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PacTymias xummu3anuss W 3arps3HCHHE IUINEBBIX MPOAYKTOB, & TaKkkKe MPUBEPIKCHHOCTh
«3aMajHOMYy» MUTAHUIO ¢ OONBIINM KOJMYECTBOM YKHPOB M HU3KHM COJCPKAHUEM IHIICBBHIX BOJIOKOH
NPUBOIAT K HAPYIIECHHIO COCTaBa KHINEYHOH MHUKPOOMOTHI M MAacIITaOHOMY POCTy 3a00JeBaEMOCTH
TaKUMH OONE3HSIMHM IUBHIM3AIMK, KaK OXUPEHHWe, Auaber, OOJIE3HW Ccepala, pak W CHHXKCHHUC
UMMyHHTETa. B mpeacraBieHHOM 0030pe YENOBEYCCKUI OpraHM3M pacCMaTpHUBaeTCs KaK CIUHBIA
CYINEepPOPTraHu3M, B KOTOPOM Pa3IMYHbIC YaCTH TECHO CBSI3aHBI MKy COOOM M B3aUMHO BJIHSIOT APYT Ha
npyra. B mocneanue Toabl ObLTH pa3paboTaHbl M YIIyOJEHBI KOHIEHIMA OCEH KHIIEYHHK-MO3T,
KHIICYHUK-CEPIE U KUIICUHUK-TICTKUE, CBS3bIBAIOIINE KHIICUHUK M HACEISIOIINE €r0 MUKPOOPTaHU3MBI
C JPYyTMMH OpraHaMd ¥ CHCTEMaMM dYeJOBEYECKOTO OpraHW3Ma, W OOIIMM COCTOSIHHEM 370POBBS
yenioBeka. B HacTosiieM 0030pe 00OOIICHBI MOCISIHNE JTAHHBIE O BO3MOXKHBIX CIOCO0aX BIMSHHS Ha
KUIICYHYI0 MHKpoOuoTy. [lokazaHo, 4To MOTU(HUKAIUSA KUIICYHOH MHKPOOHMOTHI MyTEM H3MCHCHHSI
panuoHa muTaHus sBisieTcss 3(Q(EKTUBHBIM CPEICTBOM OOJErdeHUs: psAaa 3a00JIeBaHHi, MOBBINICHUS
HMMYHUTETA U CONIPOTHUBIACMOCTHU I/IH(beKHI/ISIM. PaCHII/IpeHHOG HCIIOJIb30BAHUEC HATYPAJIbHBIX IIPOAYKTOB
MUTAHUS, COCPKAIIMX MUIICBbIC BOJIOKHA U APYrHe OHOJOrMYECKH aKTUBHBIC PACTUTEIIbHBIC BEIICCTBA,
a TaKKe BKIFOUCHHE B COCTaB 3aKBACOK MPH MPOU3BOJICTBE (DEPMEHTHPOBAHHON MUIHM PA3THYHBIX TPYITIT
MHUKPOOPTraHU3MOB OyJeT CIIOCOOCTBOBATh CTUMYJISIIIMKM WHIUTEHHONH MHKPO(IOPHI M IMOBBIIICHHUIO
3alIUTHBIX CHJI OpraHu3Ma ueioBeka. [Ipu pa3paboTke (EPMEHTUPOBAHHBIX MPOJIYKTOB 0C000€
BHUMAaHHUE CJIEIYeT YJACIUTh YKCYCHOKHCIBIM OaKTepHsiM, MPOIYIUPYIONHUM alleTaT, COJepKaHue
KOTOpPOT'0 JOJIKHO 6BITB MAaKCUMAJIBHBIM CPEAN OCTAJIBHBIX KOPOTKOUECIIOYCYHBIX XKUPHBIX KHCIOT JIA
OJIepPKaHKs 3J0POBOTO META00IM3Ma B KMIIIEUHUKE U BO BCEM OPTaHU3ME.

KnawueBble  cioBa:  MHKpOOMOTa,  NMPOOHOTHK,  TNPEOMOTHK,  JUETa,  HMMYHUTET,
KOPOTKOIIETIOUEHHBIC YKUPHBIC KUCIOThI, YKCYCHAsT KUCIIOTA.

B nmocnennue necsatuneTus sl KOPPEKIMH COCTaBa MPOIYKTOB MOBCEAHEBHOTO CIIpOca U
WX BKYCOBBIX JOCTOMHCTB B HHX BBOJUTCS OOJBIIOE KOJUYECTBO PA3IHUYHBIX, 3a4acTyIO
(bu3MOIOTHYECK HEOOOCHOBAHHBIX, XMMHUYECKHX J00aBok. Kpome Toro, Ha Bcex Jrtamax
MPOU3BOJICTBA M XPAHEHMS] MPOUCXOAUT 3arpsA3HEHHE ChIPbsi U CaMUX MPOJYKTOB MHUTaHUS
MOCTOPOHHUMH MHUKPOOPTAaHM3MaMH U TPOAYKTAaMH HX MeTaboIM3Ma, OKa3bIBAIOIIMX Ha
OpTraHM3M YeJIOBeKa TOKCHUYECKoe Bo3aencTBue. Cumyayuio yxyouaom nocpeuHocmu nUmaHus,
cmpeccyl, UCNONb308AHUE 20PMOHO8 U OpPYeUX NeKAPCMBEHHbIX Npenapamos, TPUBOMAIINX K
«OOIe3HSIM [HUBHIN3ALMNY, 3aMyCKAIOIUM MEXaHU3MOM KOTOPBIX SIBIISIOTCS HAapYIICHHS B
COCTaB€ MUKPOOHMOTHI KEITY0YHO-KHUIIIEYHOTO TPAKTA.

CTpyKTypa U aKTUBHOCTb TPUJUTMOHOB MHUKPOOPTaHHW3MOB MHUKPOOHOTHI (hOpMHUPYETCS B
3aBUCUMOCTH OT JOJTOCPOYHOTO TOTPEOJICHUS TOW WJIM WHOW TUETHI W OTpPa)kaeT paziIudus
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MEXy TPaBOSIAHBIMU W IUIOTOSAHBIMU MiekonuTaromumu [1]. IToMmumo mnepeBapuBanus u
W3BJICUCHHS DHEPTHH W3 TMHUIIH OHA 00ECIIEYMBACT OCYIIECTBICHUE BAKHBIX (DU3HOTOTHUECKUX
byHkuii xo3smHa. OHa MOCTaBiseT OMOJOIMYECKH AKTUBHBIE BEIECTBA, HECHMHTE3HPYEMbIE
OpPraHuU3MOM 4YeJIOBEeKa, IMOJAJCPKHUBAET IIEIOCTHOCTh MPUPOAHOrO Oapbepa, 00pa3oBaHHOTO
CIIM3UCTBIMU  00OJIOYKAMH, TPEMATCTBYET 3aCENIEHUIO0  JKEIYJOYHO-KHUIIEYHOTO0  TpaKTa
MATOTEHHBIMU OAaKTEpUSMU, KOHKYPHPYS ¢ HUMHU 3a MHUTATEIbHBIC BEIIECTBA, MECTAa aJlIe3UH,
MOJIABJIsIsl X POCT CBOMMHU METa0OJIUTaMU, CBA3BIBAS U HEUTpaAIN3ys TOKCHYECKHE BEUIeCTBa, a
TaK)Ke CIOCOOCTBYET CO3pEBaHUI0O MMMYHHOW CHUCTeMbl. MMmyHOMomymupyromas (yHKIUsS
MUKpPOOHOTBHI SABIISETCS CaMbIM Ba)KHBIM aCHEKTOM €€ B3aHMOJCHCTBHUS C MaKpOOPTraHU3MOM,
MOCKOJIbKY OHA OKa3bIBa€T MHOTOTPAHHOE JIEWCTBHE Ha 3J0POBbE KHUILIEYHUKA U BCETO
opranu3ma [2]. OHa MO3BOJIIET MHAYLIHMPOBATH 3alllMTHHIE peakiuu Ha matoreHnl. Korma xe
coctaB M (DYHKIUST MHUKpOOMOMAa HApyIIAFOTCS - BO3HHKAIOT MPEANOCHUIKM K 3a00JIEBaHUSIM.
[Ipy >TOoM HEBO3MOXKHO Ha3BaTh 0OJE€3Hb, KOTOpas HE  CONpPOBOXKAajgach  Obl
MHUKPOIKOJIOTUYCCKIMH ~ HAPYIICHUSMH  JKETYJOYHO-KUIIEYHOTO  TPaKTa, TPEOYIOUUMU
Koppekiuu [3].

