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Pajiikasibbie H3MEHEHUsI B COCTaBe, Pa3HOO0Opasuy 1 MeTaboIMIeCKON aKTHBHOCTH MUKPOOUOTHI KHIIEYHUKA
HAI[EHTOB B KPUTHYECKOM COCTOSIHUU € OOJIBINOIT BEPOSITHOCTHIO OTPUIATEBHO BIUSIOT HA UCXO/ JTedenust. Jluc-
(bYHKIST MUKPOOGHOTBI MOJKET OBITH IIPEAMKTOPOM 1, BO3MOKHO, OCHOBHOI TIPUYMHO# HHMEKIIMOHHBIX OCTOKHEHU T
u cerncuca. B KIMHIKe HCIOMB3YIOT OObEKTHBHBIE HIKAIBI OIEHKH TSJKECTH COCTOSTHYS MAI[MEHTa, BKIIOYAIOTINE CTie-
1 UYeCKIe TapaMeTphl HAPYIIEH OPraHOB U CUCTEM, OJHAKO (QDYHKIIUSI MUKPOOUOTBI He CIUTAETCST CIIEUbITIHOI
U, TIO9TOMY, He OlleHnBaeTcsl. TeXHnueckre BO3MOKHOCTH TTOCIIETHETO JIECSTUIETHS TTO3BOJINIIA OXapaKTePH30BaTh
KUIIEYHYI0 MUKPOOHOTY, YTO CIIOCOOCTBOBATIO MOHMMAHUIO TPOUCXO/SIIUX TIPOIECCOB. ABTOPBI TIPOBEJIH AHAJII3
JIAHHBIX O POJIU MUKPOOHOTHI KUIIEYHUKA KaK METAOOJMYECKOrO «PeakTopa» MPH KPUTHYECKUX COCTOSTHUSX, BO3-
MOJKHBIX OCJIOKHEHUSIX, CBSI3AHHBIX C IMCOAIAHCOM «BPEIHBIX» 1 «II0JIE3HBIX> OAKTEPHIl, a TAKXKE PACCMOTPEJIH MO~
TEHIIUAI I[JIEBOIT TePATINH, HATIPABJIEHHON HETIOCPEICTBEHHO Ha KOPPEKIIIO MUKPOOUOTBHI KUIIeYHUKA. JIJIsT moncka
craTeill GBIIN MCIOTb30BaHbl 6a3bl MaHHBIX Scopus 1 Web of Science ¢ 2001 mo 2018 roza: (Gut Microbiota) AND
(Critically ill OR Intensive care unit), B3sITbl KJIOU€BbIe CI0BA JJIsI TOUCKA: MUKPOOMOTA KMIIEUHNKA, METa00IU3M,
CEIICUC, AHTHOMOTHKH, TTAIIMEHTHI B KDUTHYECKOM COCTOSTHIH, IIOJIMOPTaHHAsI HE[OCTATOYHOCTD. Psi/i BOITPOCOB B 110~
HUMAHUU B3aUMOJIEHCTBISI KMIIEYHOI MUKPOOUOTHI M OPraHU3Ma XO3sMHA 0CTAeTCsl OTKPBITHIM. Heobxomumo yuu-
TBHIBATH BMEIIATEIBCTBO MUKPOGHOTO MeTaboJar3Ma IpH OlleHKe MeTaboJoMa MalueHToB ¢ cercucom. Cpexn
HU3KOMOJIEKYJISPHBIX COEIMHEHNIT, 0OOHAPYKEHHBIX B KPOBH MAIEHTOB € CEIICUCOM, 0CO60e BHUMAHUE 3ACITY K1~
BAIOT MOJIEKYJIbI, KOTOPbIE MOKHO OTHECTH K «00IINM MeTaboMTaM» YeioBeKa U OaKTepHii, HalpUMep TTPOLYKTHI
Guoerpaialiii ApOMATHYECKIX COeIMHEHIH, cofiepsKaHie KOTOPBIX MHOTOKPATHO YBEJIMYMBACTCS B KPOBH MAIlH-
eHTOB ¢ cericricoM. ClieyeT yIuThIBaTh U MOZIETUPOBATH B OKCIIEPUMEHTAX U3MEHEeHWs BHYTPEHHEI CPeibl YeTI0BeKa,
KOTOPbIE TIPOUCXOJISIT BO BPEMsT PAMKAILHON TIepecTPONKI MUKPOOUOMA TIAIIHEHTOB B KPUTHYECKOM COCTOSTHUM.
Takoii MoAX0/ OTKPBIBAET HOBBIE MEPCIIEKTUBBI JIJIsI 0OBEKTHBHOIO MOHUTOPUHTA 3a60JIeBAaHUH, TIPOBOJISI OLEHKY
MeTaboINYecKoro POGUIIst B ONpeieIeHHbII MOMEHT BPEMEHH Ha OCHOBE MHTETPAIbHBIX TIOKa3aTesel, 0TpakKaio-
X COCTOSTHUE CHCTEMBI MUKPOOUOM,/MeTab0JI0M, UTO B OyyiieM 006eciieqnT HOBbIe MUIIEHH [IJIsT TepPAleBTIde-
CKOTO BO3JIEHCTBHUS.

