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060cHoBaH#He. [J0/1rocpoYHbIe 3PPEKTHI MUKPODIOPbI TOJICTON KULIKU MM ee HapyLLeHUH Ha 3J0p0Bbe Ye/10BEKa OCTaloTCs
BO MHOIOM HeU3YYeHHbIMU. B 4aCTHOCTH, MO-NPEXHEMY aKTyaeH BONpPOC CBSA3U KULIEYHON MUKPOBMOTbI HOBOPOIKAEHHbIX
n aetei nepBbiX MeCsILEB XNU3HN C UX HEPBHO-MCUXMYECKUM pa3BuTHMeM B byaylem. Ljeab ncenegoBaHnss — npoBectn
cucTemMaTmyeckoe 0606LeHNe pe3yNbTaToB UCCIEA0BaHMI CBA3N MUKPOBUOTLI TOICTON KULLKKM (ee BUAOBOIo cocTaBa B HOpMe
M NpU HapyLLUEeHUSX) y HOBOPOXKAEHHbIX U AeTeN NePBbIX MECALIEB KU3HU U UX HEPBHO-MCUXMYECKOro pa3BuTHS 0 JOCTMKE-
Hnsa Bo3pacta 1 roga. MeTtogbl. [Tovck ny6ankauui BoinoHeH B 6a3ax gaHHbix Medline, Web of Science (WoS), HayyHas
aneKkTpoHHas bubanoteKka (eLIBRARY.RU) n Knbep/leHnHka. lNepnog nybankaumm pabot — ¢ sHBaps 2001 no man 2022 r.
(no nekabpb 2021 r. B WoS). B 0630p BK/HOYaAN UCCAEAO0BaHMUS, B KOTOPbIX U3yYyaau CBSI3b MUKPOBGUOTbI TOJICTON KULLIKM
HOBOPOMAEHHbIX U AETEN NepBbiX MECALIEB KNU3HM C MX HEPBHO-MCUXMYECKMM pa3BuTnemM B Bo3pacTte Ao 1 roga, Hann4m-
eM rnaToJIorMm HePBHOM CUCTEMBI, HapyLIEHUIMU NOBEAEHUS U/UIN IMOLMOHaIbHON Cchepbl. A3bIK Ny6nKauumu: pPyCcCKNi,
aHmuickui. Pe3ynbTaTtbl. B 06300 BKIOYeHbI cBeaeHus M3 9 uccnegoBaHui. O606LeHbl JaHHbIE O CBSI3U MUKPOBGUOTbI
KULLeYHUKa (ee cocTaBa M/WMan KoM4ecTBa MUKPOOPraHM3MoB) C HEPBHO-MCUXMYECKMM pPa3BUTMEM B paHHEM BO3pacTe.
3akntoyeHune. MkpobumoTa TO/ICTON KULLKU MAaJeHLEB pacLeHUBaETCA KaK HOBbIN HEMHBa3NBHbIN GMOMapKep X HePBHO-
cuxmM4yecKoro pa3BuTUs. Pasinunsa B gu3ariHe orny6/IMKOBaHHbIX OpUrMHaIbHbIX MCCAEA0BaHMI, BKIOYEHHbIX B cucTtema-
TM4eckKoe 0630pHOE UCCaeoBaHMe UTepaTypbl, He MO3BOIAIOT OLEHUTb 3HaYEHUE OTAE/IbHbIX KOMMOHEHTOB MUKPOBOMOTbI
/151 HEPBHO-IICUXMYECKOIr0 pa3BuTUSi pebeHKa.

KntoyeBble cnoBa: KulueyHasi MMKPOOGUOTa, MUKPOBMOTa TOJICTON KULLIKM, MAadeHeL, HEBPOIOrM4eckKoe pa3BuTHe, HOBO-
POX/EHHbIN, Scoping review
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OBOCHOBAHME

dopmupoBaHUE KMUILIEYHOW MWUKPOOUOTbI pebeHKa
HaYyMHaeTCs A0 €ro POXKAEHWS; MEKOHWUI Jayke 340POBOro
HOBOPOXAEHHOro He ABAsieTca cTepunbHbIM [1]. Bugosoe
pa3Hoob6pasne MMKPOBUOTbI KMLLIEYHWKA HOBOPOXKAEHHOIO
pebeHKa onpeaensieTcs BarMHaabHOW M KULLIEYHON MUKPO-
Gnopon 6GEepPeEMEHHOMN KEHLMUHbI, NMPUYEM MUKpoOBMOTa
MEKOHUS Yy AeTen, POXAEHHbIX nocne 28 Hen 6epemeH-
HOCTHU, B GO/blUEN CTEMEHN KOPPETUPYET C MUKPOBMOTON
KWLWeYHMKa MaTepu, y MIafeHLEB CO CPOKOM recTauuu
MeHee 28 Hel — C BarnHanbHOM MUKpodopon matepu [2].
MpeactaBUTENN MUKPOOUOTbI KOXW M BarnMHanbHOW &no-
pbl 340POBOM KEHLMHbI KOMIOHWU3MPYIOT POTOBYIO MOJOCTb
M KMLLIEYHHMK 340Pp0OBOro pebeHKa ToNbKO Ha KOPOTKUIM CPOK
(HECKONBbKO AHEN) MOCcNe POXKAEHMS, B TO BPEMS KaK KMULLEeY-
Has MWKPOOGWOTa MaTepu onpeaenseTr AganbHenlwee, Ha
MPOTSKEHUU HEe MeHee 4 mec, POPMUPOBAHME KULLEYHON
MUKpodnopbl pebeHKka [3]. 3Ha4YMTeNbHOE YMEHbLIEHUE

1

KONMYyecTBa Yncna akTMHOMULIETOB, 0CO6EeHHO 6ubunaob6aK-
TEPUN, B KULLEYHUKE MIAAEHLEB, POXKAEHHbIX OT MaTepen,
nony4yasLUNX BO BPeMS 6€peMEHHOCTU aHTUBUOTUKM, TaKKe
yKa3blBaeT Ha CBA3b MUKpobopbl Matepu ¢ dbopmupoBa-
HMEM KMLIEYHOM MUKPOOMOTLI pebeHKa [4]. PopmupoBaHme
HOPManbHOM MWKPOGNOPbI TONCTOM KULWKKM Yy MAadeHua
HapyllaeTcs U Npu pas3obLLeHnn C MaTepblo nocne poaos
B Cfly4yae MNpoOBeAeHUs HOBOPOXKAEHHOMY WHTEHCUBHOM
Tepanuu [5]. Kpome TOro, ¢ KOIM4ECTBEHHLIM U BMAOBbLIM
COCTaBOM KMLIEYHOW MUKPOOBUOTbI HOBOPOXKAEHHOIO CBSI-
3aHbl (CHMXKAIOT BMAOBOE pa3Hoobpaszve MUKPodnopsbl
W/WNn yBENUYMBAIOT YacTOTy OOHAPYKEHUS U KOMMYECTBO
YC/IOBHO-NATOreHHon ¢nopbl) M36bITOYHAs macca Tena
mMaTepu 1 6onbliasa npubaBKa macchl BO BpeMs 6epeMeH-
HoCcTW [4, 6], 0cOBEHHOCTM NUTaHUsA GepeMeHHon [7-9],
CpoK rectaumm [10-12], cnoco6 poaopaspeluenus [7, 10,
12, 13], Bna BcKapmaunBaHusl pebeHKka [12—-14], npoBeae-
HWe emy aHTUOaKTepuanbHon Tepanuu [12, 15, 16].

