular, oncological,
and inflammatory diseases [44-47], leading to a
reduction in the density of functioning capillaries,
an increase in vascular resistance [48], and im-
paired tissue perfusion [49].

Of particular concern are pathologically strong
aggregates that cannot pass through narrow ca-
pillaries, resulting in blood flow shunting and the
formation of “plasma” capillaries devoid of eryth-
rocytes [50, 51].

The second key rheological parameter is eryth-
rocyte deformability, i.e., the ability of red blood
cells to change shape under flow conditions [52,
53]. Deformability is of fundamental importance
for gas exchange, as it enhances intracellular
oxygen convection [54]. A reduction in deformabi-
lity by as little as 10% significantly impairs tissue
oxygenation [55].

Deformational properties are determined by
the viscoelastic characteristics of the membrane,
intracellular viscosity, and the surface-to-volume
ratio of the cell [56]. Impaired deformability may
be caused by activation of lipid peroxidation,
changes in hemoglobin concentration, or adeno-
sine triphosphate deficiency.

Thus, the rheological properties of blood,
determined by erythrocyte aggregability and
deformability, play a decisive role in ensuring ade-
quate tissue perfusion, gas exchange, and meta-
bolism.
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THE SIGNIFICANCE OF RHEOLOGICAL
ABNORMALITIES IN INFLAMMATORY
BOWEL DISEASES

Studies on the rheological properties of eryth-
rocytes in inflammatory bowel disease remain
limited. Existing data indicate increased eryth-
rocyte aggregation in both active and inactive
forms of CD in adult patients, accompanied by an
increase in fibrinogen concentration during the ac-
tive phase of the disease. A correlation has been
established between rheological parameters and
markers of systemic inflammation, allowing eryth-
rocyte aggregation to be considered a nonspecific
indicator of inflammatory activity in IBD [57].

A significant finding in 2009 was the discovery
of increased strength of erythrocyte aggregates
in IBD patients, correlating with disease activity,
fibrinogen levels, and erythrocyte sedimentation
rate [58]. At the same time, studies using dextran
did not reveal differences in erythrocyte aggrega-
tive properties between patients and healthy in-
dividuals, indicating the preservation of the main
cellular aggregation mechanisms in IBD. These
findings suggest the presence of similar rheologi-
cal disturbances in the intestinal microcirculation
system, which, in combination with endothelial
dysfunction, may lead to tissue hypoxia, intestinal
wall damage, and compensatory angiogenesis.

Disorders of rheological properties in IBD are
not limited to changes in aggregation. Experimen-
tal and clinical studies confirm a persistent reduc-
tion in erythrocyte deformability in both active and
inactive forms of IBD, with the most pronounced
changes during exacerbation [59].

An additional factor aggravating rheological
disturbances in IBD is an increase in plasma
viscosity, particularly pronounced in active CD.
This parameter shows a close correlation with
major markers of inflammatory activity [60].
The combination of these abnormalities such
as increased plasma viscosity, enhanced eryth-
rocyte aggregation, and reduced erythrocyte
deformability leads to a significant deteriora-
tion in blood rheological properties, impaired
tissue perfusion, and progression of intestinal
inflammation.

CONCLUSION

Analysis of scientific data suggests that distur-
bances in microcirculation and blood rheological
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properties play a significant role in the mecha-
nisms underlying the development of inflammato-
ry bowel disease. Of key importance in this con-
text are changes in erythrocyte aggregability and
deformability. The resulting impairments of capil-
lary blood flow initiate a vicious cycle of patholog-
ical processes: the development of ischemia and
tissue hypoxia leads to the exacerbation of the
inflammatory response, which in turn promotes di-
sease progression.

Thus, disturbances in blood rheology and micro-
circulation create a pathological basis for the persis-
tence of the inflammatory process in IBD, forming a
self-sustaining mechanism of disease development.
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ABSTRACT. Introduction. The total number of patients with type 1 diabetes (T1D) under the age of 18 in the
Russian Federation as of December 31, 2023, was 61,318 (208 per 100,000 child population), with an incidence
of 8,009 (28 per 100,000 child population). In most countries, including Russia, the incidence of type 1 diabetes
in childhood is increasing. Given the epidemiological indicators and social significance of this disease, as well
as the importance of timely diagnosis of diabetes in children, an analysis was conducted of the difficulties at the
prehospital stage in diagnosing type 1 diabetes onset. The aim of the study — to analyze complex cases in the
diagnosis and management of children with new-onset type 1 diabetes at the prehospital stage of emergency and
urgent medical care. Materials and methods. We analyzed 121 medical records of children with clinical and/or
laboratory-confirmed type 1 diabetes onset who were emergently hospitalized via emergency and urgent medical
care at the Clinic of St. Petershurg State Pediatric Medical University in 2022-2023. Blood glucose levels at the
time of admission and clinical manifestations of the disease were assessed. Results. The highest blood glucose
levels were found in children aged 1-3 years (27.9+2.6 mmol/L); however, glycemia levels did not correlate with
the presence of “major symptoms” of type 1 diabetes, which is attributed to the polymorphic clinical presentation.
It was revealed that the mean age of type 1 diabetes onset in children with a history of perinatal hypoxia was
earlier (6.98+0.47 years), compared to those without such history (8.98+0.5 years). Conclusions. Type 1 diabetes
in children often presents under the “masks” of acute respiratory viral infections, intestinal or genitourinary
infections, leading to delayed diagnosis and the development of ketoacidosis. Adolescents have the longest period
from first symptoms to laboratory confirmation of type 1 diabetes. Systematic training of outpatient physicians
on the clinical and diagnostic criteria of type 1 diabetes needs to be improved.
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Opu T’MHaAbHaA CcTaTbA

https://doi.org/10.56871/CmN-W.2026.75.58.011
CaxapHbin pMabert 1-ro Tuna y aoeteu
Ha pAorocnUTaAnbHOM 3Tane. CAOXKHOCTU AUArHOCTUKHU

MpurHa KOpbeBHa MenbHrkoBal, AaHnaa MBaHoBuy LLanTtop?, AHHa BraarmmpoBHa EMeabsiHOBa?,
BaneHTMHa MupoHosHa LLaiTtop?, KpuctnuHa BraammuposHa Ckobenesa?,

Onbra AeoHupoBHa ExoBa?, FOana ApkasbeBHa AeMuyk?, Anekcer Braaumuposuy AKoBAeB?

1 CeBepo-3anaaHblit TOCyAPCTBEHHbIN MEAULIMHCKUIA YHUBEPCUTET MMeHn U.U. Meunnkosa, 191015, r. Cankr-Tletepbypr,

yA. KupouHas, A. 41, Poccuiickas ®epepaupsa

2 CaHKT-lNeTepbyprekuii rocyAapCTBEHHbIN NEAMATPUUECKUI MEAULIMHCKUIA yHBepceuTeT, 194100, r. CaHkr-TNetepbypr, yA. AUTOBCKas,

A. 2, Poccuiickas ®epepaumsa

Ans uutupoBanma: MenbHrkosa W.10., LWariTtop A.U., EMenbsiHoBa A.B., LaiiTtop B.M., CkobeneBa K.B., ExoBa 0.A., Aemuyk t0.A.,
fAkoBaeB A.B. CaxapHblii avabeTt 1-ro TMna y AeTen Ha AorocnutanbHoMm atane. CAOXHOCTM anarHocTukK. Children’s Medicine
of the North-West. 2026;14(1):137-143. https://doi.org/10.56871/CmN-W.2026.75.58.011.

Moctynuaa: 03.12.2025 0Opo6peHa: 14.02.2026 MpuHata K neuatu: 20.03.2026

PE3IOME. Beegenne. 06Lias YNCIIEHHOCTb MaLMEHTOB C CaxapHbIiM fuabeToM 1-ro Tuna B Bo3pacTe fo 18 net
B Poccuiickoii ®egepaunu Ha 31.12.2023 roga cocTaBnsna 61 318 yenosek (208 Ha 100 Tbic. AETCKOro Hacene-
Hus), 3a6oneBaemocTb — 8009 (28 Ha 100 Tbic. AeTCKOro HaceneHus). B 6onblMHCTBE CTPaH, BKtovas Poccuto,
perucTpupyeTcs HapacTaHue 3a601eBaeMOCTH CaxapHbIM A1abeToM 1-ro TUNa B AeTCKOM Bo3pacTe. YUnTbiBas
3NNAEMNONOTrMYecKme NoKasaTesim U CoLMaNbHYH 3HAYMMOCTb JaHHOr0 3a60/1eBaHuUA, a Tak)Ke BaXXHOCTb CBOe-
BPEMEHHOW [MarHOCTMKN CaxapHOro AvabeTay AeTeil, NPOBeAEH aHann3 CNOXHOCTEN JOroCnuTanbHOro aTana B
AMarHocTuKe aebrota caxapHoro aguabeta 1-ro tuna. Ljesb uccnegoBaHns — NnpoBeCTH aHANN3 CNIOXHbIX CllyYyaeB
JMarHOCTUKN U TaKTUKM BeleHUs feTeil ¢ AebioTOM caxapHoro aguabeta Ha AOrocnuTaNbHOM dTane OKasaHus
CKOPOIi 1 HEOTIOXXHON MeLULUHCKOI nomoLn. MaTepuanbi u meTogbl. lpoaHanusnpoBaHa 121 MeguLMHCKas
KapTa geteit 3a 2022-2023 rr. ¢ KAMHUYECKUM U/UAK NabopaTopHbIM [e60TOM caxapHoro aguabeta 1-ro Tuna,
roCNMTanM3npoBaHHbIX B 3KCTPEHHOM MOPSAAKE MO CKOPO U HEOTNOXHOW MeAULMHCKOW| nomowm B KnnHuky
CaHkT-[eTep6yprckoro rocyfapCcTBEHHOIO NeLMaTpMYeckoro MeauLMHCKOro yHuBepcuTeTa. lMpoBeaeH aHanus
nokasaTeneii FMMKeMUK Ha 3Tane NocTynaeHns pebeHKa ¢ Ae6rTOM caxapHoro guabeTa 1-ro Tuna B CTalLuoHap,
paccMOTPEHbI KNIMHMYECKME NPOSABEHNA 3a601eBaHus. Pe3ynbTaTbl. Camblil BbICOKMIA YPOBEHb FHOKO3bl KPOBH
BbisIBNEH y aeTent 1-3 net (27,9+2,6 MMonb/N), Npn 3TOM YPOBEHb FINKEMUM HE COOTHOCUTCS C HaNNYNEM «60Sb-
KX CUMNTOMOB» CaxapHOro Anaberta 1-ro TMna, YTo CBSA3aHO C NONMMOPHUIMOM KIMHUYECKUX NPOSBEHWIA.
BbisiBNeHO, UTO cpeAHmMit BO3pacT AebtoTa caxapHoro guabeta 1-ro Tunay AeTeit ¢ OTATOLWEHHbIM aHAMHE30M
Mo NepuHaTanbHOI r’MNOKCUM HacTynan B 601ee paHHMe CPOKK 1 cocTaBun 6,98+0,47 roga, BospacT gebtota y
JeTeli C HEOTATOLWEHHbIM aHaMHe30M cocTaBun 8,98+0,5 roaa. BeiBogbl. CaxapHblit fuabeT 1-ro Tunay aeten
yacTo fe6rTupyeT noa «mackamm» OPBU, KuweyHoi uam MoyenonoBoi MHOEKLUM, YTO MPUBOAUT K NO3AHEI
AMarHoCTUKe M PasBUTMIO KeToalnAao3a. Y nogpoCTKOB CaMblii AIMTENbHbIN Nepnog OT NepBbiX CUMNTOMOB A0
nabopaTOpPHOro NOATBEPXAEHUS caxapHOro fuabeTa 1-ro Tuna. Heo6Xo4MMO yNyylwmnTh CUCTEMATUYECKOE 06YYe-
HWe Bpayeil ambynaTopHOro 3BeHa KNMHUYECKUM N ANArHOCTMYECKUM KPUTEPUAM caxapHoro guabeta 1-ro tuna.

KJIOYEBDBIE CNNOBA: caxapHbiii fuabert, feTu, JOrocnuTanbHblf 3Tam, TaKTUKO-ANArHOCTUYECKME MEPONPUATHSA

UcTouHUK PpUHaHCUpOBaHUA. ABTOPbLI 3aABASAIOT 06 OTCYTCTBMUW BHELLHET0 GUHAHCUPOBAHUA NPU NPOBEAEHUU UCCAEAOBAHUA.
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INTRODUCTION

Type 1 diabetes mellitus (T1DM) is a disease
resulting from autoimmune destruction of insu-
lin-producing B-cells of the pancreas, leading to
the development of absolute insulin deficiency.

According to the International Diabetes Fede-
ration (IDF) data for 2021, the total number of
children and adolescents (under 19 years of age)
with type 1 diabetes worldwide exceeds 1.2 million
people. The total number of patients with T1DM
under the age of 18 in the Russian Federation as of
December 31, 2023, was 61,318 (208 per 100,000
pediatric population) [1].

Type 1 diabetes mellitus is a multifactorial
disease; however, the specific mechanisms of
interaction between genetic predisposition, envi-
ronmental factors, and the state of the immune
system underlying T1DM remain unclear. Environ-
mental triggers (infectious, dietary, or chemical)
that initiate B-cell destruction are still unknown.

Typical complaints of type 1 diabetes mellitus
(T1DM) at disease onset include thirst, frequent
urination with nocturnal and daytime urinary inconti-
nence in young children, weight loss or unexplained
failure to gain weight (in infants), weakness, fatigue,
and recurrent skin infections, as well as inflamma-
tory diseases of the external genital organs.

With the development of ketoacidosis, the above
complaints are accompanied by dry skin and mu-
cous membranes, the smell of acetone in the ex-
haled air, vomiting, impaired consciousness up to
coma, and regular deep breathing with a loud inspi-
ration and forceful expiration (Kussmaul breathing)
[2, 3]. It should be noted that from the appearance
of autoantibodies to the onset of clinical manifes-
tations, several years may pass, and the symptoms
are highly heterogeneous, which may lead to delayed
diagnosis of T1DM at the stage of ketoacidosis
development [4-6].

AIM

To analyze complex cases involving the diagno-
sis and management of children with newly diag-
nosed type 1 diabetes mellitus during the prehos-
pital phase of emergency and urgent medical care.
Research objectives

1. To study the age structure of children at the
onset of diabetes mellitus.
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2. To assess the level of newly diagnosed hy-
perglycemia in children at the onset of diabetes
mellitus depending on age.

3. To identify diagnostic difficulties in provi-
ding medical care to children with newly diag-
nosed diabetes mellitus at the prehospital stage.

MATERIALS AND METHODS

An analysis was performed of 121 medical re-
cords of children for the years 2022-2023 with a
clinical and/or laboratory onset of type 1 diabetes
mellitus (T1DM), who were urgently admitted via
emergency medical services to the Clinic of the
Federal State Budgetary Educational Institution of
Higher Education “Saint Petersburg State Pediat-
ric Medical University” of the Ministry of Health of
the Russian Federation (SPhSPMU).

The retrospective analysis of medical histories
included the assessment of initial and final diagno-
ses, the age of hospitalized children, the duration
from the detection of clinical and/or laboratory
signs of T1DM to hospitalization, as well as the
level of hyperglycemia, and the nature of diagnostic
and therapeutic measures at the prehospital stage.

For statistical processing, mean values and
standard deviations of quantitative indicators
were calculated (Mtm), intergroup differences
were assessed using Student’s t-test, and a pro-
bability of error of less than 5% (p <0.05) was con-
sidered statistically significant.

RESULTS AND DISCUSSION

All patients were divided into groups according
to age: from 1 to 3 years (n=17), from 4 to 7 years
(n=33), from 8 to 12 years (n=41), from 13 to 17 years
(n=30). The mean age of the children was 8.930.39
years, including 62 boys and 59 girls (Fig. 1).

When analyzing differences between age
groups in relation to sex distribution, no statisti-
cally significant differences were found (p >0.05).

The reasons for emergency hospitalization at
the onset of type 1 diabetes mellitus in children
were clinical manifestations and/or detected la-
boratory abnormalities — hyperglycemia and/or
glucosuria.

Complaints of children and/or parents regar-
ding the child's health were classified as follows:
“major symptoms of diabetes mellitus” — polyu-
ria, polydipsia, and weight loss — in 85.9% of ca-
ses (n=104), as well as dry mouth, lethargy, and
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Puc. 2. KOAMYECTBO CAYUYaEB BbISIBAEHUSI TUMEPTAMKEMMM NPU AeBtoTe caxapHOro Anabeta 1-ro Tuna y AeTei Ha pa3AMUHbIX
3Tanax oka3aHWsi MEAMLIMHCKOM MOMOLUM M NPU CaMOCTOSITEAbHOM 06palleHuMn B CTauMoHap (PUCYHOK MOArOTOBAEH

aBTopaMu no COBCTBEHHbIM AaHHbIM)

drowsiness in 14.8% (n=18), nausea and vomiting
in 12.4% (n=15), urinary disturbances (dysuria,
nocturia, enuresis) in 6.7% of cases (n=8), abdo-
minal painin 5.8% (n=7), and less frequently head-
ache and dizziness (n=3), acetone odor from the
mouth (n=2), and oral candidiasis (n=1).

Hyperglycemia was initially detected at the pri-
mary care setting, at the stage of emergency me-
dical care, and during self-referral (Fig. 2).

In children aged 1 to 3 years, hyperglycemia
was more often detected during emergency medi-
cal care or at the primary care setting. In the group
of children aged 4 to 7 years, hyperglycemia was
also predominantly detected at the primary care
setting or by parents themselves. Among children
aged 8 years and older, hyperglycemia was most
frequently detected at the primary care setting.
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It was found that blood glucose levels at the
onset of type 1 diabetes mellitus in children va-
ried depending on age: in the 1-3 years group,
higher values were observed — 27.9+2.6 mmol/L;
in older age groups, lower values were recorded:
in children aged 4-7 years — 19.7741.65 mmol/L,
8-12 years — 21.34+1.53 mmol/L, and 13-
17 years — 20.3+1.44 mmol/L (p <0.05). This is
most likely related to the absence of specific com-
plaints in the child, as well as the inability to clearly
articulate them due to younger age.

The duration from the onset of initial symptoms
to laboratory confirmation of existing hyperglycemia
or glucosuria was 16.5+3.78 days in the 1-3 years
group, 16.53+2.9 days in the 4-7 years group,
19.0542.37 days in the 8-12 years group, and
28.2945.2 days in the 13-17 years group (p >0.05).
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AETCKAA 3HAOKPUHOAOTUA

Table 1. Analysis of blood glucose levels in children with various clinical manifestations at the onset of diabetes

mellitus

Tabauua 1. AHanus YPOBHA TAKOKO3bl KPOBU Yy AETEN C Pa3AUUYHbIMKU KAMHWMYECKMMW MPOSIBAEHUAMU Npu AebroTe

caxapHoro avaberta

BospacT peTten
YpoBeHb rAHOKO3bl KPOBU, MMOABL/A Age of children
Blood glucose level, mmol/I 1-3ropa 4-7 net 8-12 net 13-17 net
1-3 years 4-7 years 8-12 years 13-17 years
Nmenn «6oAbLLME CUMMTOMbI CaxapHOro 27,50+2,84 19,84+1,67 |22,72+1,75 | 20,28+6,43
AnabeTar, ypoBeHb FAMKEMWUN
Had “major symptoms of diabetes mellitus”,
glycemic level
He umenn «6oAbLIMX CUMNTOMOB CaxapHOro 29,9316,43 10,85%+1,70 14,13+299 | 12,56%4,37
Anabetar, ypoBeHb FAMKEMUN
Did not have “major symptoms of diabetes mellitus”,
glycemic levels

The table is based on data from the authors’ own research
Ta@/\MLLa COCTaBA€eHa No AAHHbIM cobCcTBEHHOrO NCCAEAOBaHNA aBTOPOB

A comparative analysis of glycemia levels was
performed in children with “major symptoms of
diabetes mellitus” and in children without corre-
sponding specific symptoms of T1DM (Table 1).

The results show that in children under 3 years
of age, glycemia levels do not correlate with the
presence of “major symptoms” of T1DM, which is
associated with difficulties in timely diagnosis of
diabetes mellitus in this age group.

Among all analyzed medical records of children
with newly diagnosed type 1 diabetes mellitus,
half had a complicated medical history in the form
of perinatal hypoxia during the prenatal develop-
ment period. It was found that the mean age of
T1DM onset in children with a history of perinatal
hypoxia occurred earlier and was 6.9810.47 years,
whereas in children without such a history the age
of onset was 8.98+0.5 years (p <0.05).

Notably, 74% of children were admitted to the
hospital in a state of diabetic ketoacidosis (mild or
moderate severity) (mild — 15%). Such a high rate of
ketoacidosis, according to the analysis of medical
documentation, was associated with several reasons.

1. Lack of clinical suspicion for T1DM due
to the polymorphism of clinical manifestations
(differential diagnosis of the causes of existing
complaints was performed, including infectious
causes in cases of abdominal pain, vomiting,
weakness, and headache in the child; urinary tract
infection was also excluded).

2. Delayed presentation of the child’'s legal
guardians for medical care (attempts at self-treat-
ment).

CHILDREN’S MEDICINE of the North-West

3. In many cases, at the outpatient stage, after
detection of glucosuria or moderate hyperglyce-
mia, further confirmatory investigations were per-
formed in the outpatient setting instead of hospi-
talizing the child.

CONCLUSION

Currently, it is known that several years may pass
from the appearance of autoantibodies to the clini-
cal manifestation of type 1 diabetes mellitus. At the
same time, the symptoms of the disease are high-
ly heterogeneous and may be masked by different
“clinical disguises”: from signs of acute respirato-
ry or intestinal infection to manifestations of the
genitourinary system, which at the initial diagnostic
stage may lead to delayed verification of TIDM at
the stage of developing ketoacidosis. In addition, a
trend toward a younger age of diabetes onset is ob-
served, including the first years of life. Infants and
preschool children are unable to clearly formulate
their complaints due to age-related features (emo-
tional lability, difficulties in verbal communication,
use of diapers), and their apparent well-being may
mislead both parents and outpatient clinicians,
preventing adequate and timely assessment of the
child’'s condition severity. All these factors lead to
delayed diagnosis of T1DM in this group of children,
with pronounced hyperglycemia and ketoacidosis.
Adolescents, in turn, often conceal their complaints
from relatives, which is associated with the longest
interval between the onset of initial symptoms and
laboratory confirmation of T1DM in this age group.
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Considering all of the above, in order to ensure
timely diagnosis of diabetes mellitus, systematic
training of outpatient healthcare personnel is required
regarding the clinical presentation and diagnosis of
diabetes mellitus. It is necessary to consider expan-
ding the indications for emergency bedside glucom-
etry at the prehospital stage in a number of cases, in
addition to the detection of typical clinical symptoms
of diabetes mellitus, in diagnostically unclear or
doubtful situations: fever without obvious catarrhal
symptoms, emotional lability in young children, sud-
den or progressive lethargy, altered level of conscious-
ness, seizure syndrome, abdominal pain, vomiting,
candidal lesions of the oral mucosa, pruritus of the
skin or mucous membranes, complaints of headache,
presence of dysuria/nocturia/enuresis, as well as in
cases of dyspnea or noisy breathing. If laboratory ab-
normalities are detected — hyperglycemia, glucosuria,
or ketonuria — hospital admission of the child to an
endocrinology department is recommended.

It is also necessary to inform the population
about socially significant diseases, including type 1
diabetes mellitus, through the placement of public
awareness campaigns. A high level of awareness
regarding this disease will help reduce the rate of
complications, including severe ketoacidosis at the
stage of T1DM diagnosis.
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KoHdnuKT uHTEpecoB. ABTOpPbI AeKnapupytoT
OTCYTCTBME SIBHbIX U MOTEHLMUANbHbIX KOHDINK-
TOB MHTEPECOB, CBA3AHHbIX C Ny6NMKaLWUEN Ha-
CTOALLEN cTaTbMu.

WHdopmupoBaHHoe cornacue Ha nybnuka-
umio. ABTOpbI MOAYYMSIN NUCbMEHHOEe cornacue
nauMeHTOB Ha My6AMKALMI0O MEAULMHCKUX AaH-
HblIX.
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ABSTRACT. Introduction. Metapneumovirus infection is one of the leading causes of lower respiratory tract in-
fection in children. The aim of the study — to identify the features of immunopathogenesis and clinical course of
metapneumovirus infection in children to predict the severity of the disease and optimize therapeutic approaches.
Materials and methods. A retrospective analysis of the medical records of 210 children aged 1 month to 14 years
hospitalized in infectious disease hospitals in St. Petersburg from 2019 to 2025 was conducted. Etiological iden-
tification was performed using PCR in nasopharyngeal swabs. Cytokine status (IL-1B, -6, -8, -10, -17, IFN-a and
-y levels) was determined using ELISA in serum. Results. Metapneumovirus infection in children was detected
in 6.6% of acute respiratory viral infections. Patients with mono-metapneumovirus infection under 3 years of
age accounted for 72%, of which 53% had lower respiratory tract lesions. Acute obstructive laryngitis was most
often observed in children aged 1-3 years (23.4%). Children with grade | laryngeal stenosis accounted for 64.3%.
Acute bronchitis/BOS was more often recorded in children under 1 year (48.8%) and 1-3 years (46.7%). Grade -1
respiratory failure was observed mainly in young patients (85.7%). Pneumonia was diagnosed in 21.5% of children
under 1 year of age. Activation of cellular immunity was accompanied by an increase in proinflammatory cytokines
(IL-1B, -6, -8, -17) and an anti-inflammatory cytokine (IL-10), which plays a role in limiting excessive inflammation.
A simultaneous decrease in interferon levels (IFN-a and -y) was observed. Conclusions. Metapneumovirus infection
in young children primarily affects the lower respiratory tract and is associated with a high rate of complications.
The immunopathogenesis of this infection is characterized by increased production of proinflammatory and anti-
inflammatory cytokines, coupled with decreased interferon levels, reflecting an imbalance in the immune response
that contributes to the severity of clinical manifestations.
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MHOPEKUMUOHHDBIE BOAE3HMU

OpuruHanbHaA cTaTbs

https://doi.org/10.56871/CmN-W.2026.81.49.012

KAMHUKO-UMMYHOAOTMUECKUE aCNEKTbI
MeTanHeBMOBUPYCHOU UHPEKLUU Y AeTEU

Bepa ®epotoBHa CyxoBeukaal, TatbaHa AHaToAbeBHa KananHal,

Braaumup Hukonaesuu Tumuerkol, TatbsHa MapatoBHa YepHosa?,

EneHa BrapnmuposHa bapakural, OkcaHa BrapumuposHa byanHal,

EkaTtepuHa leopruesHa MonoBaueBa?, BepoHuka CepreeBHa TUMOHUHE?,

Onbra MetposHa NypuHat, AnekcaHAp EBreHbeBuy BAMHOBY,

Onbra HukonaesHa BapaamoBsa?

1 CaHkT-TeTepbyprekuii rocyAapCTBEHHbINA NEAUATPUUECKWIA MEAULIMHCKUIA yHUBepcuTeT, 194100, r. Caxkr-MNetepbypr,
yA. AvTOBCKas, A. 2, Poccuiickas ®epepaumsn

2 Hay4HO-UCCAEAOBATEABCKIUIA MHCTUTYT rpunna umenn A.A. CmopoamnHLesa, 197022, r. CaHkt-lNetepbypr, yA. Mpodeccopa Monosa,
A. 15/17, Poccuitickan ®epepaums

Ans untupoBaHua: Cyxoeukan B.®., KanavHa T.A., TumueHnko B.H., YepHoBa T.M., bapakuHa E.B., Byanna O.B., lfonosauesa E.T.,
TumoHuHa B.C., l'ypura O.M1., banHoB A.E., BapaamoBa 0.H. KAMHUKO-UMMYHOAOTMYECKME acneKTbl MeTanHEBMOBUPYCHON MHOEKLMU
y aAeTew. Children’s Medicine of the North-West. 2026;14(1):144-153. https://doi.org/10.56871/CmN-W.2026.81.49.012.

Mocrynuaa: 12.11.2025 0Opo6peHa: 23.01.2026 MpuHaTa K neuatu: 20.03.2026

PE3IOME. Beegenne. MeTanHeBMOBMPYCHAsA MH(EKLNA — OfHA U3 NUAUPYIOLNX B MOPAXEHUU HUXHUX OTAE-
NOB pecnupaTopHoro Tpakta y fereii. Ljenb uccnegoBaHua — BbiIIBUTb OCOGEHHOCTU KNMHUYECKOTO TEYEHUS
W UMMYHOMaToOreHesa MeTarnHeBMOBMPYCHOM UHMEKLUM Y feTell f1S NPOrHO3MPOBaHUSA TAXECTU 60NE3HU n
ONTUMK3aLKUM TepaneBTUYeCcKUX NoAxonoB. MaTepuanbl u MeTogbl. [IpoOBefeH peTPOCNEKTUBHbIN aHann3 Mefu-
LMHCKMX KapT 210 peTeii B Bo3pacTe oT 1 Mecaua Ao 14 neT, rocnuTanu3npoBaHHbIX B UHHEKLMOHHbBIE CTaLNOHa-
pbl CaHkT-MeTep6ypra B 2019-2025 rr. 3TMonormyeckas pacuudpoBKa NpoBoANIacCh METOOM MOJIMMEPasHOM
LienHOi peakLun B HOCOTIOTOYHbIX CMbiBaX. LMTokuHOBBIN cTaTyc (copepxanue UJI-1B, -6, -8, -10, -17, NDH-a
W -y) onpeaensinu MeTo4oM UMMYHOPEPMEHTHOrO aHanu3a B CbIBOPOTKe KPOBU. Pe3yabTaTbl. MeTanHeBMOBY-
pycHast HDeKLUs y AeTeii BbisiBNeHa B 6,6% cnyyaeB OCTPON PeCnMpaToOpHOi BUPYCHON MHdeKLMHK. [auueHTsl ¢
MOHOMETaNHEeBMOBMPYCHOI MHdEKLMeN B BO3pacTe [0 3 neT cocTaBunm 72%, u3 Kotopbix 53% UMenu nopaxe-
HUE HWXKHWUX OTAENOB PECMUPATOPHOro TpakTa. OCTpblii 06CTPYKTUBHbIA NAapUHIUT Yalle Habnogancs y feTen
B Bo3pacTte 1-3 net (23,4%). [letu co cTeHo30M ropTaHu | ctenenu coctasunm 64,3%. OcTpblit GPOHXUT/BPOH-
X006CTPYKTUBHbII CUHAPOM Yalle perncTpupoBancs y Aeteii B BospacTe o 1 roga (48,8%) u 1-3 net (46,7%).
[bixatenbHaa HegocTaTtoyHocTb |-l cTeneHn oTMeyanach NpenMyLL,eCTBEHHO Y NaLMeHTOB paHHero Bospacra
(85,7%). MHeBMOHMSA AuarHocTupoBaHa y 21,5% aeteit jo 1 roaa. AKTUBaLMs KNETOYHOTO UMMYHUTETA COMPOBO-
XJlanacb NoBbILWEHUEM NPOBOCMANUTENbHbIX LMTOKMHOB (UJ1-1B, -6, -8,-17) M NpOTMBOBOCNANMTENBHOIO LIUTOKMHA
(M1-10), urpatowiero posib B OrpaHUYEHNUN Ype3MepHOro BocnaneHns. OHOBPEMEHHO OTMEYANOCh CHUXEHMUE
ypoBHsl uHTepdepoHoB (MDH-a u -y). BoiBogbl. MeTanHeBMOBUPYCHas MHAEKLUS Y feTeil NpeuMyLecTBEHHO
nopaxaeT HUXHUWE [ibIxaTesibHble NYTU U COMPOBOXAAETCA BbICOKON YacTOTOW OCNOXHeHMH. UIMMyHonaToreHes
JaHHON MHbEeKLUM xapaKTepusyeTcs YCMNeHHON NPOAYyKLMel NpoBOCNANUTENbHbIX M NPOTUBOBOCNANUTENbHbIX
LMTOKMHOB Ha OHE CHUXXEHUS YPOBHS MHTEP(EPOHOB, YTO OTPaXaeT AucbanaHc MMMYHHOTO OTBETA, CMOCOBCTRY-
IOLLLEro TAXECTN KIUHUYECKNX NPOSBNEHWI.

KNIOYEBDBIE CI0BA: mMeTanHeBMOBUPYCHas MHPEKLNS, ETH, UHTEPPEPOHDI, UHTEPNENKNHDI

UcTouHUK pUHaHCUpOBaHUA. ABTOPbI 3aABAAIOT 06 OTCYTCTBUU BHELLUHEro GPUHAHCUPOBAHUA MPU NPOBEAEHUN UCCAEAOBAHUA.
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INTRODUCTION

Acute respiratory viral infections (ARVI) conti-
nue to be the leading cause of infectious diseases
in children. The incidence of ARVI remains con-
sistently high, primarily due to the lack of specific
immunoprophylaxis, the instability of the immune
response, the ability of some viruses to persist
latently, and chronic sensitization of the body.
Young children, particularly those under three
years of age, remain particularly vulnerable, with
ARVI being one of the leading causes of hospi-
talization in this age group [1, 2]. More than 200
viruses are known to cause respiratory tract infec-
tions. The most common pathogens are: influen-
za viruses, parainfluenza viruses, respiratory syn-
cytial (RS) virus, and adenoviruses, rhinoviruses,
bocaviruses, metapneumoviruses, coronaviruses,
and enteroviruses. The listed agents do not ex-
haust the etiological spectrum of ARVI in children,
since currently, even with the help of modern la-
boratory diagnostic methods, it is possible to iden-
tify no more than 70% of all acute respiratory tract
infections recorded in childhood [3, 4].

In recent years, there has been an increase
in the prevalence of metapneumovirus infection,
which is a cause for particular concern in pediat-
rics and virology. The role of metapneumovirus as
a trigger for the development of chronic diseases
and complications requires a more in-depth study
of pathogenetic and immunological mechanisms.
Metapneumovirus is capable of persisting in the
respiratory tract for long periods with possible re-
activation upon a decline in immunity, which con-
tributes to the chronicity of the infection. Clinical
manifestations range from mild respiratory symp-
toms to severe conditions: bronchiolitis, bronchial
obstructive syndrome, and pneumonia, particular-
ly in immunocompromised children [5, 6].

Metapneumovirus belongs to the family Pneu-
moviridae (formerly Paramyxoviridae) and is a
single-stranded RNA virus. It was first identified
in 2001 in the Netherlands. Analysis of serum
samples from patients showed that it had been
circulating in the human population since the
mid-20™ century. Metapneumovirus has two main
genotypes — A and B — each of which includes
several subtypes that determine the severity of
the disease and the spread of the infection. There
is evidence of a new variant of metapneumovirus
unrelated to genotypes A and B, suggesting its po-
tentially broader heterogeneity [7, 8].
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The immaturity of the immune system in young
children and the ability of respiratory pathogens to
suppress interferon production reduce the body’s
antiviral defense, leading to the development of the
disease. Interferons (IF) block the synthesis of viral
proteins, preventing further viral replication and the
spread of infection. Suppression of IF production
leads to an imbalance between pro-inflammatory
and anti-inflammatory cytokines, particularly in-
terleukins (ILs), which exacerbates inflammation,
triggers the development of allergic reactions, and
causes airway obstruction syndrome [9, 10].

In young patients with acute respiratory in-
fections, including metapneumovirus infection,
reduced functional activity of immunocompetent
cells and inadequate regulation of Th-1 interferons
in the cellular immune response are observed,
leading to a more severe course of the disease
with predominant involvement of the lower res-
piratory tract [11, 12].

A comprehensive analysis of the clinical and
immunological characteristics of metapneumovi-
rus infection in children is a key prerequisite for
elucidating pathogenetic mechanisms, improving
methods of early diagnosis, predicting disease se-
verity, and optimizing therapeutic strategies.

AIM

To identify the characteristics of the clinical
course and immunopathogenesis of metapneu-
movirus infection in children in order to predict
disease severity and optimize treatment.

MATERIALS AND METHODS

A retrospective analysis was conducted of the
medical records of 210 children aged 1 month to
14 years with metapneumovirus infection who were
treated at pediatric infectious disease hospitals in
St. Petersburg (N.F. Filatov Children’s City Clinical
Hospital No. 5, St. Olga Children’s City Clinical Hos-
pital No. 4) between 2019 and 2025. Monoinfection
was observed in 164 patients (78.1%), and co-infec-
tions with other respiratory viruses were observed
in 46 children (21.9%).

This study presents an analysis of the clinical
and immunological characteristics of patients with
monometapneumovirus infection, whose age distri-
bution is as follows: 1 month to 1 year — 41 (25.0%),
1to 3years — 77 (47.0%), 3 to 7 years — 34 (20.7%),
7to 14 years — 12 (7.3%).
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Inclusion criteria for the study: seeking medical
care within the first three days of symptom onset, no
use of antiviral or topical antiseptic therapy prior to
laboratory testing, and no comorbidities that could
interfere with an objective assessment of the results
(diabetes mellitus, tuberculosis, chronic liver and
kidney diseases, cancer at any stage, HIV infection).

The diagnosis of metapneumovirus infection was
based on clinical signs, including fever, redness of
the oropharyngeal mucosa, nasal congestion, rhinitis,
cough, shortness of breath, as well as percussion and
auscultatory changes in the lungs. The patients’ condi-
tion was monitored daily. Chest X-rays were performed
when there were clinical and laboratory indications to
detect pneumonia and other complications.

During the first day of the patient’s hospitalization,
a nasopharyngeal specimen was tested for respiratory
viral antigens using real-time reverse transcription poly-
merase chain reaction (RT-PCR) with the “AmpliPrime®
ARVI-Complex” and “AmpliPrime® SARS-CoV-2 / Flu
(A/B/H1pdm09)” (NextBio LLC, Moscow). Cytokine
status (levels of IFN-a and IFN-y, IL-1, -6, -8, -10, and
IL-17) was assessed in blood serum by enzyme-linked
immunosorbent assay (ELISA) during the acute phase
of the disease. The assays were performed using
commercial kits (Cytokine LLC, St. Petersburg) in the
laboratory of the State Scientific Research Institute
of Ultra-Pure Biopreparations.

Statistical analysis was performed using the
STATISTICA 13.0 software package. Quantitative
results are presented as absolute values with the per-
centage (%) and a confidence interval (Cl) calculated
using the Klopper—Pearson method. The Pearson’s 2
test was used to assess differences between groups.
Differences were considered statistically significant
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at a p-value <0.05. To identify cytokine markers,
we used the binary logistic regression method with
stepwise inclusion of variables (p <0.05).

RESULTS

An analysis of laboratory test results for patients
with acute respiratory infections observed between
2019 and 2025 showed that a viral cause was identified
in 84.9% (n=3,181) of cases, while in 15.1% (n=565) of
cases, test results for the respiratory virus group were
negative. Metapneumovirus infection was confirmed
in 210 patients, accounting for 6.6% of all confirmed
cases of ARVI. Monoinfection was observed in 164 pa-
tients (5.2%), and mixed infection in 46 (1.4%).

Mixed infection included various combinations,
predominantly of two viral genomes (Fig. 1). An
association between metapneumovirus and RSV
was detected in the overwhelming majority of ca-
ses (26.1%), which is explained by the coincidence
of the peaks in the circulation of these viruses [1].
Co-infection of metapneumovirus with coronaviru-
ses was recorded in 21.7% of cases, which is associ-
ated with the high prevalence of SARS-CoV-2 during
the pandemic [3]. Co-infection of metapneumovirus
with rhinovirus (17.4%) and influenza virus (13.0%)
was detected less frequently. According to the lite-
rature, influenza viruses and rhinoviruses are among
the leading causative agents of ARVI and remain
relevant pathogens to this day [4]. Less frequently,
cases of viral-viral coinfections involving metapneu-
movirus with adenovirus (10.9%), bocavirus (6.5%),
and parainfluenza virus (4.4%) were recorded.

An analysis of gender characteristics reveals a
higher prevalence among boys compared to girls
[2]. A similar trend was observed among patients
with monometapneumovirus infection: among the
164 patients examined, boys accounted for 73.2%
(n=120) and girls for 26.8% (n=44) (p <0.05). Among
those hospitalized, the majority of patients were under

Fig. 1. Structure of viral associations in children examined in
2019-2025 (n=46): HAdV — adenovirus; HBoV — bocavirus;
HCoV — coronavirus; HMPV — metapneumovirus; HPIV —
parainfluenza; HRV — rhinovirus; Flu — influenza; RSV —
respiratory syncytial virus (the figure is prepared by the authors)

Puc. 1. CTpykTypa BMpYCHbIX accouuaumii y obcne-
AOBaHHbIX aAeter B 2019-2025 rr. (n=46): HAdV —
apeHoBupyc; HBoV — 6okaBupyc; HCoV — kopoHaBUpYC;
HMPV — metanHeBmoBupyc; HPIV — naparpunn; HRV —
puHoBupyc; Flu — Bupycel rpunna; RSV — pecnupatopHo-
CUHUMTUAAbHbIV BUPYC (PUCYHOK MOAFOTOBAEH aBTOpPaMM)
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three years of age (n=118/72.0%), which is explained
by the immaturity of the immune system and the high
susceptibility of children in this age group to viral
infections [7].

The rate of hospitalization of children with mo-
nometapneumovirus infection was significantly hig-
her when the lower respiratory tract was involved
(n=112/68.3%) compared to the upper respiratory tract
(n=52/31.7%) (p <0.05). A high incidence of lower res-
piratory tract involvement was observed across various
age groups: 1 month to 1 year — 87.8%, 1-3 years —
66.2%, and 3-7 years — 61.8%. In children aged
7-14 years, upper respiratory tract involvement was
recorded in the majority of cases (66.7%) (Table 1).
Young children with lower respiratory tract involvement
(n=87/53.0%) accounted for more than half of those
hospitalized with monometapneumovirus infection.