Kmouesvie crosa: MukpoOouom KUEUHUKA; KPUMUYECKUE COCTNOSIHUSL; APOMATIUYECKIUE MUKPOOHbLE MEMAboIumbl;
Memaborom; opeantas OUCPHYHKYUsL; Cencuc

Radical changes in the composition, diversity and metabolic activity of gut microbiome in critically ill patients
most probably affect adversely the outcome of treatment. Microbiota dysfunction may be a predictor and presumably
the main cause of infectious complications and sepsis. Clinicists use objective scales for evaluation of patient condi-
tion severity including specific parameters of disorders of organs and systems; however, microbiota function is not
considered specific and, hence, not evaluated. Technical capabilities of the recent decade have allowed characterizing
the intestinal microbiota and that helped understanding the ongoing processes. The authors have analyzed data
about the role of intestinal microbiota as a metabolic 'reactor' during critical states, possible complications related
to misbalance of 'harmful’ and 'beneficial’ bacteria, and examined potential of a targeted therapy aimed directly at
correction of intestinal microbiota. Search for papers was carried out using Scopus and Web of Science databases
2001 to 2018 years: (Gut Microbiota) AND (Critically ill OR Intensive care unit), key words taken for the search
were: intestinal microbiota, metabolism, sepsis, antibiotics, critically ill patients, multiple organ failure. A number
of questions in understanding of the interaction between gut microbiome and host remain open. It is necessary to
take into account interference of microbial metabolism while assessing metabolome of patients with sepsis. Among
low-molecular compounds found in blood of sepsis patients, special attention should be paid to molecules that can
be classified as ‘common metabolites’ of humans and bacteria, for example, degradation products of aromatic com-
pounds, which many-fold rise in blood of septic patients. It is necessary to take into consideration and experimentally

Aznpecc i KOPPECHOHIEHIUH: Correspondence to:
Exarepuna YepHeBckast Ekaterina A. Chernevskaya
E-mail: chea05@inbox.ru E-mail: chea05@inbox.ru

www.reanimatology.com GENERAL REANIMATOLOGY, 2018, 14; 5



DOI:10.15360,/1813-9779-2018-5-96-119

O630pn
|

model changes in the human internal environment, which occur during radical transformation of microbiome in crit-
ically ill patients. Such approach brings in new prospects for objective monitoring of diseases by evaluating metabolic
profile at a particular moment of time based on integral indices reflecting the status of microbiome,/metabolome sys-
tem, which will supply new targets for therapeutic intervention in future.

Keywords: gut microbiome; critical states; aromatic microbial metabolites; metabolome; organ dysfunction; sepsis
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MuKpoOHOM B HOpME