MeToaonorua HactTosLero uccnefoBaHusa onucaHa Hamu paHee (cM. doi: https://doi.org/10.17513/spno.31575).
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MuKpo6UOTa KULWEYHUKA He TONbKO onpeaensietr QyHK-
LMOHMPOBAHUE KENyao4HO-KULWEYHOro TpaKTa, HO M BOS3-
[EeNCTBYET Ha Apyrue CUCTEMbl OpraHM3ma, B YacTHOCTM Ha
HEepPBHYO cUCTEMY (OCb «rMnoTanamyc — runodma — Hag-
NMOYEYHUKMU», BETETATUBHYIO HEPBHYIO cuUcTeMy), Gopmupys
TakMMm 06pa3oM CBS3b MO OCU «KULWEYHUK — MO3M» (MoApo6-
Hee cM. B 0630pax no teme [17-20]). BmecTe ¢ TeM WHTe-
pec npeacTtaBnser BAUSHUE MUKPOOWMOTbI KUWEYHWKa Ha
pasBUTHE LIEHTPaIbHOM HEPBHOW cUCTEMbI. TaKoe BAnSHKE,
KaK MoKasblBaloT pea3ynbraTbl B OCHOBHOM NabopaTopHbIX
nccnenoBaHuim, o6ycnoBAEHO HEMPOHaNbHbIMK (C y4acTUeM
6nyxaatouero Hepsa [21] n HeMpoTpaHCMUTTEPOB [22, 23]),
3HAOKPUHHBLIMK (C BOBIEYEHUEM CUCTEMBI «MMOTanamyc —
rMnodomn3 — HagnovyeyHuku» [24]) 1 UMMYHHbIMU MEXaHU3-
Mamu (ydactue T-Knetok [25, 26]), a TaKKe AeUCTBUEM
MWKPOOGHLIX MeTabonutoB [27]. Mpu aTom o6cyKaaeTcs
pPONb MWKPOOGWOTbI KULLIEYHMKA B Pa3BUTUM W aKTUBaLUK
MWUKpornuun [28], popmMupoBaHMM rematoaHLePanmMyeckoro
6apbepa [29], HenporeHese [30], muennmHnsdauunm [31], a TaK-
e MoaennpoBaHnK NOBEAEHYECKMX NaTTepHoB [24, 32].

Ha MOMEHT nnaHuMpoBaHUS HacToslen paboTbl CUCTe-
MaTuyeckoe 06006LIEHNEe pe3ynbLTaToB UCCnefoBaHU CBA3K
MUKPOOMOTLI KULWEYHUKA C Pa3BUTUEM LIEeHTPanbHOM HepB-
HOM CcUCTEMbl MNafeHueB He npoBoaunu. OgHaKko nocne
3aBepLEeHNs HacToslero uccnegosaHnsa B mapte 2023 1.
6blna onybnukoBaHa pabota V.0. Mancini n coasT. [33]
0 pesynbratax U3y4YeHUs CBA3M MEXay MUKPOOUOTOMN KuLLEeY-
HWKa, 6BUOMapKepamMm UMMYHHOM CUCTEMbI U HEBPONOrnye-
CKUM pa3BUTMEM deTeln B nepBble 5 net )na3Hu. OCHOBHbIE
peaynbTaTbl 3TOF0 0630pa, a TaKKe pasnuyns mexay padoToun
V.0. Mancini n coaBT. U NpeACTaBlEHHbIM MCCNeaoBaHUEM
6yayT npoaHann3npoBaHbl HUXKe. Bblbop Bo3pacTa pebeHKa
(1 roa) ans onpeaeneHus MCXodoB B AaHHOM uMccneaoBa-
HWUW Gbl 0BYCNOBMEH OXMAAEMO MEHbLUMM MO CPaBHEHMIO
c 60fee CTapwmnMm AETCKUM BO3PaCTOM BUSHUEM APYIUX,
NMOMWMO MUKPOBMOTbI KULLEYHUKA, PaKTOPOB Ha HEPBHO-MCH-
XMYyecKoe pasBuTHE. Kpome Toro, BbIIBEHME accouuauum
no3BOAMAO 6bl NPU paHHEM BMellaTenbCTBe B MUKPOBUOTY
KMLIEYHWKa MNaAeHua NepBbIX JHEW U HEAENb XMU3HU (Hanpw-
Mep, NOCPEACTBOM NUTaHWUS) NONYy4UTb 6onee paHHUM abdeKT
Ha pa3BUTME LieHTPaNIbHON HEPBHOW CUCTEMBI.

Olga G. Malygina, Anna A. Usynina, Anna A. Makarova

Llenb uccnegoBaHus

lMpoBectTn cuctemaTnyeckoe 0606LWeHUe pe3ynbTaToB
nccneaoBaHui CBA3M MUKPOOMOTLI TOICTOM KULLIKK (€€ BUAO-
BOr0 COCTaBa B HOPME M MpPU HapyLWEHUsAX) Y HOBOPOXIEH-
HbIX U AEeTEV NEPBbIX MECSALIEB XMU3HU C X HEPBHO-MNCUXMYE-
CKUM pas3BUTMEM A0 AOCTUKEHMSA Bo3pacTa 1 roaa.

METOAbI

MpoToKon u peructpauus

MeTogonorus uccnenosaHua onybnvkoBaHa paHee [34].
B nocnegytoliem 060CHOBaHUE U METO/bl UCCNIEA0BaHUS OblN
CKOPPEKTUPOBaHbI. Pe3ynstaThl paboTbl NpeacTaB/ieHbl B COOT-
BETCTBMU C peKoMeHzaumamu pykosoacTea PRISMA-ScR [35].

Kputepum cooTBeTcTBUA
Kputepumu BknoYeHus:

®  YYaCTHUKM (OOGBEKTbI) MCCNefOBaHUSA: HOBOPOXAEHHbIE,
[ETU NEPBOro roaa *XU3sHu;

®  q3blK Ny6/AMKaLMK: PYCCKUIN, aHTTIUACKUIA;

e paTbl ny6nvmkaumm: 2001-2022 rr,;

® npeaMeT MCCneaoBaHUsA: CBA3b MUKPOOUOTbI TONICTOM
KULWKW C HEPBHO-MCUXUYECKUM pPa3BUTMEM pebeHKa
[0 OOCTUXKEHMSA MM Bo3pacTa 1 roga, Hann4Ynem naTosio-
MU HEPBHOW CUCTEMbI, HAPYLWEHUSIMW NOBEAEHUSA U/Un
3MOLIMOHanbHOM cdepbl;

e craTyc Ny6/AMKaLMN: MONHOTEKCTOBbIE CTaTbK.

Kputepmumn HeBKIO4YEeHUS
[y6nvpoBaHue cTaTen B 9/IEKTPOHHbIX 6a3ax.

Kputepun ncknoyeHms

® OTCYTCTBME JOCTYyNa K NOJIHbIM TEKCTaM Ny6/uKaLum;

® OTCYTCTBME KOHCEHCYCa MEXIyY UCCNefoBaTeNiMmn o CooT-
BETCTBMM NyGnnvKauun Teme (Lenn) o63opa nocrne o3Ha-
KOM/EHMS C NMONIHOTEKCTOBOW BEpCUEN;

® [pYron LefieBON UCXOL MUCCnefoBaHUs (He HEepBHO-MNCU-
XMYecKoe pa3BuTrne pebeHKa);

® WUCCNEfOBaHUS Ha MMBOTHbIX, KIMHUYECKUE PEKOMEH-
[Jalunun, NPOTOKOJbl UCCNefoBaHWUIA, HECUCTEMaTUYECKUE
0630pbl, a TaKXe UccnefoBaHUa JeTel B Bo3pacTe cTap-
we 1 ropa.