Upper respiratory tract involvement in the form of
rhinopharyngitis was detected in 24 children (14.6%)
(Table 2). The course of metapneumovirus infection
involving exclusively the upper respiratory tract was
characterized by an acute onset. Hospitalization of
patients was due to hyperthermia reaching 38.5-
39.0 °C, which was difficult to control in an outpatient

INFECTIOUS DISEASES

setting and persisted in the hospital for 3—-5 days from
the onset of symptoms. The intoxication syndrome
manifested as a deterioration in general condition,
lethargy, headache, and loss of appetite. The catarrhal
syndrome was moderately pronounced from the first
days of the illness, manifesting as serous rhinorrhea,
nasal congestion, oropharyngeal hyperemia, and a
persistent, non-productive cough.

Acute obstructive laryngitis was observed in
28 patients, predominantly in children aged 1-3 years
(n=18/23.4%). With increasing age, the frequency
of clinical manifestations of laryngeal stenosis de-
creased: in the 3-7-year-old group — 6 children; in the
7-14-year-old group — 2 patients. Croup more often
complicated the course of the underlying disease on
the second (n=15/53.6%) and third day (n=9/32.1%)
from the onset of respiratory symptoms; it was less
common on the first day of the illness (n=4/14.3%).
At the same time, grade | laryngeal stenosis was dia-
gnosed significantly more often (n=18/64.3%) than
grade Il (n=10/35.7%) (p <0.05). No cases of grade Il
laryngeal stenosis were observed. In 60.7% (n=17) of
patients, the symptoms of stenosis were complete-
ly resolved within the first day of hospitalization; in

Table 1. Levels of respiratory tract damage in hospitalized children of different ages with mono-metapneumovirus

infection in 2019-2025 (n=164)

Tabauua 1. YPOBHM NOpaXeHWs pecnnpaTopHOro Tpakra npy MOHOMETanHEBMOBUPYCHON MHOEKLMM Y TOCMUTAaAU3UPO-
BaHHbIX AETEN pa3AMyHOro Bo3pacra B 2019-2025 rr. (n=164)

YpoBeHb nopa)xeHUA pecnupaTopHOro Tpakra
Respiratory tract lesion level

Bospacrt

Age BEepXHUE AblXaTeAbHble NyTU HWXHUE AblXxaTeAbHble MyTU
upper respiratory tract lower respiratory tract
n/% n/%

1 mecsau, — 1 roa 5/12,2 36/87,8*

1 month — 1 year

(n=41)

1-3 ropa 26/33,8 51/66,2*

1-3 years

(n=77)

3-7 net 13/38,2 21/61,8*

3-7 years

(n=34)

7-14 net 8/66,7* 4/33,3

7-14 years

(n=12)

Bcero peten 52/31,7 112/68,3*

Total children

(n=164)

The table is prepared by the authors using their own data
Tabauua cocTaBAeHa aBTOpaMu Mo CO6CTBEHHBIM A@HHbIM

Note: n —the number of patients; * —p <0.05 in relation to the corresponding indicator between the levels of respiratory tract damage.
MpumeyaHue: n — yncno nauneHToB; * — p <0,05 No OTHOLLUEHUIO K COOTBETCTBYIOLLEMY MOKa3aTEAID MEXAY YPOBHAMMU MOPaXeHus

pecnupaTopHOro TpakTa.
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Table 2. The nature of respiratory tract damage in hospitalized children of various ages with confirmed mono-

metapneumovirus infection in 2019-2025 (n=164)

Tabauua 2. Xapaktep NOpaxeHUs PecnupatopHOro Tpakra y rocnuMTasM3vpoOBaHHbIX AETEM pa3AMUYHOro Bo3pacTa
C MOATBEPXAEHHOW MOHOMETaNMHEBMOBUPYCHOM MHbeKumen B 2019-2025 rr. (n=164)

XapakTep nopaxeHus pecnupaTtopHoro Tpakra
The nature of the respiratory tract lesion

Boapact OCTpbIU OCprmu 06CTpyK- } OCTpbI 6POHXUT/ BMpycHan
pUHObAPUHIUT TUBHbIA AAPUHIUT | oCcTpbiK TpaxeuT | BOC

Age h . . . NHEBMOHMUSA
acute rhino- acute obstructive acute tracheitis acute bronchitis/ viral pneumonia
pharyngitis laryngitis (n/%) BOS (n/‘y';
(n/%) (n/%) (n/%) 0

1 mecsu — 1 roa 3/7,7 2/4,9 7/17,1 20/48,8* 9/21,5

1 month — 1 year

(n=41)

1-3 ropa 8/10,4 18/23,4 9/11,7 36/46,7* 6/7,8

1-3 years

(n=77)

3-7 net 7/20,6 6/17,6 3/8,8 14/41,2* 4/11,8

3-7 years

(n=34)

7-14 net 6/50,0 2/16,7 1/8,3 2/16,7 1/8,3

7-14 year

(n=12)

Bcero peten 24/14,6 28/17,1 20/12,2 72/43,9* 20/12,2

Total children

(n=164)

The table is prepared by the authors using their own data
TabAvua cocTaBAeHa aBTOpamMu No COOCTBEHHBIM AQHHbBIM

Note: BOS — bronchial obstruction syndrome; n — number of patients, * — p <0.05 in relation to the corresponding indicator for

acute rhinopharyngitis.

Mpumeuarue: BOC — 6POHX00BCTPYKTUBHbIM CUHAPOM; N — YACAO NaUMEHTOB; “— p <0,05 Mo OTHOLLEHWIO K COOTBETCTBYIOLLEMY

nokasaTeAto Npu 0CTPOM PUHODAPUHTUTE.

28.6% (n=8) of patients, they resolved on the second
day; and in only 10.7% (n=3) did croup symptoms
persist for three days. Twenty patients (12.2%) were
diagnosed with acute tracheitis, which manifested
as a dry cough that progressed to a productive wet
cough as the disease advanced.

In 72 children (43.9%), monometapneumovirus
infection presented with symptoms of acute bronchitis,
and 72.2% (n=52) of them exhibited bronchial ob-
structive syndrome (BOS) of varying severity. The age
distribution of acute bronchitis/BOS was characterized
by a predominance of young children: 1 month to
1year —48.8%, 1to 3 years — 46.7%, with a tendency
toward a decrease in frequency in older age groups:
3-7 years — 41.2%, 7-14 years — 16.7%. The com-
plication developed in the majority of patients within
the first three days — in 64.4%, and from the 4th to the
5th day — in 35.6% of children (p <0.05). The leading
components of the clinical symptom complex were
signs of respiratory failure (RF) against a background
of obstructive syndrome, severe intoxication, and fever
persisting for several days. Clinical signs of grade I-

CHILDREN’S MEDICINE of the North-West

I Rl were observed in 35 (21.3%) patients, with infants
accounting for 85.7% (n=30) compared to children in
older age groups — 14.3% (n=5) of cases (p <0.05).

In 20 (12.2%) patients with monometapneumovi-
rus infection, pneumonia developed, more frequently
in children aged 1 month to 1 year (21.5%). In other
age groups, pneumonia was recorded with varying
frequency: from 1 to 3 years of age — 7.8%, from 3
to 7 years of age — 11.8%, and from 7 to 14 years
of age — 8.3%. In 75.0% of cases, pneumonia was
detected within the first three days of the illness; in
25.0% of patients, it was diagnosed on the 4th-5th
day of the illness. Radiographic examination re-
vealed infiltrative changes predominantly in the VIII
and IX segments of the right and/or left lung. In all
children, the disease was accompanied by an ele-
vated body temperature, with half of the children
experiencing febrile temperatures (38.1-38.9 °C) for
3-7 days, and was accompanied by a pronounced
intoxication syndrome.

We analyzed the results of a study examining se-
rum levels of IFN-a and -y and cytokines (IL-1B, -8,
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Table 3. Serum cytokine levels in healthy children and patients with mono-metapneumovirus infection, depending

on the severity of respiratory tract damage

Tabauua 3. CopepXaHWe LUMTOKMHOB B CbIBOPOTKE KPOBW Yy MaLMEHTOB C MOHOMETarnHeBMOBUPYCHON WHbeKuuein
B 3aBMCUMOCTH OT YPOBHS NOPaXeHUss pecnmMpaTopHOro Tpakra

Xapakrep nopa)keH1s pecnupaTtopHOro Tpakra

The nature of the respiratory tract lesion
LLATOKMHBI Hopma, nr/ma OCTpbIK puHOda- OCTE)bIﬁ 06CTPYKTUB- | OCTPbIN BPOHXUT/ | BUPYCHAA NMHEB-
Cytokines Standard, pg/ml | punrur, I.'IF/MA HbIV I\apVIHrVIT,-I'Ir/M/\ BOC, nr/ma N MOHMS, nr/mMAa

(M+m) acute rhinopharyn- | acute obstructive acute bronchitis / | viral pneumo-

gitis, pg/ml laryngitis, pg/ml BOS pg/ml nia, pg/ml

(M+m) (n=28) (M£m) (n=20) (M£m) (n=26) (M£m) (n=20)
UNA-13 15,6+2,4 28,2+4,1 31,0+5,4 41,2+4,2% 44,7+5,1*
NN-8 25,1+3,5 68,4+23,4 72,3+24,7 239,3+26,8* 326,4+27,9*
NA-10 15,6+2,4 26,0+£3,5 32,4+4,3 63,615,9* 81,0+4,6%
UN-17 21,0£3,1 41,3+11,4 175,6+47,6* 267,6+39,5% 245,2+41,3%
NOH-a 23,313,8 48,5+1,6 26,4+1,3 20,1+1,2* 15,4+1,1*
NOH-y 25,61£2,7 52,2+3,2 45,4+3,6 16,4+1,3* 10,4+1,2*

The table is prepared by the authors using their own data
TabAnua cocTaBAeHa aBTOpPaMMU N0 COOCTBEHHbIM AaHHbIM

Note: BOS — bronchial obstruction syndrome; * — p<0,05 in relation to the corresponding indicator for acute rhinopharyngitis.
Mpumeuyanue: BOC — 6POHX00OCTPYKTUBHbIN CUHAPOM; * — p <0,05 No OTHOLLIEHMIO K COOTBETCTBYIOLLLEMY MOKa3aTEeAI MPW OCTPOM

puHObapuHrute.

-10, and -17) in patients with varying degrees of res-
piratory tract involvement due to mono-metapneu-
movirus infection (Table 3).

The study found that in children with viral pneumo-
nia, the level of the pro-inflammatory cytokine IL-18
increases significantly, reaching 44.745.1 pg/mL,
which is 1.6 times higher than the levels observed in
acute rhinopharyngitis (28.2+4.1 pg/mL) (p <0.05).
The increase in IL-8 is particularly pronounced,
with its concentration rising more than fourfold,
from 68.4123.4 to 326.4127.9 pg/mL, reflecting
the intensity of the inflammatory response in the
airways. The increase in IL-10 levels from 26.013.5
to 81.0¢4.6 pg/mL indicates the activation of com-
pensatory anti-inflammatory mechanisms aimed at
limiting inflammation and protecting tissues from
damage. The more than sixfold increase in IL-17,
from 41.3+11.4 to 267.6+39.5 pg/ml, indicates the
key role of this cytokine in the pathogenesis of ob-
structive inflammatory processes in the lower res-
piratory tract, which contributes to the recruitment
and activation of neutrophils and other inflamma-
tory cells [12]. Concurrently, a significant decrease
in interferon levels is observed: IFN-a decreases
from 48.5¢£1.6 pg/mL in acute rhinopharyngitis to
15.4+1.1 pg/mL in viral pneumonia, and IFN-y from
52.2+3.2 t0 10.411.2 pg/mlL, respectively, indicating
a substantial suppression of the antiviral interferon
response [10], particularly in cases of lower respira-
tory tract involvement.

DISCUSSION

The analysis showed that, between 2019 and
2025, metapneumovirus infection accounted for
6.6% of confirmed cases of ARVI in children, of
which 5.2% were monoinfections and 1.4% were
mixed infections. The demographic profile of pa-
tients with monometapneumovirus infection was
characterized by a predominance of young children
(under 3 years of age) (72%), of whom 53% had in-
flammatory changes in the lower respiratory tract.
Boys predominated among those examined (73.2%).

Acute obstructive laryngitis was most common
in children aged 1-3 years (23.4%), and first-de-
gree laryngeal stenosis was diagnosed in 64.3%
of cases. Croup developed predominantly on the
2nd-3rd day of the illness (53.6% and 32.1%, re-
spectively).

Acute bronchitis/bronchopneumonia was more
frequently recorded in children aged 1 month to
1 year (48.8%) and 1-3 years (46.7%), with this
complication occurring within the first three days
of the illness in 64.4% of cases. Clinical signs of
grade I-1l respiratory distress syndrome were ob-
served in 85.7% of young children.

Viral pneumonia was diagnosed predominantly
in infants under 1 year of age (21.5%), with 75%
of cases occurring within the first three days, indi-
cating rapid progression of the inflammatory pro-
cess in the lower respiratory tract. Consequently,
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acute bronchitis/BRD and pneumonia developed
predominantly in the early stages of the illness.

The cytokine profile of patients was characte-
rized by a significant increase in pro-inflammatory
cytokines IL-1B (up to 44.745.1 pg/mL), IL-8 (up to
326.4127.9 pg/mL), IL-17 (up to 267.6139.5 pg/mL),
as well as the anti-inflammatory cytokine IL-10 (up
to 81.0+4.6 pg/mL), particularly in cases of lower
respiratory tract involvement. At the same time, a de-
crease in IFN-a and -y levels (to 15.4 and 10.4 pg/mL,
respectively) was observed, reflecting a weakened
antiviral immune response.

CONCLUSION

Metapneumovirus infection in children is cha-
racterized by predominant involvement of the lower
respiratory tract and a high incidence of complica-
tions, such as acute obstructive laryngitis, bronchi-
al obstruction syndrome, and pneumonia, which
leads to a severe course of the disease and neces-
sitates a comprehensive approach to diagnosis
and treatment. Immune dysregulation in the form of
an imbalance between pro- and anti-inflammatory
cytokines, as well as a reduced interferon response,
can serve as markers for monitoring the course of
the disease and form the basis for optimizing the-
rapy aimed at restoring antiviral immunity.

ADDITIONAL INFORMATION

Authors' contribution. Concept of the article —
V.F. Sukhovetskaya, T.A. Kaplina, V.N. Timchen-
ko, T.M. Chernova, E.V. Barakina, 0.V. Bulina,
E.G. Golovacheva, V.S. Timonina, 0.P. Gurina,
A.E. Blinov, 0.N. Varlamova; text development —
V.F. Sukhovetskaya, T.A. Kaplina, V.N. Timchen-
ko, T.M. Chernova, E.V. Barakina, 0.V. Bulina,
E.G. Golovacheva, V.S. Timonina, O.P. Gurina,
A.E. Blinov, 0.N. Varlamova; editing — V.F. Suk-
hovetskaya, T.A. Kaplina, V.N. Timchenko; ap-

MHOPEKUMUOHHDBIE BOAE3HMU

proval of the final version of the article — V.F. Su-
khovetskaya, V.N. Timchenko.

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

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

Consent for publication. Written consent was
obtained from the patient for publication of rele-
vant medical information within the manuscript.

AOMOAHUTEAbBHAA UHOOPMALUA

Bknap aBTopoB. KoHuenuus ctatbu — B.®. Cy-
xoBeukas, T.A. Kannuna, B.H. Tumyenko, T.M. Yep-
HoBa, E.B. bapakuHa, 0.B. bynuHa, E.l'. lonoBa-
yeBa, B.C. TumonuHa, O.M. 'ypuHa, A.E. bnnHos,
0.H. BapnamoBa; HanucaHue TekcTa — B.®. Cyxo-
Beukas, T.A. KannuHa, B.H. Tumyenko, T.M. YepHo-
Ba, E.B. bapakuHa, 0.B. bynuna, E.I. [onoBaye-
Ba, B.C. TumonuHa, O.M. TypuHa, A.E. BnuHos,
0.H. Bapnamoga; pegaktuposaHue — B.®. CyxoBeL-
kas, T.A. KannuHa, B.H. TumMueHko; yTBepxaeHue
OKOHYaTenbHoro BapuaHTa cratb — B.®. Cyxo-
Beukas, B.H. TumyeHko.

Bce aBTOpbl BHECNM CYLWECTBEHHbIN BKaj,
B pa3paboTKy KOHUenuuu, NnpoBejeHue wuc-
cnefoBaHUA U MOATOTOBKY CTaTby, NPOYMN U
0f06punu GuUHaNbHYy Bepcuto nepepg nybnu-
Kauuen.

KoHpnukT nHTepecos. ABTOpbI feKnapupyot
OTCYTCTBUE SIBHbIX U NOTEHLUANbHbIX KOHPNIMK-
TOB MHTEPECOB, CBA3AHHbIX C Ny6NMKaLuen Ha-
CTOSILLEN cTaTbMu.
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ABSTRACT. Introduction. |dentification of the causes of cognitive impairment, early diagnosis, prediction, and
rehabilitation remain important tasks in pediatric practice. The aim — to investigate the mechanisms underlying
the development of cognitive impairment and to identify risk factors in children who have had mild to moderate
COVID-19. Materials and methods. The study included 147 children aged 7-18 years who had SARS-CoV-2 infection.
Group 1 comprised 22 children with cognitive impairment, while Group 2 included 125 children without impairment.
The groups were comparable in terms of age and sex. Cognitive impairment was assessed using the syndrome-
based factor analysis of higher cortical functions proposed by A.R. Luria. The frequency and severity of asthenic
syndrome were evaluated using the Malkova-Chertova scale (modified for adolescents). Transcranial duplex
ultrasound of cerebral vessels was performed. Statistical analysis was conducted using IBM SPSS Statistics 23.
Differences were considered statistically significant at p <0.05. Results. Cognitive impairment was detected in
13.6% of children from the early stages of SARS-CoV-2 infection and persisted for up to three years. Moderate and
severe asthenia were associated with an increased risk of cognitive deficit. The likelihood of cognitive impairment
was also influenced by the severity of infection symptoms, the presence of neurological manifestations, as well
as the child’s sex and age.

KEYWORDS: cognitive impairment, children, COVID-19, SARS-CoV-2, asthenic syndrome, risk factors
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MUHOEKLUUOHHDBIE BOANE3HHU
OerMHaI\bHaH cTaTtbA

https://doi.org/10.56871/CmN-W.2026.35.88.013

MexaHu3mbl GOPMUPOBAHUA KOTHUTUBHbIX HApPYLLEHUH
y A€TEH, NepeHeCcLUUX KOPOHABUPYCHYIO UHPEKLUIO

NtoboBb AnekceeBHa XaputoHoBa, CBeTaaHa HukonaeBHa HoBocenoBa

Poccuicknin HaUMOHaAbHbIM MCCAEAOBATEABCKMI MEANLMHCKMI yHUBEepceuTeT um. H.W. Muporoea, 129110, r. MockBa,
yA. OcTpoBUTSIHOBA, A. 1, Poccuiickas ®epepauumsn

Ara untupoBaHuaA: XapvtoHoBa A.A., HoBocenoBa C.H. MexaHn3Mbl GOPMUPOBAHUS KOTHUTUBHBIX HAPYLLUEHWI Y A€TEN, NePEeHECLUMNX
KOPOHaBUPYCHYIO UHOeKUMto. Children’s Medicine of the North-West. 2026;14(1):154-168.
https://doi.org/10.56871/CmN-W.2026.35.88.013.

Mocrynuaa: 09.12.2025 0Opo6peHa: 26.01.2026 MpuHaTa K neyatu: 20.03.2026

PE3IOME. Beegenne. BbisiBneHne npuynmH GOpMMpOBaHMS KOTHUTUBHbIX HapyLUEHWIA, UX PaHHAS LUarHOCTMKaA,
NPOrHO3MpOBaHME U peabunnuTaLusa NaLMeHTOB OCTAKOTCA aKTyanbHbIMK 3afa4aMm NeANaTPUYECKOi NPaKTUKH.
Lienp ncenegoBahna — v3yuntb MexaHu3Mbl GOpPMUPOBAHMA U ONpeAenuTb GakTopbl pucka pasBUTUS KOTHU-
TUBHbIX HapYLIEHUI Y fleTeld, NepeHeclwnX Nerkyro u cpegHeTsxenyto popmol COVID-19. MaTepuanbl u MeToZbl.
Mop HabniogeHneM Haxogunuch 147 peteii B Bo3pacTte oT 7 Ao 18 net, nepeHecwux nHoekumto SARS-CoV-2.
B 1-t0 rpynny Bownu 22 pebeHKa C KOTHUTUBHbIMU HapyLIEHNAMU, BO 2-10 — 125 peTeil 6€3 HapyLwweHwii. [pynnbl
6b111 conocTaBUMbI MO NONY M Bo3pacTy. KOrHUTUBHbIE HAapyLWEeHWS OLLeHNBaM C MOMOLL b0 CUHAPOMHOTO (ak-
TOPHOrO aHanM3a HapyLeHU BbICLIMX KOPKOBBIX QYHKLMIF YenoBeka, npeanoxeHHoro A.P. Jlypueii. YacToTy u
TAXKECTb aCTEHUYECKOro CUHAPOMa onpeaensanu no wkane J1.[J. MankoBoii n T.I'. YepToBoi B MogudukaLum
Ans nogapocTkoB (LUkana acTeHn4yeckoro cocTosiHus). MPOBOANNOCH TPAHCKPaHUaAbHOE AyNIeKCHOe CKaHUpo-
BaHMe COCYA0B rosloBHOro Mo3ra. CtaTuctuyeckas 06paboTka ocyllecTBasnach ¢ ucnonbaosaHunem IBM SPSS
Statistics 23. 3HauumocTb npuHumanu npu p <0,05. Pesynbrarbl. KOrHUTUBHbIE HAapyLIEHUs BbisiBJieHbl Y 13,6%
AeTeit ¢ nepBbix AHeli 3a6oneBaHns SARS-CoV-2 1 coxpaHsnucb A0 Tpex NeT. YCTaHOBNEHO, YTO YMepeHHas
W TAXenas acTeHWsl NOBbIWAET PUCK KOTHUTUBHOIO AeduuuTa. Ha BeposTHOCTb pa3BUTUS HAPYLIEHWI TaKxXe
B/IMAIOT BbIP@XEHHOCTb CUMNTOMOB MH(EKLUM, HaNNYMe HEBPOOTUYECKUX NPOSAABAEHUNA, @ TaKXKe MO U BO3-
pacT pebeHka.

KNIOYEBBIE CNNOBA: korHuTuBHbie HapyweHus, getu, COVID-19, SARS-CoV-2, acTeHnyeckuii CuHAPOM, akTopbl
pucka

UcTOUHUK PpUHaAHCUpPOBaHUA. ABTOPLI 3aABASAIOT 06 OTCYTCTBUU BHELLUHETO GUHAHCUPOBAHUA MPU NPOBEAEHUN UCCAEAOBAHUA.
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INTRODUCTION

Children’s health is one of the priority issues of
medicine in the Russian Federation. At the same
time, the state of physical and mental health large-
ly depends on the body’s ability to adapt to chan-
ging environmental conditions [1, 2].

Adaptation to environmental factors is en-
sured by the autonomic nervous system (ANS)
through the coordinated activity of the sympa-
thetic and parasympathetic divisions [3]. Expo-
sure to adverse factors exceeding the body's
reserve capacities leads to tension of adaptive
mechanisms. Researchers attribute the novel
coronavirus infection (SARS-CoV-2), COVID-19, to
the causes of reduced quality of life and deterio-
ration of physical and mental health in children
and adolescents [4-7].

Itis known that since the onset of the COVID-19
pandemic, an increase in neurological disorders
has been observed worldwide, the genesis of
which may be associated with damage to ner-
vous system cells following the passage of the
SARS-CoV-2 virus through the blood-brain bar-
rier. Children of this age are particularly vulne-
rable in this regard, since it is during this period
of life that active development of environmental
perception, memory, speech, and psychomotor
coordination occurs [4, 8]. Disruption of adap-
tive mechanisms may affect the intellectual
development of the child, cause a decline in
cognitive abilities, and, as a consequence, lead
to difficulties in learning educational material,
among other effects [2, 9].

For a comprehensive assessment of higher
mental functions (HMF) and the emotional-per-
sonal sphere, it is recommended to study cere-
bral hemodynamics with determination of the
state of adaptive and compensatory mecha-
nisms of cerebral blood flow autoregulation [10].
For this purpose, transcranial duplex scanning
(TCDS) of cerebral vessels is performed, which
makes it possible to study baseline blood flow
characteristics and cerebrovascular reactivity
(the ability of cerebral vessels to change their
diameter in response to various specific stimuli)
in real time [11].

In this regard, the issues of early detection of
cognitive disorders, identification of risk factors
for their development, and development of prog-
nostic models allowing timely implementation of
preventive and rehabilitation measures are rele-
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vant [12, 13]. All of the above determined the pur-
pose of the present study.

AIM

The aim is to investigate the mechanisms un-
derlying the development of cognitive impairments
and identify risk factors for their onset in children
who have had mild or moderate COVID-19.

MATERIALS AND METHODS

The present cohort study was conducted
from 2020 to 2024 at Children’s Polyclinic No. 1
of the Krasnogorsk City Hospital. A total of 147
patients who had experienced outpatient SARS-
CoV-2 infection were observed. There were
54 boys and 93 girls. The age of the participants
ranged from 7 to 18 years, with a median age
of 13 (10; 15) years. The children were divided
into two groups: Group 1 included 22 children
(6 boys and 16 girls) with identified cognitive
impairment, and Group 2 included 125 children
(48 boys and 77 girls) without cognitive impair-
ment. Both groups were comparable in terms of
sex and age (Table 1).

Inclusion criteria: children aged 7 to 18 years,
belonging to health groups I-IlI, with laborato-
ry-confirmed mild to moderate coronavirus infec-
tion.

Exclusion criteria: patients younger than
7 years or older than 18 years; children belon-
ging to health groups IlI-IV (chronic somatic and
neurological diseases, including autism spectrum
disorders, intellectual disability of any etiology,
and organic psychosomatic disorders); children
who had or had not experienced coronavirus in-
fection.

Higher mental function (HMF) impairments
(memory, thinking, speech, perception, and atten-
tion) were identified using the syndrome-based
factor analysis of HMF disorders proposed by Ale-
xander Romanovich Luria, which enables assess-
ment of working memory and attention processes,
including memorization, retention, and recall of in-
formation. Intellectual activity and mnemonic per-
formance of the child were analyzed; the speed of
auditory-verbal memorization of a list of 10 words
was calculated; visual memory and voluntary at-
tention were also assessed, and the capacities of
memorization and delayed text recall were deter-
mined [14].
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Table 1. Distribution of study participants by sex and age, n/%*

MHOPEKUMUOHHDBIE BOAE3HMU

Tabauua 1. PacnpepeneHve HabaopaeMblx A€TEN Mo NOAY M Bo3pacTy, n/%*

1-a rpynna 2-a rpynna Utoro

1st group 2nd group Total

n=22 n=125 n=147
Bo3pacrt

noA noa noa
Age

sex sex sex

MaAnbUYUKKU AEBOYKU MaAbUYUKKU AEBOYKU MaAbUYUKKU A AEBOYKHM

boys girls boys girls boys girls
7-11 net 3/13,6 8/36,4 18/14,4 20/16,0 21/14,3 28/19,0
7-11 years
12-15 et 2/9,1 8/36,4 17/13,6 41/32,8 19/12,9 49/33,3
12-15 years
16-18 net 1/4,5 - 13/10,4 16/12,8 14/9,5 16/10,9
16-18 years
MToro 6/27,3 16/72,7 48/38,4 77/61,6 54/36,7 93/63,3
Total

The table is based on the authors’ original data
TabAvua cocTaBAeHa Mo A@HHbIM @aBTOPCKOrO UCCAEAOBaHUSA
*p >0,05.

To assess the frequency and severity of as-
thenic syndrome, an express test for asthenic
manifestations was performed using the As-
thenic State Scale (developed by L.D. Malko-
va and T.G. Chertova in a modified version for
adolescents) [15]. Manifestations of asthenic
syndrome included general weakness, rapid fa-
tigability (reduced tolerance to physical and ac-
ademic activities), decreased appetite, and emo-
tional lability (EL).

In the framework of a comprehensive assess-
ment of higher mental functions (HMF) and the
emotional-personal sphere, transcranial duplex
scanning (TCDS) of cerebral vessels with func-
tional tests was performed. The key measured
parameter was the reactivity index (RI), calculated
using the formula:

RI = Vsys / Vbase'

where V. is the linear blood flow velocity after
the test; </base is the baseline velocity (before the
test).

An Rl value ranging from 1.1 to 1.4 was inter-
preted as a positive response, corresponding to
minimal activity of autoregulatory mechanisms
(normal); an RI value exceeding 1.4 was consi-
dered an enhanced positive response (in cases
of pre-existing vascular tone disturbances); RI
values of 0.9-1.1 were interpreted as a negative
response to hypercapnia (exhaustion of the re-
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gulatory system due to structural changes in the
vascular wall caused by endothelial damage); Rl
values below 0.9 were regarded as a paradoxi-
cal response, indicating failure of autoregulatory
mechanisms [16].

A comprehensive examination was performed
in all children at baseline (within the first 48 hours
of illness) and dynamically (at 1, 12, 24, and
36 months).

For statistical processing of the results, IBM
SPSS Statistics 23 software was used. The Sha-
piro-Wilk test was applied to assess data nor-
mality. Data with non-normal distribution were
presented as median and first and third quartiles
Me (Q,-Q,); comparisons were performed using
the Mann-Whitney U test. Categorical data were
presented as absolute values (n) and percenta-
ges (%), and compared using Fisher's exact test.

The strength of association between binary
dependent variables and binary or quantitative
predictors was assessed using odds ratios (OR)
obtained from univariate logistic regression mo-
dels. Results were considered statistically signi-
ficant at p <0.05. Predictive modeling of cognitive
disorder risk was performed using logistic regres-
sion with the Akaike information criterion. The in-
formativeness of the models was evaluated using
Nagelkerke's pseudo-R? ROC curve analysis, and
AUC (area under the curve). For all models, sen-
sitivity, specificity, predictive accuracy, and 95%
confidence intervals (Cl) were calculated.
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RESULTS

At the early stage of coronavirus infection in
children, the following complaints were reported
(n=147): elevated body temperature (117 — 79.6%),
myalgia (23 — 15.6%), arthralgia (13 — 8.8%), ab-
dominal pain (12 — 8.2%), nausea (11 — 7.5%),
general weakness (142 — 96.6%), headache
(125 — 85.0%), dizziness (56 — 38.1%), sweating
(117 = 79.6%), and tachycardia (68 — 46.3%).

Intergroup analysis showed that in the acute
phase of the disease these symptoms were more
frequent in patients with cognitive impairment
than in children without it: emotional lability

INFECTIOUS DISEASES

(EL) — 19/20 (95%) and 73/127 (57.5%); dizzi-
ness — 13/20 (65%) and 43/127 (33.9%); sleep
disturbances — 13/20 (65%) and 21/127 (16.5%),
respectively (p <0.05). At the same time, most
clinical symptoms in Group 1 persisted through-
out the entire follow-up period (Table 2).

Conversely, in the group of patients without
cognitive impairment, by the end of the 36th
month a statistically significant (p <0.05) de-
crease in the frequency of all studied symptoms
was recorded compared with the beginning of the
disease. A positive trend toward a reduction in the
frequency of several symptoms was already ob-
served from the first month (Table 3).

Table 2. Neurological symptoms and findings in children of Group 1 during follow-up, n/%*

Tabauua 2. CUMNTOMbI M NOKA3aTEAU HEBPOAOTMUYECKOrO cTaTyca AeTei 1-M rpynnbl B AMHaMuKke, n/%*

CumnToMbl Yepes Yepes Yepes Yepes

. UcxopHO
M HEBPOAOTMUYECKUU cTaTyC Initiall 1 mecauy, 12 mecAueB 24 mecaua 36 mecaues
Symptoms and neurological n=20 y At 1 month At 12 months At 24 months At 36 months
status n=18 n=16 n=13 n=12
CnabocTtb 20/100,0 17/94,4 16/100,0 11/84,6 11/91,7
Weakness
YTOMASEMOCTb 20/100,0 16/88,9 15/93,8 11/84,6 11/91,7
Fatigue
IMouMoHaAbHaa AabuabHocTb | 19/95,0 14/77,8 13/81,3 11/84,6 10/83,3
Emotional lability
HapyweHue annetuta 16/80,0 12/66,7 11/68,8 9/69,2 8/66,7
Loss of appetite
HapyweHune Bkyca 14/70,0 12/66,7 11/68,8 9/69,2 8/66,7
Taste impairment
lonoBHasn 6oAb 18/90,0 15/83,3 14/87,5 11/84,6 10/83,3
Headache
HapyLueHusa oboHAHUSA 14/70,0 12/66,7 11/68,8 9/69,2 8/66,7
Olfactory impairment
MoTAMBOCTb 18/90,0 14/77,8 14/87,5 11/84,6 9/75,0
Hyperhidrosis
Taxukapans 11/55,0 9/50,0 8/50,0 7/53,8 6/50,0
Tachycardia
[oAOBOKpYXeHUe 13/65,0 11/61,1 12/75 9/69,2 8/66,7
Dizziness
NabUABHOCTb apTepPUaNbHOTO 9/45,0 7/38,9 6/37,5 5/35,5 4/33,3
AaBAEHUA
Blood pressure lability
HapylweHus cHa 13/65,0 7/38,9 12/75 9/69,2 8/66,7
Sleep disorders
Anzocmus 14/70,0 10/55,6 12/75 10/76,9 8/66,7
Dysosmia
AncreBsus 15/75,0 11/61,1 13/81,3 11/84,6 9/75,0
Dysgeusia

The table is based on the authors’ original data

TabAnua cocTaBAEHa MO AAHHbIM aBTOPCKOIo UCCAeAOBaHUA

*p >0,05.
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Table 3. Neurological symptoms and findings in children of Group 2 during follow-up, n/%

Tabauua 3. CUMNTOMbI 1 NOKa3aTeAU HEBPOAOTMYECKOrO cTaTyca AeTel 2-i rpynnbl B AMHAMUKeE, n/%

CUMNTOMbI U HEBpPOAOTUUECKUIN | UcxopHO Yepes Yepes Yepes Yepes
cratyc Initially 1 mecay, 12 mecsaueB 24 mecsaua 36 mecsaueB
Symptoms and neurological n=127 At 1 month At 12 months At 24 months | At 36 months
status n=118 n=85 n=74 n=79
CnabocTb 122/96,1 108/91,5 80/94,1 63/85,1* 44/55,7*
Weakness

YTOMASIEMOCTb 113/89 105/89,0 76/89,4 60/81,1 44/55,7*
Fatigue

IMoUMOHaAbHas AaBUABLHOCTb 73/57,5 63/53,4 43/50,6 37/50,0 32/40,5*
Emotional lability

HapylweHune annetuta 94/74,0 63/53,4* 40/47,1* 30/40,5* 29/36,7*
Loss of appetite

HapylweHune BKyca 70/55,1 45/38,1* 28/32,9* 24/32,4* 19/24,1*
Taste impairment

lonoBHasA 60Ab 107/84,3 80/67,8* 61/71,8* 53/71,6* 52/65,8*
Headache

HapyLweHunsa oboHAHKUA 64/50,4 47/39,8 29/34,1* 30/40,5* 20/25,3*
Olfactory impairment

[MoTAMBOCTb 99/78,0 93/78,8 51/60% 40/54,1* 37/46,8*
Sweating

Taxnkapams 57/44,9 44/37,3 22/25,9* 21/28,4* 15/19,0%
Tachycardia

[OAOBOKpYXeHHe 43/33,9 39/33,1 27/31,8 25/33,8 16/20,3*
Dizziness

NabUABHOCTb apTEPUANBHOTO 45/35,4 36/30,5 22/25,9 22/29,7 14/17,7*
AABAEHUS

Arterial pressure lability

HapylweHusa cHa 21/16,5 16/13,6 12/14,1 10/13,5 5/6,3*
Sleep disorders

Aunsocmus 70/55,1 34/28,8* 34/40% 29/39,2* 26/32,9*
Dysosmia

AuncreBsus 67/52,8 31/26,2* 30/35,3* 27/36,5* 23/29,1*
Dysgeusia

The table is based on the authors’ original data
TabAvua cocTaBAeHa Mo AaHHbIM @aBTOPCKOrO UCCAEAOBaHUS

* Values are statistically significantly different from baseline (p <0.05).
* 3HaYeHUsA CTaTUCTUYECKM 3HAUMMO OTAMYAOTCS OT MCXOAHBIX (p <0,05).

As shown in Table 3, appetite disturbances
decreased from 94 (74%) to 29 (36.7%), hea-
dache from 107 (84.3%) to 52 (65.8%). By the
36th month, dysosmia and dysgeusia were also
less frequent than at baseline, decreasing from
70 (55.1%) to 26 (32.9%) and from 67 (52.8%)
to 23 (29.1%) of children, respectively. At the
same time, throughout the entire follow-up pe-
riod, children with cognitive impairment had sig-
nificantly higher rates of almost all post-COVID
symptoms (emotional lability, appetite distur-
bances, smell and taste disorders, sleep dis-
turbances, dizziness, sweating, tachycardia, as
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well as dysosmia and dysgeusia) compared with
Group 2 (p <0.05).

Interesting data were obtained when analyzing
the dynamics of clinical manifestations of cog-
nitive impairment in children of Group 1. Thus,
30 days after COVID-19, two children showed no
problems with memory, attention, or thinking,
whereas 18 children with cognitive impairment
continued to report reduced academic perfor-
mance. Examination of schoolchildren revealed
working memory deficits (17/94.4%) as well as
impaired distribution and switching of attention
(16/88.9%). By the end of the first year, cognitive
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disorders had resolved in four children, attention
concentration had improved, and academic per-
formance had normalized. Thus, one year after
COVID-19, cognitive deficits persisted in 16 of
20 children, accounting for 88.9%.

Twenty-four months after COVID-19, transient
post-COVID cognitive impairments resolved in

INFECTIOUS DISEASES

another three children from Group 1; however, they
persisted in 13 children in the form of impaired
attention concentration and cognitive flexibility,
short-term memory deficits, impaired encoding,
and reduced verbal fluency.

By the end of the third year of follow-up, cog-
nitive functions had normalized in one more

Table 4. Transcranial duplex ultrasound findings of cerebral vessels in children of Group 1 during follow-up, n/%

Tabauua 4. PesyabTatbl TpaHCKpPaHMaAbHOTO AYNAEKCHOrO CKaHMPOBaHWSA COCYAOB TOAOBHOMO MoO3ra Yy AeTeN

1-1 rpynnbl B AMHaAMuke, n/%

MapameTtpbl uepebpoBaCKyAAPHOM
peakTUBHOCTH

Cerebrovascular reactivity
parameters

UcxopHO
Initially
n=20

Yepes

1 mecay
At 1 month
n=18

Yepes
12 mecsaueB
At 12 months
n=16

Yepes

24 mecAua
At 24 months
n=13

Yepes

36 mecaueB
At 36 months
n=12

MNP ycuaeHHo +

0/0

0/0

0/0,0

0/0

0/0

Rl enhanced +
n/%

uP+
RI+

n/%

9/45

9/50

8/50 7/53,8 10/83,3

WP (-)
RI(-)
n/%

10/50

8/44.4

8/50 6/46,1 4/33,3

MP<1,1
RI<1,1
n/%

11/ 55

9/50

8/50 6/ 46,1 4 /33,3

npP 1,08
RI (1; 1,12)
Me (Q4; Q)

1,09
(1; 1,12)

1,10
(1,05; 1,12)

1,10
(1,09; 1,13)

1,18*
(1,13,1,2)

NP napapokcanbHbIf 1/5
RI paradoxical

n/%

1/5,6

0/0,0 0/0 0/0

MoBbllWEHNE AMHEMHON CKOPOCTH
KPOBOTOKA B apTepMaxX KapoOTMAHOIO
6acceliHa

Increased linear blood flow velocity in
the carotid circulation

n/%

12/60

11/61,1

11/68,8% 8/61,5 8/66,7

MoBbILEHNE AMHEWHOW CKOPOCTH 11/55
KPOBOTOKa B apTepusax Beptebpoba-
3UAApHOro HaccelHa

Increased linear blood flow velocity in
the arteries of the vertebrobasilar basin

n/%

10/55,6

10/62,6% 7/53,8 8/66,7

MoBblLlEHNE AMHEWHOW CKOPOCTH
KPOBOTOKa B rAyb6OKMX BEHax Mo3ra
Increased linear blood flow velocity in
the deep cerebral veins

n/%

15/75

13/72,2

14/87,5 9/69,2 8/66,7

The table is based on the authors’ original data
Tabauua cocTaBAeHa NO A@HHBIM aBTOPCKOMO MCCAEAOBAHMUSA

Note: * — values are statistically significantly different from baseline (p <0.05). RI+ — positive reactivity index; RI(-) — negative

reactivity index.

MpumeyaHue: * — 3HAYEHWUA CTAaTUCTUYECKM 3HAUMMO OTAMYAKOTCA OT MCXOAHBIX (p <0,05); P+ — NOAOXWTEAbHBIN MHAEKC PEeaKTMB-

HocTH; WP (=) — oTpuLaTeAbHbIN MHAEKC PEaKTUBHOCTMU.
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child from Group 1. At the same time, 12 (60.0%)
patients still exhibited impairments in memo-
ry, attention, cognitive switching skills, visual
gnosia, and visuospatial function. Such abnor-
malities significantly reduced the cognitive and
adaptive capacities of the children, diminished
their ability to acquire new experience, caused

MHOPEKUMUOHHDBIE BOAE3HMU

distortions in behavioral and psycho-emotional
domains, and often led to certain changes in
personality development and socialization dif-
ficulties.