MuKpoOMOM KHUINEYHUKA — <YEPHBIA SIUK»,
IIPUBJIEKAIONINI B HACTOSIIIEee BpEeMs BHUMAHUE UCCIe-
JloBatesielt i «pacmu@poBKu» U TOHUMAHUS 11aTO-
reresa MHOruX 3abosiesanuii. Bosee 70% BUIOB MUK-
POOPraHU3MOB HE TOJIAI0TCSI MUKPOOHOIOTHYECKOMY
KYJIETHBUPOBAHUIO, TO €CTh HE MOTYT OBITH BbIIEJEHBI
B YMCTOU KYyJIBTYPe Ha UCKYCCTBEHHBIX TTUTATETbHBIX
cpesiax u neHTUOUINPOBAHbL. TeXHOJIOTMYeCKUI TTPO-
PBIB MTO3BOJIMJI TATHYTH OT MPOCTOTO ONPEeeHUS
MUKPOOPTaHU3MOB /IO TIOHUMaHWS WX (DYHKIWH U
B3anMoO/IeiicTBUSI BHYTpU opranusMma. [lospoJistionine
MIPOAHATIM3UPOBATh BCIO COBOKYITHOCTH IPOIECCOB,
MTPOUCXOAAIINX B KJIETKE UJIH T1[eJIOM KMBOM OPraHn3-
M€ — OMUKCHBIE TeXHOJOTHH (T€HOMUKA, TPAHCKPUII-
TOMUKA, METareHOMHOE CEKBEHUPOBAHUE, TPOTEOMUKA
1 MeTaboJIOMIKA) TOJHOCTBI0 TPaHC(hOPMUPOBAIN
HAIITN [TPEICTABIEHU O cocTaBe 1 (DYHKIUU «HEBUJIM-
Mmoro opranas [1]. llupokoe pactpocTpanenyie MUKPO-
OUOMHBIX MCCJIEL0BAHUI CTAJI0 BO3MOKHBIM 0K0JI10 10
JIET Ha3a/l ¢ TIOIBJICHUEM BBICOKOIIPOU3BOAUTEIbHBIX
cexBeHaTopoB HOBOTO TokoJsieHus (NGS), koropbie
MO3BOJIAIOT 32 KOPOTKHE CPOKU MACCOBO PACIIN(POBDI-
BaTh COBOKYITHBII F€HOM MUKPOOMOMOB — METareHOM.
Ceronus /17151 BBICOKOITPOU3BOIUTENHLHOTO CEKBEHUPO-
BaHUA HYKJICOTUIHBIX MOCIEI0BATETHHOCTEN MUKPO-
opranusmoB ucrnosb3yercs ren 16S pPHK. 9rot ren
kogupyer oy usz PHK, cocraBistionux ocHOBY Oak-
TepPUALHBIX PHOOCOM, ¥ ITPUCYTCTBYET B TEHOMAX BCEX
M3BECTHBIX MUKPOOPranu3MoB. [Ipu aTom ero cTpykry-
pa JI0OCTATOYHO KOHCEPBAaTHBHA, HO BapuabesbHbIe
BUzIoCTIeTIM(UYHBIE YYACTKU TO3BOJSAIOT UAEHTU(DUITH-
pOBaThb MUKPOOPTAHU3MbI PA3JIMYHON CUCTeMaTHye-
CKOM TpuHaieskHocTh. Cxema MccaeIoBaHus J10CTa-
TOYHO MPOCTA, HO TPYJOEMKA: HA TIEPBOM 3Talle U3
ob6pasia seiessior JJHK, 3atem 1mosy4aior tak Hasbl-
BaeMYI0 TeHOMHYI0 OUOINOTEKY, COAEPIKAIILYIO KO
rera 16S pPHK, npuHaiexkaiime pasindHbiM OaKTe-
pusiM. BUOJIHOTEKY <«4UTAIOT» € UCIOJb30BAHUEM
BBICOKOIIPOU3BOJIUTENBHBIX CEKBEHATOPOB, 0OeCIIeyn-
BAIONIMX TOJIyYeHUE HECKOJBKUX THICSY HYKJICOTHI-
HbIX nocaenoBarenbnocreit rena 16S pPHK nst kask-
noro u3 o6pasios. Ciepyionuii sTan — aHAJIU3
OTPOMHOTO MACCUBA MOTYYEHHBIX JAHHDIX € TOMOIITHIO
MeToI0B OnonH(popMaruku. Pe3ysbraTsl MpeacTaB-
JIAI0T criocoboM, Hanbosiee MOAXOAAINM B KasK/0M
KOHKPETHOM cJiyuae. BHeipeHue 6ojiee COBPEMEHHBIX
TEXHOJIOTHIA, B YaCTHOCTU HAHOIIOPOBOE CEKBEHNPOBA-
HI€ TI03BOJISIET GBICTPO BBITOIHSTH UACHTU(DUKAIIIO

Microbiome in Health

Gut microbiome is a ‘black box’ currently attract-
ing attention of researchers for ‘decoding’ and under-
standing of pathogenesis of many diseases. Over 70%
of species of microorganisms are nonculturable, i.e. can-
not be isolated as a pure culture on an artificial nutri-
ent medium and identified. Technological
breakthrough has allowed to make a step from simple
identification of microorganisms to understanding of
their functions and interaction inside body. Allowing
analyzing the whole totality of processes occurring in
a cell or an intact live organism, omics technologies
(genomics, transcriptomics, metagenomic sequencing,
proteomics, and metabolomics) have fully changed our
concepts about the composition and function of the ‘in-
visible organ’ [1]. Widespread distribution of micro-
biomic studies has become possible about 10 years ago
with emergence of high-performance new-generation
sequencing (NGS), allowing transcribing in mass the
collective genome of microbiomes — metagenome. No-
vadays, for a high-performance sequencing of nu-
cleotide sequences of microorganisms the 16S rRNA
gene is employed. This genes encodes highly specific
RNA of bacterial ribosomes and is present in genomes
of all known microorganisms. Besides, its structure is
quite conservative, but variable orphan regions allow
identifying microorganisms of different species and
strains. The study pattern is quite simple, but rather
laborious: at the first stage, DNA is isolated from a sam-
ple, then a so-called genome library containing copies
of gene 16S rRNA belonging to different bacteria is ob-
tained. The library is ‘read” using high-performance se-
quenators providing reception of several thousand
nucleotide sequences of gene 16S rRNA for each one
of samples. The next stage is analysis of a huge body of
received data with the help of bioinformatics tech-
niques. Results are represented in a way most suitable
in each particular case. Introduction of latest technolo-
gies, in particular, nanopore sequencing, allows fast
identification of bacteria in samples and finding mark-
ers of resistance to antimicrobial drugs within 5-10
minutes while a sequenator itself weighs less than 100
grams and can fit a pocket. This method is currently
undergoing clinical testing [2].