Northern State Medical University, Arkhangelsk, Russian Federation

Association between Intestinal Microbiota in Infants
and their Neurodevelopment: Systematic Literature Review
on Scoping Review Methodology?

Background. The long-term effects of large intestine microbiota or its disorders on human health remain largely unexplored. Particularly
the issue of an association between the intestinal microbiota in newborns and infants with their further neurodevelopment remains unclear.
Objective. The aim of the study is to systematically summarize studies' results on the association of large intestine microbiota (its normal
composition and in case of any disorders) in newborns and infants and their neurodevelopment until the age of 1 year. Methods. The search
of publications was performed in the following databases: Medline, Web of Science (WoS), Scientific electronic library (eLIBRARY.RU), and
CyberLeninka. The publication period was dated from January 2001 to May 2022 (until December 2021 for WoS). The review included studies
that examined the an association of large intestine microbiota in newborns and infants with their neurodevelopment until the age of 1 year,
the presence of nervous system pathology, behavioral and/or emotional disorders. Languages of analyzed publications were Russian and
English. Results. The review includes data from 9 studies. Data on the association of the intestine microbiota (its composition and/or the
number of microorganisms) with neurodevelopment at the early age is summarized. Conclusion. Large intestine microbiota of infants is
regarded as new non-invasive biomarker of their neurodevelopment. Differences in the design of published original studies included in the
systematic literature review do not allow us to assess the role of individual microbiota components in infant’s neurodevelopment.
Keywords: gut microbiota, large intestine microbiota, infant, neurodevelopment, newborn, scoping review
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The methodology of this study has been described by us previously (see doi: https://doi.org/10.17513/spno0.31575).



UcTouHUKKN nHPopmaLmumn

[na noucka HayyHon uHPOPMaLMKM wcnonb3oBanu
3NIEKTPOHHbIE GubnMorpaduyeckme 6a3bl aaHHbIXx Medline
(www.pubmed.ncbi.nim.nih.gov), Web of Science (WoS)
(https://clarivate.com), HayyHas aneKTpoHHas 6u6AMO-
Teka (H3B) (www.elibrary.ru) un  KubeplJleHnHka
(www.cyberleninka.ru). MNepuoa noucka — ¢ aHBaps 2001
no man 2022 (B 6a3e WoS — ¢ 01.01.2001 no 31.12.2021).

Mouck

Mounck B 3apyo6exHbIx 6a3ax faHHbIX

B 6azax paHHbix Medline 1 WoS noucKk npoBoaunu
C UCMONb30BaHUEM C/eylolero MNOUCKOBOro 3anpoca:
((Newborn OR neonatal OR Neonate OR infant OR baby) AND
(microbiome OR microbiota OR gut microbiota OR intestinal
microbiota OR gut microbiome OR intestinal microbiome OR
dysbiosis OR microorganism) AND (neurodevelopment OR brain
OR development OR developmental disorders OR cognitive
development OR cognitive disorders OR Neuropsychological
Development)) OR (brain-gut axis). MNMouck B 6a3e faHHbIX
Medline orpaHuynBanu no tuny nyénukaumn (dbunstp Article
Type: Clinical Study, Clinical Trial, Comparative Study, Controlled
Clinical Trial, Corrected and Republished Article, Evaluation
Study, Meta-Analysis, Multicenter Study, Observational Study,
Randomized Controlled Trial) 1 uccnegoBaHuam ¢ yvactrem
netent (unbtp Age: Child: birth-18 years, Infant: birth-23 months,
Infant: 1—23 months). Mouck B WoS orpaHuymnnmn nyénmkaums-
MU, TUMN KOTOPbIX ONpeaenieH KakK «ctatbs» (article).

IMoncK B pocCcUMCKNUX 6a3ax gaHHbIX

Ons noucka wHbopMauum B 6Gazax AaHHbix HIB
n KnbepJleHnHKa MCNonb30BaHbl KOYeBbIE ClI0Ba «<MUKPO-
61oTa KULEYHUKa», «<HOBOPOXKAEHHbIE», «<HEBPONOrMYECKOE
passutre» ¢ onepatopoM AND. IMOUCK TOYHBIX CNOBOCOYETa-
HUW BbINOJSIHEH C MCcnonb3oBaHMeM (B HIB) nnun 6e3 ncnosnb-
30BaHus KaBblyek (B Kubep/lenmHke). B H3B wucnonb3o-
BaNn pasgen «paclMpeHHbIM Nouck». B gnanoroBom OKHe
«ne McKaTb?» MOUCK ONpefaensnu cnemylolmMmn Kputepus-
MU: «B Ha3BaHWW», «B @HHOTaLMMW», «B KIIIOYEBBIX CNOBaXx».
«Ivn nyénuMKkauuu» onpeaensnu Kak «CTaTbM B KypHanaxr.
[lononHuTeNbHbIE YCNOBUS MOWCKA — BKJOYEHUE OMNLUWM
«MCKaTb C y4eTOM MOPGONOrnm» U «MCKaTb B NyBAMKaLMSX,
MMeIOLLMX MOJHBIN TEKCT Ha eLibrary.Ru».

OTGOpP UCTOYHUKOB MHPOpMaLUKn

MepBbii atan uccnegoBaHus (MAEHTUGUKaLUA UCTOHHUKOB)
BKJ1I04a/T aBTOMATUMYECKMI NMOUCK CTaTen Mo KNOYEBbIM CloBam
W BKIOYEHHbIM dunbTpam. Mocne dbopmMUpoBaHUS NEepPBUYHO-
ro CrmMcKa WMCTOYHWMKOB OTOOP MpPOM3BOAMNM, paboTas B COOT-
BETCTBYOLLEM MHTepdeice (6e3 BbIrPYy3KU CBEAEHWK), NyTem
U3y4eHUs Ha3BaHWM W pe3toMe NyGanKaLui, BKIoYas B 0630p
NoTeHLUMaNbHO peneBaHTHble (COOTBETCTBYIOLWME KPUTEPUAM
BKJIOYEHWS) UCTOYHMKM. [ToncK 1 ot6op B Medline n WoS Bbinon-
HeH aByms ucenegosatenamu (0.1 ManbirnHon u A.A. YCbIHUHOR)
He3aBMCMMO Apyr OT Apyra. B cnydae pacxoxaeHWs MHEHWR
0 BK/IOYEHUM MNYGAMKALMM B UCCNEAOBAHWE pPELIEHME MNpU-
HWManu nocne o0B6CyXIEHNUA Ha OCHOBaHWU KOHCeHcyca. MoucK
B 6a3ax AaHHblX HOBb u Knbep/leHWHKa ocylleCcTBNeH O4HUM
nccnenosatenem (A.A. MakapoBoi), 0T60p peneBaHTHbIX UCTOY-
HWKOB BbINOJIHEH NO Ha3BaHMIO Ny6AMKaLIMiA. [TOMCK No cnncKkam
NUTEpaTypbl B peNeBaHTHbIX MCTOYHMKAX A1 OGHaPYKEHUS Npo-
NyLEHHbIX paboT Mo U3y4aeMon TEMe He MPOBOANIIN.