Analysis of TCDS data of cerebral vessels
during COVID-19 and in the follow-up period con-
firmed the possibility of the infection affecting the

Table 5. Transcranial duplex ultrasound findings of cerebral vessels in children of Group 2 during follow-up, n/%
Tabnuua 5. Pe3ynbTaTbl TPaHCKpPaHWMAAbHOTO AYMAEKCHOTO CKaHWPOBAHMA COCYAOB TOAOBHOIO Mo3ra y AeTew

2-Vi rpynnbl B AMHaMuKe, n/%

MapameTpbl LepebpoBaCKyAIPHOM
peakTMBHOCTU

Cerebrovascular reactivity
parameters

UcxopHO
Baseline
n=127

Yepes 1 mecay,
At 1 month
n=118

Yepes
12 mecsaues
At 12 months
n=85

Yepes

24 mecaua
At 24 months
n=74

Yepes

36 mecaueB
At 36 months
n=79

NP ycuneHHo +
Rl enhanced +
n/%

1/0,8

2/1,7

0/0,0

3/4,1

8/10,1*

NP+
RI+

n/%

48/37,8

56/47,5

44/51,8*

50/67,6*

60/75,9*

NP (-)
RI(-)
n/%

73/57,5

56/47,5

37/43,5

13/17,6*

6/7,6%

npP<1,1
RI<1,1
n/%

75/59,1

59/50

37/43,5*

16/21,6*

8/10,1*

np
RI

Me (Qg; Qs)

1,07
(1;1,14)

1,09 (1,02;1,18)

1,1*
(1,07; 1;16)

1,16*
(1,1, 1,23)

1,2*
(1,15;1,3)

NP napapoKcanbHbIN
RI paradoxical

n/%

3/2,4

4/3,4

0/0,0

2/2,7

1/1,3

MoBblWEHWE AMHENHON CKO-
POCTN KPOBOTOKA B apTepUsIX
KapoTMAHOro baccerHa
Increased blood flow velocity in the
carotid circulation

n/%

94/74

89/75,4

55/64,7

45/60,8

49/62,0

MoBbILLIEHNE AMHENHOW CKOPOCTH
KPOBOTOKa B apTepusix Beptebpo-
6a3uaApHoro baccenHa

Increased linear blood flow velocity in
the arteries of the vertebrobasilar basin

n/%

77/60,6

74/62,7

46/54,1

40/54,1

40/0,6

MoBbILLEHNE AMHENHOWM CKOPOCTH
KPOBOTOKA B rAyOOKMX BEHaX Mo3ra
Increased blood flow velocity in the
deep cerebral veins

n/%

103/81,1

95/80,5

63/74,1

55/74,3

59/74,7

The table is based on the authors’ original data
TabAuLa cocTaBAeHa N0 A@HHbIM @aBTOPCKOIO UCCAEAOBaHMSA

Note: * — values are statistically significantly different from baseline (p <0.05). RI+ — positive reactivity index; RI(-) — negative

reactivity index..

MpumeyaHue: * — 3HAYEHUS CTAaTUCTUYECKM 3HAUYMMO OTAMYALOTCS OT UCXOAHBIX (P <0,05); P+ — NOAOXWUTEABHBIN MHAEKC PEaKTHB-

HocTH; UP (=) — oTpuuaTenbHbIM MUHAEKC PeaKTUBHOCTMU.
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regulatory system of cerebral blood flow. The re-
sults showed that disturbances of cerebral blood
flow regulation were initially observed with equal
frequency in both groups of children (p >0.05).
Thus, a positive Rl, indicating minimal activity
of autoregulatory mechanisms, was detected
in 9 (45%) children of Group 1 and in 48 (37.8%)
patients of Group 2; a negative RI, indicating im-
paired autoregulation, was found in 10 (50%) and
73 (57.5%), respectively. In most patients in the
first days of infection, regardless of the presence
or absence of cognitive impairment, a similar in-
crease (p > 0.05) in linear blood flow velocity was
observed in the carotid artery system: 12 (60%)
and 94 (74%), in the vertebrobasilar system: 11
(55%) and 77 (60.6%), as well as in the cerebral
venous system: 15 (75%) and 103 (81.1%), respec-
tively.

INFECTIOUS DISEASES

However, TCDS data obtained during follow-up
showed that persistent cognitive deficit may also
be associated with disturbances in cerebrovas-
cular reactivity, which, after arising in the acute
phase of infection, remained in patients of Group
1 throughout the entire observation period (Tab-
le 4), whereas in children of Group 2 cerebrovas-
cular reactivity parameters returned to normal by
the end of the third year (p <0.05). At the same
time, most children in Group 2 demonstrated per-
sistently increased blood flow velocity in the ca-
rotid and vertebrobasilar arteries (VBA), as well
as in cerebral veins, throughout the observation
period (Table 5).

A reduced reactivity index was significantly
more frequently recorded in Group 1 than in Group
2 across all follow-up periods, being observed
by the end of the second year in 6 (46.1%) and

Table 6. Predictive models for cognitive impairment in children after COVID-19 at different follow-up time points (odds

ratio, 95% Cl)

Tabamuua 6. MopaeArM NPOrHO3UMPOBAHMS PA3BUTUA KOTHWUTMBHBIX HapylleHun y aeTert nocae COVID-19 B pasanuHble
nepuoabl HABAOAEHWS (OTHOLLEHME LLIAHCOB (AOBEPUTEAbHbIN MHTEPBAA 95%))

Olfactory impairment

MpeaunkTop Ana 1-ro mecaua Ana 12-ro mecsaua Ana 24-ro mecaua Ana 36-ro mecaua
Predictor At 1 month At 12 months At 24 months At 36 months
Bospact 0,63 (0,43-0,95) 0,62 (0,43-0,89) 0,47 (0,25-0,86) -

Age p=0,028 p=0,011 p=0,015

YKeHCcKuI Noa 13,65 (2,12-88,39) | - - -

Female sex p=0,006

[onoBHas 60Ab 11,50 (1,5-88,13) - - -

Headache p=0,019

HapyweHus - - - 4,49 (1,03-19,52)
060HAHUSA p=0,045

HapylweHue cHa
Sleep disturbance

7,67 (1,43-41,09)
p=0,017

27,07 (1,87-392,57)
p=0,016

27,24 (5,01-148,18)
p <0,001

BblpaxeHHOoCTb
acTeHUYecKoro

COCTOSIHUSA, BanAbl
Severity of asthenic
condition, points

1,10 (1,02-1,20)
p=0,012

1,33 (1,11-1,59)
p=0,002

1,11 (1,03-1,19)
p=0,004

[oBblLEHNE AU-
HEMHOWM CKOPOCTK
KPOBOTOKa B apTe-
pUAX KapoOTUAHOIO
bacceiHa

Increased blood flow
velocity in the carotid
circulation

11,33 (1,47-87,20)
p=0,020

0,16 (0,03-0,96)
p=0,046

MHAEKC peaKTUBHO-
ctm <1,1
Reactivity index <1.1

16,13 (1,21-215,49)
p=0,035

The table is based on the authors’ original data
TabauLa cocTaBAeHa MO AaHHbIM @aBTOPCKOrO UCCAEAOBaHMS
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Table 7. Informativeness of forecasting models

Tabauua 7. UHOGOPMaATUBHOCTb MOAEAEW NPOrHO3MPOBAHUS

MHOPEKUMUOHHDBIE BOAE3HMU

UHpopmaTMBHOCTL 1-n mecs, 12-i mecsy, 24- mecsL, 36-11 mecsL,
Informativeness At 1 month At 12 months At 24 months At 36 months
HyscrauTeAbHOCTS 99,1% 66,7% 88,2% 57,9%
Sensitivity
Cneuneuirocts 63,6% 93,8% 94,4% 96,6%
Specificity
Tourocte 95,9% 86,4% 92,5% 87,2%
Accuracy
AUC 0,929 0,904 0,980 0,876
-R2 |
rcesao-R* Hanaxearepke 0,585 0,584 0,672 0,521
Nagelkerke’s pseudo-R?
The table is based on the authors’ original data
Ta6/\wua COCTaBA€EHa No AaHHbIM aBTOPCKOIro UCCAepAOBaHUA
1,00 / 1,00 /
2 0,751 2 0,751
[&] [&]
o o
I I
5 5
> >
% E 0,50 5 E 0,50
S B 5B
m < m <
73 73
0,25 - 0,25 1
0,00 - 0,00 -

000 025 050 075 1,00 000 025 050 075 1,00
1-CneumduryHocTb 1-CneundunyHoCcTb
1-Specificity 1-Specificity

a/a 6/b
1,00 / 1,00
= 0,75 1 = 0,75 1
[&] [&]
o o
I I
a 0
S = S =
££ 050 S £ 050
2 2 22
53 =3
0,25 - 0,25 -
0,00 - 0,00 -

0,00 0,'25 0,50 0,75 1,00 0,00 O,'25 0,50 0,75 1,00
1-CneumduryHoCcTb 1-CneumduryHoCcTb
1-Specificity 1-Specificity

B/C r/d

Fig. 1. ROC curves for predicting cognitive impairment at 1 (a), 12 (b), 24 (c), and 36 (d) months after COVID-19 using
the developed model (the figure is prepared by the authors using their own data)

Puc. 1. ROC-KpuBble AN NPOrHO3a Pa3BUTMA KOTHUTUBHbIX HapyLleHui yepe3 1 (a), 12 (6), 24 (B), 36 (r) mecsiLeB nocae
COVID-19 ¢ ncnoAb3oBaHUEM pa3paboTaHHON MOAEAU (PUCYHOK NMOAFOTOBAEH aBTOPaMM N0 COBCTBEHHbIM AAHHbIM)
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13 (17.6%) children, respectively (p=0.031); and by
the end of the third yearin 4 (33.3%) and 6 (7.6%)
children, respectively (p=0.024). Quantitative RI
values also differed: at 24 months of follow-up,
RI values in patients with cognitive impairment
were lower than in children without cognitive im-
pairment: 1.10 (1.09; 1.13) versus 1.16 (1.1; 1.23),
respectively (p=0.011). By 36 months, Rl values
<1.1 were more frequently observed in Group
1 than in Group 2: 4 (33.3%) and 13 (10.1%), res-
pectively (p=0.049). These findings indicate an
association between persistent cerebrovascular
reactivity disturbances and the persistence of
cognitive deficits over three years after COVID-19
infection.

Using logistic regression, the most effective
predictors of cognitive impairment development
were identified for each follow-up period. Cere-
bral vessel TCDS parameters and the child’s age
played the most significant role in predicting cog-
nitive deficits (Table 6).

All developed predictive models for cognitive
impairment demonstrated high informativeness
(Table 7).

ROC curves for the prediction of cognitive
impairment in children who had undergone coro-
navirus infection at different follow-up periods,
using the developed models, are presented in
Figure 1.

We also demonstrated a correlation between
the probability of developing cognitive impairment

INFECTIOUS DISEASES

and the severity of asthenia. Thus, univariate ana-
lysis showed that the presence of grade | asthe-
nic syndrome reduced the likelihood of developing
cognitive impairment by 21% at the end of the
first month after COVID-19 (95% CI 0.064-0.67;
p=0.009). At the same time, grade II-Ill asthenia,
conversely, increased the risk of cognitive impair-
ment by 3.9-fold in children one year after coro-
navirus infection (95% Cl 1.17-13.02; p=0.026),
by 23.5-fold after two years (95% Cl 2.55-217.12;
p=0.005), and by 13-fold at the end of the third year
(95% Cl 1.28-134.75; p=0.030). This relationship
was confirmed by analysis of asthenic syndrome
scores using the Asthenic State Scale (ASS) in the
two patient groups across different follow-up pe-
riods (Table 8).

As shown in Table 8, despite initially similar as-
thenic manifestations in both groups of children
(84 (79;98) and 78.5 (64; 90) points, respectively),
in the subsequent period the severity of asthenia
scores was significantly higher in Group 1 than in
Group 2. The severity of asthenia in points was
also included in the predictive models for cogni-
tive impairment for the 1st, 2nd, and 3rd years of
follow-up (p <0.05).

DISCUSSION
Studies by a number of authors have shown

that post-COVID syndrome in 11-53% of children
may be accompanied by cognitive impairment

Table 8. Cognitive impairment severity in two patient groups at different follow-up time points (L.D. Malkova scale,

Me (Q,-Q3))

Tabauua 8. BblpaXeHHOCTb KOTHUTUBHbIX HApYLLIEHWI Y NauMeHTOB ABYX rpynn B PasAMuHble NepuoAbl HabAoAEHNS

B 6annax no wkane A.A. Mankosow, Me (Q,-Q;)

1-A rpynna (c KOrHUTUB- | 2-A rpynna (6e3 KOrHUTUB-
KoanuectBo -
Mepurop HabAOAEHUA NALUEHTOR HbIMW HapyLUEHUAMM) HbIX HapyLeHUN) value
Observation period 4 . Group 1 (with cognitive Group 2 (without cognitive P
Number of patients, n | . . . .
impairments) impairment)
Hauano 6one3HM 147 84 (79-98) 78,5 (64-90) 0,034
Disease onset
1-1n mecsL, 136 79 (69-96) 69,5 (59-81) 0,043
At 1 month
12-i mecsay, 101 69 (64-81) 61 (53-69) 0,003
At 12 months
24-i mecsL, 87 68 (62-77) 55 (51-61) <0,001
At 24 months
36-1 mecay, 91 61 (52-67) 51 (46-60) 0,007
At 36 months

The table is based on the authors’ original data
Tabauua cocTaBAEHa NO A@HHBIM aBTOPCKOrO MCCAEAOBAHMUSA
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[17-19]. In the present study, a decline in cog-
nitive functions after SARS-CoV-2 infection was
detected both at disease onset (13.6%) and sub-
sequently, persisting after 36 months in the ma-
jority of children (12 (60.0%)) with initially iden-
tified cognitive impairment, which is likely due to
two factors:

1) direct damage to neurons and glial cells
of the brain through interaction of the
coronavirus with angiotensin-converting
enzyme type 2 on the surface of neurons;

2) degradation of endothelial cell protein by
the viral enzyme Mpro [20, 21].

The present study confirms the previously de-
scribed in the literature [22, 23] stable association
between cognitive impairment and asthenic syn-
drome in children who have had SARS-CoV-2 infec-
tion. Unlike previous publications, we have shown
and scientifically substantiated that a statistically
significant relationship between cognitive impair-
ment and asthenic syndrome not only persists
over a three-year period but also depends on the
severity of asthenization. Thus, grade II-Il asthe-
nia increased the risk of cognitive impairment by
3.9-fold one year after COVID-19, by 23.5-fold after
two years, and by 13-fold at the end of the third
year (p <0.05). These findings were obtained for
the first time.

The study clearly demonstrates that disturban-
ces in cerebral hemodynamics may contribute to
reduced cognitive functions and the development
of asthenic syndrome [11]. This assumption was
confirmed by our TCDS findings, which allowed an
objective assessment of the degree of intracrani-
al blood flow disturbances in children throughout
the entire clinical follow-up period (from the first
month to 36 months after COVID-19). These re-
sults were also obtained for the first time.

CONCLUSION

Cognitive impairment is detected in 13.6% of
children from the first days of coronavirus infec-
tion, even in cases of mild and moderate disease,
and persists for up to three years.

Children who have had coronavirus infection
should be followed up by a pediatrician, a neu-
rologist, and a psychotherapist for at least three
years to ensure timely correction of cognitive im-
pairment.

During follow-up of a child with or after COVID-19,
it is important to take into account age, the seve-

CHILDREN’S MEDICINE of the North-West
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rity of asthenic syndrome and TCDS parameters,
which are prognostically significant early markers
of cognitive dysfunction.
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AONOAHUTEAbHAA UHO®OPMALUA

Bknap aBTopos. JI.A. XaputoHoBa — paspa-
60TKa KOHLenLuu n gu3aiHa uccnegosanus, op-
MY/IMPOBKa Leneil U 3ajay, aHannus Hay4yHou nu-
TepaTypbl, UHTEpNpPeTauusa NoJiyYeHHbIX JaHHbIX,
noArotoeka u Hanucanue pykonucu; C.H. Hoso-
cenosa — cb60p KNMHUYECKOrO MaTepuana, npo-
BeleHne WHCTPYMeHTaNbHblX MCClefoBaHUi
(TpaHCKpaHWanbHOro AynneKCHOro CKaHMpoBa-
HWS COCY[,0B FONIOBHOIO MO3ra), CTaTUCTUYecKas
00paboTKa AaHHbIX, yyacTue B NOCTPOEHUU NPO-
FHOCTUYECKNX MOJesiel, pefakTupoBaHue n Kpu-
TUYECKUIN NepecMoTp CoflepaHus CTaTbu.

ABTOpbI BHECNU CYLLECTBEHHbIN BK/1aj B Npo-
BeJleHue uccriefloBaHus, corinacoBanm OKOHYa-
TeNlbHblil BAPUAHT PYKOMUCU N HECYT OTBETCTBEH-
HOCTb 3@ BCE acnekTbl paboTbl.

KoHpnuKkT nHTepecoB. ABTOpbI feKnapupyoT
OTCYTCTBUE SIBHbIX U NOTEHLMUANbHbIX KOHPNIMK-
TOB MHTEPECOB, CBA3aHHbIX C nybnukauumeii Ha-
CTOSILLEN CTATbW.

WHdopmupoBaHHoe cornacue Ha nybnuka-
uuio. ABTOpPbI NONYYMSIM NMUCbMEHHOE corfiacue
3aKOHHbIX NpefcTaBuTeNen nauyueHToB Ha ny-
6iMKaumMo MeLULMHCKNX AaHHbIX.
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ABSTRACT. Introduction. After recovery from COVID-19, many patients experience long-term sequelae known
as post-COVID syndrome. The role of changes in the gut microbiota, particularly in relation to gastrointestinal
symptoms following COVID-19, is of growing interest, although data on these changes in the post-COVID period
remain controversial. Aim — to identify the main predictors of the absence of gastrointestinal symptoms in the post-
COVID period in children using clinical, anamnestic, molecular biological, and immunological methods. Materials
and methods. A database was created that included over 400 characteristics characterizing general information,
clinical presentation, laboratory data, including procalcitonin and CRP levels, 16S microbiota sequencing, zonulin
determination, stool PCR for SARS-CoV-2, and analysis of antibiotic and synbiotic prescriptions. The analysis was
conducted in two groups of patients. Group 1 included 24 children who developed gastrointestinal symptoms one
month after recovery, while Group 2 consisted of 23 patients who had no gastrointestinal symptoms. Results. Using
a neural network, five features were identified that predict the absence of post-COVID gastrointestinal symptoms
in children one month after recovery from novel coronavirus infection. The sensitivity of the neural network was
95.0%, specificity 87.5%, and accuracy 91.0%. Conclusion. The main predictors of the absence of gastrointestinal
symptoms in the post-COVID period in children are the relative proportion of Actinobacteriota less than 0.24 in
stool by 16S sequencing one month after recovery, the presence of Actinobacteria species less than 0.1 in stool
by 16S sequencing one month after recovery, treatment with a synbiotic for 30 days, normal zonulin levels in stool,
and the absence of a history of food allergies.
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MoaeAb NPOrHo3a OTCYTCTBUA NMOCTKOBUAHDIX
raCTpOMHTECTUHAAbHbIX HApPYLUEHUHU Y AETEM,
nepeHecwux uHpekuuro COVID-19

AHHa BrapnmuposHa MoayHuHa!, Banepua NMaBroBHa HoBrkoBal,

CseTnaHa \eoHUAOBHa baHHoBal, Bacuanca BanepbeBHa Ayaypuus,

AnekcaHap EBreHbeBuy banHos?, Oabra HukonaesHa BapaamoBal,

Muxann ArekcaHapoBHY AoxoBL, AnekcaHApa AreKcaHAPOBHa TuxomupoBsal,

Huknta ArekcaHApoBMY AemeHTbeB!, Anekcer AbBoBMY Banaliost: 2

1 CaHKT-letepbyprekuii rocyAapCTBEHHbIN NeAnaTPUUECKUin MeALIMHCKUI yHnBepeuTeT, 194100, r. CaHkr-Netepbypr,
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Ana untupoBanms: NonyHuHa A.B., HoBukosa B.I., BaHHoBa C.A., Ayaypuu B.B., banHoBs A.E., Bapaamosa 0.H., AoxoB M.A.,
TuxomupoBa A.A., AemeHTbeB H.A., banawwos A.A. MoaeAb NPorHo3a OTCYTCTBUSA NMOCTKOBUAHBIX FTACTPOUHTECTUHAABHbIX HapyLLEHWUM

y AeTeN, nepeHeclumnx nHoekumto COVID-19. Children’s Medicine of the North-West. 2026;14(1):169-178.
https://doi.org/10.56871/CmN-W.2026.39.71.014.

Moctynuaa: 27.10.2025 Opo6peHa: 26.01.2026 MpuHata kK neuatu: 20.03.2026

PE3IOME. Beegenue. Mocne Bbi3gopoBaeHus ot COVID-19 y MHOMMX NaLMeHTOB HabNtoAaTCA JOAFOCPOYHbIE MNo-
CNeACTBUS, U3BECTHbIe KaK MOCTKOBUAHBINA CMHAPOM. PacTywinii uHTEpecC Bbi3bIBAeT POJSib U3MEHEHUI MUKPOBUOTbI
KMULWIEYHMKA, 0COGEHHO B CBA3M C XeNyA0UYHO-KULWEeYHbIMKU cumnToMamm nocne COVID-19, xoTs AaHHble 06 3TUX U3-
MEHEHMUsIX B NOCTKOBUAHbIN MEPUOS, OCTAKOTCA NPOTUBOPEUNBbLIMU. Ljesib — Ha OCHOBAHUMN KIIMHUKO-aHaMHeCTHYe-
CKMX, MONEKYNAPHO-BMONOTNYECKMX U UMMYHONOTNYECKMX METOZOB BbISIBUTb OCHOBHbIE NPEAUKTOPbI OTCYTCTBUS
raCTPOMHTECTMHAJNIbHbIX CUMMTOMOB B MOCTKOBUAHLIV Nepuog y aeteii. Matepuannl u metogbl. Co3gaHa 6asa
JaHHbIX, KoTopas BK/toyana 6onee 400 Npu3HaKoB, xapaKTePU3YHOLLMX 06LLMe CBELEHMS, KIIMHUYECKYIO KapTHHY,
nabopaTopHble JaHHble, B TOM YKCIIe YPOBEHb NPOKaNbLUTOHMHA U C-peakTUBHOIO 6enka, 16S cekBeHUpoBaHue
MWKPOBUOTbI, onpeaeneHne 3oHynuHa, MNLP kana Ha Bupyc SARS-CoV-2, aHann3 HasHauyeHUs aHTUGUOTUKOB U CUH-
6uoTuka. AHanu3 NpoBOAMACA B iBYX rpynnax nauueHToB. [pynna 1 — 24 pebeHka, y KOTOPbIX Yepe3 Mecal, nocne
BbI3L0POBNEHUSA NOABUANCD XENy[0YHO-KMLWEYHbIE CUMNTOMBI, FPyNna 2 COCTOsNa M3 23 NaLMEHTOB, HE UMEBLLMNX
HUKaKWUX raCTPO3HTEPONIOrMYeCKMX CUMNTOMOB. Pe3ynibTaThl. C NOMOLLbIO HENPOHHON CeTU BblAeNeHbl NATb Npu-
3HAKOB, COMPOBOXAALLMX OTCYTCTBUE MOCTKOBUAHbIX FaCTPOMHTECTUHAMbHBIX CUMMNTOMOB Y AETEN Yepes Mecal|
nocne BbI3A0POB/EHNS OT HOBOW KOPOHABUPYCHOW MH(EKLMN. YyBCTBUTENBHOCTL HEPOHHOM CETH COCTaBumna
95,0%, cneunduuHoctb — 87,5%, TouHoCTb — 91,0%. 3akmoyeHne. OCHOBHbIE NPEANKTOPLI OTCYTCTBUA FaCTPOMH-
TECTUHANbHbIX CUMMTOMOB B NOCTKOBUJHbIA NEPUOS Y LeTell — 3T0 OTHOcMTeNbHas gons Actinobacteriota MeHee
0,24 B cTyne meToaoM 16S ceKBEHMPOBaAHMSA Yepes MecsL, Noc/e BbI3AOPOBIEHUSA, Hanuune Buaa Actinobacteria
meHee 0,1 B cTyne MeTofoM 16S ceKBeHUPOBAHNSA Yepe3 MecsL, Noc/e BbI3J0POBNEHNUS, eYeHNe CUHOUOTUKOM B
TeyeHue 30 fHEN, HOPMaNbHbINA YPOBEHb 30HYNIMHA B CTY/E, OTCYTCTBME NULLEBOI anieprum B aHaMHese.

KNIOYEBBIE CJIOBA: COVID-19, geTu, nOCTKOBUAHDbII nepnos, pyHKUnoHanbHble pacctposictBa XKT, nporHo3

UcTouHUK PpUHaHCUpOBaHUA. ABTOPbLI 3aABASIOT 06 OTCYTCTBMUW BHELLHET0 GUHAHCUPOBAHUA NPU NPOBEAEHUU UCCAEAOBAHUSA.
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INTRODUCTION

Although the acute phase of the COVID-19
pandemic has ended, its long-term consequences
remain a major healthcare concern [1]. At pre-
sent, more than 1000 different genetic lines of the
SARS-CoV-2 virus have been registered, posses-
sing unique characteristics and different degrees
of resistance to the immune response [2]. It has
been established that even after recovery from
various variants of COVID-19 infection, patients
reveal signs and symptoms that persist after the
disease or appear again, which is interpreted as
post-COVID syndrome [3, 4]. Symptoms may be
associated with chronic inflammation, autoim-
mune diseases, chronic endotheliopathy, micro-
thrombosis or persistence of the virus [3]. Chan-
ges in the composition of the microbiota may
also play a role in long COVID, however data on
the intestinal microbiota in the post-COVID peri-
od are contradictory [5, 6]. Recently, researchers’
attention has been attracted by the relationship
between changes in the intestinal microbiota and
the presence of gastrointestinal manifestations
after COVID-19-infection [7-11]. The characteris-
tics of gastrointestinal symptoms in children and
adults after new coronavirus infection are pre-
sented in Table 1.

In the study of A.A. Karasev (2023) it is sta-
ted that the total frequency of disorders of intesti-
nal motor function (diarrhea/constipation) varies

MHOPEKUMUOHHDBIE BOAE3HMU

from 3.6 to 48%, abdominal pain of any localiza-
tion — from 9 to 32% [12].

In another domestic observation, 25% of chil-
dren complained of abdominal pain after COVID-19
infection [4].

In the work of A.V. Naletov et al. (2021) a pre-
dominance of diarrhea and abdominal pain in 76%
of the studied patients after infection was no-
ted [13].

One of the variants of gastrointestinal tract
(GIT) damage after coronavirus infection is irri-
table bowel syndrome (IBS) [14, 15]. Its frequen-
cy, studied in several studies, varied from 0.6 to
11.6% [14, 15]. Prognostic factors for the deve-
lopment of IBS in the post-COVID period are insuf-
ficiently studied. In one study it was shown that
in patients with acute gastrointestinal symptoms
during COVID-19 the probability of developing per-
sistent gastrointestinal symptoms is four times
higher than in patients without acute gastrointes-
tinal symptoms [16]. In three other studies [17-19]
the presence of gastrointestinal symptoms in the
acute phase was named a precursor of IBS, where-
as in other studies [20, 21] no correlation between
gastroenterological symptoms during illness and
symptoms in the post-COVID period was found. It
is considered that the pathogenesis of IBS in the
post-COVID period is mainly associated with dys-
function of the “gut-brain” axis [22, 23].

Currently, the role of prebiotics and probiotics
in the restoration of normal intestinal microbiota

Table 1. Characteristics of gastrointestinal symptoms in children and adults after a new coronavirus infection

(in absolute numbers)

Tabauua 1. XapaKTepucTnuka racTpOUHTECTUHAAbHbIX CUMMTOMOB Y AeTeN U B3POCAbIX NOCAE nepeHeceHHoﬁ HOBOW

KOPOHABUPYCHOM MHPEKUMK (B abc. umcaax)

KonnuectBo boau
UccnepoBaTtenm CrtpaHa lop 60AbHbIX TowHoTa | PBota | AMapesa | B XXuBoTe
Researchers Country Year Number Nausea Vomit | Diarrhea | Stomach
of patients ache
Obleaga et al. [7] PyMbIHUSA 2023 |21 21 4 21 21
(aetn / children) Romania
D. Noviello et al. [8] Utanusa 2021 164 - - - 16
(B3pocable / adults) Italy
J. Weng et al. [9] Kutan 2021 117 - 11 17 8
(B3pocAble / adults) China
Huang et al. [10] Kutan 2021 | 1655 - 80 80 -
(B3pocable / adults) China
Anaya et al. [11] Koaymbus 100 - 4 9 8
(B3pocable / adults) Colombia

The table was compiled by the authors

TabAuua cocTaBAeHa aBTopamMmu
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and reduction of the severity of both gastrointes-
tinal and respiratory symptoms in patients with
COVID-19 is actively being studied [24, 25]. Data
have been published on successful correction of
dysbiosis in patients infected with COVID-19, which
reveals the role of probiotics in the treatment of this
new coronavirus infection [26]. The intake of certain
prebiotics and probiotics may minimize gastrointes-
tinal symptoms of COVID-19 and the consequences
of antibiotic use, which aggravate these symptoms
[27, 28]. However, factors contributing to the pre-
vention of post-COVID gastrointestinal disorders in
children have not been studied.

AIM

Based on clinical-anamnestic, molecular-bio-
logical and immunological methods, to identify
the main predictors of absence of gastrointestinal
symptoms in the post-COVID period in children.

MATERIALS AND METHODS

The calculation of the main predictors of the
absence of gastrointestinal symptoms after coro-
navirus infection was based on the results of a
clinical post-registration open observational pro-
spective single-center study with minimal inter-
vention. It was approved by the local ethics com-
mittee of the Federal State Budgetary Educational
Institution of Higher Education “Saint Petersburg
State Pediatric Medical University” of the Minis-
try of Health of the Russian Federation. Children
with COVID-19 infection aged from 3 to 17 years
were included in the study. The diagnosis of the
new coronavirus infection and the severity of the
disease were established according to methodo-
logical recommendations [29].

The children were examined in dynamics: at
the beginning of the disease, after two weeks,
upon resolution of the main symptoms of COVID-19
infection, and four weeks after recovery. Data
collection was performed: complaints, medical
history, clinical status, presence of complica-
tions, routine laboratory data and C-reactive pro-
tein (CRP) testing, 16S microbiota sequencing,
stool zonulin testing, polymerase chain reaction
(PCR) of stool for SARS-CoV-2 virus, analysis of
prescribed medications, including antibacteri-
al therapy and synbiotic (a synbiotic containing
>1x10° CFU probiotic microorganisms, including
lactobacilli — 6.6x10% CFU, Lactobacillus acido-
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philus LA-14 — 1.11x108 CFU, Lactobacillus rham-
nosus GG — 1.11x108 CFU, Lactobacillus casei
LC-11 — 1.11x108 CFU, Lactobacillus paracasei
Lpc-37 — 1.11x108 CFU, Lactobacillus plantarum
Lp-115 — 1.11x108 CFU, Lactobacillus salivarius
Ls-33 — 1.11x108 CFU, including bifidobacteria —
3.3x108 CFU, Bifidobacterium longum BI-05 —
1.11x108 CFU, Bifidobacterium lactis BI-04 —
1.11x10® CFU, Bifidobacterium bifidum Bb-02/
lactis — 1.11x108 CFU and the prebiotic compo-
nent fructooligosaccharides — 0.538 g, hereinaf-
ter referred to as synbiotic at a dose of 1 capsule
per day, treatment course — 30 days).

SARS-CoV-2 virus identification by PCR and
16S microbiota sequencing were performed in
the laboratory “SERBALAB", Saint Petersburg
(head — geneticist V.V. Dudurich). 16S DNA
libraries were prepared in accordance with the
[llumina protocol “16S Metagenomic Sequencing
Library Preparation” (Part # 15044223 Rev. B).
5 ng of total DNA was used for amplification of
the target fragment of the 16S rRNA gene using
recommended primers for the V3 and V4 region.
25 PCR cycles were performed using KAPA HiFi
HotStart ReadyMix (2X) (Roche Diagnostics,
Switzerland). After purification of PCR products
using SPRI beads, 5 ng of obtained amplicons
were indexed using KAPA HiFi HotStart Ready-
Mix (2X) (Roche Diagnostics, Switzerland) and
Nextera XT Index Kit (lllumina, USA). 8 cycles
of index PCR were performed following the Illu-
mina protocol. Libraries were sequenced on an
[llumina MiSeq System. Stool zonulin testing was
performed by enzyme-linked immunosorbent
assay using the IDK Zonulin ELISA test system
(Immundiagnostik AG, Germany). The mean va-
lue of the indicator declared by the manufacturer
of the test system, according to examination of
40 practically healthy individuals, was 6146 ng/ml.
At values less than 83.15 ng/ml the result was
considered normal, at 83.15-110.0 ng/ml — as
increased concentration, more than 110 ng/ml —
as high concentration.

The patient database included more than
400 features characterizing general information,
clinical presentation, laboratory data, including
procalcitonin and CRP levels, presence of symp-
toms, including gastrointestinal symptoms and
their dynamics, disease severity, temperature
response, presence of complications and comor-
bidities, microbiota composition by genus and
species and diversity index, fecal zonulin level,
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presence of SARS-CoV-2 virus in stool, treatment
with antibiotics and synbiotic. All variable fea-
tures were assessed three times: at the beginning
of the disease, two weeks after their resolution,
and one month after recovery.

Analysis of all features was performed in
two patient groups. The first group consisted of
24 children who developed symptoms such as ab-
dominal pain and diarrhea one month after reco-
very. The duration of these symptoms within one
month did not allow diagnosis of IBS, therefore
we designated them as a group of children with
post-COVID gastrointestinal symptoms. The se-
cond group consisted of 23 patients without any
gastroenterological symptoms.

Checking the obtained data for compliance
with a normal distribution law was performed
using the Shapiro-Wilk test. If the data corre-
sponded to the Gauss-Laplace distribution, ty-
pical values were presented as mean and stan-
dard deviation; if not corresponding — as median
and first and third quartiles. Comparison of typi-
cal values between groups was performed using
Student’s t-test and Mann-Whitney test. The null
hypothesis was rejected at a significance level of
p <0.05. A 95% confidence interval was calculated
by Poisson distribution approximation via 2.

For determining predictors of absence of gas-
trointestinal symptoms after coronavirus infec-
tion using a neural network, a combined method
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of global optimization, random search, inertial and
genetic algorithms was used.

RESULTS AND DISCUSSION

Using a neural network, five features accompa-
nying the absence of post-COVID gastrointestinal
symptoms in children one month after recovery
from a novel coronavirus infection were identified.
The data are presented in Table 2.

The sensitivity of individual variables in the
neural network model was defined as the ratio of
neural network errors without the factor feature
of interest to the errors of the network with the
factor feature of interest. The higher the sensi-
tivity, the greater the importance of the studied
feature, and the lower the prediction error of
the neural network. The neural network sensiti-
vity was 95.0%, specificity — 87.5%, accuracy —
91.0%.

Thus, the data obtained using the neural net-
work indicate that the leading role in the deve-
lopment of gastrointestinal symptoms one month
after recovery from a novel coronavirus infection is
played by disturbances of the intestinal microbio-
ta, namely the detection of the phylum Actinobac-
teriota and the species Actinobacteria in stool by
16S sequencing.

The results of the study are consistent with seve-
ral studies in which significant groups of microor-

Table 2. Signs accompanying the absence of post-COVID gastrointestinal symptoms in children one month after

recovery from novel coronavirus infection

Tabanua 2. MNprUsHaKW, COMPOBOXAAIOLLME OTCYTCTBME MOCTKOBUAHbBIX FAaCTPOUHTECTUHAALHBIX CUMMTOMOB Yy AETEl
uyepes Mecsl, NoCAe BbI3AOPOBAEHUS OT HOBOW KOPOHABUPYCHOW MHOEKLMM

MpusHak
Sign

Panr
Rank

YyBCTBUTEABHOCTb
Sensitivity

POBaHUA Yepeld MecAL, NOCAE BbIBAOPOBAEHNA

after recovery

OTHOocuTeAbHanA AOAS Actinobacteriota meHee 0,24 B cTyae MeTOAOM 16S cekBeHu- 6,8 1

Relative proportion of Actinobacteriota less than 0.24 in stool by 16S sequencing one month

yepes MecHl, NoCAe BbISAOPOBAEHUA

Bua Actinobacteria meHee 0,1 B cTyae meToAOM 16S cekBeHMpPOBaAHMUA

Actinobacteria species less than 0.1 in the stool by 16S sequencing one month after recovery

1 KancyAa B CyTKM

NeueHune cMHO6MOTUKOM B TeueHne 30 AHEN B BO3pacCTHOM A03e 3,6 3

Treatment with a synbiotic for 30 days at an age-appropriate dosage of 1 capsule per day

HopmanbHbI ypOBEHb 30HYAUHA B CTyAE
Normal zonulin levels in the stool

2,3 4

OTcyTCcTBME NULLEBOW anAeprv B aHaMHese
No history of food allergies

1,8 5

The table was compiled by the authors
TabAuua cocTaBAeHa aBToOpamMmu
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ganisms acting as predictors of disease severity
in novel coronavirus infection were identified [30,
31]. In a study comparing the microbiome of pa-
tients with H1N1 virus and another group of pa-
tients with SARS-CoV-2 virus, five groups of micro-
organisms typical of the microbiota of COVID-19
patients were noted, including Actinobacteriota.
The obtained data confirm the necessity of synbi-
otic treatment for the prevention of gastrointesti-
nal disorders.

Recent studies have shown that food allergy in
the medical history and increased intestinal per-
meability are pathogenetically related [32]. The
influence of these features on the development of
gastrointestinal disorders is confirmed by a num-
ber of publications dedicated to functional disor-
ders of IBS [33, 34].

CONCLUSION

The main predictors of absence of gastrointesti-
nal symptoms in the post-COVID period in children
are: a relative proportion of Actinobacteriota less
than 0.24 in stool by 16S sequencing one month
after recovery, the presence of the species Acti-
nobacteria less than 0.1 in stool by 16S sequen-
cing one month after recovery, treatment with a
synbiotic containing >1x10° CFU probiotic micro-
organisms, including /actobacilli — 6.6x10% CFU,
Lactobacillus acidophilus LA-14 — 1.11x108 CFU,
Lactobacillus rhamnosus GG — 1.11x10% CFU, Lac-
tobacillus casei LC-11 — 1.11x108 CFU, Lactobacil-
lus paracasei Lpc-37 — 1.11x108 CFU, Lactobacillus
plantarum Lp-115 — 1.11x10® CFU, Lactobacillus
salivarius Ls-33 — 1.11x108 CFU, including bifido-
bacteria —3.3x108 CFU, Bifidobacterium longum
BI-05 — 1.11x108 CFU, Bifidobacterium lactis
BI-04 — 1.11x10® CFU, Bifidobacterium bifidum
Bb-02//actis — 1.11x108 CFU and the prebiotic com-
ponent fructooligosaccharides — 0.538 g, for 30 days
in age-appropriate dosage of 1 capsule per day, nor-
mal stool zonulin level, absence of food allergy in
medical history.
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AOMNOAHUTEAbHAA UHOOPMALIUA

Bknapg aBTopoB. A.B. [lonyHuHa — Hanucaxue
TekcTa ctatbu; B.I1. HoBukoBa — aBTOp Maen un
cocTaBuTeNnb Au3aiiHa uccneposanus; C.J1. bau-
HOBa — COOp KJMHMYECKUX AaHHbiX; B.B. dyny-
pWUY — BbINONHEHWE FeHeTUYeCKUx uccrnepoBa-
Hui; A.E. BannoB — BbinonHeHune tectoB DA Ha
30HynuH; 0.H. BapnamoBa — co3panue 6uobaHka
maTtepuana; M.A. [loxoB — pacyeT nporHocTuye-
ckon mogenu; A.A. TuxomupoBa — opopmneHme
ctatbu; H.A. [leMeHTbeB — co3jaHue 6asbl gns
cTaTUCTUYecKoi obpaboTku; A.J1. banawos — pe-
JaKTUpPOBaHMe U BblYUTKA CTaTbMu.

Bce aBTOpbI Npounu U 0f06punu GuHanbHyo
BEpCuto nepeg nybnukaymei.

KoHnuKT nHTepecoB. ABTOpPbI AEKNapUpYHOT OT-
CYTCTBME IBHbIX U NOTEHLMANbHbIX KOHP/IMKTOB UHTE-
PECOB, CBSI3aHHbIX C Ny6/MKaLei HaCTOALLEN CTaTbi.

UHdopmupoBaHHoe cornacume Ha nybnuka-
uuio. ABTOpPbI NOJyYMNN NMUCbMEHHOe cornacue
3aKOHHbIX NpefcTaBUTENeN NaLMeHTOB Ha Myo6-
NUKALW0 MEAULUHCKUX faHHbIX.
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ABSTRACT. This review presents current data on the diagnosis and intensive care of necrotizing enterocolitis in
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lated, including the use of dalargin, prolonged epidural analgesia, and low-molecular-weight heparins.
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PE3IOME. B 0630pHoii cTaTbe NpefCTaB/eHbl COBPEMEHHbIE flaHHbIe O ANATHOCTUKE W MHTEHCUBHOM Tepanuu
HEKPOTU3NPYHOLLEro SHTEPOKOITA Y HOBOPOXAEHHbIX C NO3NLMW aHeCcTe3noora-peaHuMaTonora. 3abonesaxue
paccmaTpuBaeTCst Kak MHOTO(aKTOPHbI NpoLecc, Yalle BCTPeyarLwuitcs y HeJOHOWEHHbIX feTel. OnucaHbl
OCHOBHble (GaKTOpbl pUCKa, BKAOYAsA paHHee NPUMEHeHUe aHTMOUOTUKOB, UCKYCCTBEHHOE BCKapM/nUBaHue
W remMojMHamMuyeckue HapyweHus. CucteMaTuaupoBaHbl KpUTepuu nepesoja NaLMeHTOB B OTAE/EeHUe
peaHMMaLuu Ha OCHOBE LUKaN NofMopraHHoi AuchYHKLMM U YNbTPasBYKOBbIX JaHHbIX. [leTanbHO U3M0XKEHbI
MPUHLMUNBI MHOY3MOHHON, MHOTPOMHOIA, PECNNPATOPHON M aHTMBAKTepUanbHOI Tepanuu, a Takxe NOAXOAbI
K napeHTepasibHOMY NMUTaHWIO W KOppekuuu koarynonatuii. OTAenbHOe BHUMaHUE yAEeNeHO MOKa3aHUsaM
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DEFINITION

Necrotizing enterocolitis (NEC) is a common
complication of neonatal pathology; however, in
extremely preterm infants, it can be regarded as a
distinct clinical entity [1, 2]. It is among preterm
infants that NEC occurs most consistently. For
instance, NEC is reported in 7-11% of very-low-
birth-weight preterm infants in the USA, in 5.1%
of preterm infants born at less than 33 weeks of
gestation in Canada, in 5.8% of those with a gesta-
tional age below 27 weeks in Sweden, and in 3-4%
of preterm infants under 32 weeks of gestation in
Switzerland [3-5]. Mortality in infants with stage |-
[l NEC ranges from 20% to 30%, while in surgically
treated patients it reaches 50-60% [3, 6, 7].