The human microbiome project (HMP) was ini-
tiated in 2008 by the US National Institute of Health
(NTH) aiming at isolation and characterization of mi-
croorganisms in health and disease [3]. The ultimate
goal of the project was finding a connection between
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Gakrepuii B 06pasiax 1 HaXO[UTh MapKepPhl PE3UCTEHT-
HOCTU K aHTUMUKPOOHBIM TIpernaparaM B teuerune 5—10
MUHYT, a caM cekBeHatop Becut MeHee 100 rpamm u
MOJKET IIOMEeCTUTBCS B KapMaHe. B Hactosiiee Bpems
UET KIMHUYeCKas alpobains JanHoro meroga [2].

[TpoeKT M3ydeH s 4eJ0BEUYECKOTO MUKPOOHOMA
(HMP) 6b11 uannuuposad 8 2008 HaunonaabHbIM
nucruryToMm 3apaBooxpanenust CIITA (NIH) c iesbio
BblJIeJIEHUS Y XapaKTePUCTUKU MUKPOOPIaHU3MOB B
HopMme u natonoruu [3]. Koneunoii 11e1p10 mpoexTa
ABJIAJIOCDH BBISBJIEHUE CBA3U Y€JI0BEYECKOTO MUKPO-
GroMa Co 3710pOBbEM UYesioBeKa i 6osesnbo. OjrHa-
Ko cirycts 10 jieT Mbl O-TIpesKHEMY Ha ITyTH K pelie-
HUIO [T0CTABJIEHHBIX 3a/1a4.

MukpoOHOM YeioBeKa — COBOKYITHOCTH OoJiee
10" MukpoopranusmMos (GaKTepyu, BUPYChI, TPUODI),
KOTOPble KOJOHU3UPYIOT KOXKY, POTOBYIO IOJIOCTD,
JIETKHE, PENpPONYKTUBHYIO CUCTEMY U JKeJyI0YHO-
KUILEYHBIH TPAKT, YTO B HECKOJIBKO JIECATKOB pa3 Ipe-
BBIIIIAET KOJMYECTBO KJIETOK MaKpoopraiusma [4, 5].

Ucenenys hyHKIMIO 1 pasHOoGpasue MUKPO-
GUOMa Y 37I0POBBIX B3POCBIX ObIIIO OOHAPYIKEHBI TAK-
COHOMHUYECKHE U3MEHEHUsI B COCTaBe MUKPOOHOTO
coo01iecTBa B Pa3HbIX AHATOMHYECKUX YYACTKAX
OJTHOTO U TOTO JK€ YeJIOBeKa, a TaKKe CYILeCTBeHHbIe
M3MEHEHMS B OTHOUMEHHBIX JIOKYCaX Y Pa3HbIX JIo/ieid
[6]. IIpu sTOM MUKPOOMOM KHUINEYHHUKA — CAMBbIii
CJIOKHBIH, PA3HOOOPa3HbIil U METabOINYECKN aKTHB-
HBII «OpraH», OKa3bIBAOIINI KOMILJIEKCHOE BO3/eii-
CTBUE HA OPTAHU3M YeioBeKka. MUKPOOUOM YHUKATIEH
JUISL KaKJIOTO YeIoBeKa HAo001e «OTreyaTKa majib-
I€B>, O3BOJISIONIEr0 pactio3Hasarh 6osee 80% wHu-
BU/LyYMOB B TIOTYJIAIMN HE3aBUCUMO OT CPejibl 06u-
tanus, obpasa JKM3HM, TIMTaHUA W TIpUEMa
JIeKapCTBEHHBIX IipenapatoB [7]. B amanormunbix
1naTo(U3NOJIOTMUYECKUX YCIOBUAX, HECMOTPSl Ha
Bapuallly COCTaBa MEX/y UHAUBUIYYMaMU (DYHKIIUU
MHUKPOOHOMa coxpansiores [8].