Bose3Hu nMBUJIM3aLMU U KHIIEYHAs MUKPOOHOTA

B pesynbrare Bo31ecTBUS psAla HETaTUBHBIX (DAKTOPOB, MIPOUCXOIUT PE3KOE M3MEHEHHE
BUJOBOIO Pa3HOOOpa3usi MUKPOOMOTHI, YTO B CBOK O4YEpe]b NPUBOJUT K 3HAYUTEIBHOMY
U3MEHEHHUIO0 €€ (DYHKIMOHAJIbHOM aKTUBHOCTH, BIUIOTH 1O PAa3BUTHUS HEOOPATHUMBIX IOJIOMOK
roMeocrasa M rudenu opraHuzma xozsiuHa. OCOOEHHO 3TO BBIPAKEHO B CTPaHAX C BBICOKHM
YPOBHEM J0X0J1a, YTO, BO3MOXHO OOBSICHSIET PE3KHIM pOCT B 3TUX PETMOHAX ayTOMMMYHHBIX U
BOCTIJIMUTENbHBIX 3a00JI€BaHUI.

YMeHblIeHHE pa3HOOOpa3ys KUILIEYHBIX MUKPOOPTraHM3MOB y HAaceleHUsl CTpaH c Oojee
BBICOKMM YPOBHEM JKH3HHU CBSA3BIBAIOT, IJIaBHBIM 00pa3oM, C OTVIMYMSAMHU B PALMOHE MUTAHMS,
oOpase )KM3HHU U 3]paBOOXPAHEHUH, KOTOPbIE 3HAYUTEILHO MEHEE 3aTPOHYIIN KUTEIEH CETbCKUX
paiioHoB. IIporpeccupyroiyio MOTepr pazHOOOpa3usi KUILIEYHOM MUKPOOMOTHI y HAcelIeHus
3aMajJHbIX MOMYJSIUI OOBACHSIIOT BBICOKMM COJEpKAaHUEM B JUETE >KUPOB U TPOCTHIX
YIJIIEBOJOB, a TAK)KE€ HEAOCTATOYHBIM HCIOJIB30BAHUEM JOCTYIHBIX YIJIEBOJHBIX KOMIIOHEHTOB,
colepkalluxcsd B KIETYaTKe, YTO NPHUBOJUT K CHIDKEHHUIO KOJMYecTBa OakTepui,
CHUHTE3MPYIOUIMX KOPOTKOLETIOYEYHbIE >KUPHBIE KHCJIOTHI, OCIA0JIAIONMEe BOCHAIUTEIbHBIE
nporiecchl [4].

B Hacrosmiee Bpemsi paclpOCTPaHEHHOCTb OXHMPEHUS, SBISAIOLIErOCS OOHUM U3 IISTH
OCHOBHBIX (aKkTOpOB pHUCKa CMEpPTH, BO3pocia A0 MacmTaboB mNaHAeMuH. Moaudukanuu
NOBEJICHUS 1 IUTAHUS, HAlIPaBJICHHbIE HA CHUKEHHE Beca, 3((EKTUBHBI JIMIIb B KPATKOCPOUHOM
NEepCIEeKTHBE, HEOOXOJUMBbl HOBBIE JMETUYECKUE CTpPATETUH, HAINPaBJICHHbIE Ha MHUKPOOHOTY
kumeyHuka [5]. MccnenyroTcst pasHble CTOPOHBI B3aUMOJEHCTBUS MEXKIY IPENCTaBUTEISIMHU
KHUIIEYHOH MUKpPOOMOTHI M OpPraHM3MOM-XO3SMHOM, JAIOLIMe NPEJICTaBIEHUE O POJIH HX
YHUKAJIbHBIX METAa0OJMTOB B OOECIEUEHMM 3alllUThl MAaKpOOpPTraHW3Ma OT HPOHMKHOBEHHS
NaToreHa, peryjasluu pa3HoOOpasHbIX (PU3MOJOTMYECKUX (QYHKIMH XO35IMHA, BKJIHOYAs
MeTaboaM3M, pa3BUTHE M TOMEOCTa3 HMMMYHUTETa M HEPBHOM CHUCTEMbl WJIM, HalpOTHUB,
CIOCOOCTBYIOIIMX BO3HMKHOBEHHUIO M MPOrPECCUPOBAHUIO IIHPOKOrO CHEKTpa 3a00JIeBaHUM,
TaKUX Kak BOCHAJIMTENbHOE 3a00JIeBaHHE KHUILIEYHUKA, MYJIBTHUCUCTEMHOE ayTOMMMYHHOE
paccTpoONCTBO, OKUPEHUE, KOJOPEKTAIBHBIN paK, a TakK€ HEPBHO-TICUXUYECKOE PACCTPOMCTBO
[6]. IIpeamonaraercs,, 4To Aa)k€ YCTPAHEHHE IOCTOSHHBIX NApPTHEPOB, HANPUMEP, TAKMX Kak
TeJIbMUHTBI, MPUBOJUT K CHH)KEHHIO pa3HOOOpasusi U  YCTOWYUBOCTH MHUKPOOMOTHI,
HEOOXOIUMBIX JUIsl YCTAaHOBJICHUS COAJTaHCHPOBAHHBIX HMMYHHBIX peakiuii [7].

B mocneanue rojapl MpoJEeMOHCTPUpPOBaHA KOPPEJSALUS MEXKIYy COCTaBOM U (YHKIIHEH
KUIIEYHOH MHUKPOOHOTHI W aTepockiiepo3oM [8], merabomuueckumu 3abosieBaHusIMH [9],
amuteprueit [10], actmoit [11], KeayT09HO-KUIIEYHBIMU 3a00JIEBAHMSM, B TOM YHCJIE M PaKOM
tonctoi kumku [12, 13]. Cramo wH3BECTHO, YTO MPUYUHON OOJBIIMHCTBA XPOHMUYECKHX
3aboyieBaHMi, BKIIOYash ocreornopo3 [14], oxupenue [15], cepmeuno-cocymucteie [16] u
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HEeBpoJornueckne 3aboneBanus [17], caxapubiii guaber [18] sBiseTcss XpOHHYECKOE
BOCIIAJICHUE.

OOHapy)XeHa 4eTKas 3aBUCUMOCTb MEXJy PUCKOM DPa3BUTHUS KOJOPEKTAJIBHOI'O paka U
noTpeOIEHUEM ONPEACTICHHBIX BUIOB IMHIIHM, TAKMX KaK KPacHOE MSCO, M HEKOTOPHIE Ipyrue
npoaykTel [19], cmocobcrByrommx aucbakrepuo3y [20], Torma kak MOTpeOJICHHE IHUETHI C
HU3KHUM COJIEpP’)KaHUEM KHPOB MPHUBOAMT K YBEIUYCHHIO (heKaTbHOTO oOmimst OudumodakTepuit
[21].

OCHOBHBIM OTJIMYMEM [IALIUEHTOB C KOJIOPEKTAJIbHBIM PAaKOM OT 3J0POBBIX JIOAEH
ABISICTCA BBICOKAs KOHIEHTpalus B TOJCTOM KHILKE MATOreHHBIX OakTepuid, BKIOYas
Enterococcus faecalis, Bacteroides fragilis, Escherichia coli u Fusobacterium nucleatum [22].