[AaHHble

M3 Karkgow nyénuKkaumm B Tabauuy Microsoft Excel 6biin
M3BNeYeHbl JaHHble 06 aBTopax, roae NyGanKaluMu; cTpaHe,
rae 6b110 NpoBeAeHO nccneaoBaHue; o6beMe BbIGOPKK; BO3-
pacTe aeTen Npu nccnegoBaHMM MUMKPOOMOTLI TOSICTON KULLIKK
N OUEHKEe HEPBHO-MCUXMYECKOrO Pas3BUTUSA M HEBPOOrMye-
CKMX MCX00B; 6MOpa3HO06pa3nMm MUKPOBKOTLI (ee BUAOBOM
COCTaBe M KONIMYECTBEHHbIX XapaKTepPUCTUKax) U MeTofax ee
ncenefoBaHuUs, a TakKe 0 NoyYeHHbIX pesynbTaTax.

KpuTuueckasn oueHKa UCTOYHUKOB
He npoBoaunace.

CuUHTE3 pe3ynbTaToB
He npoBoguncs.

PE3Y/IbTATbI

dopmvupoBaHue BbIGOPKU UccnegoBaHUs

o moMCKOBOMY 3anpocy (MOWMCK MO Ha3BaHWIO C OULT-
pamu) 6binn nonyvyeHbl 522 nyénvkaumu, MHAEKCUPOBAHHbIE
B Medline, n 2084 ny6nukauuu, MHAEKcUMpoBaHHble B WOS.
B pyccKosiablyHbIX GubAnorpadmyeckmux 6asax pesynbraTtom
noucka 6binm 577 ccbinok (254 B HAB 1 323 B KnbepJleHnHke)
(CM. pUCYHOK). 3aTeM U3 pe3yNbTaToB NOUCKa Obliv yaaneHbl Te

PucyHoK. Bnok-cxema npotiecca 1 pesynsbTatoB NOMCKa UCTOYHUKOB MHOOPMaL K
Figure. Flow chart of the process and results of information sources search

CTtaTbu, COOTBETCTBYIOLLME MOUCKOBbLIM
3anpocam B 6a3ax JaHHbIX:
e Web of Science (n = 2084)
e Medline (n = 522)
e H3b (n=254)
e KubepJleHunHka (n = 323)

MNcKntoyeHbl:
e ny6énupoBaHHble nybaMKkauun (n = 2)

v

CrtaTby, BbIGPaHHbIE Ha OCHOBAHUKU U3Yy4YeHHUs
MX Ha3BaHWM U KpaTKOro cogepxarus (n = 115)

° 1o Apyrum npudinHam* (n = 3066)

WccnepgoBaHus, BRIOYEHHbIE B 0630p (N = 9),
BCE aHMMosA3bl4HbIE

|B|(mo-|euo| | CKPUHUHI | | UpeHtudukauyusa |

| MckntoyeHsbl (n = 106)**

lMpumeyvaHme. <*> — He COOTBETCTBYIOT LieSIM HacTosiwero o63opa, MCCneoBaHUs Ha XUBOTHbIX, 0630pbl; <**> — He COOTBETCTBYIOT LieNnu
HacTosiwero 063opa, KIMHUYECKUE PEKOMEHALIMK, UCCNIef0BaHNUS C yHacTMeM AeTen B Bo3pacTe ctaplle 1 roga, NpoTOKO/bl UCCNeA0BaHMM,

HecucTeMaTnyeckne 0630pbl, UCCNeA0BaHUS Ha XUBOTHbIX.

Note. <*> — do not meet the objective of this review, animal studies, reviews; <**> — do not meet the objective of this review, clinical
guidelines, studies with children over 1 year of age, study protocols, non-systematic reviews, animal studies.
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CuctemaTu4yecKum o63op

ny6aMKkauumn (B COBOKynHocTM 3066 — pYyCCKO- U aHM0sA3bIY-
Hble), KOTopble OblAM MPU3HaHblI HEpeNeBaHTHbIMU Ana Lenen
HacToswero uccnegosanus. se nyénvkauuv B Medline n WoS
ny6nvMpoBanu apyr apyra u 6biv UCKIOYEHbI Ha 3Tane UaeHTU-
drKaumnn. PeaynstatoM AaHHOro atana siBuncs otéop 115 noteH-
LManbHO penieBaHTHbIX UCTOYHUKOB. M3 HUX 17 ny6nnKauum Ha
pyccKom f3blKe (12 nHaeKkcupoBaHbl B Knbep/leHnHke, 5 —
B H3B), 98 — aHrnosa3sblyHble (56 — B Medline n 42 — B WoS).
B pesynbrate n3y4yeHus NoJiHbIX TEKCTOB YKa3aHHbIX paboT Bce
PYCCKOSI3bl4HbIE UCTOYHMKK BbINM UCKIOYEHBbI U3 0630pa, TaK
KaK npeactaBnsinu cobon HecuctemaTuyeckne o630pbl nuTe-
paTypbl, HE COOTBETCTBOBa/IM TeMe HacTosLlero o63opa wiu
He yOB/IETBOPS/IN KPUTEPUIO BO3pacTa Uccreayemon nonyns-
UMK, M3 4ncna aHrmos3blYHbIX UCTOYHUKOB MO UTOraM m3y4ye-
HMS MOJSIHbIX TEKCTOB B HAcCTOSAWMA 0630p Obliv BKIKOYEHbI
9 nybnunkaumm (6 — nHaexkcupoaHHble B WoS, 3 — B Medline).

BONbLWWHCTBO WMCTOYHMKOB, BKIOYEHHbLIX B 0630p, AaTu-
poBaHbl 2021-2022 rr. (Tabn. 1), 4TO MOXET CBUAETENbCTBO-
BaTb O PacTylleM WHTepece K uccnegyemomy Bonpocy. bonee
NoNoBUHbI MccneaoBaHui nposeaeHbl B CLUA, ocTtanbHble —
B Kutae, ®unHnanaumn n ABCTpun. B GonblUMHCTBE NyGIMKaLui
npuBeaeHbl peaynbTaTbl UCCEA0BAHNWIA KPAaTKOCPOYHbIX (B BO3-
pacTe A0 3 Mec) MICXOA0B HEPBHO-NCUXMYECKOIO Pa3BUTUSA MAa-
[eHueB. Hanbornbllee BHUMaHWe uccnegoBarenien NpuBiedeHo
K ponu Bifidobacterium spp. B pa3B1UTUK LEHTPabHON HEPBHOWM
cuctembl pebeHka. bropasHoobpasne MUKPOOGMOTLI 6bI10 OLe-
HEHO B KaKAOW naTon nybnuvkauuu. EgMHMYHbIe cTaTby NOCBS-
LWEeHbl BOMPOCaM accouualn apyrux npeactaButenem MMKpo-
6uoTbl (Clostridium spp., Bacteroides spp., Enterococcus spp.,
Klebsiella spp.) ¢ HEBPOJIOTMYECKUM pPa3BUTUEM pebeHKa.
Cpeaun Hanbonee 4acTo o6CyKAaeMbIX UCXOO0B — TaKWe 3MO-
LUMOHaNbHblE COCTOSIHWUSA, KaK cTpax M cTpecc (33% ny6nu-
Kauun). Takke Hamu BbisiBNEHbl Ny6AnKaLMK, NMOCBSILLEHHbIE
Pa3nUYHbIM, B TOM YMCAE COYETAHHbIM, HapyLLEHWUSM HEBPOJIO-
rMYeCKOro pa3BuUTUa pebeHKa, BbISBISEMbIM C MOMOLLbIO LIKan
Pas3BUTUA, NPUMEHSAEMbIX B MEXAYHAaPOLHOM NeauaTpu4ecKon

Ta6nuua 1. XapaKTepucTuKa nccnegoBaHuii (n = 9), BKIIOYEHHbIX B 0630p

Table 1. Characteristics of the studies (n = 9) included in the review

npakTMKe. Bo Bcex BKIOYEHHbIX B 0630p UCCNEO0BaHUSX U3Y-
YeHMe MUKPOOBMOTbI TOSICTOM KULLIKK Bbl0 NPOBEAEHO METOAOM
CeKkBeHnpoBaHus 16s pubocomanbHon PHK (pPHK).