NEC lacks a clearly defined etiology, and there
is no consensus among researchers on the funda-
mental nature of this disease [8-11]. A broad group
of conditions of both iatrogenic and non-iatrogenic
originis recognized as predisposing factors. These
include birth weight below 1500 g; formula feeding
or the use of cow's and goat's milk; mechanical
and osmotic stressors, such as oral and enteral ad-
ministration of medications and hyperosmolar for-
mulas; diseases and conditions associated with in-
trapulmonary or extrapulmonary right-to-left blood
shunting — for instance, respiratory distress syn-
drome, pneumonia, patent ductus arteriosus, pul-
monary embolism, and cyanotic congenital heart
defects — and intestinal capillary hypoperfusion
due to low cardiac output, vasoplegic shock, or di-
astolic dysfunction, the latter most often caused by
hypocalcemia [12-20]. It is also necessary to take
into account the spasmogenic effects of opiates
(morphine, fentanyl) — with the exception of trime-
peridine, which acts as a spasmolytic — as well as
vasoactive agents that increase oxygen demand
(such as catecholamines, methylxanthines (ami-
nophylline), corticosteroids, sildenafil, and ibupro-
fen) and mechanical ventilation with high positive
end-expiratory pressure (PEEP). Each day of anti-
biotic therapy (ABT) has been shown to increase
the risk of NEC by 20%, with an odds ratio (OR) of
1.2 (95% confidence interval [Cl], 1-1.5); when the
duration of ABT exceeds 10 days, the OR reaches
3.0 (95% ClI, 1.5-3.3). A well-known adverse effect
of protected semi-synthetic penicillins, and to a
lesser extent cephalosporins, is the development
of pseudomembranous colitis, i.e., the provoca-
tion of NEC [21, 22]. Factors that reliably reduce
the risk of NEC include feeding with native human
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milk (both maternal and donor milk) and probio-
tics containing Lactobacillus and Bifidobacterium
species [13, 18, 23]. Lactoferrin reduces the risk of
both NEC and late-onset neonatal sepsis [2, 3, 24].
Early pharmacological closure of the ductus arte-
riosus with ibuprofen is traditionally regarded as
beneficial; at the same time, however, the negative
impact of this drug on cerebral, pulmonary, and in-
testinal blood flow is emphasized, and data on the
long-term consequences of its use remain lacking
[3, 16,17, 25-27].

The clinical picture consists of a combination of
systemic toxic symptoms (lethargy, somnolence,
poikilothermia, episodes of apnea, and a tenden-
cy toward bradycardia and arterial hypotension)
and gastrointestinal manifestations, including
abdominal distension (70-98%), increased gastric
residual volume (>70%), regurgitation, vomiting
(>70%), gastrointestinal bleeding (22-59%), and
diarrhea (4-26%) [28-30].

The stages of NEC are defined by Bell's classi-
fication as modified by Walsh and Kliegman [31],
supplemented by the ultrasound (US) findings pre-
sented below [32-36].

Stage la: suspected NEC. The skin has a mot-
tled appearance; brief episodes of apnea and tem-
perature instability are noted. The abdomen is dis-
tended and tender to palpation. Stools are frothy
and odorless. Cessation of enteral feeding leads to
clinical improvement. US reveals increased intesti-
nal echogenicity.

Stage Ib: suspected NEC. The overall clinical
picture is similar to that of stage la. Blood may
be present in the stool. Radiographic signs in-
clude intestinal distension with gas, bowel wall
edema, irregularity of intestinal loops, and moder-
ate hepatosplenomegaly. US demonstrates hype-
remia, increased perfusion (on Doppler imaging),
bowel wall thickening, and increased intestinal
echogenicity.

Stage lla: definite NEC (negative dynamics).
Lethargy, hypothermia, muscular hypotonia, and
centralization of circulation (shock) develop. Ap-
neic episodes become more frequent and pro-
longed. Bradycardia is observed. Vomiting is
bile-stained, and blood is present in the stool. In-
tra-abdominal pressure rises: the abdomen is en-
larged, the skin is tense ("shiny"), and palpation is
painful. Hyperemia of the abdominal wall (Besen-
reiser's sign) is noted. Hepatosplenomegaly is pro-
nounced. Radiographic signs include a progressive
increase in intestinal gas; paresis with fluid levels;
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worsening bowel wall edema; moderate pneuma-
tosis; and separation of intestinal loops in the
presence of free fluid in the abdominal cavity. In
addition to the previously described signs, US may
reveal free gas in the portal area of the liver. Thin-
ning of the bowel wall and decreased perfusion in-
dicate pre-perforation. In the absence of adequate
intensive care, this stage progresses within seve-
ral hours to stage Ilb and subsequently to stage Ill.

Stage Ilb: NEC with physiological deteriora-
tion. Bradycardia, heart failure, metabolic acidosis,
thrombocytopenia, jaundice, oliguria, somnolence
or stupor, and muscular atonia develop. Edema of
the abdominal wall is markedly pronounced. Any
touch is painful. The bowel contains frothy stool,
but defecation is absent. Radiographic signs in-
clude an increase in the amount of free fluid in
the abdominal cavity with separation of intestinal
loops, pronounced pneumatosis, and obliteration
of the preperitoneal fat line. Ultrasound (US) fin-
dings are identical. Stage llb is rapidly progressive
and requires emergency stabilization of vital func-
tions.

Stage llla: advanced NEC without perforation.
Peritonitis develops as a result of increased intes-
tinal wall permeability and loss of the intestinal
barrier (glycocalyx); the abdomen is extremely dis-
tended and markedly tense, with visible contours
of intestinal loops, ecchymoses, and severe hype-
remia of the abdominal wall. The patient's condi-
tion is critical: sepsis, vasoplegic and cardiogenic
shock, and multiple organ dysfunction syndrome
(MODS) are present.

Stage lllb: advanced NEC with perforation.
Pneumoperitoneum and gangrene are observed.
Radiographic signs include significant hepatos-
plenomegaly, a reduced bladder size, a marked
increase in the amount of free fluid and pneuma-
tosis of the intestine and portal vein area, with a
corresponding decrease in the amount of free gas.

DIAGNOSIS

The objective physical signs of NEC have been de-
scribed above. It should be emphasized that, when
NEC is suspected, palpation of the abdomen during
physical examination must be avoided. Regular surgi-
cal consultations are mandatory. Other investigations
include measurement of abdominal circumference
every 2 hours; ultrasound (US); a complete blood
count, with particular attention paid to thrombocyto-
sis, leukocytosis, and the neutrophil-to-lymphocyte
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ratio (not exceeding 5.5); serum electrolytes; acute-
phase proteins — C-reactive protein, fibrinogen, and
transthyretin (a dynamic decrease in which indicates
depletion of energy reserves required to counteract
inflammation); creatinine; urea; blood gas analysis
and acid - base status parameters; bacteriological
studies; and a coagulation profile [37-42).

TREATMENT (NON-SURGICAL)

Intensive care includes nil per os, gastric de-
compression, total parenteral nutrition, antibiotic
therapy, inotropic and respiratory support, correc-
tion of fluid and electrolyte balance, management
of coagulopathies and thrombocytopenia, as well
as infrequently used and rarely employed mea-
sures, such as the administration of lactulose and
dalargin.

ELABORATION AND DISCUSSION
OF THE ABOVE POINTS

1. Cessation of feeding produces a clear po-
sitive effect when NEC is suspected (stage la) [2,
3, 43]. As the process progresses, the beneficial
role of fasting is reduced to the prevention of ab-
dominal distension and the intra-abdominal hyper-
tension caused by it. However, prolonged fasting
(exceeding 24 hours) in a preterm newborn is a
risk factor for intestinal atrophy, since the small
intestine receives 50% of its nutrition from its lu-
men, and the large intestine receives 80% [44-46].
Atrophy of the intestinal wall leads to degradation
of the glycocalyx and facilitates the translocation
of intestinal flora in the setting of an immature
biocenosis, i.e., it provokes septic complications
[1, 24]. For this reason, some researchers, in the
absence of gas in the portal area of the liver, per-
mit trophic feeding starting with a semi-elemental
formula, with subsequent transition to maternal or
donor milk, up to and including the development
of stage lla [41, 46, 47]. In the parenteral nutrition
program, it is essential to adhere to the following
conditions. Total energy supply should not exceed
50 kcal/kg per day and should be achieved gradu-
ally (over 7-9 days), with a lipid-to-glucose ratio of
1:1.5 (40% of energy supply provided by third-ge-
neration lipid emulsions — the agent of choice be-
ing SMOFlipid — and 60% by glucose). Amino acid
mixtures (Aminoven Infant, Aminoplasma-Ped)
are dosed according to the principle of 100 kcal
per 1 g of amino nitrogen or 6.25 g of amino acids,
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while for newborns of very low and extremely low
birth weight who require increased protein supple-
mentation, the energy supply may be reduced to
80 kcal per 1 g of amino nitrogen [48-50]. Pre-
vention of cholestasis requires the maintenance
of gastrointestinal motility: perianal mechanical
stimulation; the administration of hypertonic mi-
croenemas in consultation with the surgeon; and,
as a priority, continuous epidural anesthesia (the
technique of choice being caudal anesthesia with
0.2% ropivacaine) [51, 52]. Gastric decompres-
sion is continuous: the tube is not clamped, it is
looped, and the free end is positioned above the
zero reference point (the manubrium of the ster-
num). The administration of probiotics containing
Lactobacillus and Bifidobacterium species is al-
ways indicated.

2. Antibiotic therapy. Despite the fact that
NEC begins as an aseptic process, reduced mi-
crocirculation destroys the intestinal barrier (gly-
cocalyx), leading to the appearance of microne-
croses; degradation of the glycocalyx facilitates
the translocation of intestinal flora; and microbi-
al colonization of the intestine outpaces the de-
velopment of primary immune responses, which
dictates the need for early initiation of antibiotic
therapy in stages I-1l. No clear, objectively sub-
stantiated recommendations exist regarding the
choice of antibiotics [3]. Traditionally, antibiotic
therapy in newborns is often initiated with protec-
ted semi-synthetic penicillins as monotherapy or
in combination with an aminoglycoside. However,

Table 1. Effects of vasoactive drugs
Tabanua 1. 3ddeKTbl Ba30aKTUBHbIX MEAMKAMEHTOB

AHECTE3UOAOITMA U PEAHUMATOAOTUA

residual clavulanic acid, sulbactam, avibactam,
and cilastatin carry arisk of inducing pseudomem-
branous colitis and disinhibiting clostridial intes-
tinal flora, and Clostridium difficile is recognized
as an etiological factor in toxic megacolon. For
this reason, a combination of an aminoglycoside
with a third- or fourth-generation cephalosporin
appears more justified, with metronidazole ad-
ded when additional anti-anaerobic activity is re-
quired. As an alternative, carbapenem monothe-
rapy (meropenem or doripenem) is recommended.
In stage |, the course of antibiotic therapy should
be short (ideally 72 hours), whereas in stages II-
[l it should last 10-14 days. Probiotics are not
administered during antibiotic therapy. The issue
of combined antibiotic therapy remains without
evidence-based solutions. Two, three, and some-
times up to five agents are frequently prescribed
based on the susceptibility (more precisely, the
minimal inhibitory concentration) of microorga-
nisms isolated from non-sterile sites, without con-
sideration of pharmacological and bacteriological
antagonism [53, 54].

3. Inotropic support. While the goal of inotropic
support in the setting of NEC is the restoration of
capillary perfusion in the gastrointestinal tract, the
primary task to be accomplished in achieving this
goal is an increase in cardiac stroke volume (a di-
rect inotropic effect; if its efficacy is insufficient,
a vasoconstrictor effect is additionally recruited)
[55-59]. In doing so, it is important not to raise pe-
ripheral vascular resistance above a certain critical

Mpenapatbl (peuentopbl) cu ycc CAA orncc NACC Motpe6bHocTb MUOKapaa B O,
Drugs (receptors) Cl HR MAP TVR PVR Myocardial O, demand
AobytamuH (o-1; B-1,2) ++ ++ + - _ T+

Dobutamine (a-1; B-1,2)

AonamuH (a-1; B-1,2; D) + + ++ ++ + +

Dopamine (a-1; B-1,2; D)

ApperanvH (a-1; B-1,2) ++ ++ ++ +++ +++ +

Epinephrine (a-1; B-1,2)

HopaapeHanuH (o-1; B-1) +/- - ++ +++ +++ ++

Norepinephrine (a-1; B-1)

MuAPUHOH (a-1) + +/- +/- - - +/-

Milrinone (o-1)

The table was compiled by the authors
TabAuua cocTaBAeHa aBToOpamMmu

Note: PVR — pulmonary vascular resistance; TVR — total vascular resistance; MAP — mean arterial pressure; Cl — cardiac index;

HR — heart rate.

Mpumeuanue: NCC — neroyHoe cocyauctoe conpotuBaeHue; OMNCC — obuwee nepudepryeckoe COMPOTUBAEHWE COCYAOB;
CAA — cpeaHee apTepuanbHoe paBaeHKe; CU — cepaeuHblin MHAEKC; YCC — yacToTa cepAeUHbIX COKPaLLEHWIA.
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value, which, unfortunately, has not been precisely
defined. Table 1 presents the qualitative characte-
ristics of catecholamines and milrinone.

At the initiation of inotropic support, the oxy-
gen extraction index (02ER) should be quantita-
tively determined [60, 61]:

0,ER = (Sp0, - Sv0,)/Sp0,,

where Sp0, is the oxygen saturation of hemoglo-
bin in the pulsatile blood flow (which constitutes
97-99% of Sa0,) [62], and SvO, is the oxygen sa-
turation of hemoglobin in venous blood.

The normal range of this index is from 0.22 to
0.35. Values <0.2 indicate an excessive oxygen
supply or, less commonly, hypometabolism that
reduces the efficacy of vasopressors, i.e., they
reflect the need to reduce or discontinue oxygen
supplementation; values above 0.4 invariably re-
flect hypercatabolism and may require deepening
of sedation and an increase in the fraction of in-
spired oxygen (FiO,). In the absence of milrinone,
the agent of choice is dobutamine, which does not
increase systemic vascular resistance (SVR; also
referred to as total vascular resistance, TVR, in
Table 1), improves perfusion of the pulmonary cir-
culation and overall capillary perfusion, at an initial
dose of 5 pg/kg/min, with possible escalation to
10-15 pg/kg/min [45, 63]. Dopamine at doses of 5
to 10 pg/kg/min acts similarly to dobutamine but
increases mean arterial pressure (MAP) by raising
SVR (enhancing myocardial contractility to a lesser
extent), whereas dobutamine increases cardiac
output with virtually no effect on SVR. The target
parameter for assessing the efficacy of vasoactive
agents is mean arterial pressure, which in full-term
newborns should be no lower than 40 mmHg and no
higher than 55 mmHg. In extremely preterm infants,
the lower acceptable limit of MAP is 35 mmHg and
the upper limit is 50 mmHg. If MAP remains unsta-
ble under the action of dobutamine or dopamine,
the regimen is modified [1, 2, 44, 56]. Two options
are possible, based on the physiological effects of
vasoactive medications:

1) epinephrine from 0.05 to 1-2 ug/kg/min
(does not require combination with other
agents);

2) norepinephrine 0.2-2 pg/kg/min + dobu-
tamine.

During inotropic and vasopressor support, one

should aim for the gradual but earliest possible
discontinuation of catecholamines.
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4. Respiratory support. NEC, even at stage |,
requires respiratory support, since increasing in-
tra-abdominal pressure restricts tidal volumes
and promotes atelectasis of the lower lobes of
the lungs, compensatory increasing the work of
breathing. The reduction in the respiratory surface
area decreases the ventilation-perfusion (V/Q)
ratio to <0.8, thereby increasing the shunt of de-
oxygenated blood into the systemic circulation.
Furthermore, NEC rarely begins to develop against
a background of full health but rather emerges as
a complication of a wide variety of pathologies
in the neonatal period. The principle that, in any
neonatal pathology, the hemodynamic, external
respiratory, and digestive systems are universal-
ly affected has been confirmed by the work of
N.N. Volodin [64] and A.G. Antonov [65].

Non-invasive respiratory support, most com-
monly in the form of continuous positive airway
pressure, may delay the need to transition the
newborn to volume-controlled mechanical ventila-
tion but may also serve as a factor in increasing
intragastric and subsequently intra-abdominal
pressure. When the latter rises above 10 mmHg,
the conditions for adequate renal perfusion and
capillary perfusion in the celiac trunk region dete-
riorate [45, 63, 66]. For this reason, early transition
of patients with NEC to invasive respiratory sup-
port is considered advisable [67, 68].

High-frequency oscillatory ventilation (HFOV),
which is gaining popularity, holds promise for le-
sions of the pulmonary parenchyma and interstitium,
since active expiration guarantees the absence of
auto-PEEP and reduces the risk of dysatelectasis,
barotrauma, and volutrauma [30]. However, in the
presence of elevated intra-abdominal pressure and
reduced splanchnic blood flow, there is no physiolo-
gical rationale or sufficient evidence for the superio-
rity of HFOV over the more conventional convection
(volume-controlled) ventilation [69, 70]. In particular,
the effect of high oscillation frequency (=5 Hz) on
perfusion blood flow in the celiac trunk region has
not been studied.

Among the specific aspects of volume-controlled
ventilation in newborns with NEC, the need to over-
come hypoventilation of the segments of the lower
third of the lungs resulting from intra-abdominal
hypertension should be noted. In these segments,
the ventilation-perfusion (V/Q) ratio is substantially
lower than 0.8, and during a rapid inspiration, a sig-
nificant proportion of alveoli and bronchioles do not
participate in gas exchange, thereby increasing the
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capacity of the functional dead space [44, 45, 67,
71]. By the term "rapid inspiration," we denote the
inspiratory-to-expiratory time ratio (Ti:Te) routinely
used in most neonatal intensive care units, i.e., a
ratio of 1:3-1:4 [72, 73]. To counteract this effect,
elevated PEEP and FiO, are routinely employed,
which exert opposing influences on CO, exchange.
A high FiO,, by stimulating the Haldane effect, en-
hances the "washout" of CO, from erythrocytes in
venous blood, whereas PEEP impedes its alveolar
elimination [67, 68, 74]. As a result, both hypercap-
nia at normal or reduced respiratory rates and hy-
pocapnia at elevated respiratory rates are frequently
recorded. The PEEP level also affects the perfusion
of pulmonary capillaries, the perfusion pressure in
which does not exceed 5-7 mmHg (6.7-9.4 mbar)
in extremely preterm infants, while an FiO, above 0.6
promotes cerebral vasodilation, increasing the risk
of hemorrhages and periventricular leukomalacia.
The Ti:Te ratio, as shown in Table 2, depends on the
respiratory rate per minute [67, 68, 73]. At a fixed
inspiratory time (usually 0.3£0.05 s), a respiratory
rate of 40 breaths per minute yields a Ti:Te of 1:4,
at 50 per minute — 1:3, at 65 per minute—1:2, and
only at 80 per minute does it correspond to the
physiological ratio for quiet breathing — 1:1.5 [44].

In view of the above, the initial ventilation pa-
rameters required to establish and maintain an
"open lung" in a newborn with NEC (especially

AHECTE3UOAOITMA U PEAHUMATOAOTUA

those weighing less than 1500 g) may be present-
ed as follows:

* tidal volume (Vt) not exceeding 4-5 mL/kg
(in the absence of signs of acute respiratory
distress syndrome [ARDS], it may be gradually
increased to 6-7 mL/kg);

« circuit flow (flow) 3-4 L/min (up to 5-6 L/min
when a heat and moisture exchange filter is
used);

e respiratory rate (RR) 45-50 breaths/min;

* inspiratory time 0.67-0.6 s (Ti:Te—1:1), with
gradual reduction (as Sp0, normalizes) to
0.53-0.48 s (Ti:Te—1:1.5);

e peak inspiratory pressure (PIP) 18-22 mbar;

e PEEP 3-5 mbar;

* FiO, at the minimum level required to achieve
Sp0, of 88-94%, preferably not exceeding 0.4;

* maintain the following parameters within
the specified ranges: 0,ER 0.22-0.4; SpO,
88-94%; arterial oxygen tension (Pa0,) 57-
75 mmHg; venous oxygen tension (PvO,)
35-45 mmHg; venous carbon dioxide tension
(PvCO,) 35-50 mmHg.

5. Correction of fluid and electrolyte balance.

In the early neonatal period, by analogy with the
general principles of intensive care, infusion ther-
apy is considered a priority anti-shock measure.
However, no physiologically substantiated vo-
lumes or rates of infusion solution administration

Table 2. Dependence of inhalation time on respiratory rate and the ratio of “inhalation time : exhalation time”

Tabauua 2. 3aBUCMMOCTb BpEMEHU BAOXa OT YaCTOTbl AbIXaHWW U COOTHOLLIEHUSA «BpeMA BAOXa : BPpEMA BblAOXa»

YacTtoTa AbIXaHUA B MUHYTY Ti + Te (c) (T:i?-l?‘;r:l:tl}lie“”e TiTe
Respiratory rate in minute Ti + Te (s)

1,21 |11 1:125 | 1:15 |1:2 1:25 |1:3 1:4
20 3 1,64 1,5 1,33 1,2 1 0,86 0,75 0,6
25 2,4 1,31 1,2 1,1 0,96 0,8 0,69 0,6 0,48
30 2 1,1 1 0,89 0,8 0,67 0,57 0,5 0,4
35 1,7 0,93 0,85 0,76 0,68 0,57 0,49 0,43 0,34
40 1,5 0,82 0,75 0,67 0,6 0,5 0,43 0,38 0,3
45 1,33 0,73 0,67 0,59 0,53 0,44 0,38 0,33 0,27
50 1,2 0,65 0,6 0,53 0,48 0,4 0,34 0,3 0,24
55 1,1 0,6 0,55 0,49 0,44 0,37 0,31 0,28 0,22
60 1 0,55 0,5 0,44 0,4 0,33 0,29 0,25 0,2
65 0,92 0,5 0,46 0,41 0,37 0,31 0,26 0,23 0,18
70 0,86 0,47 0,43 0,38 0,34 0,29 0,25 0,22 0,17
80 0,75 0,41 0,38 0,33 0,3 0,25 0,21 0,19 0,15

The table was compiled by the authors
TabAuua cocTaBAeHa aBTopamu
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exist for the neonatal period. For example, the al-
gorithm for resuscitation in the delivery room of
a newborn with an Apgar score of 0 prescribes,
after successful resuscitation, the intravenous
administration of isotonic sodium chloride solu-
tion at 10 mL/kg over 10 minutes (i.e., at a rate
of 60 mL/kg per hour!) [75]. In the absence of in-
travascular volume loss and with restored pump
function of the cardiac chambers, such an emer-
gency rehydration regimen is regarded as a risk
factor for pulmonary circulatory overload and
acute kidney injury [76-79]. Moreover, the ab-
sence of the newborn's first breath implies the
absence of evacuation of fetal extravascular lung
water, i.e., hyperhydration of the pulmonary inter-
stitium. The combination of a high total body wa-
ter content in the newborn, a large relative amount
of extracellular water (40% of body weight), and
rapid recirculation (at least 25 circulating blood
volumes per day) gives rise to lability of the extra-
cellular compartment. It follows that the danger
of hypervolemia of the pulmonary circulation due
to rapid infusion combined with pulmonary inter-
stitial edema exceeds the danger of dehydration
and hypovolemia [76, 77, 80, 81]. Hypovolemia in
newborns, especially preterm infants, is, as a rule,
a consequence not of blood loss but of capillary
plasma leakage, and massive infusion is highly
likely to exacerbate this leakage. In preterm new-
borns, already at the onset of NEC development,
the high rate of water recirculation and the relative
weakness of the left cardiac chambers create a
risk of volume overload of the pulmonary circu-
lation, intestinal edema, and acute kidney injury
[82-84]. Thus, the principle of judicious restric-
tion of infusion volumes and rates in newborns at
risk of NEC, and even more so in those with an
established process, appears logical.

The infusion therapy program is as follows.

1. Emergency rehydration: 10 mL/kg per
hour until a mean arterial pressure of 40 mmHg
is achieved (35 mmHg in newborns with a body
weight less than 1500 g) and capillary refill time is
<3 s, but for no longer than 2 hours.

2. Maintenance rehydration: the physiological
requirement on the first day of life is no more than
60 mL/kg, with a gradual increase in daily volumes
to 135 mL/kg (for infants with a birth weight of
at least 1500 g) or to 150 mL/kg (for preterm
infants with a birth weight less than 1500 g) over
12-14 days. Perspiration losses in open systems
cannot be precisely determined (ranging from 1 to
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2.5 mL/kg per hour); in an incubator with a relative
humidity above 75%, perspiration is negligible [70].
3. Composition: isotonic Sterofundin (Plas-
mafusol) in a volume that supplements the deficit
of oral or enteral feeding. If intravenous adminis-
tration of medications is necessary, they are ac-
counted for in the total rehydration volume.

4. Monitoring: determination of body weight
at least twice daily with recording of the mean
value (during the first 5-7 days, a weight loss
of 1% of birth weight per day indicates a normal
rate of rehydration; from the eighth day onward,
a weight gain in the same order should be ob-
served) and a urine output rate of no less than
0.5 mL/kg per hour up to two days of life, and no
less than 1 mL/kg per hour thereafter. Additional
monitoring criteria include the absence of signs
of right heart overload on electrocardiography/
echocardiography and the absence of signs of
interstitial pulmonary edema, pneumatosis, and
progressive thickening of the intestinal walls on
ultrasound [85-88]. Along with monitoring of wa-
ter balance, it is necessary to monitor the levels
of major ions in the blood plasma. Heart rate va-
riability analysis is rarely used but provides highly
valuable information, reflecting the balance of the
autonomic nervous system [55, 78, 89].

6. Management of coagulopathies and correc-
tion of thrombocytopenia. In the neonatal period,
factors that create a risk of both thrombosis and
embolism and paradoxical bleeding are combined.
The most important of these are: tissue factor
(thromboplastin); antithrombin Il deficiency and an
insufficient rate of synthesis of its cofactor, heparin;
insufficient functional intensity of the cytochrome
P450 system and the absence of an intestinal
biocenosis, both of which are necessary for the
activation of phytomenadione; a high hematocrit;
and biliary system overload with a deficiency of
glucuronic acid, which is engaged in the detoxi-
fication of bilirubin [90]. Microthrombosis of the
capillaries of the mesentery and intestinal villi is an
important factor in the progression of NEC. The ge-
nerally accepted class of drugs for the prevention of
thrombotic complications is low-molecular-weight
heparins (LMWHs). Subcutaneous administration of
these agents is unacceptable in the neonatal period;
therefore, the only method of LMWH administration
in newborns is continuous intravenous infusion.
These drugs should preferably be used prophy-
lactically in all newborns with manifestations of
infectious processes or at risk of infectious lesions,

CHILDREN’S MEDICINE of the North-West

ISSN 3034-6312 (Print) ISSN 3034-6320 (Online)



harnessing the following effects. These include
blockade of TNFa expression, damping of platelet
adhesive function, and an increase in the optical
density of lipoproteins, which collectively reduce the
activity of the inflammatory cytokine cascade and
the risk of cholestasis. The daily dose of nadroparin
or enoxaparin (anti-Xa to anti-lla activity ratio of
4:1) may be 150-200 IU (anti-Xa)/kg or 2000 IU/m?,
however, for preterm infants, weight-based doses
are safer. For dalteparin, the dose is lower (125-
150 IU/kg), since the anti-Xa to anti-lla activity
ratio for this agent is 2:1. Monitoring is performed
2-4 times per week (thrombocytosis, international
normalized ratio [INR], D-dimer, bleeding time).
Thrombocytopenia does not necessarily correlate
with a reduction in the activity of vascular-platelet
hemostasis, since platelets can break down into
microvesicles whose adhesive properties exceed
the activity of intact platelets [90, 91]. The admi-
nistration of platelet concentrate is indicated only in
cases of overt bleeding against a background of pro-
found thrombocytopenia. The classical regimen for
arresting hemorrhage in hemorrhagic disease of the
newborn — transfusion of fresh citrated blood and
administration of phytomenadione (konakion) — is
also relevant for NEC. In cases of massive bleeding,
tranexamic acid (20-100 mg/kg with a maintenance
infusion of 10 mg/kg per hour), prothrombin com-
plex concentrate (25 1U/kg), and Coagil-VII (90 pg/kg
with a maintenance infusion of 20 pg/kg per hour for up
to 12 hours) are additionally employed. These agents
are not used prophylactically.

7. Infrequently used and rarely employed
measures. The use of lactulose is theoretically
promising as a choleretic agent and a factor that
enhances the activity of lactic acid flora and acidi-
fies the contents of the large intestine. This reduces
the toxicity of ammonia (i.e., promotes its migration
into the intestinal lumen and conversion to ammo-
nium) and diminishes the activity of opportunistic
flora, including anaerobic species. The hyperosmo-
larity of lactulose syrup (concentration 66.7%) must
be taken into account; therefore, the daily dose
(depending on the child's body weight, from 3 to
5 mL) should be divided into four administrations
via a nasogastric tube, with each portion diluted 5-
to 10-fold. This means the preparation can be used
during trophic feeding but not in fasting patients.

The use of dalargin, a Russian-developed drug
created as a stress protector for the prevention and
treatment of stress ulcers of the gastrointestinal
tract, is highly effective. Dalargin is a synthetic ana-
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logue of leu-enkephalin and is used in general an-
esthesia regimens as an opioid adjuvant, allowing
a 30% reduction in opioid consumption [92, 93]; its
use in the neonatal period has been described in
rare publications [94-96]. Other proven properties
of dalargin include antioxidant and antihypoxant ef-
fects, and it prolongs the half-life of surfactant [93].
The estimated dose is 0.2-0.4 mg/kg per day, ad-
ministered as a continuous infusion over 2-4 days.

SURGICAL TREATMENT

When there is doubt as to the necessity of
laparotomy, laparoscopy is performed. In the
presence or with a high probability of peritonitis,
a palliative intervention — laparocentesis and
drainage of the abdominal cavity — is indicated.
Depending on the nature of the exudate ob-
tained, the indication for extending the surgical
intervention is determined. After revision of the
abdominal organs, economical (local) resection
of the affected segment of the intestine with the
creation of a double enterostomy or colostomy (or
multiple stomas) is most expedient. The rationale
for this tactic lies in preserving intestinal func-
tional activity sufficient for growth and develop-
ment [97]. Staged closure of the intestinal stomas
is generally considered feasible 1-5 months after
the initial operation. In the presence of isolated
perforations (1-2 ulcers), suturing of the ulcera-
tive defects with a two-layer suture is performed.
Resections of necrotized intestinal segments are
completed by the formation of primary anasto-
moses. A combined surgical tactic (laparostomy
in combination with intestinal stomas) is used
in the presence of multiple, mosaically distribu-
ted subserosal necroses; the use of an isolated
laparostomy is also justified. The placement of
a polyvinyl chloride micro-irrigator, 0.2 to 0.4 cm
in diameter, through a separate skin puncture is
indicated. This allows for the administration of
an antibiotic and a 0.5% metronidazole solution
into the area of the local purulent-inflammatory
focus. This method of passive sanitation is used
for 3-4 days after surgery [98, 99].

SUGGESTIONS BASED ON THE ABOVE
1. Newborns with suspected NEC (stage la)
should be managed in the intensive care unit (ICU)

when the sum of scores on the following scales
increases by 2 points per day from a baseline of
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Table 3. Quantitative assessment of indications for transfer of a newborn with suspected necrotizing enterocolitis to
the pediatric intensive care unit

Tabamua 3. KOAMYeCTBEHHAS OLEHKA NOKa3aHUM AAA nepeBoAa HOBOPOXAEHHOIO C NOAO3PEHNEM Ha HerOTMHeCKMVI
QHTEPOKOAUT B NepnaTpnyeckoe oTAeneHne peaHnmauum 1 WHTEHCUBHOM Tepanunn

MpusHaku Bannbi
Signs Points
0 1 2

KOXHble MOKPOBHbI PosoBsble MpamopHoCTb LlnaHo3s

Skin Pink Mottling Cyanosis

Putm abixaHus, yactoTa AbixaTeAbHbIX ABU- | 40-60 61-80 >80 MAM anHod

XEHWUW B MUHYTY >80 or apnea

Respiratory rate, respiratory rate per minute

Bpems HanoAHEeHUs KannAAAPOB, C 1-3 4 4

Capillary refill time, s

[enaTocnaeHoOMeraamns Het - Aa

Hepatosplenomegaly No Yes

[MepuctanbTUKa XeAyAOUHO-KULLIEYHOTO Xusas Cnopaamnueckas YCUAEHHast AU OTCyTCTBYET

TpakTa Brisk Sporadic Increased or absent

Gastrointestinal peristalsis

[TpUPOCT OKPYXXHOCTU XMBOTA, CM 0-1 2 >2

Abdominal circumference increase, cm

MeTeopuam Het YMepEeHHbI BblpaxeHHbI

Flatulence No Moderate Severe

3acTon B XeAyAke Het - Aa

Gastric congestion No Yes

Kan O6bIYHbIN Kuakun [eHUCTbIN nAM OTCYTCTBYET

Stool Normal Liquid Foamy or absent

KpoBoTeUueHne 13 XeAyAOUHO-KULLIEYHOrO Het CkpbITasi KpOBb fABHOE

TpakTa No Occult blood Obvious

Gastrointestinal bleeding

PBoTa (cpbirmBaHue) Het 1-2 pa3a 3a CyTku >2 pas 3a CyTKu

Vomition (regurgitation) No 1-2 times per day >2 times per day

AaHHble YAbTPa3BYKOBOIO MCCAEAOBAHUA Hopma [oBblLlEHHAA ax0oreH- [THeBMaTo3, YTOALLEHME CTEH-

Ultrasound data Normal HOCTb KMLLUEYHUKa KW KULLKKU, BUAMONIHEBMATO3
Increased intestinal Pneumatosis, intestinal wall
echogenicity thickening, biliopneumatosis

The table was compiled by the authors
TabAauLa cocTaBAeHa aBTOpamMu

Note: 0-2 points — no translation required; 3 points — translation subject to agreement with the head of the intensive care unit;
4 points — translation required.

Mpumeuanue: 0-2 6anna — nepeBoA He TpebyeTcst; 3 6arra — NepeBOA N0 COrAACOBAHMIO C 3aBEAYIOLLMM OTAEAEHUEM peaHuMaLmun
U UHTEHCUBHOM Tepanuu; 4 6anra — nepeBoA obA3aTeNeH.

0 points [100-105]. These scales include NEOMOD « the use of dalargin as a stress protector;
(Neonatal Multiple Organ Dysfunction Score, e prophylaxis of thromboembolic complica-
1999), pSOFA (pediatric Sequential Organ Failure tions with low-molecular-weight heparin frac-
Assessment, 2017), and aSOFA (adaptive Sequen- tions.
tial Organ Failure Assessment, 2007). Table 3 is 3. Stratification and standardization of antibi-
proposed for the formalization of indications. otic therapy regimens are necessary:
2. The following should be mandatory compo- * monotherapy or combination therapy with two
nents of monitoring and intensive care: (at most, three) agents;
« daily ultrasound of the abdominal cavity; « if any component of a combination is deemed
e continuous epidural anesthesia (alternatively, ineffective, the entire combination should be
caudal anesthesia) with ropivacaine; replaced;
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* ajudicious approach to microorganisms con-
taminating non-sterile body regions or iso-
lated from non-sterile sites as potential pa-
thogens;

* the development of and adherence to a proto-
col for probiotic administration.

4. If prolonged analgosedation is required,
the routinely used spasmogenic opioid (fentanyl)
should be replaced with an agent possessing spas-
molytic properties (trimeperidine) or, by decision
of the medical committee, with dexmedetomidine.
The prescribing information for dexmedetomidine
does not contain a formal contraindication for use
in children of any age.

5. Discontinue the use of agents that remain
the subject of debate in the literature — sildenafil,
cholecalciferol, vikasol, and octreotide.
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AOMOAHUTEAbHAA UHOOPMALUA

Bknap aBTopoB. A.H. lliImakoB — paspaboTka
KOHLenunn ctaTby, HanucaHue TekcTa CTaTbhm;
K.B. bypapoBa — Bu3yanusauus, pefakTupoBa-
HUe, yTBEpXeHune TeKCTa CTaTbMm.

Bce aBTOpbI BHEC/IM CYLECTBEHHbI BKNag B
pa3paboTKy KOHLenuuu, NpoBeAeHne uccneno-
BaHWA U NOArOTOBKY CTaTbM, NPOYN M 0J,06pUnH
uHanbHyto Bepcuto nepeg nyénaukaymen.

KoHpnukT nHTepecoB. ABTOpbI AeKnapupytoT
OTCYTCTBME IBHbIX U NOTEHLUANbHbIX KOHPANK-
TOB MHTEPECOB, CBA3aHHbIX C nybnukaymeii Ha-
CTOSILLEN CTATbMW.
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ABSTRACT. Inflammation in the immature lung, triggered by oxygen toxicity and the formation of reactive oxygen
species early on, is the primary cause of bronchopulmonary dysplasia in premature infants. Inflammation is
characterized by activation of the innate immune response, with migration of predominantly macrophages and
neutrophils and the release of proinflammatory cytokines. The degree of damage and disruption of subsequent lung
development determine the severity of bronchopulmonary dysplasia, which leads to limited lung function. Based on
observational studies of premature infants and experimental work in preclinical models, it has been demonstrated
that excessive stimulation of proinflammatory signaling pathways leads to lung injury, but at the same time, the
physiological activation of these pathways underlies physiological lung growth. This pathophysiological concept
explains why suppression of individual pathways leads to an imbalance in the complex signaling network in
the immature lung, with more severe inflammation and lung injury affecting the alveolar, mesenchymal, and
vascular compartments. Therefore, the number of available drugs with proven efficacy for the prevention of
bronchopulmonary dysplasia is currently limited. Evidence is accumulating that global suppression of the
inflammatory response with corticosteroids leads to more severe limitations in lung function later in life, despite its
high short-term effectiveness in improving gas exchange. Therefore, a detailed analysis of the immunophenotypes
of myeloid cells and their associated gene and immune signatures will be useful for understanding the cellular
and molecular genetic mechanisms of disease development and progression.

KEYWORDS: bronchopulmonary dysplasia, preterm infant, inflammation, differential gene expression, monocytes,
macrophages, gene signatures, immune signatures, M1/M2 macrophages
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PE3IOME. BocnaneHue B He3penblx Nerkux, CpoBOLMPOBAHHOE KUCNOPOHOI TOKCUYHOCTbHO M 06pa30BaHNEM
aKTMBHbIX GOPM KMCNOPOAA Ha HayanbHOM 3Tane, BASeTCcA OCHOBHOW NPUYNHON BPOHXONEroYHON ANCnNasnuu
Y HeIOHOLUEeHHbIX AeTeil. BocnaneHue xapaktepuayetcs akTUBaLWen BPOXLEHHOr0 UMMYHHOr0 OTBeTa C MUrpa-
LMeRn NpeMMyLLeCTBEHHO MakpodaroB U HeWTPOQUIIOB N BbICBOBOXAEHUEM NMPOBOCNANUTENbHBIX LUTOKUHOB.
CTeneHb NOBPEXAEHUS U HApYLIEHNe AaNbHEALero pasBUTUA NIErKUX ONPeAenstoT TSXKECTb GPOHXO0NEroYHo
AWCNNasny, KoTopas NpPUMBOAUT K OrpaHnyeHnto GyHkLuu nerkux. OCHOBbIBasCb Ha HabnoAaTeNbHbIX Ucchne-
LOBaHUSX HEL,OHOLIEHHbIX AETEN U 3KCNEepPUMEHTaNbHbIX paboTax Ha LOKMHUYECKUX MOJENAX, LOKA3aHO, YTOo
upesMepHasi CTUMYNALMA NPOBOCNANNUTENbHbIX CUTHANbHbIX NYTel NPUBOLMUT K MOBPEXIEHUIO NErKuX, HO B TO
e Bpems GU3nonornyeckuii cTaTyc akTUBaLUK 3TUX NyTeli ABASETCA OCHOBOM HKU3N0N0rMYecKoro pocta Nerkux.
9Ta natoduanonorunyeckas KoHLenums o6baCcHAeT, NoYeMy NoAaBNeHNE OTAENbHbIX NYTel NPUBOAMT K AucHa-
NaHCy CNOXHOMN CUTHANIbHOW CETU B HE3PEJIOM JIErKOM C 60J1E€ TSXKESbIM BOCMANEHNEM M NOBPEXAEHUEM NETKUX,
3aTparuBaiolL MM anbBeoNsipHbIe, Me3eHXUManbHble U COCYAUCTbIE OTAeNbl. UIMEHHO N03TOMY KONUYeCcTBO [f0-
CTYMHbIX NPenapaToB C NOATBEPXAEHHON 3hDdEKTMBHOCTbIO AN NPodUNAKTUKM GPOHXONEroYHOI Ancnnasum
noka orpaHuyeHo. B HacToswee BpeMs HakannuBalTCs AoKadaTenbcTBa TOro, YT0 rnobanbHoe NofaBneHne
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INTRODUCTION

Bronchopulmonary dysplasia (BPD) is a chro-
nic lung disease that develops in preterm infants
[1-5]. BPD affects up to 70% of children born ex-
tremely preterm and represents the second most
common chronic lung disease in children after
bronchial asthma (BA) [4, 6]. Our understanding
of BPD pathophysiology has evolved continuously
since the condition was first described as pulmo-
nary fibrosis and emphysema by W.H. Northway
in 1967 [5-8]. The consequences of BPD can be
long-lasting and severe. In childhood, they include
susceptibility to respiratory infections, an elevated
risk of BA, and delayed physical and neurodeve-
lopmental growth. In adolescence and adulthood,
BPD is associated with diminished lung function
and physical working capacity, as well as chronic
non-communicable diseases [4, 5, 8-13]. Given
the growing number of surviving preterm infants
and the stable incidence of BPD with no downward
trend, improving the monitoring and prognostica-
tion of this disease is critically important [14-18].
Identifying targets that minimize primary lung in-
jury in preterm infants and restrain the damaging
immune response, thereby promoting early repair,
constitutes a critically important and unresolved
clinical challenge. Myeloid cells, acting as immu-
noregulators, can fulfill these functions in the de-
veloping lung [19-21].