Kumieunsle OakTepun NpPOIYyLUPYIOT COEIMHEHMsI aHAJIOTMYHbIE IOPMOHAM 4YeJIOBEKa,
TaKUM KaK CEpPOTOHMH, TECTOCTEPOH, HOpaJIpeHanuH, nodamuH, rucramuH. [lomagas B
KPOBOTOK, OHM OKa3bIBAalOT BIMSHUE HA MO3T, (GOPMUPYs BKYCOBbIE IIPUCTPACTHS, IPUBBIUKH, U
JlaKe TMOBeNeHUe, MOAU(PHUIUPYS aKTUBHOCTh M (DYHKIIMIO BEreTaTMBHON HEPBHOI CHUCTEMBI U
Heiipoxumuio [17] ® ydacTByeT B NAaTO(QHU3UOIOIMM MHOT'OYHUCIEHHBIX ICHUXHYECKUX U
HEBPOJIOTUYECKHX 3a0oiieBaHui [23], B ToM umncie mm3oppennn [24] u 6one3nu Anblreiimepa
[25].

Kumeuynass MUKpoOMoTa M pecniupaTopHbie HH(PEKIHI

[ToMuMO MOHATHUS OCEH KUIIEYHUK-MO3T U KUIIEYHUK-CEPLE, 0JIPa3yMEeBAIOIIUX TECHYIO
B3aMMOCBS3b ATHUX OPTHAHOB M CHCTEM YEJIOBEYECKOr0 OPraHHU3Ma, OIIOCPEAOBAHHYIO KUIIEYHON
MHUKPOOHOTOH, B IIOCIIEJHEE BPEMsI BBOJUTCS MOHATHE OCH KMILIEUHUK-JIETKOE, YKa3bIBaoLee Ha
3aBUCHUMOCTh pa0OThl OPraHOB [bIXaHUS OT KUIIEYHOM MuKpoOuoTsl [26]. Ilokazano, 4TO
JibIXaTenbHble HHPEKIUH CBA3aHbl C U3MEHEHUEM COCTaBa MUKPOOHOTHI KUIlIeUHUKa [27].

B HOpme MukpoOuOTa Jerkux (OpMUPYETCS HENPEPBHIBHBIMU BOJIHAMHU BTOPXKEHHUS U
U3rHAHUS MUKpPOOPraHW3MOB MpH JbIXaHUU. JOMMHHpPOBAaHUE KaKMX-TO BMJIOB OaKTepHii,
OpPUBOJAIIEE K  YMEHBIIEHUIO BMJOBOrO  pa3HooOpa3usi MUKpPOOHOTHI, CBSI3aHO C
IPOTrPECCUPOBAaHMEM MYKOBUCHMJ03a W/WiIM HMH(EKUMOHHBIX 3aboneBanuit [28]. Ilpm
3a00JIeBaHNH JIETKUX HapyllaeTcs OajlaHCc MEXIy UMMHIpaled U STUMUHALMEN, YTO IPUBOIUT
K npeo0aiaHuio OakTepuil, ITeMOHCTPUPYIOIUX KOHKYPEHTHBIE IpeumyiecTsa [29].

Mopnynauusi coctaBa KHIIEYHOW MHUKPOOMOTBHI Y MBIIIEH pPEerylupyer UMMYHHBIH OTBET
JIBIXaTeNbHBIX MyTeH M M3MEHSeT BOCIPUMMYHMBOCTh K JIErOYyHbIM MH(pekuusMm rpumnmna [30].
[TokazaHo, YyTO MBI, MOJYYaBIINE PAIOH C BBHICOKHM COJIEP)KaHHUEM KJIETYaTKH, UMEOINe
BBICOKHI YPOBEHb KOPOTKOLIETIOUEUHBIX JKUPHBIX KUCIOT B KPOBH, OBUIM 3aIIMIEHBI OT aCTMbI
[31]. C nmpyroil CTOPOHBI, MBIIIH, ACPUIMTHBIE MO COJAEPKAHUIO B KHUILIEYHHKE OaKTepHii,
IPOAYLHPYIOUINX HMX, ObUIM MOABEPKEHbI OOJiee TSKEIOMY TE€UEHHUIO MTHEBMOHHH, BBI3BAaHHOM
Staphylococcus aureus [32]. Jloka3aHo, 4TO MOTpeOJicHHE MPOOMOTHKOB MOXKET 3HAYUTEIHLHO
CHM3HUTh 3a00J€BaeMOCTh HH(EKIHMSIMHM BEPXHHUX JbIXaTeNbHBIX IMyTe€H M TI'PUNNONOJ00HBIE
cumnTomsl [33].

[Toka3aHo, YTO y MOXMIBIX JIIOJEH MeHee pa3HOOOpa3Ha KHILIEYHas MHUKpPOOMOTa W
CHI)KEHO KOJMYECTBO IIOJIE3HBIX MHUKpPOOPIaHM3MOB, TakKMX Kak Oudunodaxrepun [34] u,
COOTBETCTBEHHO, Ocjal0jeH MMMYHHTET Jierkux [35]. M3BecTHO, 4TO MHEBMOHHS — OJHO W3
CaMbBIX CEphe3HBIX KIMHHYeCKHX mposeieHnid Covid-19 — mopaxkaer, TJIaBHBIM 00pa3om,
NOXKUJIBIX JIOAEW DBobllioe KONMMYECTBO JIETANbHBIX HMCXOJOB IMOKMIIBIX IMALMEHTOB €IIE pa3
MOTYEPKUBAET POJIb, KOTOPYIO KHILIEYHAsi MUKPOOHOTA UTPaeT B 3TOM 3a00JIEBaHUU.

Takum 00pa3oM, 3KOCUCTEMBI KUIIEYHUKA U JIETKUX (COCTOSIINE U3 MUKPOOPTraHU3MOB U
KJIETOK-X0351€B) YETKO CBS3BIBAIOT MHUTAHUE, 3I0POBbE OPraHOB AbIXaHMS M MUIIEBAPUTEIBHOMN
CHCTEMBI, a TJaBHOE, UMMYHHYIO 3aIIUTy 4Yepe3 CIOXKHYI0 CHCTEMY B3aUMHOIO OOLICHMSL.
JlokanbHble W oTHa’eHHble A(@exThl OaKTepHalbHBIX COOOIIECTB, BEPOATHO, OYAYT
OTIpPENeNAIONMMI  TIPU  MHOTHX PECIUPATOPHBIX 3a00JI€BaHUAX, BBI3BAHHBIX BUPYCAMH,
ajuIepreHamMu WM reHeTHYecKuM nedumurom [36].
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IlepcnekTUBBI pemieHusi MPOOJIEeMbI

Moaudukanusa MUKPOOHOTHI M MPOAYKIHUSI KOPOTKOLENOYEYHBIX JKUPHBIX KHCJI0T

Hecmotps Ha ycmexu B 00JacTH  HMCCIEJOBaHHUS MHUKPOOHMOTHI, BO3MOXKHOCTb
UCIIOJIb30BAaHUSI €€ B KayeCTBE JAMArHOCTUYECKOTO HWHCTPYMEHTAa HAXOAUTCS BCE €IIE B
3a4aTOYHOM coCTOsiHUM [37]. OmHAaKO NaHHbIE, MOKAa3bIBAIOUIME PEIIAIOIIEEe 3HAYCHHUE s
BO3/ICUCTBUS HA BOCIIAJIMTEIbHbIE MPOIECCH] B KUIIEYHUKE YEJIOBEKa METaOOIUTOB HEKOTOPBIX
IpeJICTaBUTeNIel €ro MUKPOOUOTHI HE BBI3BIBAIOT COMHEHHUSI.