B tabn. 2 npeactaBneHo onucaHue uccnefoBaHU acco-
LMaLMU KULIEYHON MUKPOOMOTbI HOBOPOMAEHHbLIX M Mia-
[LEHUEB NepBbIX MECALLEB KU3HU C UX HEPBHO-NCUXMYECKUM
pa3BMTUEM B TEYEHWE NEPBOr0 roAa XM3HMU.

OBCYXAEHME

UHTepnpeTauua foKa3aTeNbCcTB

AHann3 nybavKaumi, BKIOYEHHbIX B CUCTEMATUYECKUM
0630p nuTEpaTypbl, NPOAEMOHCTPUPOBAN CBA3b KULIEYHOW
MUKPOOUOTBI MNafeHLEB C UX HEPBHO-MCUXMYECKUM pa3Bu-
TMEM B TeYeHWe MepBOro roja u3Hu. bonee Toro, MoX-
HO OTMETWUTb, YTO C 60nee BbIPAXKEHHbIMU MONOXMUTENbHbI-
MU XapaKTepuCTUKamMu pa3BUTUS HEPBHOW CUCTEMbI pebeHKa
accounmpyeT pas3Hoobpasuve BWMAOBOrO cCoCTaBa KWLIEYHOM
MUKpPOOKOTLI. B TOM 4yucne otmedatorcs 6onee Gnaronpu-
ATHOE 3MOLMOHaNbHOEe pasBuThe [36], HaBbIKM U MPU3HAKMU,
onpegensiemble GYHKLMOHMPOBAHMEM TeMeHHOW Kopbl [38].
BbisiBNeHa ponb OTebHbIX NPeACTaBUTENEN MUKPOOUOTLI TOST-
CTOM KMIWKKM B HEBPONOrMYECKOM pPas3BUTUM pebeHKa. Tak,
6udunaobakrtepun (B. longum v B. breve) cBa3aHbl C pa3BUTUEM
MOMOXMUTENBHbIX 3MOLIUM (OTHOCUTENIbHO HU3KOE CofepIKaHue
61dnaobaKTepmii accoLMMpPoBaHO C HapyLLEHWEM HEBPONOru-
4YeCKOro pa3BuUTHA), TOrAa Kak HeraTMBHas 3MOLMOHANbHOCTb
accoumMmnpyeT ¢ 60/bLLIMM KOJIMYECTBOM B CTPYKTYpe MUKPOOMO-
Thbl KULWEYHUKa 6udmaobaktepuin B. pseudocatenulatum [36],
YTO CBMAETENLCTBYET O C/IOXHOCTU CBA3EN MEXAY KULIEYHON
MUKPOOGMOTOM W HEMPOMOBELEHYECKUMU peaKLMsMU pacTy-
wero opraHuama. Kpome TOro, ycTaHOB/IEHO, YTO COAeEpa-
HME MUKPOOPraHM3MOB ceMencTBa Lachnospiraceae v TMna
Bacteroidota, BbipabaTbiBatowux 6yTMpat, acCoLMUPYET C OMNTU-
MaJibHbIM YBETMYEHMEM OKPYXXHOCTU rOMI0BbI Y IETEW, B TO BpE-
Ml KaK 3ameaneHne AMHaMUKKU Pa3MepoB OKPYKHOCTU FO0BbI
N HU3Kas OLLeHKa MCMXOMOTOPHOrO Pas3BUTUA OblIM CBA3aHbI

Karteropus XapakTtepucTuKka KonunvectBo ny6nukauui, aée. (%)
2001-2010 0
foa ny6nvkaumu 2011-2020 2(22)
2021-2022 7(78)
CLIA 5 (56)
Kutain 2(22)
CTpaHa npoBeAeHns uccnefoBaHus
DOUHNAHANSA 1(11)
ABcTpus 1(11)
) < 3 Mec 6 (67)
BoapacT getei npu oueHKke 3-6 mec 2(22)
HEPBHO-NCUXMYECKOrO Pa3BUTUSA
7-12 mec 1(11)
BuopasHoob6pasne MUKPOBUOTHI 2(22)
MccnepoBaHue OT4eNbHbIX MUKPOOPraHM3mMoB 7(78)
Bifidobacterium spp. 4(45)
MMKDO§MOT6 Clostridium spp. 1(11)
TOJICTOM KULLUKK
Bacteroides spp. 2(22)
Enterococcus spp. 1(11)
YcnoBHo-natoreHHble aHTepobakTepun (Klebsiella spp.) 1(11)
MeToabl nccnegoBaHMs MMKPOOGUOTHI CekBeHupoBaHue 16s pubocomanbHon PHK 9(100)
HapyweHne KOMMYHUKaTUBHbIX HABbIKOB 1(11)
TemnepaMeHT/3amoLmMK (B T.4. CTpax, CTpecc) 3(33)
MNokazaTtenu
HEPBHO-MCUXMYECKOrO Pa3BUTHS OKpYIKHOCTb ron108BbI 1(11)
[lpyrve HapyLeH1s HEePBHO-NCUXMHECKOrO Pas3BUTUS, 4(45)
BKJTIOYas COYEeTaHHbIE HapyLleHns
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c coaepxaHunem o¢unoB Firmicutes wn Actinobacteriota [39].
OTMEYEHO TaKKe, YTO NPW OTHOCUTENIbHO HU3KOM COAEpIKa-
HUK Bacteroides y aeten Yalle BbIABASAN NMPU3HAKKW CTpaxa,
W, Hao6opoT, NpM HOpPMasbHOM COAEPKaHWWM GaKTepouaoB
y feten B Bo3pacTe 1 roja oTMeYaeTcsi, YTO OHW MeHee Nyru-
Bbl B CMTyaLM, Bbi3blBaloLLEN «HECOLMANbHbIV» CTPax (Hanpwu-
Mep, MOSBIEHWE B OKPYXKEHUW peGeEHKa YenoBeKa B Nyrato-
wen macke) [41]. MNoBbilWeHHas HeraTMBHas 3MOLMOHaNbHOCTb
MOXET 6blTb CBA3aHa TaKKe U C HaIM4YMEM B COCTaBe MUKPO-
OMOTbl KULWEYHWKa MUKPOOPraHM3MOB C FeHaMu BWPYIEHT-
HocTu [38]. Oxnaaemo y HeAOHOLWEHHbIX AeTen pa3dHoobpasmne
MUKPOOUOTbI MEHbLLE MO CPaBHEHMIO C AOHOWEHHbIMK [43, 45],
YTO MOXET ObITb CBA3AHO C MOTEHLMaNbHO 60MbWMMKU Hera-
TUBHbIMU U3MEHEHUSMU B Pa3BUTUM LIEHTPaNbHOM HEPBHOM
cuctembl [36, 38] 1 NO3BOASET UccnefoBaTeNsaM 06CyKaaTb
BO3MOXHbIEe NyTW BO3AENCTBUS Ha pa3BUTUE pebeHKa nocpes-
CTBOM M3MEHEHMUS KMLWEYHON MUKPOBMOTLI Yepe3 M3MEHEHME
nuTaHusa MnageHua. TakXKe BarKHO OTMETUTb, YTO OTCYTCTBME
Bifidobacterium B TONCTOM KWLWIKE B KOHLE HeEOHaTalbHOro
nepuoaa y HeOHOLWEHHbIX AeTEN SBNSETCH HEraTUBHbLIM MPOr-
HOCTMYECKUM MPU3HAKOM [19 OLEHKM ero Gyaylero HepBHO-
NCUXMYECKOro pa3BuTtus [37].