This literature review provides a detailed ana-
lysis of the mechanisms of lung injury, starting
with hyperoxia as a factor that triggers inflam-
mation. It also examines the phenotypic diversity
of monocytes and macrophages migrating to the
focus of pulmonary inflammation and thorough-
ly characterizes the differential gene expression
and gene and immune signatures underlying
BPD development. The literature search was per-
formed in the Medline, PubMed, PubMed Central,
and ClinicalTrials.gov databases using keywords
that included the following search strings: "bron-
chopulmonary dysplasia is inflammation of the
lungs," "bronchopulmonary dysplasia, monocyte
inflammation in the lungs," "bronchopulmonary
dysplasia, macrophages, inflammation in the
lungs," "bronchopulmonary dysplasia is an in-
flammation of the lungs and myeloid cells," "bron-
chopulmonary dysplasia, inflammation, hyper-
oxia," "bronchopulmonary dysplasia inflammation
immune signatures,” and "bronchopulmonary dys-
plasia inflammation gene signatures." The search
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in international databases was focused on the
period from 2019 to 2025.

FROM HYPEROXIA TO INFLAMMATION

Bronchopulmonary dysplasia is a multifactorial
disease, and exposure to hyperoxia in the lungs of
preterm infants contributes to immune response
dysregulation, impaired alveolarization, and ab-
normal vascular development [22-28]. The ad-
verse effects of hyperoxia include the generation
of reactive oxygen species (ROS), which negative-
ly affect the immature lung. These ROS-induced
effects lead to mitochondrial dysfunction, altera-
tions in gene expression, and an inflammatory re-
sponse with the migration of myeloid cells into the
pulmonary parenchyma (Fig. 1).

Numerous studies demonstrate the effect of
hyperoxia on gene expression. In a hyperoxic
mouse model of BPD, the expression levels of
the angiogenic markers FOXF1 and c-KIT were
reduced. FOXFT is a forkhead family transcrip-
tion factor important for the development of
lung and gastrointestinal tract mesenchyme,
while c-KIT encodes a receptor tyrosine kinase
that plays an important role in hematopoiesis.
Hyperoxia exposure during the first seven days
of life decreased the number of c-KIT endothe-
lial progenitor cells. Adoptive transfer of c-KIT
endothelial cells improved angiogenesis and al-
veolarization [29].

Substantial changes in expression across all
cellular compartments were observed in the lar-
gest study to date of developing mice exposed to
hyperoxia, conducted by M. Hurskainen et al. [20].
In the lung parenchyma, the authors identified
transcriptomic shifts in myofibroblasts, pericytes,
and Col713a7 fibroblasts. Col13a1 encodes the
alpha chain of one of the non-fibrillar collagens,
and these fibroblasts were among the most active
cells in the hyperoxic lung model. The study fur-
ther revealed a significant depletion of endothelial
cells and an increase in alveolar type 1 cells fol-
lowing hyperoxia exposure [20, 21].

C. Revhaug et al. identified changes in gene
methylation and transcriptome regulation in the
lungs of mice ventilated with 85% oxygen from
birth for 14 days. The PI3K-AKT pathway (an intra-
cellular signaling pathway important in cell cycle
regulation), associated with the immune system
and the inflammatory response, was identified
as a major target. Suppression of this pathway
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Fig. 1. The contribution of oxygen toxicity to the pathogenesis of bronchopulmonary dysplasia (created by I. Doroshenko,

2024)

Puc. 1. Bknap KUCAOPOAHOM TOKCMYHOCTH B natoreHes3 6poHXOAEroUuHoi Ancnaasum (coctaBaeHo M. AopolueHko, 2024)

contributed to increased susceptibility and an ab-
normal response to respiratory viruses [30].

In another experimental study conducted in
2017, the process of DNA methylation in genes
involved in lung tissue growth and differentia-
tion was analyzed. The researchers divided rat
pups into two groups: group 1 was raised in room
air (n=24), and group 2 was raised in an atmo-
sphere containing 85% 0, (n=26) from postnatal
day 1 to 14. The rat pups exposed to hyperoxia
had larger airspaces and thinner septa than those
maintained in room air [31]. Further analysis re-
vealed activation of the TGF-B signaling pathway
involving key genes such as TGFBR1, CREBBP, and
CREB-1. CREBBP functions as a transcriptional co-
activator, linking various protein transactivators of
transcription to the core transcriptional complex
through protein—protein interactions, while CREB-1
binds cyclic adenosine monophosphate (cAMP)
and the DNA nucleotide sequence present in many
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viral and cellular promoters [31]. Overexpression
of TGF-B1 during postnatal alveolarization in rat
lungs leads to morphological, pathological, and
biochemical changes corresponding to those ob-
served in BPD in children.

IMBALANCE OF ANTIOXIDANT DEFENSE

When the balance between ROS production
and antioxidant capacity is disrupted, oxidative
reactions progress, ultimately resulting in cell and
tissue damage through lipid peroxidation, DNA
damage, and protein oxidation. The toxic effect
of oxygen leads to the death of alveolar epithe-
lium and capillary endothelium, the development
of capillary dysplasia, impaired alveolarization,
fibrosis, and pulmonary hypertension. It should be
noted that the development of the antioxidant sys-
tem occurs in parallel with surfactant synthesis
during the third trimester of pregnancy; therefore,
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the lung cellular structures of preterm infants re-
main insufficiently protected against peroxidation
processes [1-5].

Inadequate activity of antioxidant enzymes
(superoxide dismutase, catalase, glutathione per-
oxidase) and endogenous antioxidants (vitamin
E, glutathione, ceruloplasmin) has been reported
[32]. Within the framework of antioxidant defense
mechanisms, the transcription factor Nrf2 (nucle-
ar factor erythroid 2-related factor 2) represents a
critical regulator of cellular defense mechanisms
against xenobiotic and oxidative stress. However,
studies show that the levels of antioxidants (vita-
min A, vitamin E, and catalase) in preterm infants
with BPD are significantly lower, whereas the level
of malondialdehyde (a marker of lipid peroxida-
tion), by contrast, is higher compared with term
infants [8, 9, 32].

Research into the role of antioxidant enzymes
such as SOD3 (superoxide dismutase 3) is on-
going. Notably, serum SOD3 levels are reduced in
infants with extremely low birth weight, and the
loss of SOD3 leads to dysregulation of gene ex-
pression involved in lung development [32].

Thus, at present, neonatal diseases can be
classified as belonging to the spectrum of "oxy-
gen radical diseases." Extremely preterm infants
constitute a high-risk group due to the immatu-
rity of their antioxidant system. Currently, active
research continues not only into the role of the
latter in the development of perinatal diseases
but also into the design of therapeutic interven-
tions [33].

IMPAIRED ANGIOGENESIS

Hypoxia-inducible factor HIF-1a is one of the
principal transcription factors governing the
expression of a number of genes required for cel-
lular adaptation to hypoxia [34]. This factor regu-
lates fetal growth and development under hypoxic
conditions and is, therefore, rapidly degraded un-
der hyperoxia or normoxia. Loss of HIF-1a in mice
leads to embryonic lethality; the surviving emb-
ryos exhibit multiple cardiac malformations and
abnormally dilated blood vessels.

VEGFA (vascular endothelial growth factor A)
is a key factor in vascular development and a
mediator of endothelial NO synthesis. Vascular
growth encompasses two main processes: vas-
culogenesis, the formation of new blood vessels
from endothelial cells in the mesenchyme, and
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angiogenesis, the formation of new blood ves-
sels from sprouts of pre-existing vessels [15,
35]. Both hyperoxia and mechanical ventilation
inhibit pro-angiogenic VEGF signaling in rodents
and rabbits, and the inhibition of VEGF signaling
is accompanied by reduced alveologenesis and
angiogenesis in many animal species [35]. For ex-
ample, the expression of VEGF and one of its re-
ceptors (VEGF-R1) is decreased in a BPD model in
preterm baboons. Ventilation of two-day-old mice
with 40% O, reduces the expression of VEGF-A
and VEGF-R2 genes and proteins in the lungs and
leads to structural lung abnormalities correspon-
ding to BPD [35].

A number of studies demonstrate reduced
levels of additional pro-angiogenic factors. Spe-
cifically, NO acts downstream of HIF and VEGFA
in the signaling cascade and is suppressed by
ROS-induced injury; ROS attenuate NO signaling
and stimulate the growth and phenotypic modula-
tion of smooth muscle cells, as well as pulmonary
vascular remodeling. eNOS expression levels are
decreased in lambs exposed to hyperoxia [23].

Reduced levels of Tie-2 (the angiopoietin re-
ceptor, expressed exclusively in endothelial cells
of mice, rats, and humans) and Ang-1 (a member
of the family of vascular growth factors that play
a role in embryonic and postnatal angiogenesis)
have been detected in preterm infants on mecha-
nical ventilation. Moreover, Ang-1 expression is
decreased in mouse pups exposed to hyperoxia
[21, 23].

MYELOID CELL DYSFUNCTION

It has been shown that macrophage activation
in mice with hyperoxia-induced BPD leads not
only to epithelial cell apoptosis and pulmonary
parenchymal injury but also affects fibroblasts
and endothelial cells, causing matrix remodeling
and impaired pulmonary vascularization [23]. The
transcription factor KiIf4 is known to participate
in transcriptional regulation in many diseases,
including BPD, and KIf4 can induce macrophage
polarization by interacting with Stat6. KIf4 can
influence not only monocyte differentiation but
also the expression of genes characteristic of
M1 and M2 macrophages, such as iNOS and
Arg1 [36]. In a study by Y. He et al., increased
M1 macrophage infiltration and decreased Klf4
expression were detected in the lungs of mice
with BPD [24].
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C. Leek et al. found that immediately af-
ter birth and on day 7 of hyperoxia exposure,
a significant reduction in the total number of
alveolar macrophages (AMs) was observed in
the hyperoxia-exposed lung compared with the
normoxic control. This reduction was observed
in both male and female mice. SiglecF-low AMs
(SiglecF, sialic acid-binding Ig-like lectin F)
represent monocyte-derived macrophages that
exhibit an intermediate phenotype along the con-
tinuum of differentiation into AMs [37]. Siglecs
(sialic acid-binding immunoglobulin-type lectins)
are sialic acid-specific lectins with an immuno-
globulin-like structure that interact with sialic
acid on the cell surface. They are expressed
predominantly by immune cells and regulate cell
proliferation, differentiation, apoptosis, and in-
tercellular interactions. Interestingly, the number
of SiglecF-high AMs decreased following hyper-
oxia exposure, and this was followed by a corre-
sponding increase in the number of SiglecF-low
AMs. No depletion of AMs was observed by day
14 or day 21 in either female or male mice. On
day 21, the number of interstitial macrophages in
the hyperoxia-exposed lungs was reduced com-
pared with the control group. Overall, neonatal
hyperoxia exerts differential effects on the abun-
dance of myeloid cell subpopulations, with the
most marked changes observed in AMs [37].

MONOCYTES AND MACROPHAGES
IN THE MECHANISMS

OF BRONCHOPULMONARY
DYSPLASIA DEVELOPMENT

To understand the early changes in the neonatal
immune response that give rise to the persistent
inflammation associated with BPD development
at the cellular level and beyond, research atten-
tion has been focused on one of the inflammatory
mechanisms — the characterization of monocyte
subtypes at birth and throughout the neonatal pe-
riod. Pulmonary monocytes and macrophages
are key players in innate immunity that undergo
a complex maturation process and, in newborns,
perform diverse functions, including lipopolysac-
charide (LPS)-induced activation, IFN-y-mediated
and IL-10-mediated responses, and Fc receptor-
dependent phagocytosis [28, 38, 39]. Several mac-
rophage immunophenotypes are distinguished.
Thus, M1 macrophages represent a pro-inflamma-
tory macrophage phenotype (classically activated),
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the key cells of innate immunity responsible for
host defense. They are activated by interferon gam-
ma (IFNy) and lipopolysaccharides, eliminate pa-
thogens (bacteria and viruses) and tumor cells, and
produce reactive oxygen species and pro-inflam-
matory cytokines (TNF-q, IL-12). M2 macrophages
represent a functional macrophage phenotype that
mediates an anti-inflammatory response, tissue re-
pair (regeneration), and the suppression of immune
reactions. They are activated by IL-4 and IL-13, pro-
mote wound healing, tissue remodeling, and the
clearance of apoptotic cells, and can also stimulate
tumor growth.

A.C. Windhorst et al. established that monocyte
subtypes differ between preterm and term neo-
nates. Specifically, CD14++CD16+ (intermediate)
monocytes were more frequently present in term
infants, whereas elevated levels of non-classical
monocytes (CD14+CD16++) were characteristic of
preterm infants developing BPD. Both monocyte
subtypes were the main source of intracellular
TNF-a expression. Multifactorial modeling of pro-
tein profiles identified FGF2, sIL-2Ra, MCP-1, MIP-
1a, and TNF-a as predictors of BPD. It has been
confirmed that TNF-q, IL-6, and IFN-a are the most
highly activated cytokines in severe BPD [40].

L.C. Eldredge et al. identified a predominance
of CD14+CD16+ and CD14+CD16- monocytes in
tracheal aspirates from ventilated patients with a
gestational age of less than 29 weeks and aged
less than 30 days. Moreover, the mRNA expression
of IL-1A, IL-1B, and IL-1 receptor antagonist genes
was elevated in monocytes obtained from tracheal
aspirates on days 7, 14, and 28 of life compared
with monocytes obtained on day 3 of life. This study
confirms that early alterations in monocyte-speci-
fic pathways of the IL-1 cytokine family — a potent
pro-inflammatory cytokine — may be associated
with the development of BPD [41]. In contrast, low
production of anti-inflammatory cytokines, particu-
larly IL-10, is observed in the setting of BPD [42].
Comparable cytokine profiles can also be observed
in animals (mice, sheep) receiving mechanical ven-
tilation (hyperoxia).

It has been demonstrated that the development
of BPD is associated with an increase in intermedi-
ate monocytes and the persistence of high levels
of non-classical monocytes, as well as with high
expression of TNF-q, IL-6, IL-8, MCP-1, MIP-1a, IL-1Rq,
sIL-2Raq, EGF, and FGF2. The described signature (a
unique molecular profile) is associated with monocyte
activation, proliferation, chemotaxis, and myeloid cell
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recruitment [40]. These findings are consistent with
transcriptome analysis, which revealed that TNF-q,
IL-2, IL-6, IL-10, and interferons are the most highly
activated cytokines in patients with moderate and
severe BPD. With regard to the functional significance
for BPD development, TNF-a and IFN-y signaling are
known to drive polarization of the pro-inflammatory
monocyte and macrophage phenotype, enhancing the
extravasation of these cells and the accumulation of
AMs. Moreover, these cytokines exhibit considerable
pro-fibrotic potential [43].

The picture of monocyte and granulocyte activa-
tion revealed by protein and transcriptome analyses
is further illustrated by the activation network of
genes involved in immune cell regulation, cell-matrix
interactions, and remodeling (IL-6, TNF-a, CXCL9,
LGALS3, MMP7, TLR3, IL-10, TCR, LAT) in BPD. The
differential expression of genes involved in leuko-
cyte chemotaxis and eosinophil accumulation (CAT,
CDH13, IL-10, LGALS3, TNFRSF1A, BID, TF, ZFP36)
was regulated by TNF-a [39]. Mild BPD manifesta-
tions were associated with the involvement of the
Wnt1 pathway and increased IL-5 expression [44].

The predominance of non-classical and inter-
mediate monocyte subtypes, confirmed by a cha-
racteristic transcriptome and protein signature, re-
flects processes critical for BPD development. The
identification of distinct developmental pathways
from circulating monocytes to lung macropha-
ges highlights the potential of specific monocyte
subtypes to make differential contributions to the
populations of alveolar, interstitial, and pulmonary
intravascular macrophages [45]. Whereas non-clas-
sical blood monocytes give rise to intravascular
macrophages in the lungs, classical monocytes
have been associated with interstitial and alveo-
lar macrophages. Intermediate CD14+ monocytes
expressing macrophage markers represent tran-
sitional stages of monocyte-to-macrophage diffe-
rentiation. The role of macrophages, including their
influence on growth factor production and their
association with a pro-fibrotic phenotype, under-
scores their potential as critical regulators of BPD
development [46)].

INTERCELLULAR INTERACTIONS BETWEEN
MACROPHAGES, ALVEOLAR EPITHELIAL
CELLS, AND ENDOTHELIAL CELLS

IN BRONCHOPULMONARY DYSPLASIA

Y. He et al. assessed intercellular communica-
tion and found that, among signal-sending cells,
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alveolar epithelial type | cells (AT1) exhibited the
greatest number and strength of interactions with
other cell types. In contrast, among signal-recei-
ving cells, CAR4+ endothelial cells displayed the
greatest interaction strength. It is known that
pulmonary endothelial cells (ECs) are essential
participants in gas exchange. Despite this, the ex-
tent and function of EC heterogeneity in the lungs
remain incompletely understood. To date, seve-
ral EC populations have been identified, including
macrovascular endothelium (maEC), microvascu-
lar endothelium (miEC), and a novel population of
Car4-high ECs. Car4-high ECs express a unique
gene signature, and ligand-receptor analysis in-
dicates that they are poised to receive reparative
signals from AT1 cells. Following acute injury,
they are predominantly localized to regenerating
regions of the alveoli [24].

A close relationship exists between mac-
rophages and alveolar epithelial cells. Macropha-
ges participate in the following signaling path-
ways as signal-receiving cells.

* SEMA3 (the semaphorin-plexin signaling path-
way, Sema3/Plexin) represents a series of mo-
lecular interactions initiated by the binding of
semaphorin receptors (including plexins and
neuropilins) to their ligands. This pathway
plays a key role in the development of the
nervous system, in particular by guiding axo-
nal growth and contributing to the formation
of neural connections. Beyond nervous system
development, the semaphorin-plexin pathway
is involved in the regulation of cell migration
and angiogenesis, as well as in immune re-
sponses. For example, Sema3A, a member of
the semaphorin family, has been studied for
its effects on thymocyte (thymus cell) func-
tions, including proliferation, migration, and
adhesion.

 MIF (macrophage migration inhibitory factor)
activates various signaling pathways that in-
fluence cell growth, survival, and the immune
response. Key signaling pathways engaged
by MIF include MAPK (ERK1/2) and NF-kB,
as well as interactions with Toll-like receptor
4 (TLR4) and chemokine receptors. MIF can
activate MAPK pathways such as ERK1/2,
thereby promoting cell proliferation, including
that of tumor cells. MIF activates the NF-kB
pathway, leading to increased production of
pro-inflammatory cytokines such as TNF-q,
IL-6, and IL-8. MIF upregulates TLR4 expres-
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sion, which enhances the immune response
to Gram-negative bacteria. MIF can interact
with chemokine receptors (e.g., CXCR2 and
CXCR4), thereby influencing cell migration.
MIF can inhibit apoptosis (programmed cell
death), which is important for maintaining cell
survival under conditions of inflammation and
tumor growth.

GALECTINS (galectins) are a family of carbo-
hydrate-binding proteins involved in various
cellular processes, including adhesion, migra-
tion, proliferation, and apoptosis. Galectin sig-
naling pathways, such as galectin-3/SMAD and
galectin-9/Tim-3, play an important role in the
development of diseases, including fibrosis
and the immune response. Galectin-3 and the
TGF-B/SMAD signaling pathway — galectin-3
can activate this pathway, leading to fibrosis
and scar tissue formation, and also promotes
the translocation of transcription factors into
the nucleus for collagen synthesis. The galec-
tin-9/Tim-3 signaling pathway is an important
regulatory mechanism for immune cells such
as natural killer (NK) cells. Galectins, inclu-
ding galectin-1, galectin-3, galectin-9, and
galectin-12, are involved in the development
of leukemia by influencing the growth, diffe-
rentiation, and survival of cancer cells.

CXCL (chemokine (C-X-C motif) ligand) is a
family of chemokines, proteins involved in
the recruitment and activation of leukocytes
(immune cells). They play an important role
in inflammation, the immune response, the
development of lymphoid organs, and other
biological processes.

CCL (C-C motif ligand, chemokines with a
C-C motif) represents a subfamily of chemo-
kines. The CCL subfamily, in particular, plays
an important role in inflammatory processes,
during infection, organ and tissue injury, and
in lymphocyte migration. The CCL subfamily is
characterized by the presence of two adjacent
cysteines (without an intervening amino acid)
in the amino acid sequence of the chemokines.
CCL chemokines primarily attract monocytes,
macrophages, eosinophils, and lymphocytes,
thereby regulating the immune response to
various pathological processes.

At the same time, macrophages act as signal
senders, participating in GRN (Gene Regulatory
Network) signaling pathways. These pathways
represent a cascade of intracellular reactions in-
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itiated by the binding of a growth factor to its re-
ceptor on the cell surface. This pathway plays a
key role in the regulation of cell growth, differenti-
ation, survival, and many other cellular processes,
as well as in CCL signaling.

MIF is a pleiotropic cytokine and one of the
key factors in intercellular communication. MIF
is antagonistic to glucocorticoids and prolongs
the survival of inflammatory cells [47]. It should
be noted that adequate MIF levels are required for
lung development, since both MIF deficiency and
overexpression in neonatal mice have been shown
to cause alveolar and vascular abnormalities. It
has been established that MIF signaling involves
two pathways. MIF signaling between AT2 cells
and endothelial cells may be required for alveo-
larization and angiogenesis, whereas the involve-
ment of macrophages in MIF signaling following
hyperoxia may promote inflammation and impair
lung maturation [24].

In the control group, among all pro-inflamma-
tory macrophages (CD86+), the Cybb protein was
expressed in 60.1% of cells, whereas in patients
with BPD it was expressed in only 4.6% (p <0.05).
Thus, Cybb expression in M1 macrophages is sig-
nificantly reduced in BPD.

It was also established that in the control group,
86.5% of all Cybb-expressing cells simultaneously
co-expressed the pro-inflammatory macrophage
marker CD86. In BPD, this proportion was only
7.3% (p <0.05). This indicates that the co-expres-
sion of Cybb and CD86, a marker of pro-inflamma-
tory macrophages, is impaired in BPD [24].

It has been shown that alveolar epithelial cells
actively interacted with macrophages via MIF-
(CD74+CD44) signaling pathways. Macrophages
were more active and engaged in more extensive
interactions with alveolar epithelial cells in mice
with BPD through MIF-(CD74+CD44) signaling. It
should be noted that M1 macrophages play an im-
portant role in the development of lung injury in
BPD. This role correlates with a specific reduction
in Cybb gene expression and its end product in
macrophages, as well as with the potential activa-
tion of MIF signaling pathways.

FEATURES OF THE GENETIC REGULATION
OF INTERCELLULAR INTERACTIONS

It has been established that differentially ex-
pressed genes in mice with BPD are enriched for
leukocyte migration and M1 macrophage infil-
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tration of the lungs. The influence of hub genes
(Cybb, Papss2, F7, Fpr2) has been confirmed at
the single-cell level. Specifically, reduced Cybb ex-
pression is associated with M1 macrophage infil-
tration. In an experimental study, Yi He et al. from
China identified 16 hub genes associated with im-
mune system function. Subsequently, single-cell
identification analysis was performed using data
from 65,733 cells (38,223 cells from the BPD
group and 27,510 cells from the control group). It
was shown that, of the 65,733 single cells, 2,492
were classified as alveolar macrophages and
5,447 as other macrophage types. Cell source
analysis revealed that the Cybb, Fpr2, and F7
genes were highly expressed in macrophages in
both the BPD group and the control group. Among
the total number of single cells, 12,615 cells ex-
pressed the Cybb gene (19.19%), representing the
highest percentage among the three genes. At the
next stage, to assess the functional role of the
identified genes, the researchers evaluated hub
gene expression between the BPD group and the
control group using scRNA-seq data and demon-
strated that Cybb gene expression was reduced in
the BPD mouse group. Comparison of Cybb gene
expression at the single-cell level between BPD
mice and wild-type mice also showed that this re-
duction was primarily attributable to lower mean
expression and a lower percentage of Cybb-posi-
tive cells in macrophages in BPD mice compared
with wild-type mice. These results indicate that
Cybb expression was predominantly reduced in
macrophages under hyperoxic conditions [24]. It
should be noted that hub genes are genes that
play a key role in metabolic pathways, possess
a large number of connections with other genes,
and exert a significant influence on cell function.
Alterations in the expression or activity of hub
genes may be associated with specific diseases
and conditions, making them useful for the diag-
nosis and monitoring of various diseases.

The CYBB protein, also known as NOX2 or
gp91phox, is a transmembrane subunit of the
nicotinamide adenine dinucleotide phosphate
(NADPH) oxidase complex, also referred to as
cytochrome b-245 [48]. CYBB is a key component
of NADPH oxidase, an enzyme complex that gene-
rates superoxide, a reactive oxygen species. CYBB
is a transmembrane protein composed of two sub-
units: alpha and beta. Mutations in the CYBB gene
lead to chronic granulomatous disease, since a
deficiency of functional CYBB protein impairs the
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ability of immune cells to effectively combat in-
fections. The CYBB protein is localized to cellular
membranes, primarily within phagosomes (intra-
cellular compartments where pathogen degrada-
tion takes place).

Cybbisageneassociated withenhanced inflam-
matory infiltration of lung tissue by macrophages.
It encodes gp91phox (NOX2), a component of the
phagocytic NADPH oxidase (NOX) family, which
primarily generates ROS. Cybb is required not only
for microbial killing and host defense but also
for immune and inflammatory regulation. Studies
have demonstrated an important role for Cybb in
LPS-induced lung injury [24, 48, 49]. In particular,
Cybb expression in macrophages appears to play
a protective role in the aseptic inflammatory re-
sponse. Germ-free Cybb-deficient mice developed
spontaneous lung inflammation independently of
the microbiota composition. Moreover, Cybb-defi-
cient alveolar macrophages tended toward pro-in-
flammatory responses with an enhanced cytokine
response and gave rise to an immunoactivated
CD11bhigh subpopulation following sterile sti-
mulation, such as with Toll-like receptor agonists
[49]. In a mouse model of zymosan-induced sys-
temic inflammatory response syndrome, Cybb
deficiency in mice was associated with elevated
chemokine levels, neutrophil infiltration, platelet
activation, and thrombosis, suggesting an an-
ti-inflammatory role for Cybb, particularly alveo-
lar macrophage-derived Cybb [50]. Furthermore,
Cybb-deficient macrophages exhibited enhanced
transcriptional priming of the NOD-like receptor
family pyrin domain containing 3 (NLRP3) inflam-
masome. In addition, they triggered post-transla-
tional activation of NLRP3 through increased K*
efflux and mitochondrial damage [51]. In a study
by Y. He et al., a specific reduction in Cybb ex-
pression was detected in lung macrophages un-
der hyperoxic conditions [24]. Such an abnormal
pattern of Cybb expression under hyperoxia may
adversely affect lung development and homeosta-
sis. Interestingly, the Cybb gene, which is located
on the X chromosome, may be responsible for
sex-dependent BPD phenotypes.

INFLUENCE OF SEX ON THE
TRANSCRIPTOME, DIFFERENTIATION,
AND FUNCTIONS OF MACROPHAGES

Sex-dependent differences in macrophage di-
versity and function have been identified in many
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diseases [37, 52, 53]. In an experimental study,
C. Leek et al. detected sex-specific differen-
ces in the differential gene expression (DGE) of
macrophages. In female mice, 132 DEGs were
identified (71 upregulated, 61 downregulated)
compared with the normoxic control. In contrast,
in male AMs, 58 DEGs were identified (26 upre-
gulated, 32 downregulated) [37]. One of the high-
ly expressed genes in hyperoxia-exposed AMs
was the gene encoding extracellular matrix pro-
tein 1 (ECMT), which plays an important role in
macrophage polarization. ECM1 is actively ex-
pressed in macrophages, particularly in those
infiltrating tissues under inflammatory condi-
tions. Macrophage-specific knockout of ECM1
increases the expression of arginase 1 (ARG1)
and impairs polarization toward the M1 mac-
rophage phenotype. Macrophage-specific knock-
out of ECMT ameliorates pathological changes in
a mouse model of inflammatory bowel disease,
highlighting the importance of ECMT in M1 mac-
rophage polarization. The expression of the Fcna
gene (Ficolin A) is also increased in hyperoxia-ex-
posed AMs; it mediates complement activation
and enhances pro-inflammatory responses in the
lungs [37].

The gene encoding fatty acid-binding pro-
tein 4 (Fabp4) is an adipokine and one of the
most strongly suppressed genes; it regulates
inflammation and angiogenesis. Interestingly,
Fabp4 expression was increased in peribronchi-
al vessels of neonates with BPD and enhanced
angiogenesis [54]. The gene encoding pyruvate
dehydrogenase kinase 4 (Pdk4) was also sup-
pressed in hyperoxia-exposed AMs. Pdk4 plays
an important role in the metabolic reprogramming
of macrophages [55, 56]. The DEGs identified in
the study by C. Leek et al. were associated with
the cell cycle, DNA integrity and apoptosis, mye-
loid cell differentiation, leukocyte migration, and
interferon-beta production. Macrophages play a
key role in interferon signaling owing to their dual
function: they serve as important producers of in-
terferon and exhibit high sensitivity to it [37].

In the study by C. Leek et al., one of the unique
genes with increased expression in female AMs
was the prolactin receptor gene Prir (prolactin re-
ceptor), which is expressed in macrophages and
modulates local inflammatory responses, angio-
genesis, phagocytosis of apoptotic cells, and cy-
tokine production [37]. Prolactin has been shown
to increase heme oxygenase-1 expression and
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vascular endothelial growth factor production
in human macrophages, indicating its potential
role in angiogenesis. In males, AMs exhibited in-
creased expression of the gene encoding secre-
ted phosphoprotein 1 (Spp7). Spp1, or osteopon-
tin, is an arginine-glycine-aspartate-containing
adhesive glycoprotein produced by AMs [57].
Spp1 plays an important role in the recruitment
and accumulation of myeloid cells at sites of inju-
ry. Spp1 in lung macrophages stimulates fibrotic
processes and macrophage polarization toward a
pro-fibrotic phenotype [57].

In the study by C. Leek et al., it was found that
pathways associated with DNA damage and IFN-,
glucose and carbohydrate metabolism, ossifica-
tion, and aging were positively enriched in AMs
from female mice. In contrast, oxidative phos-
phorylation and the tricarboxylic acid cycle were
negatively enriched in AMs from male mice [37].
Loss of KIf4 increased macrophage polarization
similarly to that observed with LPS or IFN-y sti-
mulation, and hyperoxia reduced KIf4 expression
in macrophages in vitro. Interferon regulatory fac-
tors play a crucial role in macrophage function
and differentiation. Irf1 plays an important role
in enhancing the myeloid cell response to IFN-y
and in myeloid cell development. Irf2 inhibits the
expression of glycolytic genes and pro-inflamma-
tory responses. Irf4 is critically important for the
synergistic macrophage response induced by IL-4.
Runx2, a transcription factor known primarily for
its role in bone metabolism, also substantially in-
fluences macrophage function, particularly during
inflammation and tissue remodeling. The expres-
sion levels of these transcription factors in male
and female AMs did not differ according to sex
or treatment, suggesting that transcription factors
may bind differently to chromatin in male and fe-
male AMs under hyperoxic conditions.

Furthermore, C. Leek et al. assessed the influ-
ence of sex on AM gene activity across all deve-
lopmental periods. They found that three genes
exhibited high expression in hyperoxia-exposed
females: integrin subunit alpha M (ITGAM, the
gene encoding CD11b protein), C-type lectin do-
main family 5 member A (Clec5a), and guanylate
binding protein 3 (Gbp3) [37]. ITGAM and CD11b
play an important role in macrophage functions,
including adhesion, migration, and phagocytosis.
Guanylate binding protein 3 (Gbp3) is a member
of the guanylate binding protein (GBP) family, a
group of intracellular guanosine triphosphatases
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induced by IFN-y. It also plays a role in mac-
rophage activation and the immune response
[58]. Clec5a modulates macrophage function
and contributes to the pathophysiology of chro-
nic lung diseases, including chronic obstructive
pulmonary disease [59, 60]. No differentially
expressed genes were detected in male AMs in
response to hyperoxia.

Chromatin remodeling was more pronounced
in female prenatal myeloid cells, whereas the Wnt
signaling pathway was more pronounced in males.
Postnatal female myeloid cells were enriched for
pathways associated with leukocyte migration,
whereas male cells were enriched for pathways as-
sociated with the cellular response to TGF-B [37].

Furthermore, the expression of sex-spe-
cific genes was higher in pro-inflammatory
CD14+CD16- monocytes (279 genes) than in
double-positive non-classical (or patrolling)
CD14+CD16+ monocytes (33 genes). Male
CD14+CD16- monocytes were enriched for in-
flammatory pathways associated with IL-1, TNF,
and neutrophil degranulation. Female monocytes
were enriched for genes related to oxidative
stress-induced senescence, chromatin remode-
ling, oxidative phosphorylation, and the response
to IFN-a in both monocyte classes. Metabolic
pathways differed markedly according to sex in
both CD14+CD16- and CD14+CD16+ monocytes.
Carbohydrate metabolism and glycolysis were en-
riched in male cells, whereas oxidative phospho-
rylation and associated pathways were enriched
in female cells [37]. D. Sahoo et al. showed that
apoptosis and cell death were more pronounced
in female AMs. Male AMs were positively en-
riched for pro-inflammatory pathways, nitric oxide
generation, and T-cell activation, and negatively
enriched for the aerobic electron transport chain
and oxidative phosphorylation [61].

Thus, sex influences AM function and polari-
zation. The balance between the pro-inflammato-
ry and anti-inflammatory roles of macrophages is
critically important in the progression of lung in-
jury. In vitro, classically activated macrophages
(M1) secrete pro-inflammatory mediators such
as TNF-a and ROS in the acute phase, whereas
alternatively activated macrophages (M2) partic-
ipate in the resolution of inflammation and tissue
repair at a later phase. Studies have shown that
alveolar macrophages from female mice express
higher levels of M2 genes, indicating sex-de-
pendent differences in macrophage polarization.
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CONCLUSION

Elucidating the patterns of immune cell infil-
tration of the pulmonary parenchyma and the key
immunomodulators involved may facilitate targe-
ted therapeutic interventions directed at inflam-
mation, which is of vital importance for impro-
ving the treatment of BPD. The study of immune
signatures represents a promising avenue toward
the development of anti-inflammatory therapeutic
approaches.

Based on the results of published studies, dis-
tinct immune and gene signatures have been suc-
cessfully identified in monocyte and macrophage
samples from preterm infants with BPD at various
time points after birth, complemented by compre-
hensive protein and transcriptome profiling. The
immune response identified in preterm infants
with BPD holds immense potential for the deve-
lopment of diagnostic and therapeutic strategies.
However, future studies with larger patient cohorts
are required to determine the differential impact
of prenatal complications and genetic background
on disease characteristics.

Thus, the diversity of pathophysiological
mechanisms leading to the development and pro-
gression of bronchopulmonary dysplasia warrants
in-depth investigation in experimental and clinical
studies. With each passing year, our understan-
ding of the pathogenesis of this chronic lung di-
sease, which manifests in infancy, continues to
expand. This will ultimately enable the delineation
of the phenotypic heterogeneity of the disease and
the implementation of a personalized approach to
the prevention and treatment of bronchopulmo-
nary dysplasia.
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AONOAHUTEAbHAA UHO®OPMALUA
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T.C. llonbka — MOMCK U aHanus nutepaTypbl,
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KoHpnukT uHTepecoB. ABTOpbl Aeknapupy-
0T OTCYTCTBME IBHbIX WU MOTEHLMaNbHbIX KOH-
GNUKTOB MHTEPeCOB, CBA3aHHbIX C Ny6aMKaLu-
€N HacToAlL el cTaTbu.
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ABSTRACT. Introduction. The problem of the relationship of homocysteine level with the development of
pathological conditions is becoming more and more relevant every year. The article presents a literature review
of works devoted to the study of this issue. Aim — to study the role of homocysteine in the development of
various diseases in children using literary sources. Materials and methods. Using keywords (homocysteine,
hyperhomocysteinemia, adolescents, children) we searched for papers published from 1969 to 2025 in PubMed,
World Wide Science and eLIBRARY databases. 1200 studies were found, and 42 were selected for review, including
5 systematic reviews and meta-analyses. Results. Hyperhomocysteinemia initiates activation of the unified
cellular-humoral defense system of the organism, manifested in the development of hypercoagulation, increase
in the number of leukocyte-platelet coaggregates, increase in the level of autoantibodies, cytokines, adhesion
molecules, change in the phenotype of lymphocytes, which has a damaging effect on organs and systems, causing
their damage. Conclusions. Domestic and foreign studies of homocysteine, in healthy and sick children show the
association of homocysteine, with various pathologies in children and adolescents. First of all, they confirm the
significance of this indicator as a diagnostic biomarker. Further in-depth and large-scale study of this issue is
necessary.
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CUHAPOM rMnepromMoLuucTEUHEMUU Y AeTEH
npyv pa3AMYHbIX 3aboneBaHUAX

HuHa BuktoposHa EBpoknmoBal, Avauns CepreesHa Nebeaesa?, lOana ApkaabeBHa Aemuyk?,
Mapus CepreesHa MabyeHko!, Onbra bopucosHa Actapbesal: 3

1 CaHkT-lNetepByprekuil rocyAapCTBEHHbIN NeAUaTPMUECKNI MEAULIMHCKWI yHUBepcuTeT, 194100, r. CaHkr-MNetepbypr, yA. AUTOBCKas,
A. 2, Poccuiickas ®epepaums

2 HaLMOHaAbHbIM MEAULMHCKIUI UCCAEAOBATEABCKUI LIEHTP SHAOKPUHOAOTMKM M. U.WU. AepoBa, 117036, r. MockBsa, yA. AMUTPUSA
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y AETEV Npu pasanyHbIx 3aboaeBanusix. Children’s Medicine of the North-West. 2026;14(1):219-228.
https://doi.org/10.56871/CmN-W.2026.68.45.017.

Mocrynuaa: 03.12.2025 0po06peHa: 19.01.2026 MpuHaTa K neuatu: 20.03.2026

PE3IOME. Beegenne. [po6neMa B3aMMOCBA3M YPOBHA FOMOLMCTENHA C pa3BUTUEM NATONOTMMYECKUX COCTOSIHMIA
C KaXbIM rof,oM CTaHOBUTCS BCe bonee akTyanbHON. B cTaTbe npeAcTaBieH nuTepaTypHbii 0630p paboT, nocBs-
LLLEHHbIX M3YYEHMIO AaHHOro Bonpoca. Ljesib — ucnonb3ys nuTepaTypHble UCTOUHUKM, U3Y4UTb POJSib FOMOLMCTEN-
Ha B pa3BUTUM Pa3NnyHbIX 3ab0neBaHnii y feteii. MaTepuanbl n MmeTogbl. bnarofaps ucnonb30BaHMIO KIHOYEBbIX
CNOB (rOMOLMCTENH, TUNEProMoLMCTEUHEMUS, AeTH) OblN NPOBeAEH Nouck paboT, ony6nnkoBaHHbIX ¢ 1969 no
2025 rop B 6a3ax aaHHbix PubMed, World Wide Science n eLIBRARY. HaiigeHo 1200 uccnefoBaHuii, 0To6paHo
Ans 063opa 42, B TOM yucne 5 cucteMatuyeckux 0630poB M MeTaaHanu3oB. PeynbTathl. [MnepromoLnucTenHe-
MUS MHULMUPYET aKTUBALMIO eMHON KJIETOYHO-TYMOPaibHOM CUCTEMbI 3aLLUTbl OPraHM3Ma, NPoSBASAIOLLYOCA B
pa3BUTUM TUNEPKOArYNSLNM, POCTE YNCA NENKOLUTAPHO-TPOMOOLMTAPHbIX KOArperaToB, YBEMYEHUN YPOBHSA
ayToaHTUTeN, LMTOKMHOB, MONEKYN afre3unun, usmeHeHun hbeHotuna nMMQoLMTOB, YTO OKa3biBaeT NOBPeXato-
Liee feficTBME Ha OpraHbl U CUCTEMBI. BbiBogbl. OTEUECTBEHHbIE U 3apy6eXxHble CCNe0BaHMA TOMOLUCTENHA
Yy 340POBbIX 1 60NbHbIX JeTel NoKa3biBaloT CBA3b MMNEProMOLUCTEMHEMMUM C Pa3fIMYHbIMU NAaTONOTUAMU Y feTel
¥ NOLPOCTKOB. B nepByto ouepeab, OHW NOATBEPXKAAKOT 3HAYMMOCTb STOr0 NMOKa3aTeNs Kak AMarHOCTUYECKOro
6momapkepa. Heobxonumo fanbHeiiwee yraybieHHOe U MaclTabHOe U3yYeHMe AaHHOTO BOMpoca.

KJTIOYEBDBIE CJIOBA: romoyucTenH, runeproMoyncTenHemMus, nogpoCTKu

UcTouHUK PpuHaHCUpoBaHUA. ABTOPbI 3aABAAIOT 06 OTCYTCTBMUW BHELLHET0 GUHAHCUPOBAHUA NPU NMPOBEAEHUNU UCCAEAOBAHUA.

>4 HuHa BuktopoBHa EBaokmumoBa. E-mail: posohova.nina2014@yandex.ru
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INTRODUCTION

In recent years, the correlation between elevated
plasma homocysteine (Hcy) concentrations and the
development of a range of childhood disorders has
attracted considerable research attention in the
fields of pediatrics and biochemistry. Published
epidemiological data indicate that homocysteine
levels exceeding 15 pmol/L — a condition referred
to as hyperhomocysteinemia (HHCy) — are found in
approximately 5-7% of the general population [1-6].