OxHUM W3 MOTEHIHMATBHBIX MOIXOA0B K JOCTH)KEHHUIO 310pOBOW MHKpPOOMOTHI SIBISETCS
HEIMOCPEJICTBEHHOE BBEICHUE TOJE3HbIX OaKTepuil, TO €CTh NPOOHMOTHKOB, OJArONPHUSTHBIN
3 PEeKT KOTOPBIX CBS3aH HE TOJIBKO C YJIYYIIEHHEM MHKpOOHOTro OanaHca kumeyHuka [38, 39],
HO M C MOJYJIMPOBAaHMEM HUMMYHHBIX (QYHKIMHA opraHusma-xo3siuHa. Kak mnpaBuio, 3To
0aKTepuH C MPOTHUBOBOCIAIUTEIBHBIMU /MM C IOJIE3HBIMH METa0OJUYECKUMHU CBOWCTBAMH,
TaKUMH KaK CIIOCOOHOCTh K 00pa30BaHUI0 KOpOTKoLenoueuHsIx xkupHbIX Kuciaot (KIDKK) [40].
KIDKK (90-95% cocTaBisitoT yKCycHasi, IPOIMOHOBAas, U MaciiiHas KHUCIOTbl) — KOHEUYHbBIE
OPOAYKTHl (EepPMEHTALMU TMHUIIEBBIX BOJIOKOH AaHAa’pOOHON KHUIIEYHOM MHKPOOHMOTOM —
OKa3bIBAlOT  MHOXKECTBEHHOE  OJIarONpUsATHOE BIMSHWE HAa  OJHEPreTHYeCKWid  oOMeH
miekonuTamux [41, 42]. MexaHu3Mbl, Jexalipe B OCHOBE 3THUX 3(P(HEKTOB, SBISIOTCS
IIPEIMETOM HMHTEHCHUBHBIX MCCIEIOBAHUNA M OXBAThIBAIOT CJIO)KHOE B3aUMOJCHCTBHE MEXIY
TUETON, KHUIIEYHOW MHKPOOMOTOM U SHepreTuyeckuM oOMeHOM opranu3Ma. OyHKIHIO
MOJABJICHUS] BOCHAIMTENFHBIX PEAKIMid W TIOSBICHUS paka BBIMOJHSIOT, TJIaBHBIM 00pa3oM,
anerar, npornuoHatr u Oytupat [43]. B 0630ope Den Besten ¢ coaBropamu [44] obobmatorcs
JaHHbIE 00 UX POJIA B DHEPTETHUECKOM META0O0IM3ME XO35HHA.

AlleTaT U MpoONMHOHAT SABISAIOTCA Hanboliee MOIIHBIMU akTuBatopamu perentopo KIDKK,
[03TOMY HX KOJMYECTBO B KHUIIEYHUKE OJKHO IOCTOSIHHO IOJAJIEPKUBATHCS Ha BBICOKOM
ypoBHe [45]. HaubGonee wuzoOmnbHON cpenu Bcex kumieunbix KIDKK sBusiercs ykcycHas
KucinoTa, kotopyro mnpousBomaT Bifidobacteria, Lactobacillus, Akkermansia muciniphila,
Prevotella spp., Ruminococcus spp. [46]. Kpome Toro, amerat crmocoOCTByeT
AHTWINIIOJIUTUYECKONW aKTUBHOCTH. J{neTa ¢ BBICOKUM COJIEP)KaHUEM KJIETYATKH (ITPOU3BOISALIAs
00JIb1I10€ KOJIMYECTBO alleTaTa) MoJIaBisieT ajliepruueckue 3a001eBaHus AbIXaTelbHbIX MyTeil 3a
cyeT ycuJjieHUs peryiasTopHbIx T-kierok [47]. Jluera ¢ BBICOKMM COJEp)KaHUEM KJIETYATKU U
MOCIIEAYIOLIEE MPOU3BOACTBO MPOMMOHATA TAKXKE MOTYT 3alllMLIaTh OT AJUIEPIMM JIbIXaTEJbHbIE
MyTH, UTHAYLUPYS TEMON033 IEHAPUTHBIX KJIETOK, KOTOpBIE 3aceystoT jerkue [31].

[Tpu nedunure pepMEeHTUPYEMBIX BOJIOKOH MUKPOOBI MEPEKIIOUAOTCS HAa SHEPreTUUECKU
MeHee OJIaronpusTHblE UCTOYHUKHU JJIsl pOCTa, TaKME€ KaK aMUHOKUCIOTHI W3 MUIIEBBIX WM
HHJIOTEHHBIX OENKOB M MUIIEBbIE >KUPHI, YTO MPUBOJUT K B CHIKEHHOH (epMeHTaTHBHOU
aktTuBHOCTH MUKpoOUOTHI U KI[DKK B KauecTBe BTOPOCTENIEHHBIX KOHEYHBIX TTPOTYKTOB [45].

OCHOBHOW MPOAYKT OpOKEHHsI MOJIOYHOKHUCIBIX OaKTepHil, MOJOYHAs KHCJIOTa, HE
ABJISIETCSI KOPOTKOLIEITOYEYHON JKUPHOM KHCJIOTOM, OJHAKO TOXKE OKa3bIBACT CYIIECTBEHHOE
BJIMSIHME Ha METAaO0JIM3M OpraHU3Ma XO35IMHA, a TAKXKE SBISAETCS MPOMEKYTOUHBIM MPOIYKTOM,
noTpedsasieMblM KuuleyHoil Mukpoduiopoii u mpeBpamjaembiM B KIDKK [45]. Tlomumo
MOJIOYHOKHCIIBIX OaKTepuil K MEPCHEKTUBHBIM MPOOMOTHKAM OTHOCSTCS KUIIEYHBIE OAKTEpPHH,
takue kak Akkermansia muciniphila, cBsi3aHHBIE C TIOBBIIIEHHOH JKCIpPECCHEW TI'eHOB
BPOKJACHHOI'O U aIallTUBHOTO MMMYHHOTO OTBeTa [48].

[TpoGMOTHKH MOTYT CHHU3HMTH IKCIPECCHUI0 MPOBOCHAIUTENbHBIX LUTOKHHOB, YIYUIIUTh
KJIMHUYECKHE CHUMIITOMBI, T'MCTOJIOTUYECKHE HM3MEHEHHUS M BBIPAOOTKY CJIM3M B KHUIIEYHOM
TpakTe. VX mpruMeHeHue npuBeso K pa3paboTke KOHIENINH (YHKIIMOHATBHOTO MMUTAHUSI.

3a 1TociuenHee JIECATUIIETHE  B3aUMOACWCTBHE MEXKIY 370pPOBbEM  4YEIIOBEKA W
MUKpOOMOMOM CTaJlo MpeIMETOM pacTyliero uHrtepeca [49], ocoboe BHUMaHHE MpPH ITOM
yIenseTcsl BbIABICHUIO Ha Hero BiusHus auer [50]. B o63ope Singhvi ¢ coaBropamu [51]
ONMCAHbl TEPANeBTUYECKUE JOCTHXKEHHUS, IMOJIyUEHHBIE NPU HCCIECIOBAaHUM BIMSHUS Tpe- U
NpOoOMOTHKOB ISl BOCCTAHOBJICHHMS MHKPOOHOTO ToOMeocTa3a KHIIeyHHKa. Bmecte ¢ Tem
OTMEUEHO HEMNPEIBUICHHO CII0)KHOE YYacThe KHUIIEYHOTO IeHOMa B IOTEHLHUale 3/I0pOBbs
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yenoBeka. HekoTopele pe3ynbTaThl CBUACTENBCTBYIOT O TOM, YTO CJIEeAyeT coOI0AaTh 0co0yro
OCTOpPOXKHOCTh TPH BBEICHUHM S3THUX MPENapaToB Ha CTAIUSIX PELUUAMBOB BOCHAIUTEIBHBIX
3a0oneBaHusAx KumieyHuka [52]. HeoOXoauMmo yYUTBIBaTH TakKe, YTO MPOOHOTHYECKUE
3 QEKTH SBIAIOTCSA IITAMM-CHEIM(DUYHBIMU, U OHM HE JCHCTBYIOT Yepe3 OAHM U Te Ke
MeXaHu3MbI [53].