AHanu3 pes3ynbTaToB MCCNeAoBaHWM, BKIOYEHHbIX B Ha-
CTOSIWMM 0630p, faET JOMNONHUTENbHbIE OCHOBAHUS ANS U3Y-
YEHUs BMELIATENbCTB B KULIEYHYIO MWKPOGMOTY HOBOPOXK-
JOEHHbIX M MNaAEeHLEB MEPBbIX HEAeNb XU3HU C LieNblo BO3-
[EeNCTBUS Ha UX HEBPOJIOrMYECKOE Pa3BUTHE B Nocaeaylolem
[43, 44]. BmecTte ¢ Tem 0630p MoKasan OrpaHM4eHHOCTb
3HaHWN COBPEMEHHOM MeAWLMHbI O BAUSHUM OTAENbHbIX
npeactaBUTeNen MUKPOOMOTbI TONCTOM KWULIKM MNafeHLEeB
Ha pasnnyHble COCTaBASIOWMNE HEPBHO-NMCUXUYECKOTO pa3Bu-
TMs pebeHKa. bonee Toro, BbIIBNEHHbIE accouMaLn Mexay
BUAOBbIMWU OCOOEHHOCTAMM MUKPOOBUOTbI M ONpPeaeneHHbIMM
0COGEHHOCTAMWU HEBPONOTMYECKOrO Pa3BUTUSA MIajeHLEeB
MoKa He HallM CBOEro 06bACHEHUS C TOYKM 3PEHUS naTore-
He3a 06CyXKaaeMblx B UCCneaoBaHmax Npobaem co 340POBbEM
(xoTsl CBA3b HEKOTOPbLIX MUMKPOOPraHM3mMoB ¢ MoaudUKaLmMen
HENPOaKTUBHbLIX MeTaboNMTOB W MNPOAyKUMEN HeWnpoTpaHc-
MUTTEPOB Yye onucaHa [43]). NocneaHee, BEPOATHO, 06bBSAC-
HAeTCcs TPYAHOCTbIO MOATBEPXKAEHUS accouuaumu Mexay
OTAENbHbIMU MPEeACTaBUTENAMU MUKPOOMOTbI TONICTON KULLIKK
N KIMHWYECKU MNPOSIBASIOWMMUCS HaPYLIEHUSMU B MPUCYT-
CTBMM OFPOMHOr0 KO/MYecTBa APYruX MPSMO MAM KOCBEHHO
[IENCTBYIOLLMX Ha ncxod GaKTopos. BBMAY MHOrOYMCIEHHOCTH
$aKTopoB, OnpeaensitomnX HEPBHO-MCUXMYECKOE Pa3BUTHUE,
nccnepoBateny npuberawT K CO34aHUI0 Moaenewn, B TOM
4yucne areHT-opMeHTUPOBAHHbBIX, MO3BOAIOWMX YYECTb BKNAA,
OTAENbHbIX COObITUI/DaKTOPOB B BEPOATHOCTb HACTyMNeHus
nM3y4yaemoro mcxoda [37]. Takow noaxon AenaeT BO3MOXKHbIM
NMPOrHO3MpPoOBaHWe BEPOSTHOCTM Mcxoda (B MepBYK ovepedb
HapyleHnss pa3BuTUa pebeHKa) Npu NpUMEHeHWu BMeLlla-
TEeNbCTB, KOTOPble MpeanonaraloT MPeBEHTUBHbIN XapaKTep
B OTHOLIEHMK NOCNeayoLLero pa3BuTus pebeHka.

Kak y)e 6bl10 NoAg4YepKHyTo paHee, B Mapte 2023 T.
onybnukoBaHa paboTta (0630p MO METOAONOrMM scoping
review) V.0. Mancini # coaBT. [33], B KOTOpPOW NpefcTaBeHbl
pe3ynbraTbl U3Y4EHUS CBA3U MEKAY MUKPOOUOTON KULLEYHM-
Ka, 6BMOMapKepamMn UMMYHHOW CUCTEMbI U HEBPOJIOrMYECKUM
pa3BUTUEM AETEN B NepBble 5 NeT )U3HU. Konnern oTMetTunu
reTeporeHHOCTb M pa3HOHanpPaB/EHHOCTb BbISIBIEHHbIX acco-
umaumn. Mpun 3TOM TONbKO 4 UccnegoBaHWUS, BKIOYEHHbIE
B 0630p V.0. Mancini 1 coaBT., NOCBALLEHbI N3Y4EHUIO CBS3U

CMUCOK JIUTEPATYPbI / REFERENCES

1. Jiménez E, Marin ML, Martin R, et al. Is meconium from healthy
newborns actually sterile? Res Microbiol. 2008;159(3):187-193.
doi: https://doi.org/10.1016/j.resmic.2007.12.007

MWKPOOBUOTbI KMLILIEYHMKA pebeHKa U ero HEBPOIOrMYECKOro
pa3BuTMA 4O rogoBanoro Bospacta. Miccnegosatenu o6bsic-
HUAK cnabylo accoLMaumio Mexay MUKPOOGMOTOM KNLLEeYHMKa
[EeTen NepBbIX HeaeNb U MECALEB XU3HU C MX HEBPOJIOTU-
YeCKMM pa3BUTMEM B CTaplleM BO3pacTe OTCYTCTBMEM pas-
HoOGpa3una npeacraBuTenel MUKPOOBUOTLI TOSICTOM KULLKM,
BbI3blIBAEMbIM OFPaHWYEHHOCTbIO AMETbl MAafAeHLeB, nosny-
YalolMx B OCHOBHOM rpyAHOE MOJIOKO. B KayecTBe oaHOM 13
NPWYKUH, 3aTPYAHSIOWMX TOYHOCTb BbIBOAOB, 6bl10 HA3BaHO
pasnuyine B METOLOMIONMU aHanM3npyemblx B cucTeMaTunye-
CKOM 0630pe uccneaoBaHum.

OrpaHu4yeHus

B HacTosAwmM 0630p BKIOYEHbl TONBKO aHrMosA3bl4yHbIe
ny6nnMKaLmm, 4To Oonpeaensinocb HEBO3MOMHOCTbIO YAOCTO-
BEPUTLCA B MPaBWIbLHOCTM KOMMbIOTEPHOrO Mepesoda npu
NMOWMCKEe/MPOYTEHUN TEKCTOB, MpPEeACTaBAEHHbIX Ha ApYrux
A3blKkax. Kpome Toro, mMbl He MPOBOAMAW AOMONHUTENbHbIN
MOUCK WMCTOYHWMKOB B OMOAMOrpaduyecKux CrucKax pene-
BaHTHbIX CTaTel, 4YTO, BEPOSATHO, TAKXE OrpaHWyniIo oxeaT
nccneaoBaHuM No Teme Hactosiwero o63opa. CnegyeT otMe-
TUTb M TO, 4YTO B GOMbLIMHCTBE UCCNEA0BAHWUMN, BKIOYEHHbIX
B HacTosLMM 0630p, U3y4anu UMEHHO accoumaumio (ctatuc-
TUYECKYI0 CBSI3b) MEX[y XapaKTepWUCTMKAMKU MWUKPOBWOTHI
KULEYHMKA U HEePBHO-MCUXMYECKUM pas3BUTUEM aeTen. And
N3Yy4eHUS NPUYUHHO-CNELACTBEHHbIX CBA3EH (MO CyTH, BAUSAHMA
MUKPOOMOTbI KULLIEYHMKA HOBOPOXKAEHHbIX MM AETEN NEPBbIX
Heaenb UM MECALEB KU3HU Ha HEPBHO-MCUXMYECKOE pa3Bu-
TME) NOTPeBYOTCA AOMONHUTENbHbIE UCCIeA0BaHUS.