B Mukpob6uore yenoseka npeobiagaior 4 us 50
U3BECTHBIX THUIOB Oaxtepuii (Actinobacteria, Bac-
teroidetes, Firmicutes u Proteobacteria) [9], npu sTom
[PUCYTCTBYET MHOTO YHHUKAJIbHBIX GAKTEPUATBHBIX
renoB [10], 4To IPUBOAUT K BBICOKOU cTerienu (hyHK-
HUOHAABHOI nsbbTouroctu [11]. Mukpobuom 1pe-
UMYIIECTBEHHO COCTOUT U3 GaKTEPHil, OTHOCSIINXCS K
nByM tuiiaM — Bacteroidetes n Firmicutes, yaacTByio-
IUX B PETYJISIIUE METAO0IU3MA JIMITH/IOB W KETUHBIX
KHUCJIOT U TIOJIEPKUBAIOIINX FOMEOCTa3 dHepreTnye-
ckoro obomena [12]. IIpoduiay yruausaiuu moin- u
OJINTOCAXAPU/IOB PA3/IMYHbl Y MUKPOOPTaHU3MOB, BXO-
JSIIMX B COCTAB JIAHHBIX TUIIOB, YTO IIPEIIOJIOKUTEb-
HO HAXOJIUT OTPasKeHKEe B METab0IMYECKON CTPYKTYPeE
CUHTE3a JIETYYUX JKUPHBIX KUCJIOT. B 1o1bITKE yIIpo-
CTUTH MOJIEJTb, OITMCHIBAIOILYIO MUKPOOUOTY, UCCIIE0-
BaTeJIN COCPEAOTOUNIIN CBOE BHUMAHUE HA XapaKTePH-
cruke cootHoumenus Bacteroides/ Firmicutes (B/F).
[Tokazano, 4To B eBpOIIEHCKO TOMYJIAINHT, YUCIEHHOE
cootHonienne B/F MoxeT usmensiercss ¢ Bo3pacToM
[13]. CocTaB MUKpPOOMOTHI KUIIEYHUKA POCCHIICKOI

human microbiome and human health or disease.
However, 10 years later we are still on the way to-
wards solving the postulated problems.

Human microbiome is a totality of more than 104
microorganisms (bacteria, viruses, fungi), which colo-
nize skin, mouth, lungs, reproductive system, and gas-
trointestinal tract, and which several dozen times
exceeds the quantity of cells of a macroorganism [4, 5].

Study of the function and diversity of micro-
biome in healthy adults discovered taxonomical
changes in the composition of microbial community
in different anatomic areas of one and the same person
as well as significant changes in loci of the same name
in different people [6]. In addition to the above, intes-
tinal microbiome is the most complex, versatile and
metabolically active ‘organ’ rendering a comprehen-
sive impact on human body. Microbiome is unique for
each and every person like a ‘fingerprint’ allowing
identifying more than 80% of individuals in a popula-
tion regardless of habitat, lifestyle, nutrition, or use of
medicinal drugs [7]. In similar pathophysiological
conditions, in spite of composition variations between
individuals, microbiome functions are retained [8].

In human microbiota, 4 of 50 known types of
bacteria are predominant (Actinobacteria, Bac-
teroidetes, Firmicutes, and Proteobacteria) [9]; at the
same time, many unique bacterial genes are present
[10], resulting in a high functional redundancy [11].
Microbiome consists mostly of bacteria belonging to
two types — Bacteroidetes and Firmicutes, which are
involved in the regulation of lipid and bile acid metab-
olism and maintaining energy exchange homeostasis
[12]. The profiles of utilization of poly- and oligosac-
charides differ in microorganisms belonging to those
types, which is presumably reflected in the metabolic
structure of volatile fatty acid synthesis. Attempting
to simplify the model describing microbiota, re-
searchers focused their attention to characterization
of Bacteroides/Firmicutes (B/F) correlation. It has
been shown that in the European population, the nu-
meric correlation B/F may change with age [13]. The
composition of gut microbiome of Russian population
differs from European and Asian, a predominant quan-
tity of Firmicutes bacterial has been noted [14]. It is
difficult to divide these groups clearly into human
‘beneficial’ and ‘harmful’ microorganisms, but, tradi-
tionally, representatives of normal human microbiota
including bacteria species Bifidobacterium, Bac-
teroides, Ruminococcus, Lactobacillus are considered
‘beneficial’ while Bacillus spp., Streptococcus pyogenes,
Staphylococcus aureus, Clostridiums spp. etc. are con-
sidered ‘harmful’ /opportunistic pathogenic; a tabu-
lated summary is given in table 1.

Equilibrium (stability and diversity) of micro-
biota in normal physiological conditions is maintained
by symbiotic interrelations of hundreds of species of
bacteria with macroorganism cells, which plays an es-
sential role in supporting human ecosystem. Since the
first hours of baby’s life, bacteria interact with epithe-
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~ Enterococcus
Subdoligranulum
Veillonella

Acinetobacter
Alcaligenes
Brevundimonas
Burkholderia
Enterobacter
Escherichia
Moraxella
Pseudomonas
Ochrobactrum
Stenotrophomonas
Salmonella
Serratia
Shigella
Klebsiella

Citrobacter
Enterobacter
Escherichia
Klebsiella
Moraxella

Puc. 1. Yersipe THIIA MHKPOOPraHU3MOB, IPE0GIAIAIONINX B MUKPOOHOTE YeIOBeKa.

Fig. 1. Four dominant types of bacteria in human microbiota.

Note. The main representatives of the normal microbiota are shown inside the circle, opportunistic pathogenic microorganisms are shown

on the periphery.