Kak B ceBepoaMepHKaHCKUX, TaK U B €BPOICHCKUX PYKOBOJCTBAaX Hanbosee 3 (HeKTUBHON
JUIsL JiedeHus 3a00JieBaHUM, CBSI3aHHBIX C IKEJIYJAOYHO-KUIIEYHBIM MHKPOOHBIM AHCOHMO30M,
BKJIIIOYAs BOCHAIUTENbHBIC 3a00JeBaHMs KHIICYHUKA, HapylmIeHHs OOMEHa BEIIECTB,
NICUXOHEBPOJOTUYECKHE COCTOSHUS WJIM YHUYTOXKEHUE MYJIbTHUPE3UCTEHTHBIX OaKTepHii
HanOonee HPQPEKTUBHON MpHU3HAHA TpaHCIUIAaHTaUus (QekaabHOW MHUKpoOHOTH. OHAKO,
KOHCEHCYC B OTHOILIEHUU Ba)XKHBIX METOJIOJIOTMUECKUX AacleKTOB ATOW MPOLEAYpPbI, a TaKkKe
JI0Ka3aTeNbHbIE PEKOMEHJAIMU, 33 MHCKIIOUYEHUEM KIMHUYECKHX MCCIEI0BaHUM, IIOKa
OTCYTCTBYIOT [54].

MukpobuoTo-TpancepHas Tepanus Ha TpUMEpe JAeTed, CTPaJarolluX ayTU3MOM,
nokasajga JOJTrOCpOYHy0 Oe3omacHOCTh H  3(PGPEKTUBHOCTh, MOCKOIBKY MOJIOXKUTEIbHBIC
pe3yabTaThl COXPAHSUIMCH B TEUCHHUE JBYX JIET HAOMIOICHUsI, OJJHAKO, B OyylieM HeoOX0AuMO
IPOBEJICHUE IBOMHOTO CIENOro Mmianedo-KOHTPOIUPYEeMOro uccienoBanus [55].

BinsiHue NMUIIEBBIX KOMIIOHEHTOB

OaHUM H3 OCHOBHBIX THIIOB MaKpOHYTPUEHTOB, KOTOPBIH CUYHTAETCS BaXKHBIM JUIS
METa0OJIMUECKOTO 3A0POBBS B IIETIOM, SIBIIsieTCs KieT4arka. CIoKHBIE YIIeBOIbI, JOCTHTAIOIINE
TOJICTOM KUIIKU ¥ (PEPMEHTUPYEMBbIE KUIICYHBIMUA OAKTEPHSIMHU, SIBISIOTCS JIJI1 HUX OCHOBHBIM
HMCTOYHUKOM MHUTAHHUS U UMEIOT OOJIBIIOE BIMSHUE Ha OOIIMI YpOBEHb OAaKTEpHii, COCTaB U €ro
(GYHKIIMOHATIBHYIO aKTUBHOCTB [56].

Kak noka3zaHo Ha MbllIaX, HEJOCTATOK KIJIETYATKH CHHXKAET IJIOTHOCTb MHUKPOOHMOTHI,
3aMeUIsieT mpoiudepanuo YHTEPOLUTOB, YXY/IIAeT CIU3b U U3MEHSET COCTaB MUKPOOUOTHI,
[57]. Hpyroii BBICOKO(GEPMEHTHPYEMBIi MOIMCAXAPH] - HHYJIHMH TaKKE MOXET YBEIHMYHBATH
ypoBuu Akkermansia muciniphilia kak y mblieii, Tak ¥ y JIIO/JICH, 4TO MPEMATCTBYET PA3BUTHIO
nuabera 2-ro THUIA, MOCKOJIBbKY CIIOCOOCTBYET BOCCTAHOBJICHHUIO MTPOYHOCTHU CIU3U U 3aIIUTE OT
BocnaieHus [58].

[IpeOuoTnueckne coeAMHEHMs], TAKUE KaK MUHYJINH, MOJIUAEKCTPO3a, KYKypYy3HOE BOJIOKHO,
Kak OBUIO TMOKa3aHO, YJIYYIIAlOT MMMYHHUTET, pa3HooOpa3ue MHMKPOOUOTHI KHIIEUHUKA
(yBenuuuBaer yucino OupuaoOakTepuil), MUIeBapeHue U T. . OCOOEHHO y MOXKMWJIBIX JIIOAEH
[59]. [Toka3aHo, uTo OoraTas KJIETYaTKOM MeTa MEHSET He TOJbKO MUKPOOUOTY KUIIEYHHUKA, HO
TaK)Ke BJIMSIET HA MHUKPOOMOTY JIETKUX, MOAYIUPYS MUMMYHHUTET [31], 4TO 0COOEHHO Ba)kKHO
YUUTBIBATh B HACTOsIIIEE BpeMs IPU MaHJIEMHH KOPOHABHpYcCa.

VYcraHoBieHO, UTO 1ueTa, OoraTasi moyirM(eHonaMu, 3aMIaeT YeIOBEeKa 0T XPOHUUECKUX
NaToJIOTUH, MOAYIUPYS MHOTOYMCIECHHBIE (DU3MOJOTHYECKUE TPOLECChl, TaKue Kak
OKHCITUTEITbHO-BOCCTAHOBUTENBHBI ~ MMOTEHIIMAN  KJIETOK, (DepMEHTAaTHBHYIO aKTHBHOCTb,
nposrdepannio KICTOK U MyTH Mepeiadyn CuraaioB [60-62].

Ynorpebnenrne npoOUOTUKOB, MPEOMOTHUKOB W TOJU(PEHOJIOB C TMHUIIEH MOJIOKUTEIHHO
BIMSET HAa COCTaB KHIIEYHOM MHUKpoOMOTHI [63]. Tak, KypKyMHH M €ro MeTaOoIuThI
CIIOCOOCTBYIOT BOCCTAHOBJIEHHIO KHUIIEYHOro MHUKpoOumoma. Ilpu sToM OH, Kak U Jpyrue
NOJM(EHOIBI, TOIBEPIKEH OAKTepHATIbHBIM (PEPMEHTATUBHBIM MOIM(UKAIUAM, ¢ 00pa30BaHUEM
dapmakosoruyecku 0osiee akTUBHBIX META0OIUTOB, UeM UCXOAHBIN KypKyMUH [64].

[TonoxurenbHOE BO3JEHCTBHE HA MUKPOOMOTY KHUIIEYHHKA OKAa3bIBAIOT TAK)KE KUTalCKue
TpaBsiHbIE JIeKapcTBa [65], ucnoab3yeMble MpH JieyeHUH auadera 2-To TUIA, YTO OObICHSAETCS
oboramenrem mMukpooOuothl Buaamu Blautia u Faecalibacterium. OtnenbHble pacTUTENbHBIC
9KCTPAaKTHI (BKJIOYasi 6orarbie Mon(eHonaMu 3KCTPaKT KIFOKBBI, BOJHO-3TaHOJIBHBIM IKCTPAKT
3€JICHBIX MUKPOBOJIOPOCIEH, 3€JIeHbIN Yail 1 UMOUPD) MOJT0KUTEIBHO BIUSIOT HA MUKPOOHOTY,
CIOCOOCTBYsl yBenuueHuio uncienHoctd Akkermansia u apyrux MpeacTaBUTENEH IMOJE3HOU
MHUKPOGIIOpEI [66].

OKCTpPaKThl KOpPBI KOPWUIIBI W BHHOTPAJHOH BBDKMMKH BBI3BIBAIOT YMEHBIICHHE
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conepxanus Peptococcus, Desulfovibrio, Lactococcus u ysenunuenue comepskanust Allobaculum
u Roseburia [67], 4To cnocoOCTByeT yMEHBIICHUIO )KUPOBOW MacChl, yMEHBIIICHUIO BOCITAJICHUS
YKUPOBOW TKaHH M YIYUIICHUIO TOJCPAHTHOCTH K IIIIOKO3e. B 11e710M, H3MEHEeHUsT B MUKPOOHOTE
KUIICYHHKA B OTBET Ha BBEJICHHE pACTHUTCIBHBIX OKCTPAKTOB BKJIIOYAIOT YBEIHYCHHE
MHKPOOHOrO  pasHooOpasusi, yMeHbIleHHe cooTHomeHus Firmicutes/Bacteroidetes wu
yBEJIMYCHUE YMCICHHOCTH NMPOTHBOBOCHIANUTENbHBIX Oaktepuit (Bidobacterium, Lactobacillus,
Akkermansia u Faecalibacterium), a Takxe ymMeHbIIIEHHE KOJIMYECTBA TATOreHHbIX OakTepuii (E.
coli u Enterococcus), 4To MOKeT 0CIa0UTh BOCHAJICHUE U YITYUIIUTh NIMKEMHYCCKUNA KOHTPOJIb.