More than half a century ago, Kilmer S. McCully
proposed the hypothesis that elevated Hcy con-
centrations exert pathogenic effects on the human
body. This supposition was grounded in clinical
observations of children with inborn errors of me-
thionine metabolism. In these patients, HHCy was
accompanied by severe cardiovascular damage. In
the absence of treatment, the disease typically had
a fatal outcome: the children died at a young age
from myocardial infarction or stroke. Postmortem
examination consistently revealed the presence of
atherosclerotic plaques in muscular arteries [1].

The development of HHCy is attributable to se-
veral factors. These include a metabolic factor —
the level and activity of enzymes responsible for
Hcy metabolism; the functional state of the kid-
neys, which governs homocysteine elimination;
and a deficiency of vitamins By, B,,, and folic acid,
which serve as cofactors (B, B,,) or substrates (fo-
lic acid). Early manifestation of HHCy is of particu-
lar interest, as it is associated in most cases with
inherited defects in the genes encoding enzymes of
the methylation and transsulfuration cycles [7, 8].

The universality of homocysteine's cytotoxic
effects on cellular structures throughout the body
is beyond dispute [9-15]. In this context, HHCy is
gaining recognition as a potential risk marker for
the onset and exacerbation of a broad spectrum
of childhood diseases. Nevertheless, the patho-
genetic role of this metabolic disturbance in pedi-
atric practice remains controversial and warrants
more detailed investigation.

The present review aims to systematize cur-
rent evidence regarding the involvement of HHCy
in the pathogenesis of various nosological enti-
ties in pediatric patients.

AIM

This review aims to evaluate the role of HHCy
in the pathogenesis of various pediatric diseases.
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MATERIALS AND METHODS

A search of PubMed, WorldWideScience, and
eLIBRARY was conducted for studies published
between 1969 and 2025 using the keywords "homo-
cysteine," "hyperhomocysteinemia," and "children."

HOMOCYSTEINE: PHYSIOLOGICAL
ROLE AND PLASMA CONCENTRATIONS
IN CHILDREN

Homocysteine is a non-proteinogenic sulfhy-
dryl amino acid synthesized endogenously via the
intracellular demethylation of methionine; it is not
obtained from dietary sources. Intracellular Hcy
metabolism proceeds through two principal path-
ways: remethylation, regenerating methionine, and
transsulfuration, producing cysteine. Remethy-
lation represents the predominant cycle, its key
cofactors being folate derivatives and cobalamin
(vitamin B,,). The irreversible conversion of Hey to
cysteine takes place via the transsulfuration reac-
tion, catalyzed by pyridoxal phosphate-dependent
enzymes (Fig. 1) [16-19].

The physiological role of Hcy lies in maintai-
ning stable methionine concentrations required
for methylation reactions, as well as for the bio-
synthesis of cysteine — a structural component of
glutathione and a source of sulfides. Additional-
ly, Hey participates in the synthesis of a-ketobu-
tyrate, the immediate precursor of succinyl-CoA,
an intermediate of the Krebs cycle [20].

Folic acid Protein
THF Methionine \
5, 10-M :m/ Methionine pMGg  SAM
Y _TI—?F yiene synthase l
(Vitamin 812) Betaine
SAH
MTHFN 5-Methyl
THF

Homocysteine ‘/

Cystathionine B-synthase Serine
(vitamin Bg)

Cystathionine

|

Cysteine

Fig. 1. Homocysteine metabolism [20]

Puc. 1. Metaboauam romoumctenHa [20]
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Fasting plasma homocysteine is generally con-
sidered normal within the range of 5to 15 pmol/L.
In children and adolescents, levels approximate
5 pmol/L; over the lifespan, mean Hcy concentra-
tions increase by 3-5 pmol/L and are consistently
higher in males than in females. Age-dependent
changes are attributable to declining renal func-
tion, whereas higher baseline values in males re-
flect greater muscle mass. Plasma homocysteine
concentrations of 15-30 pmol/L define moderate
hyperhomocysteinemia, 30-100 pmol/L interme-
diate hyperhomocysteinemia, and >100 pmol/L
severe hyperhomocysteinemia [21-25].

HYPERHOMOCYSTEINEMIA
AND CARDIOVASCULAR DISEASE

A growing body of evidence identifies homocys-
teine (Hcy) as a significant contributor to cardiovas-
cular pathology in children and adolescents. The
pathogenesis is mediated by several interrelated
mechanisms. The first is downregulation of adeno-
sine receptors and upregulation of proinflammatory
cytokines, which jointly impair myocardial perfusion.
The second is oxidative stress resulting from the
accumulation of reactive oxygen species. The third
is elevated levels of asymmetric dimethylarginine —
an endogenous inhibitor of nitric oxide synthase,
a pivotal mediator of vasodilation. The combined
influence of elevated Hcy and its metabolites on the
vascular wall promotes endothelial dysfunction and
vascular remodeling, thus establishing a substrate
for the early onset of arterial hypertension in child-
hood. Of particular concern is the proatherosclerotic
potential of HHCy, which may be amplified by ge-
netic variants (polymorphisms) in genes encoding
key enzymes of the folate cycle, including MTHFR,
MTRR, and MTR. Collectively, these observations
argue for the implementation of rigorous screening
and preventive measures in patients with documen-
ted hyperhomocysteinemia [26-29].

HYPERHOMOCYSTEINEMIA AND OBESITY

To date, original studies that could definitive-
ly establish the relationship between these two
pathologies remain limited. Nevertheless, availa-
ble data point to an association between elevated
homocysteine concentrations and an increased
risk of cardiovascular complications in children
with obesity relative to their normal-weight peers.
A study conducted at Kemerovo Medical University
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included 81 adolescents, 65 of whom had a body
mass index (BMI) above the 95th percentile. The
results demonstrated that structural myocardial
changes were detected 2.2 times more frequently
in patients with a BMI above the 95th percentile and
hyperhomocysteinemia exceeding 210 pmol/L than
in children with normal Hcy levels. The risk of cardi-
ac remodeling was statistically significantly higher
in children with hyperhomocysteinemia [30-32].

HYPERHOMOCYSTEINEMIA
AND UNDIFFERENTIATED CONNECTIVE
TISSUE DYSPLASIA SYNDROME

Undifferentiated connective tissue dysplasia
(UCTD) is a genetically determined condition cha-
racterized by defects in the fibrous structures and
ground substance of connective tissue, resulting in
multiorgan damage that shapes the profile of asso-
ciated comorbidities and drug responses. Studies in-
vestigating the link between hyperhomocysteinemia
and UCTD in children and adolescents are scarce.
Yu.l. Rovda et al. examined 210 children aged 1 to
17 years, 58 of whom carried a clinically established
diagnosis of UCTD. The aim of the study was to de-
termine Hcy levels in patients with HHCy. The authors
found that homocysteine levels were elevated both in
patients with UCTD and in healthy children. However,
the majority of patients with UCTD and HHCy repor-
ted an increased bleeding tendency, which may point
to an association between hemorrhagic syndrome
and homocysteine levels. A direct correlation was
also observed between blood homocysteine levels
and von Willebrand factor. This finding suggests a
greater damaging effect of homocysteine on the
endothelium in patients with UCTD, which may
predispose to earlier development of thrombotic
complications [33].

HYPERHOMOCYSTEINEMIA AND MIGRAINE

Several published studies point to an associa-
tion between elevated homocysteine concentra-
tions and migraine in children. From a pathogenetic
standpoint, endothelial dysfunction occurring in the
context of HHCy contributes to the development of
this pathology. Elevated blood homocysteine pro-
motes the accumulation of proinflammatory cy-
tokines, including IL-6, IL-8, and TNF-q, increases
reactive oxygen species, and diminishes vasodila-
tory components. Collectively, these effects play an
important role in the cerebrovascular regulation of
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migraine, and intracranial arterial vasoconstriction
may intensify pain. A neurogenic theory has also
been advanced, according to which the release of
neurotransmitters from trigeminal nerve neurons
triggers marked vasodilation and edema. In gene-
tically determined HHCy due to the C677T mutation
in the gene, migraine attacks are provoked by the
excessive accumulation of excitotoxic amino acids
exerting a direct toxic effect on the brain. Elevated
blood Hcy has been documented in children with
migraine in several studies. These observations
warrant consideration both in patients with newly
diagnosed migraine — to address all components
of pathogenesis — and in individuals with HHCy, to
prevent the development of migraine [34-36).

HYPERHOMOCYSTEINEMIA
AND DISEASES
OF THE URINARY SYSTEM

The kidneys play a well-established central role
in homocysteine metabolism, as the greater part of
Hcy undergoes a series of metabolic transforma-
tions within the renal tubules. Accordingly, when
Hcy levels rise, the kidneys are the first organs to
sustain damage. 0.V. Nesterenko et al. demonstra-
ted that in children with chronic pyelonephritis, the
development of nephrosclerosis was associated
with elevated blood homocysteine. Patients with
this diagnosis should therefore be regarded as
being at risk for nephrosclerosis. Moreover, the
detection of HHCy in a patient with renal disease
may provide a rationale for initiating homocysteine-
lowering therapy [36, 37].

HYPERHOMOCYSTEINEMIA AND THE RENIN-
ANGIOTENSIN-ALDOSTERONE SYSTEM

The interrelationship between HHCy and the re-
nin-angiotensin-aldosterone system (RAAS) conti-
nues to be debated. Nevertheless, given the estab-
lished role of hyperhomocysteinemia in promoting
arterial hypertension and renal pathology, it is reaso-
nable to hypothesize that HHCy may adversely affect
the RAAS and thereby further drive the development
of arterial hypertension, including in children [38].

HYPERHOMOCYSTEINEMIA
AND NEUROINFECTIONS

Neuroinfections remain a significant clinical
challenge across multiple medical disciplines due to
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the high risk of severe complications. The outcome
of infectious central nervous system involvement
depends on a constellation of factors, most notably
the magnitude of the inflammatory response and
the functional integrity of the vascular endothelium.
Plasma homocysteine concentration is recognized
as an important laboratory marker of endothelial
dysfunction. T.S. Berezovskaya and N.A. Mironova
analyzed blood samples from 60 patients, 30 of
whom formed a group with neuroinfections of di-
verse etiology and severity. Their findings revealed
a statistically significant elevation of Hcy levels in
patients with neuroinfections — an elevation that
was universal in character and independent of the
specific pathogen [19, 39-42].

HYPERHOMOCYSTEINEMIA
AND THE DEVELOPMENT
OF NEUROLOGICAL DISORDERS

S. Yoganathan et al. and B. Li et al. have repor-
ted clinical cases in which HHCy presented with
a spectrum of neurological manifestations, inclu-
ding epileptic seizures, autism spectrum disorder,
hyporeflexia, atonia, and encephalopathy. In each
of these cases, screening of blood homocysteine
and methionine levels was undertaken, and distur-
bances in the metabolism of this amino acid were
confirmed in all instances. The initiation of appro-
priate pharmacological therapy aimed at reducing
blood homocysteine was followed by clinical im-
provement [22, 30, 31, 37, 40].

CONCLUSION

Hyperhomocysteinemia sets in motion a complex
cellular and humoral defense response. The clinical
and laboratory hallmarks of this process include the
development of hypercoagulation, an increase in leuko-
cyte-platelet aggregates, and rising concentrations of
autoantibodies, proinflammatory cytokines, and adhe-
sion molecules. Alterations in the phenotypic profile of
leukocytes are also observed. Together, these factors
drive endothelial dysfunction and tissue injury [26, 39].

Studies of Hcy in healthy children and those
with various diseases, conducted both nationally
and internationally, point to an association be-
tween HHCy and a range of pediatric and ado-
lescent pathologies. Importantly, they affirm the
value of this parameter as a diagnostic biomarker.
Further in-depth, large-scale investigation of this
subject is warranted.
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Bce aBTOpbl BHECNM CYLIECTBEHHbI BKNaj B
pa3paboTKy KOHLenuuu, NpoBeAeHNe uccnepo-
BaHWs U NOATOTOBKY CTaTbM, NPOYAU U 0f06pUNK
buHanbHyo Bepcuio nepeg nybankaymei.

KoHGnuKT uHTepecoB. ABTOpbI feKnapupy-
0T OTCYTCTBME ABHbIX U MOTEHLUMUANIbHbIX KOH-
(GNMKTOB MHTEPECOB, CBA3AHHbIX C Ny6nuKauuen
HacToALEN cTaTbMm.
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ABSTRACT. Introduction. Atopic dermatitis is one of the most common dermatological diseases in children
and adolescents. Like any chronic disease requiring dietary restrictions, it can affect physical development
and nutritional status. Aim — to identify features of body composition in children with atopic dermatitis and
different nutritional status based on the body mass index (BMI) Z-score. Materials and methods. This single-
center, cross-sectional cohort study included 74 patients with atopic dermatitis aged 6 to 17 years 11 months
(mean age 13.6 years), comprising 40 (54%) boys and 34 (46%) girls. Physical development was assessed using
Z-scores. Nutritional status was initially evaluated using the BMI Z-score. Body composition was subsequently
determined using bioimpedance analysis. Results. According to the SCORAD index, a moderate disease course
was observed in 59 patients (78%; more frequently in the second childhood and adolescent periods), and a severe
course in 15 patients (22%). Satisfactory nutritional status was found in 48 children (66%), obesity in 3 (4%), and
overweight in 10 (14%). Undernutrition of varying degrees was detected in 12 patients (16%). In the group with
undernutrition, body composition was characterized by a deficit in active cell mass (%ACM) in 66.7%, adequate
fat mass (%FM), and a moderate excess of skeletal muscle mass (%SMM) in all children with a BMI Z-score <-1.
Among overweight patients, %FM exceeded the norms in 20% and was sharply exceeded in 60%, while %ACM was
within age norms in 70%, as was %SMM in 50%. All obese patients had a sharp excess of %FM; among them, 25%
had a deficit in both %ACM and %SMM against the background of this excess. Notably, one-third (27%) of children
with satisfactory nutritional status according to BMI Z-score had a sharp excess of %FM, and another 18% had
an excess relative to sex- and age-specific norms. Only one-third of children with average BMI Z-score values
demonstrated normal levels of %ACM, %SMM, and %FM. Conclusions. Based on the BMI Z-score, satisfactory
nutritional status was observed in two-thirds of children with atopic dermatitis (66%), while 13% had deficient
and 21% had excess nutritional status or obesity. In each nutritional status group, patients were identified with
excessive fat accumulation accompanied by reduced active cellular and skeletal muscle mass. These alterations
in body composition began even with satisfactory nutritional status and were more frequent among adolescents
and young adults with severe skin lesions according to the SCORAD index.

KEYWORDS: atopic dermatitis, nutritional status, body composition, bioimpedance analysis, sarcopenia
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0co6eHHOCTU KOMMOHEHTHOr0 COCTaBa TeAa
y A€TEeN ¢ aTONMUYeCKUM AepMaTUTOM
npyv pasHom ¢pU3MUEeCKOM pa3BUTUU

Xanep 3akapus XyccenH Anb-HaBalicex, EkatepuHa CepreeBHa MbICAMHYUYK,
EneHa CemeHoBHa boabluakoBa, AHactacua AnekceeBHa CakoBLEBa,
UpunHa HukonaeBHa MapkoBckas, AHHa HUKUTMUYHA 3aBbsinOBaA

CaHkT-lNeTepbyprckuii rocyAapCTBEHHbIN NEANATPUUECKUIA MEAULMHCKUI yHuBepcuTeT, 194100, r. CaHkT-lNeTepbypr,
yA. \MTOBCKas, A. 2, Poccuiickas ®epepaumsa

Ana untupoBanma: Anb-HaBalcex X.3.X., MbicAnHUyK E.C., BoabluakoBa E.C., CakoBueBa A.A., MapkoBckan W.H., 3aBbsnoBa A.H.
0cob6eHHOCTU KOMMOHEHTHOIO COCTaBa TeAa y AETEN C aTONMUUYECKUM AEPMATUTOM NPW PasHOM GrU3MUECKOM pa3BuTUK. Children’s
Medicine of the North-West. 2026;14(1):229-238. https://doi.org/10.56871/CmN-W.2026.75.79.018.

Moctynuaa: 19.11.2025 0Opo6peHa: 22.01.2026 Mpunata Kk neuatu: 20.03.2026

PE3IOME. BeegeHue. ATONNYECKMN AepMaTUT SBASETCA OAHMM M3 CaMblX YaCcTO BCTPeYaroWmxca LepMaTonory-
yeckux 3aboneBaHuil y feteii U nogpocTkoB. Kak no6oe XpoHnyeckoe 3aboneBaHue, Tpebyrollee orpaHuyeHnii B
MUTaHUKM, MOXET BAUATb Ha U3NYECKOEe Pa3BUTHE U HYTPUTUBHLII CTaTyC AeTeil. Ljeib — BbISBUTb HApYLIEHNS B KOM-
MOHEHTHOM COCTaBe Tena y ieTeil Npu pasHOM HYTPUTUBHOM CTaTyce No nokasaTtento Z-score MHAeKCa Macchl Tena
(UMT) y peTeii c aTonuyeckum aepmaTuToM. MaTepuanbi H MeTogbI. B 0fHOLEHTPOBOE OJHOMOMEHTHOE KOrOPTHOE
UccnefoBaHMe BOWM 74 NaLMeHTa C aTonMYecKuM AepMaTUToOM B Bo3pacTe oT 6 1eT o 17 neT 11 MecsiLes (cpeaHuit
Bo3pacT 13,6 roza), 40 (54%) U3 HUX — Manbunku, 34 (46%) — AeBoukm. N3yyeHo Guamnyeckoe passuTue no Z-score,
HYTPUTUBHBIIA CTaTyC NEPBOHAYanbHO oLeHuBanu no Z-score UMT, Ha BTOpOM 3Tane MeTOA0M 61OMMNEAAHCOMETPUN
OMpeAensiv KOMMOHEHTHbIN cocTas Tena. PeaynbTatbi. Mo wkane SCORAD y 59 (78%) naumeHToB 3aboneBaHue co-
MPOBOX/aNnoCh CPELHETSKENbIM TEYEHNEM (YalLe B MEPUOA BTOPOro AETCTBA U Y NOAPOCTKOB), @ Y OCTaNbHbIX 15
(22%) — TAXEnbIM TeyeHNEM. Y 4OBNETBOPUTESbHDII HYyTPUTUBHBIN CTATyC 6bi Y 48 (66%) NALMEHTOB, OXUPEHUE —
y 3 (4%), u36bITok Macchl Tena — y 10 (14%) peteil. HefoCTaTOYHOCTb NUTAHUS Pa3HOi CTENeHN BbisiBneHa y 12
(16%) naumeHTOB. B KOMMOHEHTHOM COCTaBE TeNa Ans HUX XapakTepeH AeGULUUT 40U aKTUBHOM KNIETOYHOI Macchl
(%AKM) —y 66,7%, yAOBNETBOPUTENIbHOE COZIEPXXAHME A0/ XUPOBOiA Macchbl (%KM) 1 yMepeHHbIi N36bITOK J0nK
CKENeTHO-MbILWeYHoii Macchl (%CMM) —y Bcex feTeil, uMetowwmx Z-score UMT mMeHee —1. Y NaLMeHTOB € N36bITOYHOM
maccoit Tena npesblwany HopmaTtuebl %XM —y 20%, a pe3ko npesbiwanu y 60%. Mpu atom %AKM 6b1n B npege-
nax Bo3pacTHbIX HOpM y 70%, kak n gons CMM —y 50%. Cpeau nauneHToB C 0XXUPEHWEM Y BCEX OTMEYEHO pesKoe
npeBbiweHne %XM, npu aToM y 25% peduunt n gonn %AKM, n gonn %CMM, uto Ha GoHe n36biTka %KM sBseTcs
capkoneHueii. Tpetb (27%) AeTel ¢ yAOBNETBOPUTENbHbIM HYTPUTUBHBIM CTaTycoM no Z-score UMT nmenu peskoe
npesbiweHne %XM, ewwe 18% — npeBbilleHWe HOPManbHbIX A1 NOA0BO3PACTHbIX 3HaYeHNi fonu %XM, u Tonbko
TPeTb AeTei co cpegHMMM nokasatensamu Z-score UMT geMoHCTpupoBanu cpefHue nokasatenu gonn %AKM, %CMM
1 %XXM. BoiBogbI. Y LOBNETBOPUTENbHDIA HYTPUTUBHBIN CTaTyC NO JaHHbIM Z-score UMT Habntofancs y LByx TpeTeil
A€eTei ¢ aTonmyecknm aepmatutom (66%), y 13% — aeduunTHbIi Uy 21% NaLumeHTOB — U36bITOYHBIA HYTPUTUBHDII
CTaTyC W OXXMpeHue. B kaxoii rpynne feTei ¢ pa3HbIMU HYTPUTUBHBIMU CTaTyCaMy BbISIBNIEHbI MALUEHTbI C U36bITOY-
HbIM HaKOM/IEHNEM XMPOBOW MaccChbl Ha POHE CHUKEHMS aKTUBHOMW KNETOYHOW W CKENETHO-MbILIEYHOI Macchl. CTapT
M3MEHEeHUIN B KOMMOHEHTHOM COCTaBe Tefla HauMHaeTCA elle Npy YA0BNETBOPUTENBHOM HYTPUTUBHOM cTaTyce. Yalue
370 6bINM NALMEHTBI C TAXKENbIM NOpaXeHneM Koxu o wkane SCORAD, NofpOCTKOBOIO 1 FOHOLIECKOr0 BO3pacTa.

KNIOYEBBIE CJTOBA: aTonuyeckuii JepMaTuT, HYTPUTUBHbII CTATyC, KOMIOHEHTHbIN COCTaB Tena, 6uouMnesaH-
COMETPUS, CapKoneHus
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INTRODUCTION

The physical development of children against the
background of chronic diseases has been evaluated in
numerous scientific publications [1-3], and skin disea-
ses are no exception [4, 5]. It is recognized that severe
pathology of organs responsible for vital functions is
typically associated with a deceleration of physical
development (body mass deficit, growth stagnation) [6-
8]. At the same time, the impact of chronic dermatoses
on the nutritional status and physical development of
children remains insufficiently studied [4, 9, 10]. This
gap persists despite the considerable prevalence of
atopic dermatitis in the pediatric population (15-20%
according to various studies) [11, 12] and highlights the
need for an in-depth investigation of this issue.

Of particular importance is the examination of
the relationship between atopic dermatitis severity
and physical development. Moderate-to-severe and
severe disease course exerts a systemic effect on
the child's body, extending beyond skin involvement
[13, 14]. Sleep disturbances, dietary restrictions, skin
condition (hyperemia, dryness, pruritus), and psy-
cho-emotional stress create a vicious cycle capable
of critically influencing the body's growth and deve-
lopmental processes [15, 16).

Researchers note the polymorphic spectrum of
this problem, ranging from deficiency to excess,
which necessitates a clear differentiation by seve-
rity. On the one hand, children with mild atopic der-
matitis most frequently present with excess body
weight and obesity [14, 17-19]. This is attributed to
the side effects of topical corticosteroids and phy-
sical inactivity due to reduced physical loads [20]. On
the other hand, a number of authors report the deve-
lopment of deficiency states and delays in physical
development in children with moderate and severe
forms of atopic dermatitis [10, 21, 22]. This is linked
to chronic inflammation, protein loss through da-
maged skin, and strict elimination diets [9, 22-25].

AIM

The aim of this study was to identify distur-
bances in body composition in children with ato-
pic dermatitis and different nutritional status as
defined by body mass index (BMI) Z-score.
MATERIALS AND METHODS

This single-center, cross-sectional cohort
study enrolled 74 patients with atopic dermatitis
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aged 6 years to 17 years 11 months (mean age,
13.6 years); 40 (54%) were boys and 34 (46%)
were girls.

All children underwent a unified examination
protocol at the Dermatovenereology Department
of a tertiary-level clinic (Saint Petersburg State
Pediatric Medical University, Ministry of Health
of the Russian Federation). The protocol inclu-
ded collection of life and disease history and as-
sessment of skin involvement severity using the
SCORAD scale. Physical development, including
height and body mass, was evaluated, and BMI
(kg/m?) was calculated. Physical development
and nutritional status were assessed using WHO
Anthro Plus reference tables with determination
of Z-scores. To verify nutritional status distur-
bances, body composition was analyzed by bio-
impedance analysis using the MEDASS system
(Russia). The following key parameters were
assessed in relation to sex- and age-specific re-
ference values: fat mass (FM) and its percentage
(%FM), active cell mass (ACM) and its percen-
tage (%ACM), and skeletal muscle mass (SMM)
and its percentage (%SMM). Patterns of physi-
cal development were analyzed by age, sex, and
severity of skin involvement according to the
SCORAD scale.

Legal representatives and children over 15
years of age provided written informed voluntary
consent for the conduct / possible conduct of dia-
gnostic and anthropometric procedures before
enrollment in the study. The study was approved
by the Ethics Committee of Saint Petersburg State
Pediatric Medical University on 08 November
2023, Protocol No. 32/01.

Statistical analysis was performed using Stat-
Tech software, version 3.1.8. Categorical vari-
ables are presented as absolute numbers and
percentages (%). Continuous variables were tes-
ted for normality of distribution using the Kolmo-
gorov-Smirnov test and the Shapiro-Wilk test.
When the distribution deviated from normal, the
Kruskal-Wallis test was applied. When statisti-
cally significant differences were identified, the
Mann-Whitney U test was applied. A two-tailed
p-value of <0.05 was considered statistically sig-
nificant.

RESULTS

The 74 patients (100%) were stratified into four
age groups: first childhood (n=33, 45%), second
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childhood (n=17, 23%), adolescence (n=10, 13%),
and youth (n=14, 19%). The first childhood group
predominated in the study sample. Pruritus, xerosis,
desquamation, lichenification, and skin infiltration
were documented in 100% of the children enrolled
in the study. Cutaneous hyperemia was observed in
only 24% of the children. According to the SCORAD
severity grading, 59 (78%) patients had moderate
atopic dermatitis and the remaining 15 (22%) had
severe disease. The most pronounced SCORAD
changes in severe atopic dermatitis were found
among adolescent boys (Fig. 2).

Assessment of physical development (body
mass, height, and BMI) across the different age
groups revealed a noteworthy pattern. Specifically,
a leftward shift of indicators (into the deficit zone)
was observed in children of first childhood, while
a tendency toward a rightward shift (into the area
of excess values) was noted in adolescents and
youths (Fig. 1).

Nutritional status was initially assessed using
BMI Z-scores. Two-thirds of the children (n=48;
66%) had a satisfactory nutritional status (corre-
sponding to an average BMI Z-score). Obesity was
diagnosed in 3 patients, and overweight in 10 chil-
dren. Malnutrition of varying severity (undernutri-
tion) was identified in 12 patients. Body mass defi-
cit and growth retardation were diagnosed in the
first and second childhood periods in the setting
of moderate atopic dermatitis. Starting from ado-
lescence, physical development indicators exhi-
bited a rightward shift, reaching the range of high
values by youth. Among children with deficient BMI
Z-scores (corresponding to a low BMI Z-score),
75% had moderate atopic dermatitis according to
the SCORAD scale. Overall, deficient BMI Z-scores
predominated in girls across all age periods, with
the exception of adolescence. Among children
with excess BMI Z-scores (corresponding to over-
weight and obesity according to Z-score BMI), 86%
also had moderate atopic dermatitis according to
the SCORAD scale. This group was predominant-
ly composed of male patients of adolescent and
youth age (p <0.005).

Body composition was assessed by age using
qualitative indicators separately for children with
satisfactory nutritional status according to BMI
Z-score, for children with deficient nutritional sta-
tus, and for those with excess nutritional status.
The bioimpedance analysis data were scored as
follows: 1 — deficient, 2 — satisfactory, and 3 —
excess. A score of 4 denoted values exceeding
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Fig. 1. The Z-score indicators of children’s physical
development by age (the figure is prepared by the authors
using their own data)

Puc. 1. lNokasatean Z-score GU3MYECKOro pa3BMUTUSA
AETEN B 3aBUCUMOCTM OT BO3PACTHOro nepuoaa (PUCYHOK
NMOArOTOBAEH @aBTOPaMu N0 COBCTBEHHBIM AQHHbIM)

100% of age-specific reference values, adjusted for
height.

Among children with deficient BMI Z-scores
(n=12; 16%), a deficit of active cell mass percentage
(%ACM) was characteristic in 66.7%. At the same
time, the percentage of fat mass (%FM) was satis-
factory and the percentage of skeletal muscle mass
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Fig. 2. Individual indicators of body composition (proportion of skeletal muscle mass (%CMM), proportion of fat mass
(%XKM), proportion of active cell mass (%AKM)) in children with low BMI Z-score indicators: a — with low BMI Z-score
indicators; b — in children with average BMI Z-score; ¢ — overweight according to the Z-score BMI; d — in obese children
according to Z-score BMI. Columns: 1 — deficiency indicators, 2 — average values, 3 — excess indicators; 4 — excess of more
than 100% depending on age standards considering growth (the figure is prepared by the authors using their own data)

Puc. 2. OtpaenbHble NOKA3aTEAU KOMMOHEHTHOTO cocTaBa TeAa (AOAM CKEAETHO-MbIleYHoM mMacchl (%CMM), xuposown
mMacchbl (%)KM), akTBHOWM KAETOUHOM Macchl (%AKM)) y AeTeit: a — AeOULMTHBIV HYTPUTUBHbIN CTaTyC; 6 — YAOBAETBOPUTEABHbIN
HYTPUTUBHBIN cTaTyc (Z-score UMT); B — M36bITOUHbIN HYTPUTUBHBIN cTaTtyc (Z-score UMT); r — oxupenue (Z-score UMT).
Cronbupl: 1 — AePULMTHBIE NMOKa3aTeAU; 2 — CPeAHUE 3HaUeHNs; 3 — M36bITOUHbIE NoKa3aTeAr; 4 — npeBsbilleHne boree 100%
B 3aB1CMMOCTHM OT BO3PACTHbIX HOPMATMBOB C YYETOM POCTa (PUCYHOK NMOArOTOBAEH aBTOPaMM Mo COHCTBEHHbLIM AQHHbIM)

(%SMM) was moderately excessive in all children
with a BMI Z-score below -1 (Fig. 2, a).

In patients with excess BMI Z-scores, the per-
centage of fat mass exceeded reference values in
20% of cases and was markedly excessive in 60%.
Concurrently, the percentage of active cell mass
fell within age-specific reference values in 70% of
patients, and the percentage of skeletal muscle
mass was within normal limits in 50% of those exa-
mined. Of particular note are children with a deficit
of skeletal muscle mass percentage against the
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background of excess body mass according to BMI,
a condition that may be regarded as sarcopenia
(Fig. 2, ¢) [26, 27).

Among patients with obesity, a marked excess
of fat mass percentage was observed in all cases,
whereas 25% exhibited a deficit of both %ACM and
%SMM, which, in the setting of excess %FM, is re-
garded as sarcopenia (Fig. 2, d).

Of greatest interest are patients with satisfac-
tory BMI Z-scores. Their body composition proved
to be the most heterogeneous. One-third (27%) of
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these children had a markedly excessive %FM, an-
other 18% had an excess of %FM relative to sex- and
age-specific reference values, and only one-third
of children with satisfactory BMI Z-scores demon-
strated average values of %ACM, %SMM, and %FM.
Excess body mass and obesity were more frequent-
ly encountered among boys in the adolescent and
youth age group (p <0.005).

DISCUSSION

This study included predominantly children
with severe atopic dermatitis. Physical deve-
lopment indicators varied across age periods.
However, body composition data in children with
satisfactory nutritional status according to BMI
Z-score revealed fat mass accumulation in 18%
and a marked excess relative to age- and sex-spe-
cific reference values in 27% of children. Physical
development indicators in children with chronic
diseases do not always reflect the true nutritio-
nal status [4]. Both satisfactory values of skeletal
muscle mass, active cell mass, and fat mass, as
well as various combinations of %SMM, %ACM,
and %FM proportions, may be concealed behind
deficient or excess body mass or BMI Z-scores
[2, 24, 27, 28]. In the long-term course of chro-
nic diseases requiring systemic therapy, the pro-
portion of patients with excess body mass and
obesity increases toward adolescence and youth
[5]. Notably, the onset of changes in body com-
position occurs while mean BMI Z-scores still fall
within the satisfactory range [29], a pattern also
observed in our study. The replacement of active
cell mass and skeletal muscle mass by fat mass,
together with the initiation of fat mass accumula-
tion in the setting of average body mass relative
to height and satisfactory nutritional status accor-
ding to BMI Z-score, may be regarded as the onset
of obesity [9, 10, 18, 25]. These changes also mark
the onset of metabolic risk in these patients [29].

CONCLUSIONS

Satisfactory nutritional status according to BMI
Z-score was documented in two-thirds of children
with atopic dermatitis (66%), whereas deficient
nutritional status was identified in 13% and excess
nutritional status and obesity in 21% of patients.
In each nutritional status group, patients with ex-
cessive fat mass accumulation against the back-
ground of reduced active cell mass and skeletal

234 Volume 14 N1 2026
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muscle mass were detected. In patients with ex-
cess body mass and obesity, these alterations are
an anticipated finding: a marked excess and pre-
dominance of fat mass percentage over active cell
mass and skeletal muscle mass were observed in
100% of cases. By contrast, similar alterations
were identified for the first time in the group of
children with satisfactory nutritional status. Only
one-third of children with satisfactory nutritional
status according to BMI Z-score demonstrated
average body composition values for age and
physical development. Among the remaining chil-
dren, one-third (33%) exhibited a fat mass deficit,
18% had an excess, and 27% had a marked excess
(exceeding 100%) of fat mass percentage relative
to reference values in body structure. All these
patients had severe skin involvement according
to the SCORAD scale and were of adolescent and
youth age.
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Bce aBTOpPbI MPOYNM U OA06PUNIN QUHANBHYHO
BEpPCUI0 nepej nybnukaumen.

NEAUATPUA

KoHpnuKT uHTEepecoB. ABTOpPbI AeKapupyoT
OTCYTCTBME IBHbIX U NOTEHLWNaNbHbIX KOHPMK-
TOB MHTEPECOB, CBA3AHHbIX C Ny6NMKaALMUEN Ha-
CTOsILLEei cTaTbM.

WHdopmupoBaHHoe cornacue Ha nybnmka-
Luio. ABTOpPbI NONYYMSIN MUCbMEHHOE corflacue
3aKOHHbIX NpeacTaBuUTeNel NauueHToB Ha ny6-
NUKALMIO MEANLMHCKUX AaHHbIX.
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ABSTRACT. Introduction. |dentification of electrocardiographic markers of risk of cardiovascular diseases is an
actual topic in connection with modern possibilities of nursing of children with birth weight less than 2500 grams.
The aim of the study — to evaluate electrocardiographic parameters in children aged 6 years, born with extremely
low, very low and low body weight. Materials and methods. An electrocardiographic analysis was performed on
6-year-old children who were born with low birth weights. Results. No significant differences were found in elec-
trocardiographic parameters between 6-year-old children who were born small for gestational age and those who
were born weighing more than 2500 g. Conclusion. Children with extremely low, very low and low body weight at
birth are at risk of developing cardiovascular pathology, which requires in-depth diagnostics and further research.
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6-AeTHero Bo3pacra, POAUBLUUXCA C 3KCTPEMaAbHO
HU3KOU, OUEeHb HU3KOU U HU3KOU MACCOMU TeAa
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PE3IOME. BBegeHne. BoisBneHue anektpokapanorpadpuyecknx MapkepoB pucka pasBuTus CepAeYHo-CoCcym-
CTbIX 3a60N1eBaHNI ABNSAETCS aKTyaNbHOW TEMOI B CBA3M C COBPEMEHHbIMU BO3MOXHOCTSIMU BbiXaXWBaHMUS
JeTeii ¢ Maccoi Tena npu poxaeHun meHee 2500 r. Ljenb ucenegoBanus — OLEHNTb 3neKTpoKapAnorpaduyeckue
napameTpbl y feTeii B Bo3pacTe 6 neT, pOAUBLLUXCS C IKCTPEMaNbHO HU3KOM, O4eHb HU3KOI M HU3KOW Maccoii
Tena. Marepuanbi u metogbl. [IpoBefleH aHanu3 dNeKTpoKapAuorpaMM y AeTei WecTUNeTHero Bospacra, po-
AVBLUNXCS MaNlOBECHbIMU. PesynbTarbl. He BbiIBEHO 3HAYMMbIX pPasnuynii B 31eKTpoKapamnorpadguyeckmx
nokasaTensx y feTeii WeCTUIETHEro BO3pacTa, POAMBLUMXCA MaNOBECHbIMY, U JeTeil ¢ Maccoil Tena 6onee
2500 r npu poXxaeHuun. 3akawoyeHne. [LeTn ¢ SKCTPEManbHO HU3KOIA, 04EHb HU3KOW U HU3KOW MacCcoi Tena npu
POXAEHUM COCTABNAT rPynny pucka no pasBUTUIO CEPAEYHO-COCYANCTON MAaTONOrMK, YTO TPEByeT yriy6NeHHOi
AMarHOCTUKN W fanbHeNWNX nccneaoBaHui.

KNIOYEBBIE CNNOBA: getu, anekTpokapanorpapus, sKCcTpeManbHo Hu3kas Macca tena, IHMT, ouyeHb Hu3Kas
macca Tena, OHMT, Huskas macca tena, HMT
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INTRODUCTION

Advances in modern medicine have been
marked by substantial progress in the care of
preterm infants weighing less than 2500 g. The
steady improvement in survival of newborns with
low birth weight (LBW), very low birth weight
(VLBW), and extremely low birth weight (ELBW)
has been driven by refinements in medical tech-
nology. This progress raises new scientific chal-
lenges. Particular relevance is currently attached
to the evaluation of long-term sequelae involving
various organs and systems in this group of chil-
dren [1].

The cardiovascular system is exposed to fac-
tors related to preterm birth [2]. Accumulated sci-
entific evidence indicates that children born with
low birth weight constitute a high-risk group for
the development of cardiometabolic disease in
adulthood, within the framework of the so-called
Developmental Origins of Health and Disease
(DOHaD) concept. According to this concept, ad-
verse intrauterine conditions program structural
and functional changes in organs, including the
cardiovascular system, thereby predisposing to
future cardiac disease [3-5].

The cardiovascular system of children born
with low birth weight undergoes a range of adap-
tive and remodeling processes [6]. Compensating
for intrauterine hypoxia, the body redistributes car-
diac output in favor of vital organs, which imposes
a hemodynamic load on the right heart chambers
and may lead to their dilation and hypertrophy [7].
In the postnatal period, these children may face
the influence of a hemodynamically significant
patent ductus arteriosus, bronchopulmonary dys-
plasia, and pulmonary hypertension, which exert
an additional long-term impact on the myocardi-
um and the process of electrical impulse genera-
tion within it [8].

Electrocardiography (ECG) is a routine, non-in-
vasive, and highly informative tool for assessing
myocardial status, the cardiac conduction system,
and electrolyte balance. In six-year-old children
who underwent intensive care management du-
ring the neonatal period, standard ECG can detect
specific features that mirror prior adaptive pro-
cesses and cardiac remodeling. These features
may include repolarization abnormalities, electro-
cardiographic signs of right and left ventricular
myocardial hypertrophy, as well as various rhythm
and conduction disturbances. Notably, ECG is not
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a definitive method for the diagnosis of cardiovas-
cular pathology. A normal ECG does not preclude
the presence of current cardiovascular disease,
nor does it exclude the possibility of its develop-
ment in later years.

The age of six years is a critical milestone im-
mediately preceding school entry, which entails a
marked increase in physical demands and psycho-
emotional stress. Furthermore, by this age the
principal processes of morphological maturation
of the cardiac conduction system are normally
completed, and "adult" ECG parameters become
established.

Despite the importance of this issue, com-
prehensive studies specifically addressing ECG
features in preschool-aged children with a bur-
dened perinatal history of low birth weight re-
main scarce in the available literature. Most
studies have focused on the neonatal period [9],
early childhood [10], or adolescence and adult-
hood [11, 12]. T.S. Tumaeva and L.A. Balykova
demonstrated that ST-T abnormalities, rhythm
disturbances (sinus tachycardia or, less com-
monly, bradycardia), conduction disturbances,
and QTc prolongation were more frequent in a
specific group of newborns. These findings were
more common in newborns who had suffered
cerebral ischemia, especially those born preterm,
and in children delivered by cesarean section [9].
T. Salaets et al. found no significant relationship
between corrected Q-T interval and perinatal
factors, including birth weight, in adolescent
children [11]. Conversely, A.-S. Gervais et al. re-
ported QTc prolongation during physical exercise
among adults [12].

AlM

The aim of this study was to evaluate electro-
cardiographic parameters in 6-year-old children
born with ELBW, VLBW, and LBW.

MATERIALS AND METHODS

A total of 173 children aged 6 years (mean age
6.1+0.24 years) were enrolled in the study, including
78 (45.1%) boys and 95 (54.9%) girls. The main
group comprised 94 children with a birth weight
below 2500 g. Based on birth weight, the main
group (n=94) was stratified into three subgroups.
Subgroup 1 consisted of children with extremely
low birth weight (ELBW) (n=15), Subgroup 2 — chil-
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dren with very low birth weight (VLBW) (n=25), and
Subgroup 3 — children with low birth weight (LBW)
(n=54). The control group consisted of children
with a birth weight exceeding 2500 g (n=79).

Inclusion criteria for the main group were: pre-
term infants with a birth weight below 2500 g,
physical development parameters appropriate for
gestational age, and natural conception. Inclusion
criteria for the control group were: full-term birth
with a birth weight exceeding 2500 g, and natural
conception. Exclusion criteria were: the presence
of congenital or genetic pathology, and physical
development parameters inappropriate for gesta-
tional age. Written informed voluntary consent for
the examination and publication of the results ob-
tained was provided by the children's parents (le-
gal representatives).

Electrocardiography was performed using a
Fukuda CardiMax FX 8222 device (Japan). Stan-
dard 12-lead ECG was recorded at a paper speed
of 50 mm/s, with a 1 mV calibration signal applied
to each tracing. ECGs were obtained at rest with
the patient lying in the supine position. Alongside
visual assessment, the following ECG parameters
were analyzed: heart rate (HR), QRS duration, Q-T
and Q-Tc intervals, P- and T-wave amplitudes, and
ST-segment pattern.