IIpumeyanue. B ieHTpe — OCHOBHbIE MIPEACTABUTENM HOPMATLHON MUKPOGHOTDI, Ha 1ieprdepuit — yCJIOBHO-TIATOTeHHBIE.

TOMYJISIIIAY OTJINYAETCST OT EBPOTEHCKOIT U a3UaTCKOIA,
OTMEYEHO TIPEBATUPYIONICE KOJMYECCTBO OGarkTepuii
tuna Firmicutes [14]. TpynHo 4eTko pasjesuTh 3TH
TPYIIIBI Ha <ITOJIE3HBIC» W «BPEIHBIC» JIJIS YeJOBEKa
MUKPOOPTAHU3MBI, HO TPAJUITHOHHO TIPUHIATO CUMTATh
«TIOJIE3HBIME> TTPEJICTABUTEICH HOPMATBHON MUKPO-
6MOTHI YeJI0BeKa, BKIoUalomye bakrepun poga Bifi-
dobacterium, Bacteroides, Ruminococcus, Lactobacillus n
«BPEIHBIE /YCIOBHO-TIATOTCHHBIE MUKPOOPTAHU3MbI —
Bacillus spp., Streptococcus pyogenes, Staphylococcus
aureus, Clostridiums spp. u 1p., cBogHass nHGOPMALIUA
npuBeseHa Ha puc. 1.

IAkBUIHOpIYM (CTAGUIBHOCTD U pasHOOGpaswe)
MUKPOOUOTBHI B HOPMATBHBIX (PU3HOTOTHYECKUX YCIIO-
BUSIX TTO/UICP/KIBACTCST CAMOMOTHYECKIME B3aMOOTHO-
MEHUSIMU COTEH BUJIOB OaKTEPHUil C KIETKAMU MaKpO-
OpraHu3Ma, 4TO UTPAET KIIOYEBYIO POJIb B 0OCCTICUCHUT
aKocKCcTeMbl uesioBeka. C MEePBBIX YacoB JKU3HU peOeHKa
GakTepry B3aUMOJIEHCTBYIOT C AIMUTENUATLHBIME 1
UMMYHHBIMU CTPYKTYPAMU KUIICYHUKA, AKTHBUPYSI
HMMYHHYTO CHCTeMy Makpooprauusma [ 15, 16].

Ps noknmmandeckux paboT TOKa3bIBaeT 3aInT-
HYI0 (DYHKITIO MUKPOOUOMA B OTHOIIEHUY YCIOBHO-

lial and immune structures of bowels activating the
macroorganism’s immune system [15, 16].

A number of preclinical studies show the protec-
tive function of microbiome in respect of opportunistic
pathogenic bacteria during the whole life. In a study
on 500 healthy volunteers, differences in metabolic
microbiome-cytokine-associated pathways led to dif-
ferentiated triggering of immune response to specific
types of microorganisms, such as Staphylococcus au-
reus, Escherichia coli, Bacteroides fragilis, and Candida
albicans [17]. Supposedly, it is the proinflammatory
immunity that might be the necessary component of
establishing and maintaining homeostasis between the
human body and its microbiota [18].