Vaydmienne npoduiass MUKPOOUOTHI KHUIIEYHHUKA 33 CYET WHIMBHIYAIbHOTO IMHUTAHHS U
IHIIEBBIX J00ABOK, YJIYYIIAIOIIAX HMMYHHUTET, MOKET OBITh OJHHM H3 MPOMHIAKTHYECKUAX
CIMOCOOOB, C TOMOINBIO KOTOPBIX BO3JCHCTBHE KOPOHOBHPYCA MOMKET OBITh CBEICHO K
MHHAMYMY Y TIOKWJIBIX JIFOJCH M IMAlHEHTOB C OCIa0JIeHHBIM MMMYyHUTETOM. IIpemiaraercs
HAYMHATH JIOTIOJIHUTENIbHBIC HUCIBITAHUS [UIS MOJydeHus: 3ddekra COBMECTHOrO JACHUCTBHS
HIEPCOHATM3UPOBAHHON (DYHKIIMOHAIBHOMN MHIIH, BKJIIOYas IPEONOTUKH U TPOOHOTHKH, HAPSITY
C COBPEMEHHBIMU METOJIaMH JieueHUs [68].

3akiro4enue

Takum 00pa3om, UHTETPUPOBAHHBIN B3IJISIT HA MUKPOOMOM KHIIEYHUKA YEJIOBEKa U €ro
CBS3b CO 3J0POBBEM YEJIOBEKA OTKPHIBAET IIMPOKUE IIYTH JUIS JOCTHIKCHMS LIEJIEH MEIULIVHBI,
OpPUEHTUPOBAHHBIX Ha pEIICHNE IPOOJIEMBI ITOBBIILIEHUSI UMMYHUTETA Y€JI0BEKa.

B Hacrosimee Bpems, Korja 4elOBEYECTBO OKa3ajJoCh O€33allUTHBIM I€pe]l HOBBIMU
UHQEKIUSAMH, U JICYCHUST KOTOPBIX OTCYTCTBYIOT CKOJBKO-HHUOYAb 3(PQEKTHBHBIE CIOCOOBI
JI€YCHMsI, OCTAeTCs HaJekJa Ha BO3MOYKHOCTh YKPEIUIEHUS HecleU(pHUEcCKOW yCTOMUMBOCTH
OopranusMa, 0OyCIIOBIIEHHOW €ro MPUPOJIHON 3alIUTOMH, 8 UMEHHO HMMYHUTETOM, 00€CIIe4eHHBIM
ONTUMAJILHBIM CUMOMOTHYECKHUM COCYLIECTBOBAaHUEM C HACEJISIOLIMMH €r0 MUKPOOPraHU3MaMHU.

Pacmmpenne crekTtpa €cTeCTBEHHO (PEPMEHTHPOBAHHBIX NPOIYKTOB, COJIEPXKAIIUX B
CBOEM COCTaB€ pa3lUYHble TIPYNIbl MHUKPOOPraHU3MOB U pa3HOOOpa3Hble OoraTble
npeOuOoTHUKaMH TMPOJIYKThl OyAeT CHocOOCTBOBAaTH MOBBIIMICHHUIO 3alUTHBIX CHUJ OpraHU3Ma.
Hapsiny ¢ TpaguIMOHHBIMHM KHCIOMOJIOYHBIMHM MPOAYKTaMU U (pepMEHTUPOBAHHBIMH OBOIIAMH,
M3TOTOBJICHHBIMU C MCIIOJIb30BAaHUEM MOJIOUHOKHUCIBIX OakTepuil, HEOOXOJWMO BBEJIEHUE B
COCTaB MPOM3BOJACTBEHHBIX 3aKBACOK JAPYTHX TPYNI MHKPOOPraHM3MOB, B YaCTHOCTH,
YKCYCHOKHCIBIX Oaktepuil, mpouspoasamux ocHoBHY0 KIDKK - ykcycHyro kuciory, uro Oynaer
CHOCOOCTBOBaTh HOpMalM3aluM (QYHKIHUH JKeTyJOYHO-KUIIEYHOIO TpakTa, CTUMYJISIIHUU
MHJUT€HHOW MUKPOQIIOPHI U MOBBIIIEHUIO 3aIIUTHBIX CUJI OPraHnu3Ma 4yesoBeka [69].
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AJAM MUKPOBHUOTACBI ’)KOHE OPKEHUET AYPYJIAPBI:
HIbITY KOJIbIH I3JIEY

Tyiiin

ABBIK-TYJIIK ©HIMJIEPiHIH XUMHUSIIaHYbl MEH JIACTAHYBIHBIH YKOFapbUIAybl, COHAANH-aK KypaMblH/Ia
Mail Memmepi Ken JKOHE TaraMIIblK TaIIIBIKTAphl a3 «OaTbic» TaMaKTaHYbIH YCTaHy iIIeK
MHUKPOOHOTACHIHBIH KYPaMbIHBIH OY3bUIybIHA XOHE aypyJiapJblH KEH ayKbIMIbl ©Cyi CeMi3ZiK, KaHT
IuabeTi, KYpeK aypybl, KaTepili iCik »KoHe MMMYHHUTETTIH TOMEHJEYl CHAKThl OPKCHUET aypyJapbiHa
HIAJIJBIFYbIHA OKeJNIel.. ¥ ChIHBLIFAH oJIcOM IMIONyJa ajgaM ar3achIHBIH OPTYpJi OesikTepi Oip-OipiMeH
THIFBI3 OalJIaHBICTHI JKoHE Oip-OipiHe acep eTeTiH OIpTYTac CylepopraHu3M pPEeTiHIe KapacThIPbLIAbI.
CoHFBI KbUIIAPHI iIlIEK TTIeH OHJaFbl MEKPOOPTaHU3MJICPIIiH aJaM aF3achIHBIH 0acka MyIleliepiMeH KoHe
JKYyHenepiMeH, KaJIbl JeHCAYIBIKIIEH OalTaHbICTHIPATBIH 1MIEK-MH, IIEK-KYPEK, 1IIeK-OKIe OCi Typabl
TYCIHIKTEp o3ipJieHim, TepeHueTuryae. byn monyaa imexk MUKpOOMOTachlHA 9cep eTYAIH BIKTUMAI
JKOJIIApbl Typajbl COHFBl JAEPEKTEep JXKUHAKTAIFaH. TaMakTaHy pPALMOHBIH ©3repTy apKbUIbl iIleK
MHUKPOOMOTACHIHBIH, ~MOAMGMUKAIMICH ~ OipKartap aypyiaplbl IKCHIUIIETYHiH, WMMYHHUTETTI IKOHE
WHpEKIUsIapra TO3IMAUIIKTI apTTBRIPYABIH IIBIH MOHIHIAE THIMIAI Kypalibl OoibIn TaObutanel. TaOuru
a3BIK-TYJNIK OHIMIEPiH, OHBIH IIIiHAE TaFaM[bIK TaIIBIKTApAsl KEHIHEH KOJJaHy, COHJal-aK
(epMEHTTENTeH TaFaM OHJIIpiCiHe YHBITKBI KYpaMblHa MHUKPOOPTaHU3MJIEPAiH SPTYPJIi TONTAPBIH KOCY
WHJIUTEHI MUKPOQIIOpaHbl BIHTANAHABIPYFa JKOHE aJiaM aF3achlHBbIH KOPFaHBIC KaOleTiH apTThIpyFa
keMekTeceni. DepMeHTTeNreH TaraMJapAbl d3ipiey Ke3iHae IIeKTe »KoHe OYKil JeHene cay
MeTaOOoIM3MII caKTay YIIiH 0acKa KbICKa Ti30€KTi Mail KbIIIKbUIIAPhI apachIHIa €H KOFaphl O0JIYbI KEPEK
areTaT TY3eTiH CIpKEKBIIIKBUIIbI OaKTepHsIapFa epeKIle Ha3ap ayiapy Kepek.