Statistical analysis was performed using con-
ventional methods of descriptive and variational
statistics implemented in Microsoft Excel 2010,
STATISTICA 12, and MedCalc software. Norma-
lity of distribution was verified prior to analysis.
Between-group comparisons were performed ac-
counting for sample size and distribution type using
nonparametric tests (Pearson's 2 test, Mann-Whit-
ney U test, Kruskal-Wallis test). Data are presented
as median and interquartile range: Me [Q25; Q75],
where Me is the median, and Q25 and Q75 are the
lower and upper quartiles. The significance level
for hypothesis testing in the study was set at 0.05.

RESULTS

ECG findings in the main group revealed ab-
normalities in the form of cardiac rhythm and
conduction disturbances, as well as altered my-
ocardial repolarization. A normal ECG was recor-
ded in 5 (33.3%) children born with ELBW, 8 (32%)
children born with VLBW, and 27 (50%) children
born with LBW. In the control group, 38 (48.1%)
children had a normal ECG. No statistically signi-
ficant differences in the frequency of various car-
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diac rhythm and conduction abnormalities were
observed across the study groups. Among cardi-
ac arrhythmias in children born with ELBW, VLBW,
and LBW, the most frequently recorded were si-
nus bradycardia, atrial rhythm, and wandering
pacemaker (Fig. 1), which, according to some re-
ports, are considered functional in nature.

Repolarization abnormalities were detected in
27.6% of children with ELBW, 4% of children with
VLBW, and 17.0% of children with LBW at birth,
as well as in 8.9% of children in the control group
(p1-,=0.06, p;_5=0.2, p;_4,=0.06, p,3=0.2, p,,=0.4,
P3-4=0.4).

Q-T interval prolongation exceeding 460 ms
was recorded in children with ELBW, VLBW, and
LBW at birth and in the control group in 6.7, 8.0,
3.7, and 2.5% of cases, respectively (Table 1).

ECG analysis revealed a vertical cardiac elec-
trical axis in 7 (46.7%) children with ELBW, 10
(40.0%) children with VLBW, 16 (29.6%) children
with LBW at hirth, and 42 (52.3%) children in the
control group. A horizontal axis was identified in
3 (20.0%) children with ELBW, 1 (4.0%) child with
VLBW, 2 (3.7%) children with LBW at birth, and
4 (5.1%) children in the control group. Right axis
deviation was observed in 3 (5.6%) children with
LBW at birth and 7 (8.9%) children in the control
group, whereas left axis deviation was observed

OHMT 40,0 (6,7
ELBW
4,0
OHMT 36,0 16,0 N
VLBW
1937
HMT 333
LBW
6,3
KOHTpoAbHas 48,1 27,8 5,10
rpynna
Control group (3o, 25% 50% 75%  100%

m CHHYCOBbIN PUTM
Sinus rhythm

CvHycoBas aputmMus
Sinus arrhythmia

CuHycoBas bpaankapams
Sinus bradycardia

m [IpeAcepAHbIV pUTM,
MUrpaLms BOAUTEAS pUTMa
Atrial rhythm, pacemaker

CuHycoBas TaxMKapAus migration

Sinus tachycardia
Fig. 1. Distribution of heart rate types in the studied
groups: LBW — low body weight; VLBW — very low body
weight; ELBW — extremely low body weight (the figure is
prepared by the authors using their own data)

Puc. 1. PacnpepeneHMe BUAOB CEPAEYHOro puTMa
B uccAaepyemblx rpynnax: HMT — HM3Kas macca Teaa;
OHMT — oueHb HU3Kas Macca Tena; IHMT — skcTpeManbHO
HWU3Kas macca TeAa (PUCYHOK MOArOTOBAEH aBTOpamMu Mo
CO6CTBEHHbIM AAHHbLIM)
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Table 1. Results of electrocardiographic examination in observed children
Tabauua 1. Pe3ynbTaTbl INEKTPOKAPAMOrPAadUUECKOro UCCAEAOBAHNS Y HabAIOAGEMbIX AETEN

OKrl-npusHak
ECG sign

QHMT
ELB
(n=15)

OHMT
VLBW
(n=25)

HMT
LBW
(n=54)

KoHTpoAnbHasA rpynna
Control group
(n=79)

1

2

3

4

HapyLieHune npoueccos penoAspusaLmm

4 (26,7%)

1 (4%)

7 (13%)

7 (8,9%)

p,,=0,06

Violation of repolarization processes

P15=0,2
p,,=0,06
P,5=0,2
P,.4=0,4
P5.4=0,4

HapyLwweHusa cepaeyHor NPOBOAMMOCTH: 1(6,7%)
HBMHNAT, NBNHMT

Cardiac conduction disorders: IRBBB, CRBBB

2 (8%)

1(1,9%) |3 (5,6%) P1.,=0,9
P1.5=0,3
P.,=0,6
P,.5=0,2
P,.4=0,4

P34=0,5

Baokapa nepeaHert BetBu AHMM 1(6,7%)

Anterior branch block LBB

0 1(1,9%)

1(1,3%) p.,=0,1
p.5=0,3
P;.4=0,2
P,.5=0,8
P,.4=0,9
P3.,=0,8

YkopoueHue nHtepsana P-Q (P-Q <0,1¢) |0
Shortening of the P-Q interval (P-Q <0.1s)

1 (4%)

1(1,9%) | 1(1,3%) P..,=0,6
P1.5=0,9
P.,=0,6
p,.5=0,6
P,.4=0,4

P34=0,8

YanmHeHue nHtepBana Q-T (Q-Tc >0,46 ¢) |1 (6,7%)

Prolongation of the Q-T interval (Q-Tc >0.46 s)

2 (8%)

2(3,7%) |2 (2,5%) P1.,=0,9
p,5=0,6
P1.,=0,4
P,.5=0,4
P,4=0,2

P34=0,7

The table is prepared by the authors using their own data
TabAuua cocTaBAeHa aBToOpamMM Mo COOCTBEHHbIM AQHHbIM

Note: LBB — left bundle branch; IRBBB — incomplete right bundle branch block; LBW — low body weight; VLBW — very low body
weight; CRBBB — complete right bundle branch block; ECG — electrocardiography; ELBW — extremely low body weight.

Mpumeuanue: AHIMTI — AeBasi HoXKa nyuka Mca; HBMHIMI — HenoAHaa 6aokaaa nNpaBoi HOXKK nyuka Mca; HMT — HM3kas macca
Tena; OHMT — oueHb HU3Kasi Macca TeAa; MBIMHMT — noAHas 6A0Kkapa NpaBol HOXKK nyyka lMca; AKI — anekTpokapanorpadus;

OHMT — aKcTpeManbHO H13Kasi Macca TeAa.

00
SHMT 67 NN
ELBW

0
OHMT I
VLBW 357 1,9
HMT S 6]
LBW

Korrponeias - P ERINS, T 8.9 0

rpynna

Control group (g, 25% 50% 75% 100%
m 30C BepTMKanbHasn J0C OTKAOHEHa BNpaBo
EOS vertical EOS is deviated to the right
30C ropusoHTaAbHas m J30C oTKAOHEHa BAEBO
EOS horizontal EOS is deviated to the left

m 30C He OTKAOHEHa
EOS is not rejected
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Fig. 2. Distribution of the direction of the electrical axis of
the heart in the studied groups: LBW — low body weight;
VLBW — very low body weight; ELBW — extremely low body
weight; EOS — electrical axis of the heart (the figure is
prepared by the authors using their own data)

Puc. 2. PacnpeaeneHue HanpaBAEHUS INEKTPUUECKOM OCH
cepala B Uccaepyemblix rpynnax: HMT — H13kasa macca Tena;
OHMT — oueHb HU3Kas Macca Tena; IHMT — akcTpemanbHO
HM3Kaa Mmacca Tena; 30C — anekTpuyeckaa oCb cepala
(PMCYHOK MNOATOTOBAEH aBTOopaMW MO COBCTBEHHbLIM
AAHHbIM)
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in 1 (4.0%) child with VLBW at birth and 1 (1.9%)
child with LBW at birth. In the majority of children
in both the main and control groups, the cardiac
electrical axis was within normal limits (Fig. 2).
The above findings are consistent with a normal
variant for children of this age.

Comparative analysis of the main ECG parame-
ters revealed no significant differences between the
study groups. Median heart rate values across all
groups fell within age-appropriate normal ranges,
with no appreciable between-group differences ob-
served (p=0.8). QRS duration, reflecting the velocity
of electrical impulse conduction through the ventri-
cles, was also comparable across groups (p=0.1).
Q-T interval values, which characterize the duration
of the ventricular repolarization phase, showed
no statistically significant variation between the
groups (p=0.3). The most clinically relevant para-
meter was the corrected Q-T interval (Q-Tc), which
adjusts for the heart rate dependence of the inter-
val. The statistical significance of the differences
was at the trend level (p=0.06) and did not reach
the conventional threshold of p<0.05.

In all examined children in both groups, the
main ECG intervals remained within age-appropri-
ate normal limits. The obtained values of the main
ECG intervals in the groups of children born with
ELBW, VLBW, and LBW did not differ significantly
from those in the control group (Table 2).

DISCUSSION

The findings of the present study are of interest
in the context of the fetal programming hypothe-

PEDIATRICS

sis (DOHaD). According to this concept, adverse
intrauterine conditions can lead to structural and
functional cardiovascular alterations that become
apparent in the long term. Our results demon-
strate, however, that by six years of age children
born with low birth weight do not develop persis-
tent electrophysiological abnormalities detectable
on a standard resting ECG. The absence of signif-
icant differences in the main intervals (HR, QRS,
Q-T, Q-Tc) and in the frequency of rhythm distur-
bances may be explained by several factors. First,
by preschool age the principal processes of mor-
phofunctional maturation of the myocardium are
completed. Second, perinatal hemodynamic dis-
turbances undergo effective compensation. Third,
subclinical changes detectable on stress testing
or by highly sensitive imaging modalities (speck-
le-tracking echocardiography, magnetic reso-
nance imaging) may not be apparent on a resting
ECG. Our results are consistent with the study by
T. Salaets et al., who likewise found no QTc pro-
longation in adolescents born extremely preterm
[11]. Conversely, P.E. Khodkevich et al. demon-
strated that certain electrophysiological features
may persist in preterm children during early child-
hood [10], which underscores the importance of
longitudinal follow-up and suggests possible nor-
malization of parameters by the preschool period.
From a clinical standpoint, the absence of signifi-
cant ECG abnormalities in the majority of the chil-
dren examined supports the recommendation of
standard follow-up without the need for advanced
instrumental investigations in the absence of car-
diac complaints and auscultatory abnormalities.

Table 2. Electrocardiographic indicators of the examined children, Me [Q25; Q75]
Tabauua 2. IneKTpokapanorpaduueckre nokasarean obcaepyemblx peten, Me [Q25; Q75]

Moka3sartenu OHMT OHMT HMT KoHTpoAabHasA rpynna p
Indicators ELB VLBW LBW Control group

(n=15) (n=25) (n=54) (n=79)

1 2 3 4
UCC, yA./MUH 84 [75;102] 87 [81;102] 87,5[81;97] 89 [81;100] p=0,8
HR, beats per minute
QRS, c 86 [85;91] 87 [83;96] 85 [80;91] 90 [85;92] p=0,1
Q-T,c 331 [297;376] 345 [301;356] | 350 [336;365] 355 [339;368] p=0,3
Q-Tc, c 415 [397;425] 424 [405;439] | 428 [412;435] 431 [423;444] p=0,06

The table is prepared by the authors using their own data
TabAuua cocTaBAeHa aBTOpPaMMU No COOCTBEHHbIM AaHHbIM

Note: LBW — low body weight; VLBW — very low body weight; HR — heart rate; ELBW — extremely low body weight.
Mpumeyanue: HMT — H13kasa macca Tena; OHMT — oueHb HM3Kaa Macca Teaa; YCC — yacTota cepaeyUHbiX cokpaleHnii; IHMT — ake-

TpeManbHO HU3KaA Macca TeAa.
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Children found to have abnormalities (repolariza-
tion disturbances, QTc prolongation, clinically sig-
nificant arrhythmias) should be referred for echo-
cardiography, Holter monitoring, and consultation
with a pediatric cardiologist.

CONCLUSION

The present study found no significant differen-
ces in ECG parameters between six-year-old children
born with low birth weight and their peers with a birth
weight exceeding 2500 g. Nonetheless, children born
with low, very low, and extremely low birth weight
constitute a population at risk for the development of
cardiovascular disease. This underscores the need
for the application of more extensive and refined
diagnostic modalities in these children to enable
timely detection of potential abnormalities. Further
studies are warranted to achieve a more comprehen-
sive understanding of the cardiovascular status of
preschool-aged children born with low birth weight
and of the influence of various factors upon it.
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The use of removable dentures in different age periods
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ABSTRACT. Introduction. Removable dentures are aesthetic and hygienic; they can be used in patients who
have lost from one to all natural teeth in each jaw. Despite extensive research on the use of removable dentures,
the frequency of their use among people in different age groups remains unknown. The aim of the study was to
investigate the frequency of removable denture use among patients in different age groups. Materials and me-
thods. A clinical study examined 2,831 individuals (1,282 men (45.28%) and 1,549 women (54.72%)) aged 15 to0 96
years who sought dental care at municipal or departmental dental healthcare facilities. Age grouping followed the
World Health Organization’s age periodization recommended for use in 2025. During the medical history collection
and dental examination, patients were asked whether they used removable dentures — partial or complete. The
materials used to manufacture the dentures were not specified. Results. The study found that removable dentures
are widely used across various age groups. In late adolescence, removable dentures are used due to impossibi-
lity of fabricating fixed dentures or implant-supported prostheses because of ongoing jaw growth. Among young,
middle-aged, and elderly individuals, removable dentures were used by 23.89, 70.36 and 89.25% of patients,
respectively. Among centenarians, the usage rate reached 93.33%. The main reasons for the widespread use of
removable dentures include their relatively low cost and the possibility for privileged categories of citizens to
receive them free of charge in public healthcare facilities through budgetary funding. Conclusion. The widespread
use of removable dentures in modern healthcare practice across different age groups necessitates the search
for new inert materials for denture bases, as well as adhesive agents that reduce the likelihood of inflammatory
complications in the denture-bearing area when using partial or complete removable dentures.

KEYWORDS: people in different age groups, removable denture, frequency of removable denture use, young adults,
middle-aged adults, older adults, centenarians, reasons for removable denture use
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CTOMATOAOIUA

OpuruHanbHasA cTaTbA

https://doi.org/10.56871/CmN-W.2026.74.91.020

Ucnonb30BaHUE CbEMHbIX 3y6H biX NpoTe30B

B Ppa3Hbleé BO3pPacCTHbl€ NepuoAbl

Kamuab AanuybaHoBuY KeprumxaHoB, AHAPeEN KOHCTaHTMHOBUY MopAaHULLBUAK
BoeHHO-MeanUMHCKas akaaemus uM. C.M. Knposa, 194044, r. CaHkT-TeTepbypr, ya. Akapemuka \ebeaesa, A. 6, Poccwiickas Geaepalis

Ans uutupoBaHua: KepumxaHoB K.A., Mopaanuweuan A.K. Mcnonb3oBaHWe CbeMHBbIX 3yOHbIX MPOTE30B B Pa3Hble BO3PACTHbIE NMEPUOADI.
Children’s Medicine of the North-West. 2026;14(1):248-253. https://doi.org/10.56871/CmN-W.2026.74.91.020.

MocTtynuaa: 09.12.2025 OpobpeHa: 12.02.2026 MpuHAaTa K neuatu: 20.03.2026

PE3IOME. Beegenne. CbeMHble 3y6HbIe NPOTE3bl 3CTETUYHbI, TMTUEHUYHbI U UX MOXHO MPUMEHATD Y NaLMEHTOB,
KOTOpPble UMEIOT MOTEPIO ECTECTBEHHbIX 3y60B OT 04HOM0 10 BCEX Ha KaX A0/ U3 Yentocteil. HeCMOTpA Ha MHOTo-
CTOPOHHEE U3yYyeHne NPo6IeMbI NOb30BAHKS CbeMHbIMU 3yGHBIMM NPOTE3aMK, 0 CUX NMOP HEW3BECTHA YacToTa
MX NPUMEHEHNA Y NIOLeN pa3HbiX BO3PACTHbIX rpynn. Ljesb nccnegoBaHusa — N3yyntb 4acTOTy MPUMEHEHUS Na-
LYMeHTaMM pasHblX BO3PACTHbIX FPYNM CbeMHbIX 3yOHbIX NPOoTe30B. MaTepuanbl u MeTogbl. B xo4e KNMHNYECKOro
nccnefoBaHus 6ol ocMoTpeHbl 2831 (1282 (45,28%) MyxuuH n 1549 (54,72%) XeHLLNUH) YenoBeK B BO3pacTe
oT 15 80 96 neT, KoTopble 06paLLanuch B MyHULUNANbHbIE UK BEJOMCTBEHHbIE CTOMATOIOrMYECKUE MeULUH-
CKMe opraHusaumm ons okasaHus BCEX BUAOB CTOMATONIOTMYECKOW MeANLMHCKOA noMowm. [Ans pacnpegene-
HUSA NaLMeHTOB Ha rpynnbl MCCNEAOBAHMA UCMNONb30BaHa BO3pPAcTHas Nepuoan3aLns BceMupHoi opraHm3anmu
3[paBOOXpPaHeHus, PeKOMeHA0BaHHaa K npumeHeHuto B 2025 r. Mpu c6ope aHamMHe3a U CTOMATO/I0rMYeckoM
OCMOTPE NaLWUeHTOB BbISICHS/MN, NONb3YIOTCA SN NAaLNEHTbl CbeMHbIMM 3Y6HbIMU NPoTe3aMu (YaCTUYHBIMK UNN
MOSIHbIMW CbEMHbIMU). pU 3TOM He YyTOYHANN MaTepuan, U3 KOTOPOro OHM Gblin U3FOTOBJEHDI. Pe3yabTaTbl.
YCTaHOBNEHO, YTO CbeMHbIe 3yOHble NPOTE3bl WUPOKO NMPUMEHSAOTCA Y NALWEHTOB PasfNyHbIX BO3PACTHbIX
rpynn. B no3gHeM OHOLECKOM BO3pacTe CbeMHble 3y6HbIE MPOTe3bl MPUMEHSAIOT B CBSA3M C HEBO3MOXXHOCTbIO
N3roTOBNIEHMS HECBEMHbIX 3YBHbIX MPOTE30B UMW UMMAAHTALMOHHbBIX MPOTE30B U3-3a NPOAO/KAIOLLErocs pocTa
yentocTeir. Cpean nofeint MONOAOrO, 3peoro U CTapyeckoro Bo3pacta CbeMHbIMM 3y6HbIMW NPOTE3aMu NoJb-
3oBanuch 23,89, 70,36 1 89,25% nauueHTOB COOTBETCTBEHHO. [LONrOXUTENM UCMNOMb30BaNIM ChbeMHbIE 3yOHbIE
npotesbl B 93,33% cnyyaeB. OCHOBHOI NPUUYKUHOI LLMPOKOTO MPUMEHEHNSI CbEMHbIX 3YOHbIX MPOTE30B ABNAOTCA
WX CPAaBHUTENIbHO HWU3Kas CTOMMOCTb, a TaKXKe BO3MOXXHOCTb NbrOTHOI KaTeropuu rpaxgaH nonyyuTb ux B ro-
CyapCTBEHHbIX MeANLMNHCKNX OpraHn3aLunsx 3a CUeT CpeacTB 6roaxeTa. 3akmoyenne. Linpokoe npumeHeHune
CbEMHbIX 3y6HbIX NPOTE30B B COBPEMEHHOM MPAKTUYECKOM 3A4PAaBOOXPAHEHUN § NHOAEN pasHbIX BO3PACTHbIX
rpynn AWKTYeT NOUCK HOBbIX MHEPTHbIX MaTepuanoB Ans 6a3ucoB NPOTE30B, a TaKXe aJresuBHbIX CPeACTB,
CHUXXAIOLLMX BEPOSITHOCTb BO3HUKHOBEHUS BOCMANUTENbHbIX OC/TOXHEHMII NPOTE3HOr0 N10XKa NPU N0JIb30BaHUN
YaCTUYHBIMU UK MOSIHBIMU CbEMHbBIMU 3YGHBIMU MPOTE3aMM.

KNIOYEBDBIE CNNOBA: 11041 pa3Hbix BO3PACTHbIX Py, CbeMHbIH 3y6HOI IPOTE3, YaCTOTa MPUMEHEHUS CbEMHBIX
3Y6HbIX POTE30B, AU MOJIOZOr0 BO3PACTa, 3PENble 04N, NOAM CTapLMX BO3PACTHLIX rpynm, JOATOXMUTENN,
NPUYUHBI IPUMEHEHNS CEMHBIX 3yOHbIX MPOTE308

UcTouHUK pUHaHCUpOBaHUA. ABTOPLI 3aABAAIOT 06 OTCYTCTBUU BHELLUHETO GUHAHCUPOBAHUA NPU NPOBEAEHUN UCCAEAOBAHUA.

DX AHape#t KoHcTaHTMHOBMY MopaaHuiuBuauK. E-mail: professoraki@mail.ru
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INTRODUCTION

The disadvantages of removable dentures
are well recognised today, the principal ones
being poor restoration of masticatory function
and the occurrence of inflammatory changes
in the oral mucosa beneath the denture base
[1, 2]. At the same time, removable dentures
have advantages that allow them to remain in
use in broad dental practice, both in the Rus-
sian Federation and internationally [3, 4]. Remo-
vable dentures are aesthetic, hygienic, and can
be applied in patients with the loss of natural
teeth ranging from a single tooth to all teeth
in each jaw [5]. In addition, for eligible groups
of citizens of the Russian Federation, including
pensioners, removable dentures are provided
in state (municipal, departmental) healthcare
organizations at the expense of the budget [6].
Despite the extensive study of the problem of
removable denture use, the frequency of their
application in people of different age groups re-
mains unknown to date.

AIM

The aim of this study was to investigate the
frequency of removable denture use in patients of
different age groups.

MATERIALS AND METHODS

To achieve the stated aim, a single-center,
prospective, clinical dental study was carried
out. A total of 2831 patients (1282 (45.28%) men
and 1549 (54.72%) women) aged 15 to 96 years
were examined. All patients attended municipal
or departmental dental healthcare organizations
to receive various types of dental care, including
surgical, therapeutic, orthopedic, and orthodontic
treatment. The World Health Organization (WHO)
age periodization, recommended for adoption on
15 March 2025, was used to allocate the patients
into the study groups (Fig. 1). In accordance with
this age periodization, the following groups were
identified: late adolescence (15-24 years), young
age (25-59 years), mature age (60-74 years),
old age (75-90 years), and long-livers (over
90 years).

The late adolescence group comprised 337 in-
dividuals (11.90%; 220 men and 117 women). At
the time of the examination, there were 1130 indi-
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Fig. 1. Distribution of patients by age and gender, persons
(the figure is prepared by the authors using their own data)

Puc. 1. PacnpeaeneHre naLMeHToB MO BO3PACTy U MOAY,
YeNOBEK (PUCYHOK MOArOTOBAEH aBTOPAMM MO COOCTBEHHBIM
AAHHbBIM)

viduals (39.92%; 474 men and 656 women) in the
young age group. In the mature age group, 884 in-
dividuals (31.23%; 396 men and 488 women) were
examined. The old age group consisted of 465
individuals (16.43%; 189 men and 276 women).
Among the 15 long-livers (0.52%), there were 3
men and 12 women.

During history-taking and the dental examina-
tion of the patients, it was determined whether the
patients used partial or complete removable den-
tures. The material from which they were fabrica-
ted was not specified.

The study fully complied with the ethical stan-
dards set forth in the Declaration of Helsinki of
1975 and its revision of 2000.

For all statistical analysis procedures, the at-
tained significance level (p) was evaluated, with
the critical significance level set at 0.05.

RESULTS

The study established that, among patients
in the late adolescence period, removable den-
tures were used by 6 (1.78%) individuals, of
whom 2 (0.91%) were men and 4 (3.42%) were
women. It is noteworthy that in all cases these
were removable maxillary dentures that re-
placed a defect of the dental arch involving the
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Fig. 2. The frequency of using removable dentures among
people of different age groups, % (the figure is prepared by
the authors using their own data)

Puc. 2. Yactota noAb30BaHWS CbEMHbIMU 3yOHbBIMU
npoTe3amu y AtoAEN Pa3HbIX BO3PACTHBIX Fpyn, % (PUCYHOK
NMOArOTOBAEH aBTOPaMu MO COOCTBEHHbLIM A@HHbIM)

premolars and anterior teeth. Thus, they served
to correct an aesthetic defect and not merely
to restore the continuity of the maxillary dental
arch.

In people of young age (25-59 years), the
prevalence of removable denture use rose to
23.89% (270 individuals). Within this age group,
removable dentures were used by 43 (9.07%)
men and 227 (34.6%) women. Removable den-
tures were used most often by people of ma-
ture age, old age, and long-livers (Fig. 2).

Among patients of mature age (60-74 years),
removable dentures were used by 70.36%
(622 individuals), of whom 205 (51.77%) were
men and 417 (85.45%) were women. A similar
trend was noted among people of old age, of
whom 89.25% (415 individuals) used remova-
ble dentures, including 162 (85.71%) men and
253 (91.67%) women. Among long-livers (over
90 years), removable dentures were used by 14
(93.33%) individuals, of whom 2 (66.67%) were
men and 12 (100.0%) were women. Thus, of all
2831 individuals examined, 46.87% used re-
movable dentures, that is, 1327 people.

DISCUSSION
The clinical study established that women

use partial and complete removable dentures
more often, which aligns with earlier reports [7,

CHILDREN’S MEDICINE of the North-West

8]. With advancing age, the frequency of den-
ture use rose, reaching 93.3% in long-livers. It
is worth noting that, in the late adolescence pe-
riod, the use of removable dentures was driven
by the impossibility of placing fixed dentures
on dental implants because of incomplete jaw
formation (growth). In young, mature, and old
age, the principal reason for using removable
dentures was economic: these dentures are re-
latively inexpensive. For eligible groups of citi-
zens, they were provided at the expense of the
budget, that is, free of charge to the patient. It
is also important to highlight the following dif-
ference. In people of young and mature age,
removable dentures largely required no adjust-
ment or restoration and were in a satisfactory
hygienic state. By contrast, in people of old age
and long-livers, the majority of dentures needed
replacement, as many of them had been in use
for longer than 5 years. In older age groups, the
denture bases frequently failed to fit the tissues
of the denture-bearing area, causing food to be-
come trapped under the dentures and leading to
chronic inflammation of the oral mucosa (den-
ture stomatitis).

CONCLUSION

In summary, it can be concluded that remo-
vable dentures are widely used in patients across
various age groups. In the late adolescence pe-
riod, the primary reason for using removable
dentures is medical indications stemming from
the inability to fabricate fixed structures or im-
plant-supported prostheses because of ongoing
jaw growth. By contrast, in people of young, ma-
ture, and old age, as well as long-livers, the main
reason for their widespread application (ranging
from 23.89% to 93.33% of cases) lies in the finan-
cial capacity to restore the integrity of the dental
arches with comparatively inexpensive removable
dentures. An additional factor is the opportunity
for eligible categories of citizens to obtain them
in state healthcare organizations at the expense
of the budget. Considering the extensive use of
removable dentures in modern practical health-
care, the search for new inert materials for den-
ture bases is of great importance. Equally impor-
tant is the development of adhesive agents that
reduce the risk of inflammatory complications of
the denture-bearing area associated with the use
of partial or complete removable dentures.
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AOMNOAHUTEAbHAA UHOOPMALIUA

Bknap aBTopoB. Bce aBTOpbl BHECAU cyle-
CTBEHHbIIi BKNaj B paspaboTKy KOHLEeNLuu, npo-
BeJleHMe UccnefoBaHus U NoAroTOBKY CTaTbM,
npounn n ofo6punu GuUHaNbHYK BEPCUIO Nepej
ny6nukawmeil.

KoHpnuKT uHTepecoB. ABTOPbI iEKNapUpytoT OT-
CYTCTBME IBHbIX U MOTEHLMaNbHbIX KOHP/IMKTOB UHTE-
PecoB, CBSI3aHHbIX C Ny6/MKaLeii HaCTOALL el CTaTbi.

UHdopmupoBaHHOe cornacue Ha ny6nukaumio.
ABTOpbI NOAYYUSIM NMUCbMEHHOE cornacue nayu-
EHTOB Ha Ny6NMKaLUI0 MEANLMHCKUX JaHHbIX.
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Intensive care of acute respiratory syndrome in a child
with community-acquired pneumonia (clinical case)
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ABSTRACT. Severe pneumonia is an urgent problem in pediatrics, since it is the leading cause of morbidity and
mortality in children under 5 years old, mortality can reach 14%. The article discusses a clinical case of severe
community-acquired pneumonia in a child, complicated by grade Il respiratory failure. The child was hospitalized in
an infectious diseases hospital on the 8t day of the disease. However, despite the therapy, due to the deterioration
of the condition and progression of the respiratory failure clinic on the third day after hospitalization, the child
was transferred to the intensive care unit. Acute respiratory distress syndrome developed, requiring invasive
ventilation and therapy adjustment. The key aspects of intensive care aimed at stabilizing the patient’s condition
are described, including respiratory support, antibacterial, antiviral, antifungal, infusion therapy, immunomodulatory
drugs and pulse therapy with glucocorticosteroids. Exogenous surfactant was also used, which contributed to the
improvement of gas exchange and reduction of artificial ventilation parameters. Complex therapy was carried out
in accordance with modern international recommendations for the treatment of severe pneumonia complicated by
acute respiratory distress syndrome in children. The presented clinical case demonstrates the critical importance
of timely and adequate therapy, as well as a multidisciplinary approach to the treatment of severe pneumonia in
children.

KEYWORDS: pneumonia, respiratory failure, intensive care, respiratory support, antibiotic therapy, clinical case,
pediatrics, children
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PE3IOME. Tsxenas NHeBMOHMA — akTyanbHas npo6neMa negunaTpum, NOCKONIbKY OHa ABNSIETCA BeAylleii npu-
YMHOI4 3a601EBAaEMOCTM U CMEPTHOCTU Y ieTeli 40 5 NeT, NneTanbHOCTb MOXET focTuraTb 14%. B cTatbe paccma-
TPUBAETCA KIIMHUYECKMIA CITyYail TAXeNnoi BHE6ONbHUYHON MHEBMOHUM Y pe6eHKa, OCNOXHEHHOI AblXxaTenbHOA
HepocTaTouyHocTbHo |ll cTeneHn. Pe6GeHoK Gblnl rOCNMTann3NpoBaH B MHAEKLMUOHHDI CTalMOHap Ha BOCbMble
CyTKuM 3ab6oneBaHus. OfHAKO, HECMOTPSI Ha NPOBOAMMYH TEPaNuio, B CBSA3U C yXyALEHNEM COCTOSIHUS U NPOrpec-
CUPOBaHUEM KNUHUYECKOW KapTUHbI fbIXxaTelbHOW HeA0CTaTOYHOCTH Ha TPETbM CYTKU NOC/e rocnuTannsaumum
pe6eHoK Obin NepeBeieH B 0TAeNeHe peaHUMaLun U UHTEHCUBHOI Tepanui. Pa3Buncsa ocTpblii pecnupaTopHblii
AMUCTPECcC-CMHAPOM, YTO NOTPe60oBaN0 NPUMEHEHUS WHBA3UBHOW BEHTUAALMN NErKUX U KOPPEKLUM Tepanuu.
OnucaHbl KNtoYeBble acnekTbl MHTEHCMBHOI Tepanuu, HanpaBieHHO Ha CTabUNU3aLulo COCTOSIHMA NaLUEHTa,
BKJIlOYas pecnnpaTopHYO NOALEPXKY, aHTMOAKTEpUabHYL, NPOTUBOBUPYCHYIO, MPOTUBOTPUGKOBYHO, MUH(DY3NOH-
HYt0 Tepanuto, npenapaTtbi-MMMYHOMOZYNATOPbI U NyNbC-TEPANMIO FIOKOKOPTUKOCTepouaamu. Micnonb3oBancs
TaKXXe 3K30reHHbI! CyppaKTaHT, YTO CNOCOBCTBOBASO YNYYLLIEHNIO Fa3006MEHA U CHUXKEHUIO NapamMeTPoB UCKYC-
CTBEHHOI BEeHTUNALMUM Nnerkux. lpoBoaunnach KOMMIEKCHas Tepanus CorfnacHo COBPEMEHHbIM MeXAYHapOAHbIM
pekoMeHAaLUAM MO SIEYEHUIO TAXKENO0N MHEBMOHWUM, OCTIOXHEHHON OCTPbIM pecnupaTopHbIM AUCTPECC-CUHAPO-
MoM y aeTeid. MpefcTaBneHHbI KNUHUYECKMIA CyYai LEMOHCTPUPYET KPUTUYECKYHO BAXHOCTb CBOEBPEMEHHOIA
1 afeKkBaTHOI Tepanuu, a TakKe MynbTUAMCLUNIMHAPHOIO NOAX0Aa K IEYEHUIO TAXENON MHEBMOHUM Y AeTeil.

KJTIOYEBDBIE CNNOBA: nHeBMOHUS, fibixaTelbHas HEJOCTaTOYHOCTb, UHTEHCUBHaAs Tepanus, pecnupaTopHas nog-
JAepXKa, aHTMOMOTUKOTEPanus, KNUHNYECKMI cydai, neguatpus, et

UcTOUHUK pUHaAHCUPOBaAHUA. ABTOPLI 3aABAAIOT 06 OTCYTCTBUU BHELLUHETO GUHAHCUPOBAHUA MPU NPOBEAEHUN UCCAEAOBAHUSA.

DX lyablwat HypmypaTkbidbl AAuMxaHoBa. E-mail: a.gulya83@mail.ru

© KoaneKkTuB aBTOpoOB, 2026

CHILDREN’S MEDICINE of the North-West 2026 Tom 14 Ne 1 255
ISSN 3034-6312 (Print) ISSN 3034-6320 (Online)



INTRODUCTION

Despite significant advances in the diagnosis
and treatment of infectious diseases, pneumonia
remains one of the leading causes of hospitaliza-
tion and pediatric mortality in many countries world-
wide [1, 2]. Severe disease carries an exceedingly
high risk of rapidly progressive respiratory failure,
hypoxemia, and the development of acute respira-
tory distress syndrome (ARDS) and sepsis. These
conditions represent major causes of death in
pediatric intensive care units (PICUs) [3-6].

According to the World Health Organization
(WHO), pneumonia accounted for the deaths of
an estimated 740,000 children under the age of
five in 2019, representing approximately 14% of
all deaths within this age group. Although this
figure declined to 672,000 in 2021, the disease
continues to rank among the leading causes of
death in pediatrics. Mortality is particularly high in
countries with limited healthcare resources, such
as Nigeria, India, and Pakistan. Together, these
three countries account for over half of all child
deaths from pneumonia. Yet, even in countries
with well-developed healthcare systems, pneumo-
nia remains a pressing challenge in pediatrics. Al-
though the incidence of ARDS is relatively lower in
children than in adults, the associated mortality in
the pediatric population is extremely high, ranging
from 18% to 27%. In some countries, this figure
reaches adult levels of 35% [7-10].

In recent years, a persistent trend has been
observed toward an increase in severe forms of
pneumonia in children. This trend has been driven
by the spread of atypical pathogens (Mycoplasma
pneumoniae, Chlamydia pneumoniae), viral infec-
tions, and COVID-19 [11, 17].

High levels of antimicrobial resistance fur-
ther aggravate the course of severe pneumonia.
Current treatment strategies for severe pediatric
pneumonia encompass timely diagnosis, empi-
rical antibiotic therapy, respiratory support, vital
function monitoring, and complication prevention
[12-14].

Clinical guidelines underscore the importance
of prompt inpatient management. The presence of
complications, severe or protracted disease, and
progressing respiratory failure constitute indica-
tions for emergency hospitalization and transfer
to a PICU. In the PICU, etiotropic, pathogenetic
(fluid resuscitation, volume expansion, and hemo-
dynamic support), and symptomatic therapy is de-
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livered under monitoring of blood gas parameters
and acid-base balance [15, 16].

Effective management of severe pneumonia
in children therefore requires a comprehensive,
multidisciplinary approach that integrates timely
diagnosis, individualized treatment, continuous
patient monitoring, and complication prevention.

AIM

The aim of this study was to present a clini-
cal case illustrating the successful management
of severe acute respiratory distress syndrome in
a preschool-aged child with community-acquired
pneumonia.

CASE PRESENTATION

A 2-year-8-month-old girl was admitted to the
emergency department of an infectious disea-
ses hospital with complaints of dry cough, fever
reaching 38 °C, and general weakness. These
complaints were reported by her mother.

At the time of admission, the child had already
been unwell for seven days. The illness began with
a temperature rise to 38 °C and cough, for which
ibuprofen was prescribed. Despite treatment, her
condition progressively worsened: the cough be-
came more intense, dyspnea developed, and the
fever persisted. On the eighth day of illness, the
child was hospitalized. Her past medical history
was notable for frequent acute respiratory infec-
tions and absence of vaccination due to the fami-
ly's religious beliefs.

On admission, her condition was severe. She
was tachypneic with a respiratory rate of 37
breaths per minute and tachycardic with a heart
rate of 126 beats per minute. Oxygen saturation
(Sp0,) was 99%, and body temperature was 37 °C.
Auscultation of the lungs revealed harsh breath
sounds conducted throughout all lung fields, with
no rales. The admission diagnosis was acute res-
piratory viral infection complicated by acute bron-
chitis.

Laboratory findings are presented in Tables
1-3.

For two days, the child received antibacterial
therapy in the specialized department in accor-
dance with international guidelines and the local
protocol. However, her condition deteriorated over
time, with progressive respiratory failure, necessi-
tating transfer to the PICU.
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Table 1. Results of clinical and biochemical blood tests
Tabauua 1. Pe3yAbTaTbl KAMHUYECKOTO U BUOXMMUUYECKOrO aHAaAU30B KPOBHU

AeHb 60ne3HU - <
Day of illness =~ X o > <
- o °. 3 -
<_- |S4 14 | = Y= ©
> B a3 = = X N =
- x 8 A o R 5 B |o =
< =5 [T I _. 39 Ad |© 8
= = a3 =8 = x T = = X T o "a <
O Q = PSS [+3 5 [ ) = > g - N S o N
°ee |53 Sg3 | £ | 38| 34 233 ow
SE® | g92| | voe| 8 | ¢e@ 29022 =E
S 20 2o s E €s S - EX| - -
=5 |55S| 55| 59| SE| 285 |33 E|l £&
e |[22X| ca | 0 | <2 | Fa (o4 % E| SO
Mpn nocTynAeHUK 114 51 65 32,7 357 5 40,6
Upon admission
Mepesoa B OAPUT 98 4.5 6 60 30 549 15 40,6
Transfer to the ICU
Ha momeHT nepesopa Ha MBA 85 8.9 6 73 30 455 44
At the time of transfer to AVL
7- AeHb rocnuTaAn3aunu 121 13 15 55 26 641 65 139,7
7™ day of hospitalization
12-i AeHb rocnuTamM3aumnn 92 13 7 57 30 746 58 178,6
12" day of hospitalization
25-1 AeHb rocnuTanMsaumnm 113 10 3 65 28 620 24 7,7
25 day of hospitalization
Bbinncka U3 ctaumMoHapa 115 9,8 3 63 30 580 20 3,3
Discharge from hospital

The table is prepared by the authors using their own data

TabAuua cocTaBAeHa aBTopamMmu no CcO6CTBEHHbIM AQHHbIM

Note: ALV — artificial ventilation of the lungs; ICU — intensive care unit; ESR — erythrocyte sedimentation rate; CRP — C-reactive
protein.

Mpumeuanue: UBA — uckyccTBEHHAs BEHTUASALUS Aerkux; OAPUT — oTaeAeHWEe aHECTE3MOAOTUM, PEaHUMALLMU U MIHTEHCUBHOW Tepa-
nuun; CO3 — CKOPOCTb 0ceAaHNsa apUTPoLMTOB; CPB — C-peakTuBHbIM HEAOK.

Table 2. Gas composition and acid-base balance of venous blood
Tabnuua 2. Fa30BbI COCTAB U KUCAOTHO-OCHOBHOE COCTOSIHWE BEHO3HOW KPOBM

AeHb 60one3HU pH pCO,, Mmm pT.CT. | pO,, HCO,, Nakrar, 0OSlI
Day of illness mm Hg MM pT.CT. MMOAb/A | MMOAbL/A

mm Hg mmol/L Lactate,

mmol/L

Mepesoa B OAPUT 7,32 48 34 25,9 1,9 11
Transfer to the ICU
Ha momeHT nepeBopa Ha UBA | 7,422 38,6 31,6 24,6 1,43 14
At the time of transfer to AVL
7-W peHb rocnuTaAnsaumnm 7,432 34,6 26,6 22,6 1,21 10
7t day of hospitalization
12-i peHb rocnutaAmMsalmm 7,4 42,7 50,5 29,4 1,88 -
12% day of hospitalization
25-i AeHb rocnuTaAM3aLmm 7,49 38,5 32,0 28,7 1,89 -
25" day of hospitalization
Bbinncka u3 ctauMoHapa 7,492 35,0 34,4 26,2 1,88 -
Discharge from hospital

The table is prepared by the authors using their own data
TabAnua cocTaBAeHa aBToOpamMM Mo COOCTBEHHbIM AQHHbIM

Note: ALV — artificial ventilation of the lungs; ICU — intensive care unit; OSI — oxygen saturation index.
Mpumeuanue: UBA — nckycctBeHHast BeHTUAAUMA Aerknx; OAPUT — oTaeAeHWe aHecTe3UOAOTUM, PeaHUMaUUn U UHTEHCUBHOMN
Tepanuu; OSI — okcrMreHauMOHHO-caTypaLUMOHHbIN MHAEKC (oxygen saturation index).
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Table 3. Coagulogram
Tabauua 3. Koaryrorpamma
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AeHb 60Ae3HU nTU, % ®dubpuHoreH, r/n | AYTB, ¢ D-pMmep, Hr/MA MnB, c
Day of illness PTI, % Fibrinigene, g/I APTT, s D-dimer, ng/ml Pt, s
MNepesop B OAPUT 89 2,5 33 - -
Transfer to the ICU

Ha momeHT nepeBoaa Ha NUBA 90,7 3 32,8 1237 11,1
At the time of transfer to AVL

7-W AeHb rocnuTaAn3aumnn 106,0 2,70 39,00 1786,2 10,20
7t day of hospitalization

12-i pAeHb rocnutaAnsaumu 98,8 2,73 31,50 1589,1 10,60
12" day of hospitalization

25-1 AeHb rocnuTaAnuM3aumnu 110,0 3,10 50,50 3136,7 10,0
25 day of hospitalization

Bbinncka n3 ctaumMoHapa 108,0 2,60 34,50 1646,3 10,10
Discharge from hospital

The table is prepared by the authors using their own data
TabAanua cocTaBAeHa aBTOpamMMU No COBCTBEHHbIM AaHHbIM

Note: APTT — activated partial thromboplastin time; ALV — artificial ventilation of the lungs; ICU — intensive care unit; Pt — prothrom-

bin time; PTI — Prothrombin index.