3AK/TIOMEHUE

MWKpPOGMOTa KULIEYHNKA HOBOPOXKAEHHbIX M MAafeHLEeB
nepBblX HedeNb KU3HW MOXET paccMaTpuBaTbC Kak HOBbIN
HEWHBa3VBHbIN GUOMapKep HEPBHO-NCUXMYECKOrO Pa3BUTUA
[eten K rogy »m3Hu. CBeaeHns 0 KoanvecTBe U pa3Hoobpa-
31K KULWEYHON MMKPOBUOTLI Yy HOBOPOXKAEHHBIX U AeTen nep-
BbIX HEAENb XMU3HU, a TaKKe 06 U3MEHEHUU ee cocTaBa Nog
LEVCTBMEM Pa3fIMYHbIX 3HAOTEHHbIX U 9K30reHHbIX GaKTopoB
MOryT 6bITb MCMONb30BaHbl A5 MPOrHO3MPOBaAHWUS HEPBHO-
NCUXMYECKOro pa3BuTHs pebeHKa B 60/ee cTapllem Bo3pacrTe.

UCTOYHUK ®UHAHCUPOBAHUSA
OTcyTCcTBYET.

FINANCING SOURCE
Not specified.

PACKPbLITUE UHTEPECOB
ABTOpbl CTaTbM MNOATBEPAWMSIN OTCYTCTBME KOHPUKTa
MHTEPECOB, 0 KOTOPOM HEOBXOAUMMO COOBLLUTD.

DISCLOSURE OF INTERESTS
Not declared.

ORCID

0.I. ManbiruHa
https://orcid.org/0000-0002-3822-796X
A.A. MakapoBa
https://orcid.org/0000-0003-3414-6772
A.A. YCblHMHa
https://orcid.org/0000-0002-5346-3047

2. Morais J, Marques C, Teixeira D, et al. Extremely preterm neonates
have more Lactobacillus in meconium than very preterm neonates —
the in uteromicrobial colonization hypothesis. Gut Microbes.

CURRENT PEDIATRICS /2024 / V.23 /N2 1

BOMPOCbI COBPEMEHHOW MEAUATPUM / 2024 / TOM 23 / N2 1



E Systematic Review

CuctemaTu4yecKum o63op

2020;12(1):1785804. doi: https://doi.org/10.1080/19490976.
2020.1785804

3. Ferretti P, Pasolli E, Tett A, et al. Mother-to-Infant Microbial
Transmission from Different Body Sites Shapes the Developing
Infant Gut Microbiome. Cell Host Microbe. 2018;24(1):133-145.e5.
doi: https://doi.org/10.1016/j.chom.2018.06.005

4. Grech A, Collins CE, Holmes A, et al. Maternal exposures and the
infant gut microbiome: a systematic review with meta-analysis. Gut
Microbes. 2021;13(1):1-30. doi: https://doi.org/10.1080/194909
76.2021.1897210

5. D'Agata AL, Wu J, Welandawe MKV, et al. Effects of early life
NICU stress on the developing gut microbiome. Dev Psychobiol.
2019;61(5):650-660. doi: https://doi.org/10.1002/dev.21826

6. Collado MC, Isolauri E, Laitinen K, Salminen S. Effect of mother’s
weight on infant’s microbiota acquisition, composition, and activity
during early infancy: a prospective follow-up study initiated in early
pregnancy. Am J Clin Nutr. 2010;92(5):1023-1030. doi: https://doi.
org/10.3945/ajcn.2010.29877

7. Lundgren SN, Madan JC, Emond JA, et al. Maternal diet during
pregnancy is related with the infant stool microbiome in a delivery
mode-dependent manner. Microbiome. 2018;6(1):109. doi:
https://doi.org/10.1186/s40168-018-0490-8

8. Fan HY, Tung YT, Yang YSH, et al. Maternal Vegetable and
Fruit Consumption during Pregnancy and Its Effects on Infant Gut
Microbiome. Nutrients. 2021;13(5):1559. doi: https://doi.org/
10.3390/nu13051559

9. Chu DM, Antony KM, Ma J, et al. The early infant gut microbiome
varies in association with a maternal high-fat diet. Genome Med.
2016;8(1):77. doi: https://doi.org/10.1186,/s13073-016-0330-z
10. Korpela K, Blakstad EW, Moltu SJ, et al. Intestinal microbiota
development and gestational age in preterm neonates. Sci Rep.
2018;8(1):1-9. doi: https://doi.org/10.1038/s41598-018-20827-x
11. Hill CJ, Lynch DB, Murphy K, et al. Evolution of gut microbiota com-
position from birth to 24 weeks in the INFANTMET Cohort. Microbiome.
2017;5(1):4. doi: https://doi.org/10.1186,/s40168-016-0213-y

12. Penders J, Thijs C, Vink C, et al. Factors influencing the composition
of the intestinal microbiota in early infancy. Pediatrics. 2006;
118(2):511-521. doi: https://doi.org/10.1542 /peds.2005-2824
13. Azad MB, Konya T, Maughan H, et al. Gut microbiota of healthy
Canadian infants: profiles by mode of delivery and infant diet at
4 months. CMAJ. 2013;185(5):385-394. doi: https://doi.org/
10.1503/cmaj.121189

14. Wang M, Li M, Wu S, et al. Fecal microbiota composition of
breast-fed infants is correlated with human milk oligosaccharides
consumed. J Pediatr Gastroenterol Nutr. 2015;60(6):825-833. doi:
https://doi.org/10.1097 /MPG.0000000000000752

15. Tanaka S, Kobayashi T, Songjinda P, et al. Influence of antibiotic
exposure in the early postnatal period on the development of intestinal
microbiota. FEMS Immunol Med Microbiol. 2009;56(1):80-87.
doi: https://doi.org/10.1111/j.1574-695X.2009.00553.x

16. Reyman M, van Houten MA, Watson RL, et al. Effects of
early-life antibiotics on the developing infant gut microbiome and
resistome: a randomized trial. Nat Commun. 2022;13(1):893.
doi: https://doi.org/10.1038/s41467-022-28525-z

17. Borre YE, O'Keeffe GW, Clarke G, et al. Microbiota and
neurodevelopmental windows: implications for brain disorders.
Trends Mol Med. 2014;20(9):509-518. doi: https://doi.org/
10.1016/j.molmed.2014.05.002

18. Warner BB. The contribution of the gut microbiome to
neurodevelopment and neuropsychiatric disorders. Pediatr Res. 2019;
85(2):216-224. doi: https://doi.org/10.1038/s41390-018-0191-9

19. Cryan JF, O'Riordan KJ, Cowan CSM, et al. The Microbiota-Gut-
Brain Axis. Physiol Rev. 2019;99(4):1877-2013. doi: https://doi.org/
10.1152/physrev.00018.2018