Kint ce3nep: muxpoOuora, mpoOHOTHK, NpeOUOTUK, AWETa, UMMYHHTET, KbICKa Ti30ekTi mai
KBIIIKBUIAAPHI, CIPKE KbIIIKBLIBI.
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HUMAN MICROBIOTA AND DISEASES OF CIVILIZATION:
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Abstract

Growing chemicalization and contamination of food, as well as commitment to a “western” diet
with high fat and low dietary fiber content, lead to disturbances in gut microbiota composition and to a
large-scale increase in the incidence of such diseases of civilization as obesity, diabetes, heart disease,
cancer, and reduced immunity. The review considers a human body as a single super organism with
various parts closely interconnected and mutually influencing each other. In recent years, the concepts of
gut-brain, gut-heart and gut-lung axes connecting the intestines and the microorganisms inhabiting it with
other organs and systems of the human body and the general state of human health have been developed
and deepened. In present review, the latest data on the ways of gut microbiota modification are
summarized. It is shown that modification of intestinal microbiota through diet variation is an effective
mean of alleviating a number of diseases, increasing immunity and anti-infectious resistance. The
expanded use of natural food products containing dietary fiber and other biologically active plant
substances, as well as the inclusion of various groups of microorganisms in starter cultures in food
production, will help promote the indigenous microflora and increase the defenses of the human body.
When developing fermented foods, special attention should be paid to acetic acid bacteria producing
acetate, which amount should be the highest among the other short-chain fatty acids in order to maintain
healthy metabolism in the intestines and throughout the body.

Keywords: microbiota, probiotic, prebiotic, diet, immunity, short chain fatty acids, acetic acid.

In recent decades, a large number of different, often physiologically unreasonable,
chemical additives have been introduced into food products to correct their sensory and
technological properties. In addition, the contamination of raw materials and foods by extraneous
microorganisms and their metabolic products, which have a toxic effect on the human body,
occurs at all stages of production and storage. The situation is aggravated by nutritional errors,
stresses, the use of hormones and other drugs, leading to "diseases of civilization", the triggering
mechanism of which are the disturbances in the composition of gastrointestinal microbiota.

The structure and activity of trillions microorganisms of human microbiota is formed
depending on the consumption of a particular diet and reflects the differences between
herbivorous and carnivorous mammals [1]. In addition to the digestion and extraction of energy
from food, they provide the implementation of important physiological functions of the host.
Microorganisms supply biologically active substances that are not synthesized by the human
body, maintain the integrity of the natural barrier formed by the mucous membranes, prevent the
colonization of the gastrointestinal tract by pathogenic bacteria, competing with them for
nutrients, adhesion sites, inhibiting their growth with produced metabolites, binding and
neutralizing toxic substances, and also promoting the immune system function. The
immunomodulatory function of microbiota is the most important aspect of its interaction with a
macroorganism, since it has a multifaceted effect on the health of the intestine and the whole
organism [2]. It allows us to induce protective reactions against pathogens. However, if the
composition and functions of the microbiome are disturbed, prerequisites for diseases arise. It is
impossible to name a disease that would not be accompanied by microecological disorders of the
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gastrointestinal tract requiring correction [3].

Diseases of civilization

The influence of a number of negative factors entails a shift in the species diversity of the
microbiota, which, in turn, leads to a significant change in its functional activity, up to the
development of irreversible damage to homeostasis and the death of the host organism. This is
especially pronounced in high-income countries with “western” diet, which may explain the
sharp increase in autoimmune and inflammatory diseases in these regions. The decrease in the
diversity of intestinal microorganisms in the population of countries with a higher standard of
living is mainly associated with differences in diet, lifestyle and health care, which significantly
less affect the rural residents. The progressive loss of intestinal microbiota diversity in the
population of Western populations is explained by a high dietary fat and simple carbohydrate
content, as well as insufficient use of available carbohydrate components contained in fiber,
which leads to a decrease in the number of bacteria synthesizing short-chain fatty acids that
weaken inflammatory processes [4]. Currently, the prevalence of obesity, which is one of the
five main risk factors for death, has increased to a pandemic scale. Modifications of behavior and
nutrition aimed at weight loss are effective only in the short term [5]. New dietary strategies
aimed at intestinal microbiota are needed. Various aspects of the interactions between
representatives of the intestinal microbiota and the host organism are being studied. These
researches give an idea of the role of microbial unique metabolites in protecting the
macroorganism from pathogen penetration, regulating various physiological host functions,
including metabolism, development and homeostasis of the immune and nervous systems, or,
conversely, contributing to the onset and progression of a wide range of diseases, such as
inflammatory bowel disease, cardiovascular disease, multisystem autoimmune disorder, obesity,
colorectal cancer, and neuropsychiatric disorders [6]. It is suggested that even the elimination of
permanent partners, such as helminths, leads to a decrease in the diversity and stability of
microbiota necessary to establish balanced immune responses [7].

In recent years, a correlation has been demonstrated between the composition and function
of intestinal microbiota and atherosclerosis [8], metabolic diseases [9], allergies [10], asthma
[11], gastrointestinal diseases including colon cancer [12, 13]. It has become recognized that the
cause of the most chronic diseases, such as osteoporosis [14], obesity [15], cardiovascular [16]
and neurological diseases [17], and diabetes mellitus [18], lies in chronic inflammation.

A clear correlation was found between the risk of a colorectal cancer and the consumption
of certain types of food, such as red meat and some other foods [19] that contribute to dysbiosis
[20], while a low-fat diet leads to an increase fecal bifidobacteria abundance [21].

The main difference between colorectal cancer patients and healthy people is the high
concentration of pathogenic bacteria in the colon, including Enterococcus faecalis, Bacteroides
fragilis, Escherichia coli and Fusobacterium nucleatum [22].

Intestinal bacteria produce compounds similar to human hormones, such as serotonin,
testosterone, norepinephrine, dopamine, histamine. Getting into the bloodstream, they affect the
brain, forming taste preferences, habits, and even behavior, modifying the activity and function
of the autonomic nervous system and neurochemistry [17], participate in the pathophysiology of
numerous mental and neurological diseases [23] including schizophrenia [24] and Alzheimer's
disease [25].

Intestinal microbiota and respiratory infections

In addition to the concepts of gut-brain axis and gut-heart axis, which imply a close
relationship between these organs and systems of the human body that is mediated by the
intestinal microbiota, the concept of the gut-lung axis has recently been introduced, implying the
interdependence between intestinal microbiota and respiratory function [26]. Respiratory
infections have been shown to be associated with changes in the composition of the intestinal
microbiota [27].
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Normally, the microbiota of the lungs is formed by continuous waves of invasion and
expulsion of microorganisms during respiration. The dominance of certain types of bacteria,
leading to a decrease in the species diversity of microbiota, is associated with the progression of
cystic fibrosis and/or infectious diseases [28]. In lung disease, the balance between immigration
and elimination is disrupted, leading to a predominance of bacteria that demonstrate competitive
advantages [29].

Modulation of the composition of mice intestinal microbiota regulates the immune
response of respiratory tract and changes the susceptibility to pulmonary influenza infections
[30]. The mice fed a high fiber diet with high levels of short chain fatty acids in the blood were
protected from asthma [31]. On the other hand, mice, deficient in the intestines of the bacteria
producing short chain fatty acids, were susceptible to more severe pneumonia caused by
Staphylococcus aureus [32]. It is demonstrated that consumption of probiotics can significantly
reduce the incidence of upper respiratory infection and flu-like symptoms [33].

The older people were shown to have a less diverse intestinal microbiota and a reduced
number of beneficial microorganisms, such as bifidobacteria [34] and, accordingly, weakened
lung immunity [35]. It is known that pneumonia - one of the most serious clinical manifestations
of Covid-19 — seriously affects mainly the elderly people. A large number of deaths of elderly
patients once again emphasize the role of intestinal microbiota in this disease.

Thus, the intestinal and lung ecosystems (consisting of microorganisms and host cells)
clearly connect nutrition, respiratory and digestive health, and most importantly, the immune
defense, through a complex system of mutual communication. The local and long-term effects of
bacterial communities are likely to be decisive in many respiratory diseases caused by viruses,
allergens, or genetic deficiencies [36].