Mpumeyanue: AYTB — akTMBKMPOBaAHHOE 4acTUYHOe TpomMbomnaacTMHOBOe BpeMs;; MBA — UCKYCCTBEHHAs BEHTUAALMUSA AETKMX;
OAPUT — oTaeneHne aHecTe3NOAOrMU, peaHUMaLUun U MHTEHCUBHOW Tepanuu; NB — npoTpomMbuHoBoe Bpems; NMTU — npoTpombuHo-

BbI MHAEKC.

On arrival in the PICU, her body temperature
was 38 °C. She was tachypneic, with a respiratory
rate of 40-45 breaths per minute, an Sp0, of 85%,
a productive cough, and chest wall retractions.
Noninvasive ventilation via a nasal mask was initi-
ated. With respiratory support, Sp0O, rose to 90%.
Venous blood gas analysis revealed respiratory
acidosis: pH 7.32; pCO, 48 mm Hg; p0, 34 mm Hg;
BE -2 mmol/L; lactate 1.9 mmol/L.

Based on the presumed susceptibility, antibacteri-
al agents were prescribed (ceftazidime 80 mg/kg/day
and amikacin 15 mg/kg/day), and mucolytic, bron-
chodilator, and symptomatic therapy was initiated.

Two days later, the patient's condition deterio-
rated sharply, with the clinical manifestation of
ARDS. Her Sp0, was 83%, the respiratory rate was
50 breaths per minute, and auscultation of the
lungs revealed diminished breath sounds bilate-
rally. A follow-up chest radiograph showed ne-
gative dynamics with an increase in the zones of
infiltration (Fig. 1).

On emergency indications, tracheal intubation
was performed, and invasive mechanical ven-
tilation was initiated using pressure-controlled
ventilation with an FiO, of 0.9. SpO, ranged be-
tween 50% and 70%. Venous blood gas analysis
performed immediately before intubation revealed
decompensated respiratory acidosis: pH 7.20;
pCO, 82 mm Hg; pO, 33 mm Hg; BE -2 mmol/L;
lactate 1.8 mmol/L. A chest radiograph showed

258 Volume 14 N1 2026

further progression of infiltrative changes (see
Fig. 1).

Given the constellation of clinical and laboratory
findings and the progressively severe course of
the disease, a decision was made to modify the
therapeutic regimen. Pentaglobin was prescribed
for passive immunization at a dose of 5 mL/kg
intravenously for three days. To suppress the
pronounced inflammatory response and cytokine
cascade, pulse methylprednisolone therapy was
administered at a dose of 30 mg/kg for three days.

Wray Tube Current-mA
| Exposure Time-msec
! KVP-kV

Exposure-mAs
TargebFilter-

Fig. 1. Chest radiography (4" day of hospitalization).
Bilateral pneumonia. Pulmonary edema? (photo from the
authors’ personal archive)

Puc. 1. PeHTreHorpadua OpraHoB FPYAHOW KAETKM.
ABYCTOPOHHAA NHEBMOHMUA. OTEK AETKNX? (POTO M3 AUYHOIO
apxvBa aBTOPOB)
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Fig. 2. Chest radiography (7™ day of hospitalization) (photo
from the authors’ personal archive)

Puc. 2. PeHTreHorpamma OpraHoB FPYAHOM KAETKM Ha
7-1 peHb rocnutaamdaumm (GoTo M3 AMUHOIO apxmBa aBTOPOB)

Fig. 3. Chest radiography (12" day of hospitalization)
(photo from the authors’ personal archive)

Puc. 3. PeHTreHorpamma opraHoOB TFPyAHOM KAETKM Ha
12-1 AeHb A€UYEHNMA B cTaLMoHape ($poTo U3 AMUHOIo apxmBa
aBTOPOB)

As part of the respiratory support strategy and
to promote alveolar recruitment, poractant alfa
was administered endotracheally on two occa-
sions at a dose of 120 mg.

The ongoing therapy was associated with po-
sitive clinical dynamics: gas exchange improved,
ventilatory parameters decreased, and SpO, rose
to 92% at a fraction of inspired oxygen of 50%. The
Sp0,/Fi0, ratio was 184.

A follow-up chest radiograph demonstrated a
reduction in infiltrative changes, decreased density
of inflammatory foci, and partial clearing of the lung
fields compared with the previous examination (Fig. 2).

By day 5 of intensive combined therapy in the hos-
pital (day 12 of iliness), the child showed unequivocal
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positive dynamics across clinical, laboratory, and
instrumental parameters. Blood gas values stabilized,
infiltrative changes on the chest radiograph diminished,
and systemic hemodynamic parameters normalized.

Given the sustained clinical improvement, a de-
cision was made to extubate the patient and tran-
sition her to noninvasive ventilation. The patient
was conscious, oriented, and responsive. She was
able to drink and eat independently, although her
appetite remained reduced. Mild mixed dyspnea
persisted but did not necessitate an increase in
the level of respiratory support.

By day 7 of inpatient treatment (day 14 of illness;
hospital day 12), the girl was successfully transi-
tioned to spontaneous breathing with humidified
oxygen delivered via binasal cannulae at a flow rate
of 2 L/min. Follow-up chest radiographs demonstra-
ted unequivocal positive dynamics (Fig. 3).

Throughout the PICU stay, the patient received
comprehensive therapy aimed at suppressing the
severe infectious and inflammatory process, sta-
bilizing respiratory function, and preventing sys-
temic complications.

Given that sputum culture on day 5 of inpatient
treatment yielded Pseudomonas aeruginosa sus-
ceptible to meropenem and colistimethate sodi-
um, antibacterial therapy was adjusted according-
ly. The regimen included meropenem (60 mg/kg/
day), colistin (1,500,000 1U/kg/day), and linezolid
(30 mg/kg/day).

As IgM and IgG antibodies against herpes sim-
plex virus and Epstein-Barr virus were positive,
antiviral therapy (acyclovir at 80 mg/kg/day) was
initiated to reduce the risk of viral coinfection.

For prophylaxis of fungal complications, flu-
conazole was prescribed at the initial stage of
treatment at a dose of 6 mg/kg every 48 hours.
Subsequently, when Candida lipolytica was isola-
ted from urine on day 11 of hospitalization, caspo-
fungin was added to the therapeutic regimen at a
dose of 50 mg/m?/day for 7 days.

To manage broncho-obstructive syndrome,
aminophylline (1 mg/kg/hour for three days)
and nebulized ipratropium bromide 150 pg every
6 hours were administered.

The comprehensive therapy resulted in sus-
tained positive dynamics. The patient's condition
stabilized: gas exchange parameters and labora-
tory values normalized, and the foci of pulmonary
infiltration diminished significantly (Fig. 4).

Thirty-five days after admission, the patient was
discharged from the hospital in satisfactory condi-
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Fig. 4. Chest radiography (25" day of hospitalization)
(photo from the authors’ personal archive)

Puc. 4. PeHtreHorpadus opraHoB rpyAHOM KAETKM (25-1 AeHb
rocnutanmMdaumn) ($oTo M3 AMYHOIO apxmMBa aBTOPOB)

tion with recommendations for further outpatient
follow-up. A consultation with a pediatric pulmono-
logist was scheduled. The recommendations also
included dynamic monitoring via follow-up laborato-
ry and instrumental investigations and continuation
of rehabilitative therapy in the outpatient setting.

DISCUSSION

This clinical case describes severe acute res-
piratory distress syndrome in a preschool-aged
child with community-acquired bilateral polyseg-
mental pneumonia. It underscores the critical im-
portance of a comprehensive and timely approach
to the management of severe community-acquired
pneumonia in pediatric practice.

Despite the availability of modern diagnostic
and therapeutic modalities, pneumonia remains
the leading cause of child mortality worldwide.
According to current WHO and UNICEF data, pneu-
monia-related mortality among children under five
years of age has declined only marginally: from
approximately 740,000 deaths in 2019 to approxi-
mately 725,000 in 2023-2024.

In the present case, despite treatment initiation
in the infectious diseases hospital, the patient de-
veloped progressive respiratory failure necessitating
transfer to the PICU. The subsequent development of
ARDS provided the rationale for invasive mechanical
ventilation and treatment modification in accordance
with the PALICC-2 recommendations [4, 18].

A comprehensive therapeutic strategy encom-
passing broad-spectrum antibacterial agents,
immunomodulators, and antiviral and antifungal
medications was implemented. Together with

260 Volume 14 N1 2026

PRACTICAL NOTES

pulse glucocorticoid therapy, this strategy allowed
stabilization of the patient's condition [19-23].
The administration of surfactant contributed to
improved gas exchange and a reduction in ventila-
tory parameters. This outcome aligns with current
recommendations for the management of severe
pneumonia and ARDS in children [4, 5, 24, 25]. In our
opinion, such an approach substantially enhances
the effectiveness of treatment for severe forms of
community-acquired pneumonia in children. The
successful outcome was achieved through effective
multidisciplinary collaboration among pediatricians,
intensivists, infectious disease specialists, and
other healthcare professionals working in close
coordination within the intensive care unit.

CONCLUSION

This clinical case illustrates the severe course of
ARDS secondary to community-acquired pneumonia
in a child, marked by rapidly progressive severe hypo-
xemic respiratory failure that necessitated intensive
care with invasive respiratory support. The application
of current clinical guidelines substantially increases
the likelihood of a favorable outcome even in the most
critical situations, and this principle formed the basis
of the child's recovery in the present case.
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AOMOAHUTEAbHAAA UHOOPMALIUA

Bknap astopos. [.H. AnumxaHoBa — paspa-
60TKa KoHuenuuu uccnepgosanus; A.b. N6pau-
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MoBa, H. bokeHynbl — c60p M aHanNU3 JaHHbIX,
noarotoBka unnwctpaunii; A.b. M6paumoga,
H. bokeHynbl — NoAroToBkKa NepBUYHOrO TekK-
cta; .H. AnnmxaHoBa, A.K. TynebaeBa — Hayu-
Has KOHCynbTauua u pykosoncTso; [.H. Anum-
xaHoBa, A.K. Tyne6aeBa — pejakTMpoBaHue
OKOHYyaTenbHoro Ttekcrta;, [.H. AnumxaHoBa,
A.K. Tyne6aeBa, A.b. N6panmoBa, H. bokeHy-
Nbl — yTBepXJeHue OKOHYaTeNbHOro TekcTa
pykonucu.

SAMETKHU U3 NMPAKTUKH

Bce aBTOpbI NPOYSM U OA0OPMAN QUHANBHYIO
BEpCUIo nepeg nybnukaymen.

KoHdnuKkT nHTepecoB. ABTOpPbI AeKNapupytoT
OTCYTCTBUE IBHbIX U NOTEHLMaNbHbIX KOHGNMK-
TOB MHTEPECOB, CBA3AHHbIX C Ny6NMKaLuen Ha-
CTOSILLEN cTaTbMu.

WHdopmupoBaHHoe cornacue Ha nybnmka-
uuio. ABTOpbI NONYYMNIM NMUCbMEHHOE corfiacue
3aKOHHbIX NpeAcTaBUTeNeli nauneHTa Ha nyo6nu-
Kauuo MeAMLIMHCKMX AaHHbIX.
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A multidisciplinary approach to the diagnosis

and treatment of isolated 17,20-lyase deficiency:
a case report
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ABSTRACT. Isolated 17,20-lyase deficiency is an extremely rare form of congenital adrenal hyperplasia caused
by mutations in the CYP17AT gene, characterized by impaired androgen synthesis with preserved cortisol
production. The clinical picture is often subtle, leading to delayed diagnosis. The description of clinical cases is
crucial for understanding the features of this pathology. The article presents a detailed clinical description and
analysis of the diagnostic pathway in a 13-year-old female patient with primary amenorrhea and delayed puberty.
The examination included assessment of the hormonal profile, pelvic imaging, cytogenetic study, and molecular
genetic Sanger sequencing of the CYP77A1 gene with verification of findings in the parents. The patient with a
46,XX karyotype was found to have hypergonadotropic hypogonadism, cystic transformation of the ovaries, and an
abnormally elevated level of 17-OH-progesterone. Genetic analysis revealed compound heterozygous pathogenic
variants in the CYP17A1 gene: c.1039C>T (inherited from the mother) and c.1319G>A (inherited from the father),
confirming the diagnosis of isolated 17,20-lyase deficiency. Prescription of combined therapy with low doses of
dexamethasone and estradiol valerate led to positive dynamics: the appearance and progression of secondary
sexual characteristics, menarche, normalization of the hormonal profile, and regression of ovarian cysts. This case
demonstrates the successful diagnosis of an extremely rare isolated form of 17,20-lyase deficiency, which requires
a multidisciplinary approach and targeted genetic testing. The combination of pathogenic variants ¢.1039C>T and
c.1319G>A in the CYP17A1 gene leading to this form of congenital adrenal hyperplasia is described for the first
time. Personalized therapy aimed at suppressing the ACTH-dependent pathway and replacing estrogen deficiency
proved to be highly effective clinically and in laboratory findings, ensuring normal pubertal development.

KEYWORDS: congenital adrenal hyperplasia, 17,20-lyase deficiency, CYP17A1, primary amenorrhea, delayed puberty,
hypergonadotropic hypogonadism, compound heterozygous mutations, adolescents
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Me>XAUCLUUNAMHAPHDbIXW NOAXO0A K AMAarHOCTUKe
U A€4YEHUIO U3oAMpoBaHHoro aoepuuuta 17,20-Anua3bi:
onucaHue KAMHUYECKOro cayyas

Mapwus CepreeBHa MabueHko, Ceprei AAekcaHAPOBWMY N\anTues,
KpuctnHa BraanmmnpoBHa CkobeneBa, AvaHa PomaHoBHa TypcymeToBa

CaHkr-lNeTepbyprckuii rocyAapCTBEHHbIN NEAATPUUYECKUIA MEAULIMHCKUI yHUBepcuTeT, 194100, r. CaHkT-MNeTepbypr,
yA. AvTOBCKas, A. 2, Poccuiickas ®epepaums

Ansa uutupoBanusa: VinbueHko M.C., Aantnes C.A., Ckobenesa K.B., Typcymetosa A.P. MexXanUCUMNAMHAPHBIA MOAXOA K AMArHOCTUKE
N AEYEHUIO M30AMPOBAHHOMO Aeduumta 17,20-Anasbl: onMcaHmue KAMHUMYeCKoro cayyas. Children’s Medicine of the North-West.
2026;14(1):264-271. https://doi.org/10.56871/CmN-W.2026.45.88.022.

Moctynuaa: 16.12.2025 0Opo6peHa: 03.02.2026 MpuHatakneuartu: 20.03.2026

PE3IOME. N3onupoBaHHbiin geduunt 17,20-nnasbl — KpaiiHe peakas Gopma BpOXAEHHO! AMCHYHKLMN KOpbI
HaANOYEYHNKOB, 00yCNOBAEHHAs MyTauuamu B reHe CYPT7AT v xapakTepuaytoLascsa HapyLweHMeM CUHTe3a aH-
APOreHoB Npu COXpaHHoIi NpoayKLuum koptTusona. KnuHuyeckas kapTuHa 4acTo CTepTa, YTo NPUMBOAUT K NO3JHEN
AnarHocTuke. OnucaHme KIMHUYECKMX CITyYaeB MMEET KNOYEBOE 3HAYEHME AJist NOHUMaHUA 0COBEHHOCTEN Teye-
HUSA 3TOM naToNormn. B ctaTbe npeacTaBneHo NOAPOGHOE KIIMHUYECKOE OMUCAHNE U aHANIM3 AMarHOCTUYECKOTo
nyTV y NnauueHTkn 13 neT ¢ NnepBMYHOIN ameHopeeit 1 3afepXKoii N0NoBOro paseutus. B pamkax o6cnefoBaHus
BbIMOJIHEHbI OLIEHKA FOPMOHaNbHOro Npoduns, BU3yanusaLnus OpraHoB Manoro Tasa, LUTOreHeTUYecKoe uccne-
JOBaHNE N MONEKYNISIPHO-TEHETUYECKOE CeKBEHUpoBaHue reHa CYPT7AT ¢ BepuduKaumeil HaxXoLoK y pofuTenen.
Y nauueHTku ¢ Kapuotunom 46,XX BbIiBNEHbI TMNEProHafoTPONHbIA r’MNOroHaAn3M, KUCTO3Has TpaHchopMauus
ANYHUKOB M aHOMasbHO MOBbILWEHHbIN YypoBeHb 17-0H-nporectepoHa. 'eHeTUYeCKMidi aHann3 BbIABUIT KOMNayHA-
reTepo3nUroTHble NaToreHHble BapuaHTbl B reHe CYPT17A7: ¢.1039C>T (yHacnegoBaH oT MaTepu) u ¢.1319G>A
(yHacnepoBaH 0T 0TLa), YTO NOLTBEPAMNO fMArHO3 M30aMpoBaHHoro aeduuuta 17,20-nnasbl. HasHayeHue Kom-
OUHUPOBaHHOII Tepanum HU3KMMM [,03aMU JeKcamMmeTa3oHa M 3cTpaauona Banepara NnpuBeno K MoN0XMUTENbHOI
AVHAMUKe: NOAB/IEHMIO U MPOrpeccUpoBaHMi0 BTOPUYHBIX NONOBbIX MPU3HAKOB, MEHAPXE, HOpManusaLu ropMo-
HanbHOro Npoduns n perpeccy KMCT AMYHUKOB. peacTaBneHHoe HabnoaeHe 4EMOHCTPUPYET YCNELWHY0 Aua-
FHOCTUKY KpaliHe pefKoi n3onupoBaHHoii popmbl geduumnta 17,20-nnasbl, Tpedyowen MeXANCLUNIMHAPHOTO
NoAXoAa U LeneHanpaBNeHHOro reHeTMYecKoro TeCcTMpoBaHus. Brnepebie onucaHa KOMOMHALNS NaTOrEHHbIX
BapuaHToB €.1039C>T 1 ¢.1319G>A B reHe CYPT7AT, npuBoAsLas K LaHHO GopMe BPOXKLEHHOW LUCHYHKLMN
Kopbl HaANOYeYHUKOB. MepcoHanu3npoBaHHas Tepanus, HanpaseHHas Ha NofaBfieHne apeHoOKOPTUKOTPOMHO-
ro FOPMOH-3aBUCMMOTO MYTW M 3aMeLLeHMe 3CTPOreHoBOro AeduumnTa, fOKasana CBOK BbICOKYH KIUHUYECKYHO
1 nabopatopHyto 3G heKTUBHOCTb, 06ecneynB HopManbHoe Ny6epTaTHOE pasBUTHE.

KNIOYEBDBIE CNNOBA: BpoxzeHHas AUCHYHKLMS KOPbI HaZM0YeYHUKOB, gepuuynt 17,20-nuasel, CYP17A1, nepsuy-
Hasl aMeHopes, 3aiepxKa Mos0BOro pa3BUTUSA, TUNEProHaoTPOMHbIA rMNOroHagu3M, KOMNayHA-reTepo3nroTHole
MyTayuu, noapoCTKu

UcToUHUK PpUHaAHCUpOBaHUA. ABTOPLI 38ABAAIOT 06 OTCYTCTBUU BHELLUHET0 GPUHAHCUPOBAHUA NPU NPOBEAEHUN UCCAEAOBAHUA.
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INTRODUCTION

17,20-lyase deficiency is the rarest form of con-
genital adrenal hyperplasia (CAH), characterized by
impaired androgen and cortisol synthesis accom-
panied by excessive mineralocorticoid production
[1]. This deficiency is caused by mutations in the
CYP17AT1 gene, which encodes the enzyme 17a-hy-
droxylase that also possesses 17,20-lyase activity.
17a-hydroxylase converts pregnenolone and pro-
gesterone into 17-hydroxypregnenolone and 17-hy-
droxyprogesterone, while 17,20-lyase subsequently
converts 17-hydroxypregnenolone into dehydroe-
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piandrosterone (DHEA) (Fig. 1) [2]. The molecular
mechanisms underlying this dual catalytic activity
and the imbalance between the two functions in
different mutations continue to be actively investi-
gated [3]. The dual catalytic activity of the enzyme
explains the existence of different forms of CAH:
combined 17a-hydroxylase and 17,20-lyase defi-
ciency, as well as isolated 17,20-lyase deficiency.
Notably, most mutations in the CYP17A1 gene re-
sult in the loss of both enzymatic functions [4, 5].
Among all forms of congenital adrenal hyper-
plasia, 17a-hydroxylase/17,20-lyase deficiency ac-
counts for less than 1% of cases. Based on a review
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Fig. 1. Scheme of the main steroidogenesis pathways in the adrenal cortex and gonads: DHEA — dehydroepiandrosterone;
3BHSD2 — 3B-hydroxysteroiddehydrogenasetype 2; 17BHSD — 17B-hydroxysteroiddehydrogenase. Solid arrows indicate

the direction of enzymatic reactions (adapted by [2])

Puc. 1. Cxema OCHOBHbIX NyTEN CTEPOMAOTEHE3A B KOPE HAAMOUYEYHUKOB M roHapax: AF9A — AerMaApoanMaHAPOCTEPOH;
3BHSD2 — 3B-ruppokcucteponppermaporeHasda mna 2; 17pHSD — 17[-ruapokcucreponasernaporeHasa. CnaoWHbIe
CTPEAKM YKa3blBatoT HanpaBAeHWEe GepMEHTATUBHbIX peakumit (apanTmpoBaHo no [2])
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of the literature, the prevalence of this deficiency
remains uncertain due to the extreme rarity of the
disorder and the limited number of clinical cases
reported worldwide. To date, no more than 150 in-
dividuals with this condition have been described.
These data refer primarily to the combined form of
the enzyme deficiency, whereas the prevalence of
isolated 17,20-lyase deficiency has not been estab-
lished.

Herein, we present a clinical case of a patient
with isolated 17,20-lyase deficiency confirmed by
molecular genetic testing. The patient has a normal
female karyotype (46,XX). We describe the diagnos-
tic workup for delayed puberty and the observed re-
sponse to hormone therapy.

CASE PRESENTATION

The patient was born from the second preg-
nancy and first term delivery. Her birth weight
was 3500 g, length 51 cm, and Apgar scores were
8/9. At 7 months of age, she was diagnosed with
hereditary spherocytosis (Minkowski-Chauf-
fard syndrome). At 10 years of age, gallstones
with clinical signs of cholestasis were detected.
At 11 years of age, after prolonged conservative
therapy had been ineffective, she underwent la-
paroscopic cholecystectomy and splenectomy.
In the postoperative period, she developed recur-
rent adhesive disease, which led to a series of
relaparotomies for adhesiolysis and abdominal
drainage. At 12 years of age, she underwent ap-
pendectomy and ileostomy, followed by restora-
tion of gastrointestinal patency and closure of the
ileostomy. Only at the age of 13, when she presen-
ted with abdominal pain, ultrasound examination
revealed uterine hypoplasia and cystic adnexal
masses (up to 39 mm). Based on these findings,
the girl was consulted by a gynecologist for the
first time; there were no indications for surgical
treatment, and endocrinological evaluation was
recommended. Thus, at approximately 14 years
of age, the child was first seen by a pediatric en-
docrinologist. In addition to abdominal pain, she
reported the absence of menstruation and lack of
hair growth in androgen-dependent areas. Family
history revealed that the mother had menarche at
16 years of age and also had sparse axillary and
pubic hair. Obtaining the paternal history was diffi-
cult because the parents lived separately.

At the time of examination by the pediatric en-
docrinologist, the patient had a proportional body
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habitus with evenly distributed subcutaneous fat.
Notably, there was a complete absence of hair
growth in androgen-dependent areas as well as
on the shins and forearms. Tanner stage was B2,
P1, with no menstruation (Me-); no axillary hair
was observed, and the external genitalia were nor-
mally developed and of female type. Height was
average at 163 cm (+0.41 SDS), and weight was
appropriate for height at 57 kg (+0.71 SDS). Blood
pressure was within the normal range for age.

Outpatient contrast-enhanced magnetic reso-
nance imaging (MRI) of the pelvis was performed.
It revealed a multicystic mass in the right ovary
measuring 67x61x49 mm, with its medial border
adjacent to the left ovary. The left ovary was nor-
mally positioned, measuring 28x22x16.8 mm, and
contained follicles up to 18 mm within the stroma;
no mass lesions were detected. The uterus was
in anteflexio with no abnormalities; its dimensions
were not specified.

Outpatient hormonal testing also demonstra-
ted elevated levels of luteinizing hormone (LH) up
to 26.0 mlU/mL and follicle-stimulating hormone
(FSH) up to 13.9 mIU/mL. The estradiol level was
normal (17 pg/mL). Given the finding of hypergo-
nadotropic hypogonadism, further in-depth evalu-
ation in a specialized endocrinology hospital was
recommended.

Upon admission to the endocrinology depart-
ment, serum electrolytes, liver enzymes, and glu-
cose were within reference ranges. No evidence
of thyroid pathology was found, and cortisol was
normal. Androgen levels were as follows: 17-hy-
droxyprogesterone was elevated at 10.2 ng/mL,
testosterone was elevated at 1.68 nmol/L. Dehy-
droepiandrosterone sulfate (DHEA-S) was normal
at 0.8 pg/mL, and androstenedione was normal at
0.82 ng/mL. Pelvic ultrasound was performed. It
revealed a uterine body length of 50 mm, width of
26.7 mm, and anteroposterior diameter of 12 mm.
In place of the right ovary, a polycystic mass
measuring 110x90x80 mm was observed. The left
ovary measured 30x13x16.8 mm and contained
small follicles. Due to the development of catar-
rhal symptoms, the evaluation was not completed.

One month later, the girl was readmitted, again
presenting with abdominal pain. Repeat hormonal
testing showed a decrease in androgen levels. Spe-
cifically, 17-hydroxyprogesterone was 6.87 ng/mL
(previously 10.20 ng/mL), and androstenedione
was 0.2 ng/mL (previously 0.82 ng/mL). DHEA-S
was 0.03 pg/L (previously 0.8 yg/mL), and testo-

2026 Tom 14 Ne1 267

ISSN 3034-6312 (Print) ISSN 3034-6320 (Online)



sterone was 1.12 nmol/L (previously 1.68 nmol/L).
LH and FSH levels remained elevated (23.06 and
13.5 mlU/mL, respectively), while estradiol was
low at 21.5 pg/mL. Alpha-fetoprotein, beta human
chorionic gonadotropin (B-hCG), and the tumor
markers CA 19-9 and HE4 were within normal limits.
CA 125 was 54 U/L, which decreased to 21 U/L one
month later on follow up. Physical examination
was unchanged, and sexual development remained
the same. Follow up pelvic MRI, compared with
previous imaging, showed marked progression of
pathological findings. In the region of both ovaries,
multilocular masses with heterogeneous (mucinous
and hemorrhagic) contents and multiple septa-
tions were observed. The right mass measured
77%x67x44 mm with a volume of 118 cm?, and the
left mass measured 76x51x42 mm with a volume
of 85 cm?®. A significant amount of heterogeneous
fluid was present around the masses. The uterus
was hypoplastic, with dimensions including the
cervix of 57x12x15 mm. Based on the MRI findings,
bilateral ovarian biopsy and diagnostic vaginoscopy
were performed. Histopathological examination of
the biopsy specimens revealed a follicular cyst of
the left ovary and a serous cyst of the right ovary.

The girl was consulted by a clinical geneticist.
Given the delayed puberty, karyotyping was per-
formed. Cytogenetic analysis revealed a normal
female karyotype (46,XX). The genetic workup
for the causes of delayed puberty then focused
on monogenic etiologies. Polymerase chain reac-
tion was used to screen for recurrent mutations
in the CYP21A2 gene to exclude the classic form
of congenital adrenal hyperplasia (CAH). No va-
riants in the CYP21A2 gene were identified. A de-
cision was made to rule out CYP17A7T associated
CAH. Sanger sequencing of the CYP17A1 gene
was performed, which identified two pathogenic
variants in a heterozygous state: ¢.1039C>T and
c.1319G>A. As a second step, the variants were
confirmed by trio sequencing (the patient and her
parents). The results confirmed biallelic involve-
ment of the CYP17A1 gene in the patient. The
c.1039C>T variant was inherited from the mother,
and the ¢.1319G>C variant was inherited from the
father.

Based on the comprehensive laboratory and
instrumental findings, together with the clinical
presentation, the girl was diagnosed with congeni-
tal adrenal hyperplasia due to isolated 17,20-lyase
deficiency. The corresponding codes are OMIM
#202110, ORPHA:90793, and ICD 10 E25.0.

PRACTICAL NOTES

Based on the above findings, the adolescent
was started on replacement therapy with glucocor-
ticoids (dexamethasone 0.25 mg/day) and estro-
gens (estradiol valerate 0.5 mg/day). On therapy,
she developed hair growth on the labia and pubis,
breast enlargement, and feminization of her body
shape, with menarche occurring after 4 months.

Six months after starting therapy (at 14 years
and 10 months of age), the girl was hospitalized
in the endocrinology department for follow up as-
sessment of treatment efficacy and safety. Posi-
tive changes were observed, including increased
feminization of the body habitus with fat redistri-
bution to the thighs and abdomen, breast enlarge-
ment, and the appearance of pubic hair (Fig. 2).
Blood pressure and heart rate were within the nor-
mal range for age. Laboratory testing showed a de-
crease in LH to 5.63 mIU/mL (from 23.06 mIU/mL
before therapy), while FSH remained elevated at
17.73 mIU/mL. Androgen levels also normalized.
Specifically, 17-hydroxyprogesterone decreased
to0 2.24 ng/mL (from 6.87-10.2 ng/mL before the-
rapy), and testosterone decreased to 0.1 ng/mL
(from 1.12-1.68 ng/mL before therapy). DHEA
S and androstenedione were unchanged, having
previously been within reference ranges. Pelvic
ultrasound demonstrated positive changes, inclu-
ding an increase in uterine size (length 50 mm, an-
teroposterior diameter 21.7 mm, width 28.7 mm,
cervix 22x19 mm) and a reduction in ovarian vo-
lumes. The right ovary measured 49x23.4x23 mm
with a volume of 13.8 cm?®, and the left ovary
measured 34x12.5x12.5 mm with a volume of
2.77 cm?. Given the positive clinical and laborato-
ry response, the dexamethasone dose was main-
tained at 0.25 mg/day, while estradiol valerate
was increased to 1.5 mg/day.

A subsequent laboratory follow up was performed
another six months later (at 15 years and 4 months
of age), i.e., one year after starting therapy. A height
gain of 6 cm over the year was noted, while weight re-
mained unchanged. Tanner stage was B4, P3 4, with
menstruation present (Me+); no axillary hair growth
was observed. FSH levels finally reached target va-
lues at 3.65 mIU/mL (previously 17.73 miU/mL),
and LH was 0.65 mIU/mL. Androgen levels re-
mained low: DHEA S was 0.2 pmol/L, testosterone
was 0.08 nmol/L, and 17 hydroxyprogesterone was
2.91 nmol/L. Pelvic ultrasound showed no adverse
changes. No adjustment was made to hormone
replacement therapy. The adolescent continued
under regular follow up.
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Fig. 2. The patient’s appearance during hormone repla-
cement therapy (photos by the authors)

Puc. 2. BHelHWI BUA NALMEHTKN Ha GOHE 3aMeCTUTEAbHOM
ropMOHaAbHOM Tepanunn (GoTo aBTOPOB)

DISCUSSION

The most common clinical presentation of
combined 17a-hydroxylase/17,20-lyase deficien-
cy is a pubertal female patient with delayed pu-
berty (primary amenorrhea and lack of secondary
sexual characteristic development), hyperten-
sion, and hypokalemia [1, 6]. The classic triad
of pronounced arterial hypertension has been
repeatedly described in the literature [7]. Such
children initially present to a pediatrician. How-
ever, the symptoms of arterial hypertension and
hypokalemia are not consistently present [8-10]
and occur mainly in cases of complete absence
of 17a-hydroxylase activity [11]. Because of ab-
dominal pain due to developing ovarian polycys-
tosis, which may subsequently impair reproduc-
tive function [12], the next physician managing
such a child is often a surgeon [13]. It is only af-
ter this that adolescent girls present to a pediat-
ric gynecologist or endocrinologist, as illustrated
by the present clinical case.

In our case, the patient presented with pri-
mary amenorrhea, lack of secondary sexual cha-
racteristic development, abdominal pain, and a
history of multiple surgical interventions. At the
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same time, she had a complete absence of arteri-
al hypertension and hypokalemia, which are cha-
racteristic of 17a-hydroxylase deficiency. This
finding led us to suspect isolated 17,20-lyase
deficiency.

Sanger sequencing of the CYP17A1 gene re-
vealed two pathogenic variants in a heterozygous
state: ¢.1039C>T and c.1319G>A. The c.1039C>T
variant in the CYP17A1 gene is known to cause im-
paired interaction between cytochrome b5 and the
17a-hydroxylase/17,20-lyase enzyme, partially re-
ducing its activity [14]. In this context, 17a hydroxy-
lase activity is better preserved than 17,20-lyase
activity [9,15]. Cases of compound heterozygous
CYP17A1 variants in 17a-hydroxylase/17,20-lyase
deficiency have been reported in the literature,
with the clinical presentation varying significantly
depending on the mutation combination [10,16,17].
For example, Van Den et al. described two women
with a 46,XY karyotype who carried compound he-
terozygous CYP17A1 mutations [18]. S. Yamagata
et al. reported a 67 year old patient with a ho-
mozygous ¢.1039C>T mutation in the CYP17A1
gene and a normal female karyotype (46,XX) [9].
This patient had a muted clinical presentation of
CYP17A1 associated CAH, including developed
secondary sexual characteristics, menstruation
until menopause, hypertension, hypokalemia, and
signs of hyperaldosteronism with suppressed re-
nin activity. In our case, the c.1039C>T variant in
the CYP17AT gene was inherited from the mother,
who has sparse hair growth in hormone-dependent
areas and relatively late menarche (at 16 years of
age). The ¢.1319G>C variant was inherited from the
father. Heterozygous carrier status of a CYP17A1
mutation is hypothesized to lead to steroidogenesis
insufficiency [15]. Our case is the first to report
a combination of two heterozygous mutations,
.1039C>T and c.1319G>A, in the CYP17AT gene
resulting in isolated 17,20-lyase deficiency in our
patient.

CONCLUSION

This clinical case clearly demonstrates the ef-
fectiveness of a comprehensive approach to diag-
nosing rare forms of disorders of sex development.
Targeted genetic testing played a key role by identi-
fying two pathogenic variants in the CYP17A1 gene
in a compound heterozygous state in a patient with
a 46,XX karyotype and primary amenorrhea. This is
the first report of a combination of two heterozy-
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gous mutations, ¢.1039C>T and c.1319G>A, in the
CYP17A1 gene, which confirmed the diagnosis of
isolated 17,20 lyase deficiency. Successful the-
rapy combining suppression of ACTH dependent
steroidogenesis with low dose dexamethasone
and estrogen replacement therapy led to positive
outcomes, including the onset of menstruation,
development of female secondary sexual charac-
teristics, and regression of cystic ovarian chan-
ges. These findings underscore the importance of
personalized treatment and the need for lifelong
multidisciplinary follow up of such patients.
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B 2025 ropy BBIIIIO ABYXTOMHOE PYKOBOJCTBO /i Bpadeil «Heitponndexiun y fereit» — 0OHOBIEHHAs U JOMOTHEHHASL
Bepcusi MoHorpadum 2015 roga. V3gaHne MOArOTOBICHO BeLYIIMIMI OTEYeCTBEHHBIMI CIIELMAINCTAMU B 06/1aCTH HEPONH-
ekt IeTCKOro BO3pACTa, el OIBIT B 9TOI 0b6macTu obijenpusHan u GeciieHeH. ITO eUHCTBEHHOE B CBOEM POJie PyKOBOJ-
CTBO He TONBbKO B Poccun, HO 1 3a py6exxoM, OCHOBHOII MCTOYHMK IIPAKTIIECKOI MHGOPMALH 110 MHPEKIVOHHDIM MOpasKe-
HUAM HEPBHOJI CHCTeMBI Y fieTeit 1y Bpadeit Poccyn u crpan CHIL JlocTOMHCTBA KHUTY — HOCTYIHOCTD M3/I0KEHN, CBOJIHbIE
TaG/IILIBL, IIVPOKWIT OXBAT HO30/IOTMIECKIX (GOPM, COBPEMEHHOCTD, JOCTOBEPHOCTD AAHHBIX I IIPAKTIIIeCKasl HALIPABIEHHOCTD.

ITepBBIit TOM COYeTaeT KAACCHYECKIe ITIABBI [0 MEHMHIOKOKKOBON MH(EKIMN, THOMHBIM U CePO3HBIM MEHUHTHUTAM, BI-
PYCHBIM 3HIIe]amNTaM, MUETNTAM, OTHOMIENUTY, NHPEKIIMOHHBIM HEeBPOIIATUAM U TIO/IMHEBPOIIATISAM, OCTPBIM BS/IBIM I1a-
pa/myaM, KIeIeBbIM HeilponH(eKIUAM, SHTePOBUPYCHBIM 3a60/IeBaHNAM, 60TYIN3My, OEIIeHCTBY U CTONOHAKY C HOBBIMU
pasmenaMu. B HMX OTpaKeHbI YHMKa/IbHBIE CBE[ICHNA II0 HEOHATAaIbHBIM THOJHBIM MEHMHTUTAM U BUPYCHBIM 3HIedannTam,
BPOXEHHBIM MH(eKUIAM, TMMOOLUTAPHOMY XOPHOMEHIHIUTY, MapasuTapHbiM 6omestuam LTHC, pomn nnbekiun B passu-
TUU BACKY/TUTOB U MHCY/ILTOB, @ TAKXKe HelfpOfiereHepaTUBHBIM 1 leMUeTMHUSMPYIOLINM 3a60/IeBaHUAM, MUACTEHIN U MIACTe-
HirdecknM cuHApoMam. Oco6oe BHUMaHIE yieleHO IIOPAKEHNI0 HEPBHOI CICTEMBI IIPY BETPSIHOI OCIIe, OMOsCHIBAOIEM JIN-
mae 1 BUY-vHpexmn y feteil pasHOro BO3pacTa, ¢ IOpOOHBIM ONICaHyeM KOMIUIEKCHOJ TepaIuii U J03MPOBOK ITPeIIapaToB.
VIHHOBALIMOHHBIM CTaJI pasfien 1o AuddepeHnnaabHOI AMarHOCTUKE TMXOPaKM IIPY HellpONHPEeKIMAX.

Bropoii Tom ycrioBHO pasjieniéH Ha iBe yacTu. B mepBoii akIjeHT C/ie/laH Ha HEOT/I0KHbIe

COCTOAHMSA TpY HEPOUHPEKINAX — OCHOBHYIO TIPUYMHY JIeTaTbHbIX ucxonos, ¢ pas6o- [PUOBPECTU U30AHUE
POM MX JMarHOCTUKU M TepaIuy, BK/IIOYass 9KCTPAKOPIIOpPaTbHble METONbI FeMOKOPpeK- http://neuroinfbook.ru
nun. PaccMaTpuBaioTCA ATPOTEHHBIE OC/IOKHEHMA — TIO/IMHEBPOIATUH, MIOIIATNM, IHITe-
anonaTuy KpUTMIECKMX COCTOSHUIL. BakHOe MeCTO 3aHMMaeT pasfiel 0 MHTEHCUBHOI
Tepanuu HeliponHQeKINil, U3TTOKEHHBIN 110 OTeYeCTBEHHBIM KIMHNYECKIM peKOMeH/ia-
M. OTHeIbHO IPeNCTaB/IeHbl METOABI AMATHOCTUKI: TMKBOPOTIOIMYecKue, Heiipodu-
3MO/IOTMYeCKIe, Ty4eBble U yIbTpasBykoBble. Ocoboe BHUMAHIE YHAEIEHO IOPAXKEHUIO
HEPBHOII CUCTeMBI IIPM MIKO3aX, TyOepKy/ése, cudumice, a Takxe fuddepeHInaabHOI
IMATHOCTMKE 3K3aHTEM M CYJOPOXKHOTO CMHJPOMA Yy fleTeil. 3HauMTeNbHbIl MHTEPEeC BbI-
3bIBaeT pasfie/l O XPOHMYECKMX HeNPOMH(DEKIVAX C aHaIM30M HIPUYMH XPOHUSALMN U
myTeii eé MuHuMM3anyu. HeoTbeMIeMolt YacThI0 TOMa CTa/I) I7IaBbI 110 BaKIMHOIpodu-
JIAKTMKe U MEIMIHCKOI peabIINTanny JAeTeli-peKOHBaIeCeHTOB. Bropas dacTp Toma
IIOCBALIEHA C/IOXKHBIM KIMHUYECKUM C)Iy‘{a}IM nus3 HpaKTI/IKI/I aBTOpOB, I/I]'I]IIOCTPI/IPYIOIIU/IM
BaKHOCTDb MEX/UCINUIIIMHAPHOTO ITOAX0MA JI/I COBPEMEHHOTO Bpaya.
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