20. Laue HE, Coker MO, Madan JC. The Developing Microbiome
From Birth to 3 Years: The Gut-Brain Axis and Neurodevelopmental
Outcomes. Front Pediatr. 2022;10:815885. doi: https://doi.org/
10.3389/fped.2022.815885

21. Han W, Tellez LA, Perkins MH, et al. A Neural Circuit for Gut-Induced
Reward. Cell. 2018;175(3):665-678.e23. doi: https://doi.org/
10.1016/j.cell.2018.08.049

22. Clarke G, Grenham S, Scully P, et al. The microbiome-gut-brain
axis during early life regulates the hippocampal serotonergic system
in a sex-dependent manner. Mol Psychiatry. 2013;18(6):666-673.
doi: https://doi.org/10.1038/mp.2012.77

23. Lu J, Lu L, Yu Y, et al. Effects of Intestinal Microbiota on Brain
Development in Humanized Gnotobiotic Mice. Sci Rep. 2018;8(1):
5443. doi: https://doi.org/10.1038/s41598-018-23692-w

24. Sudo N, Chida Y, Aiba Y, et al. Postnatal microbial colonization
programs the hypothalamic-pituitary-adrenal system for
stress response in mice. J Physiol. 2004;558(Pt 1):263-275.
doi: https://doi.org/10.1113/jphysiol.2004.063388

25. Zhou Q, Nino DF, Yamaguchi Y, et al. Necrotizing enterocolitis
induces T lymphocyte-mediated injury in the developing mammalian
brain. Sci Transl Med. 2021;13(575):eaay6621. doi: https://doi.org/
10.1126/scitransimed.aay6621

26. Caspani G, Green M, Swann JR, Foster JA. Microbe-Immune
Crosstalk: Evidence That T Cells Influence the Development
of the Brain Metabolome. Int J Mol Sci. 2022;23(6):3259.
doi: https://doi.org/10.3390/ijms23063259

27.Rea V, Bell I, Ball T, Van Raay T. Gut-derived metabolites
influence neurodevelopmental gene expression and Wnt signaling
events in a germ-free zebrafish model. Microbiome. 2022;10(1):132.
doi: https://doi.org/10.1186/s40168-022-01302-2

28. Thion MS, Low D, Silvin A, et al. Microbiome Influences Prenatal
and Adult Microglia in a Sex-Specific Manner. Cell. 2018;172(3):
500-516.e16. doi: https://doi.org/10.1016/j.cell.2017.11.042

29. Mglligard K, Saunders NR. The development of the human blood-brain
and blood-CSF barriers. Neuropathol Appl Neurobiol. 1986;12(4):
337-358. doi: https://doi.org/10.1111/j.1365-2990.1986.tb00146.x
30. Ogbonnaya ES, Clarke G, Shanahan F, et al. Adult Hippocampal
Neurogenesis Is Regulated by the Microbiome. Biol Psychiatry. 2015;
78(4):e7-€9. doi: https://doi.org/10.1016/j.biopsych.2014.12.023

31. Keogh CE, Kim DHJ, Pusceddu MM, et al. Myelin as a regulator
of development of the microbiota-gut-brain axis. Brain Behav Immun.
2021;91:437-450. doi: https://doi.org/10.1016/j.bbi.2020.11.001
32. Diaz Heijtz R, Wang S, Anuar F, et al. Normal gut microbiota modulates
brain development and behavior. Proc Natl Acad Sci USA. 2011,
108(7):3047-3052. doi: https://doi.org/10.1073/pnas.1010529108
33. Mancini VO, Brook J, Hernandez C, et al. Associations between the
human immune system and gut microbiome with neurodevelopment
in the first 5 years of life: A systematic scoping review. Dev Psychobiol.
2023;65(2):€22360. doi: https://doi.org/10.1002/dev.22360

34. ManbirnHa O.I., MaKkapoBa A.A., YcbliHnHa A.A. MeTofonorus cucre-
MaTUM4YecKoro o63opa Ha NpuvMepe BbISBAEHUS CBSA3U MUKPOOUOTHI
KWLLEYHUKa 1 HEBPONOrM4ecKoro pa3sutua peberka // CoBpemMeHHble
npobnemsl Hayku M obpasoBaHus. — 2022. — N 2. — C. 95.
[Malygina OG, Makarova AA, Usynina AA. The gut microbiota and infant’s
neurodevelopment: an example of systematic review methodology
application. Sovremennye problemy nauki i obrazovanija. 2022;(2):95.
(In Russ). doi: https://doi.org/10.17513/spno.31575]

35. Tricco AC, Lillie E, Zarin W, et al. PRISMA extension for scoping
reviews (PRISMA-ScR): checklist and explanation. Ann Intern Med.
2018;169(7):467-473. doi: https://doi.org/10.7326/M18-0850
36. Aatsinki A-K, Lahti L, Uusitupa H-M, et al. Gut microbiota
composition is associated with temperament traits in infants. Brain
Behav Immun. 2019;80:849-858. doi: https://doi.org/10.1016/
j.bbi.2019.05.035

37. Sun Zh, Xu W, Cong X, et al. Log-contrast regression with
functional compositional predictors: linking preterm infant’'s gut
microbiome trajectories to neurobehavioral outcome. Ann Appl Stat.
2020;14(3):1535-1556. doi: https://doi.org/10.1214 /20-a0as1357
38. Kelsey CM, Prescott S, McCulloch JA, et al. Gut microbiota
composition is associated with newborn functional brain connectivity
and behavioral temperament. Brain Behav Immun. 2021;91:
472-486. doi: https://doi.org/10.1016/j.bbi.2020.11.003

39. Oliphant K, Ali M, D’'Souzab M, et al. Bacteroidota and Lachnospi-
raceae integration into the gut microbiome at key time points in early
life are linked to infant neurodevelopment. Gut Microbes. 2021;13(1):
e€1997560. doi: https://doi.org/10.1080/19490976.2021.1997560
40. Seki D, Mayer M, Hausmann B, et al. Aberrant gut-microbiota-
immune-brain axis development in premature neonates with
brain damage. Cell Host Microbe. 2021;29(10):1558-1572.
doi: https://doi.org/10.1016/j.chom.2021.08.004

41. Carlson AL, Xia K, Azcarate-Peril MA, et al. Infant gut microbiome
composition is associated with non-social fear behavior in a pilot
study. Nat Commun. 2021;12(1):3294. doi: https://doi.org/10.1038/
s41467-021-23281-y

42. Zhang X, Liu L, Bai W, et al. Evolution of Intestinal Microbiota
of Asphyxiated Neonates Within 1 Week and Its Relationship With
Neural Development at 6 Months. Front Pediatr. 2021;9:690339.
doi: https://doi.org/10.3389/fped.2021.690339

43. Russell JT, Ruoss JL, de la Cruz D, et al. Antibiotics and the developing
intestinal microbiome, metabolome and inflammatory environment
in a randomized trial of preterm infants. Sci Rep. 2021;11:1943.
doi: https://doi.org/10.1038/s41598-021-80982-6

44. Wu W, Zhao A, Liu B, et al. Neurodevelopmental Outcomes and
Gut Bifidobacteria in Term Infants Fed an Infant Formula Containing
High sn-2 Palmitate: A Cluster Randomized Clinical Trial. Nutrients.
2021;13(2):693. doi: https://doi.org/10.3390/nu13020693

45. Dahl C, Stigum H, Valeur J, et al. Preterm infants have distinct
microbiomes not explained by mode of delivery, breastfeeding duration
or antibiotic exposure. Int J Epidemiol. 2018;47(5):1658-1669.
doi: https://doi.org/10.1093/ije/dyy064