Prospects for solving the problem

Modification of microbiota and production of short-chain fatty acids

Despite successes in the field of microbiota research, the possibility of using it as a
diagnostic tool is still in its infancy [37]. However, data showing the crucial importance of the
metabolites of some representatives of the intestinal microbiota for influencing inflammatory
processes are not in doubt.

One of the potential approaches to achieving a healthy microbiota is the direct
administration of beneficial bacteria, i.e. probiotics, whose beneficial effect is associated not
only with improving the intestinal microbial balance [38, 39], but also with modulating the
immune functions of the host organism. These are usually bacteria with anti-inflammatory and/or
beneficial metabolic properties, such as the ability to form short-chain fatty acids SCFA [40].
SCFA (90-95% consist of acetic, propionic, and butyric acids) - the final products of the
fermentation of dietary fiber by anaerobic intestinal microbiota. They have a multiple beneficial
effect on the energy metabolism of mammals [41, 42]. The mechanisms underlying these effects
are the subject of intensive research and encompass the complex interaction between diet,
intestinal microbiota and the body’s energy metabolism. The function of suppressing
inflammatory reactions and the appearance of cancer is performed mainly by acetate, propionate
and butyrate [43]. The review by Den Besten et al. [44] summarizes data on their role in the
energy metabolism of the host.

Acetate and propionate are the most potent activators of SCFA receptors, so they must be
constantly maintained at a high level in the gut [45]. The most abundant among all intestinal
SCFAs is acetic acid, which is produced by Bifidobacteria, Lactobacillus, Akkermansia
muciniphila, Prevotella spp., and Ruminococcus spp. [46]. In addition, acetate promotes anti-
lipolytic activity. A high-fiber diet (with high acetate production) suppresses allergic airway
disease by enhancing regulatory T cells [47]. A high-fiber diet and subsequent propionate
production may also protect against airway allergy by inducing hematopoiesis of dendritic cells
that colonize the lungs [31].

When fermentable fibers are deficient, microbes switch to energetically less favorable
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sources for growth, such as amino acids from dietary or endogenous proteins or dietary fats,
resulting in reduced enzymatic activity of the microbiota and SCFAs as secondary end products
[45].

The main fermentation product of lactic acid bacteria, lactic acid, is not a short-chain fatty
acid, but it also has a significant effect on the metabolism of the host organism [45]. In addition
to lactic acid bacteria, promising probiotics include intestinal bacteria such as Akkermansia
muciniphila associated with the increased expression of genes for the innate and adaptive
immune response [48].

Probiotics can improve clinical symptoms, histological indicators and mucus production in
gastrointestinal tract and reduce the expression of pro-inflammatory cytokines. The application
of probiotics has led to the development of the concept of functional nutrition.

Over the past decade, the interaction between human health and the microbiome has
become a subject of growing interest [49] with particular emphasis on identifying the effects of
diets on microbiota [50]. The review by Singhvi et al. [51] describes the therapeutic
achievements obtained by studying the effects of pre- and probiotics for restoration of microbial
intestinal homeostasis. However, an unexpectedly complex involvement of the intestinal genome
in the potential of human health was noted. Some results suggest that particular care should be
taken when administering probiotics at the stages of relapse of inflammatory bowel disease [52].
It must also be taken into account that probiotic effects are strain-specific and they do not act
through the same mechanisms [53].

In both North American and European guidelines, fecal microbiota transplantation is
recognized as the most effective for the treatment of diseases associated with gastrointestinal
microbial dysbiosis, including inflammatory bowel diseases, metabolic disorders,
neuropsychiatric conditions or the destruction of multiresistant bacteria. However, there is still
no consensus on important methodological aspects of this procedure, and evidence-based
recommendations, with the exception of clinical studies, are still absent [54].

Microbiota transfer therapy of autistic children has shown long-term safety and
effectiveness, since positive results persisted for two years of follow-up, however, a double
blind, placebo-controlled study is needed in the future [55].

Impact of dietary components

One of the main types of macronutrients, which is considered important for metabolic
health in general, is fiber. Complex carbohydrates, reaching the colon and fermented by
intestinal bacteria, are their main source of nutrition and have a great influence on the overall
level of bacteria, composition and its functional activity [56].

As shown in mice, the deficiency of fiber reduces microbiota density, slows down the
proliferation of enterocytes, worsens mucus, and alters the composition of the microbiota [57].
Another highly fermentable polysaccharide, inulin, can also increase Akkermansia muciniphilia
levels in both mice and humans, which prevents the development of type 2 diabetes because it
helps restore mucus strength and protects against inflammation [58].

Prebiotic compounds such as inulin, polydextrose, and corn fiber have been shown to
improve immunity, variety of intestinal microbiota (increases the number of bifidobacteria),
digestion, etc., especially in the elderly [59]. A fiber-rich diet has been shown to change not only
the intestinal microbiota, but also the lungs microbiota, modulating the immunity [31], which is
especially important to take into account at present in the case of the coronovirus pandemic.

It has been established that a diet rich in polyphenols protects a person from chronic
pathologies by modulating numerous physiological processes, such as cells redox potential,
enzymatic activity, proliferation and signaling pathways [60-62].

The use of probiotics and prebiotics, including polyphenols, with food has a positive effect
on the composition of the intestinal microbiota [63]. Thus, curcumin and its metabolites
contribute to the restoration of the intestinal microbiome. At the same time, it, like other
polyphenols, is susceptible to bacterial enzymatic modifications with the formation of
pharmacologically more active metabolites than the original curcumin [64].
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Chinese herbal medicines [65] used in the treatment of type 2 diabetes also have a positive
effect on the intestinal microbiota, which is explained by the enrichment of the microbiota with
Blautia and Faecalibacterium species. Certain plant extracts (including polyphenol-rich
cranberry extract, water-ethanol extract of green microalgae, green tea and ginger), which have a
positive effect on microbiota, are used to treat diabetes because they increase the number of
Akkermansia and other beneficial microflora [66].

Extracts of cinnamon bark and grape bagasse cause a decrease in the content of
Peptococcus, Desulfovibrio, and Lactococcus and an increase in the content of Allobaculum and
Roseburia [67], which helps to reduce fat mass, reduce inflammation of adipose tissue and
improve glucose tolerance. In general, changes in the gut microbiota in response to the
administration of plant extracts include an increase in microbial diversity, a decrease in the
Firmicutes/Bacteroidetes ratio and an increase in the abundance of anti-inflammatory bacteria
(Bidobacterium, Lactobacillus, Akkermansia and Faecalibacterium), as well as a decrease in the
number of pathogenic bacteria (E. coli and Enterococcus), which can reduce inflammation and
improve glycemic control.

Improving the intestinal microbiota profile through individual nutrition and nutritional
supplements that improve immunity may be one of the preventive methods by which the effects
of coronovirus can be minimized in the elderly and immunocompromised patients. It is proposed
that additional trials be initiated to produce the combined effects of personalized functional
foods, including prebiotics/probiotics, along with modern treatments [68].

Conclusion

Thus, an integrated view of the human gut microbiome and its relationship with human
health opens up broad avenues for achieving the goals of medicine focused on solving the
problem of increasing human immunity.

At present, when humanity has turned out to be defenseless against new infections, for the
treatment of which there are no effective methods of treatment, there remains hope for the
possibility of strengthening the nonspecific resistance of the body, due to its natural defenses,
namely, immunity, ensured by optimal symbiotic coexistence with the microorganisms
inhabiting it.

Expanding the range of naturally fermented foods containing various groups of
microorganisms and a variety of foods rich in prebiotics will help increase the body's defenses.
Along with traditional fermented milk products and fermented vegetables made using lactic acid
bacteria, it is necessary to introduce other groups of microorganisms into the production starter
cultures, in particular, acetic acid bacteria that produce the main SCFA - acetic acid, which will
help normalize the functions of the gastrointestinal tract, stimulate indigenous microflora and
increase the protective forces of the human body [69].
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