Commensals (microorganisms that live in close
interrelation with the body without causing harm
thereto) are usually beneficial to the host. They regu-
late innate and adaptive immune responses, render in-
fluence on the threshold of activation of pathogenic
stimuluses largely thanks to small molecules mediat-
ing host-microorganism interaction [19]. By that, they
prevent colonization by pathogenic species. Short-
chain fatty acids (SCFA), which in domestic literature
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HATOTEeHHBIX MUKPOOPIaHU3MOB Ha NMPOTSI’KEHNUH BCeil
skt Tak, B uccreposanuu y 500 310pOBbIX 106PO-
BOJIBIIEB PA3JIMUYKS B METAOOINYECKIX MUKPOOUOM-
IUTOKUH — aCCOIUUPOBAHHBIX ITYTIX MPUBOIUIN K
i depeHIITPOBAHHOMY 3aIIyCKy IMMYHHOTO OTBETA
Ha OIIpe/ieJIeHHbIE BBl MUKPOOPIaHU3MOB, TaKIe
Kak Staphylococcus aureus, Escherichia coli, Bac-
teroides fragilis n Candida albicans [17]. Ilpentmono-
JKUTEJbHO, UMEHHO IIPOBOCIIAIUTENbHBII UMMYHUTET
MOJKET ObITh HEOOXOUMBIM KOMITOHEHTOM YCTAHOB-
JIEHUS ¥ TIO/IZIEPSKAHMS COCTOSTHUSI TOMEOCTA3a MEXKILY
OpPraHr3MOM YeJIoBeKa U ero MUKpobuoroii [18].
KomMmencasbHble MIKPOOPraHU3MbI (KUBYIITHE B
TECHOI B3aMMOCBSI3U C OPTaHIU3MOM, He IPUYUHSIS UM
IpU 3TOM Bpe/ia), KaK IPABUJIO, IPUHOCST II0JIb3Y
x03sguHy. OHU PeryJupyIoT BPOKAEHHbBIE U Al THB-
Hble UMMYHHBIE OTBETHI, BJAUSIOT HA [TOPOT AKTUBAIIH
[ATOrEHHBIX CTUMYJIOB B GOJIBIIEH CTENEHHU 3a CUET
MaJIbIX MOJIEKYJ, KOTOPBIE OTIOCPEAYIOT B3AUMO/IEii-
cTBUE X03sIMH-MUKpoopranuam [19]. Tem cambiM oHu
IPEIOTBPAIAIOT KOJTOHU3AIUIO MATOT€HHBIMU BU/IA-
mu. Koporkorenoueunsie skupubie kucaoTbl (SCFA),
KOTOPbIE B OTEUECTBEHHOI JINTEPATYPE Yallle HAa3bI-
BaioT Jjieryune sxkupuble kucaotsl (JIZKK), asasgiorcs
KJIACCHYECKUM ITPUMEPOM TOTO, KAK MOJIEKYJIbI OaKTe-
PHATIBHOTO MPOUCXOKAEHHUS, CIOCOOCTBYIOT HMMYH-
Homy Tomeoctady kunreunuka [20]. JIKK caysxkar
MUCTOYHUKOM IHEPTUH [IJIs MUTENIUATBHBIX KJIETOK
KUIIEYHUKA, MOAYJIUPYIOT IPOLYKIUIO IUTOKITHOB,
UHAYIUPYIOT yBeJIUYeHUE PEryJIATOPHBIX T-KJIeToK.
Pstit ipyrux MeTaboIMTOB TaKKe OKa3bIBACT BIIMSHUE
Ha QYHKIIMOHUPOBAHUE OPraHNU3Ma, HalPUMeP apoMa-
TUYECKas aMUHOKICJIOTA TPUIITO(MAH, TOCTYIIAIONIAs C
neit. Tpunrodan Metabousupyercs GakTepusmMu
KUIIEYHUKA, B PE3yJbraTe 4ero 06pasyroTcst pasind-
Hbl€ TIPOU3BOJIHbIE, B TOM YKCJIe UHIOJIPOIIOHOBAS
KHCJIOTa, KOTOPas JIErKo abcopOupyeTcs uepes Kuiey-
HBIIl DMUTEJINI U MTOCTYIAaeT B KPoBOTOK. IIpu atom
GUoIOrnYecKast aKTUBHOCTD HHIOJTPOITHOHOBOM KHC-
JIOTBI, KAaK ¥ MHOTHUX JIPYTUX MAJIBIX MOJIEKYJT MUKPOO-
HOTO TIPOUCXOK/IEHUS], UHTEHCUBHO u3ydaetcs [21].
[eHbI «110JTI€3HBIX> PE3UAEHTHBIX MUKPOOPTaHU3-
MOB BKJIIOUEHbBI B reHooH/] X0o3stmHa [22], onHako,
[IPU ONIPEIETEHHBIX YCIOBUAX OOBIYHO GE3BPEIHbIE
GaKTepuy MPEO0JeBAIOT 3aIUTY XO3SMHA, TPOHHU-
KaloT 4epe3 aHaTOMUYeCKue Oapbepbl, MOKHUIAIOT
XapaKTepHbIe JIOKYChl M CTAHOBSITCS] NATOT€HHBIMU,
TaK KaK PUBOJST K TsIKeJIOH MHMEKIIUU U CETICHCY
[23]. O606uIas MHOrOYKC/IEHHbBIE TaHHbIE JIUTEPATY-
PBI, UCCJIEIOBATENH TPUXOAAT K IIOHMMAHUIO BayKHO-
CTHU KOJIOHU3AIIMOHHO PE3UCTEHTHOCTH 1 MeTaboI-
4eCKOW aKTUBHOCTH MUKPOOMOTHI KUIIEYHUKA JIJIst
ONITUMAJIBHOTO (DH3UOJIOTHYECKOTO COCTOSIHUS OpTa-
HU3Ma, Ha3bIBasI ATO SIBJIEHNE UHTerpanueil merabo-
JIM3Ma YeJI0BEKa U ero Mukpobuoma [24].
MuUKpPOGHOM MPH KPUTHYECKUX COCTOSTHHUSAX.
TpaguiroHHO B peaHUMAIIMOHHBIX OTAEIEHUSIX UIET
cepbestas Gopbba € MHUKPOOAMHU, HCIOJIB3YIOTCS
camMble MOIIIHbIE AHTUCENTHKU, MHOTOKOMITOHEHTHbIE

are more frequently referred to as volatile fatty acids
(VFA), are a classic example of how molecules of bac-
terial origin assist immune homeostasis of bowels [20].
VFA are a source of energy for epithelial cells of bow-
els, they modulate production of cytokines, induce in-
crease of regulatory T-cells. A number of other
metabolites also render influence on body functioning,
for instance, aromatic amino acid tryptophan entering
with food. Tryptophan is metabolized by intestinal
bacteria to produce various derivatives including in-
dole propionic acid that is easily absorbed through in-
testinal epithelium and enters blood flow. The
biological activity of indole propionic acid, same as of
many other small molecules of microbial origin, is in-
tensively studied [21].

Genes of ‘beneficial’ resident microorganisms are
included in the host’s gene pool [22]; however, in cer-
tain circumstances, usually harmless bacteria over-
come host’s defense, penetrate through anatomic
barriers, leave characteristic loci, and become patho-
genic because they lead to severe infection and sepsis
[23]. Generalizing numerous literature data, re-
searchers began to realize the importance of coloniza-
tion resistance and metabolic activity of gut
microbiome for optimal physiological state of the
body, referring to this phenomenon as integration of
human metabolism and his microbiome [24].

Microbiome during Critical Conditions. Tradi-
tionally, ICU carry out a serious struggle against mi-
crobes using the most potent antiseptics,
multi-component antibacterial therapies targeted
against resistant hospital strains. There is no end to
this confrontation and this fight cannot be won with-
out in-depth understanding of microbiome distur-
bance mechanisms in ICU patients.

Radical changes in the qualitative and quantita-
tive composition of microorganisms in critically ill pa-
tients are caused, first of all, by hypoxia, hypercapnia,
use of drugs suppressing gastric secretion, vasoactive
agents, sedation and analgesia compromising GIT mo-
tion, deficit of nutrients in bowels due to parenteral and
enteral feeding having a composition that is insufficient
for microbiota, for example, indigestible carbohydrates,
and, of course, use of antibiotics [25]. Microbiota strug-
gles intensively for survival in natural biocenoses, first
of all, in bowel, but during critical conditions of the
macroorganism, the activity of this ‘metabolic reactor’
in the patient’s body is aimed at survival of microbiota
— at the expense of the host [24]. It has been shown
that in critically ill patients disturbed microbiota com-
position in a proximal bowel is a predictor of nosoco-
mial infections, in which etiology of the same
microorganisms prevails, wherein a therapeutic inter-
vention targeting the bowel might reduce incidence of
infectious complications and mortality [26].

In adverse situations, microbial biofilms of sym-
biotic species are the first to be destroyed, for instance,
bifid, lactic bacteria stop their activity or disappear
completely (dysbiosis), while others, for example, En-
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CXeMbl aHTHOAKTEPUATLHON TePAITNH, HATIPABJIECHHbIE
IPOTUB PE3UCTEHTHBIX TIOCIHUTAIbHBIX IITAMMOB.
ITOMY IPOTUBOCTOSIHUIO He BUIHO KOHIIA, U HEJb3sl
BbIIATH 1100OeaUTEIeM B 9TOI Gophbe 6e3 riyOMHHOro
MOHUMAHWS MEXaHU3MOB HAPYIIEHUsI MUKPOOHOMA
HAIMEeHTOB PEAHUMAI[MIOHHBIX OT/I€J€HUIL.
PagykanbHble M3MeHEHWs KauyeCTBEHHOTO U
KOJINYECTBEHHOTO COCTABA MUKPOOPTaHU3MOB Y TIAIIH-
€HTOB B KPUTHYECKOM COCTOSTHHH, 0OYCIIOBJIEHBI TIPESK-
Jie BCETO TUIIOKCHUEl, TUTIEPKAITHUE, NCII0JIh30BAHIIEM
[PEapaToB, yTHETAIOINX CEKPEITHIO JKeTy/IKa, BA30aK-
TUBHBIX areHTOB, CeIallnell 1 aHAIbre3uell, HapyIao-
mmx motopuky sKKT, HemocraTkoM HYTPUEHTOB B
KUIIIEYHUKE, BCJIEACTBUE MAPEHTEPATbHOTO U IHTeE-
PAJIbHOTO MUTAHWS C HEAOCTATOYHBIM 71T MUKPOOHOTHI
COCTaBOM, HAIIPUMepP HellepeBapUBAEMbIMU YIJIEBO/A-
MH, ¥, KOHEYHO, IIPUMEeHeHneM aHTUOUOTUKOB [25].
Mukpobuora akTUBHO 6OPETCsT 38 BHIKMBAHUE B €CTe-
CTBEHHBIX OUOIEHO3aX, TIPEK/IE BCETO — B KUIIEYHUKE,
HO IPU KPUTUYECKUX COCTOSTHUSIX MAKPOOPTaHM3Ma
JESITENILHOCTD TOTO «METabOJIMIECKOTO PEAKTOPay B
opranuame 60JIbHOTO HATIPABJIEHA HA BbIKUBAEMOCTh
MHKPOOMOTHI — 3a cuet xossuHa [24]. ITokaszano, uto y
HAIMEeHTOB B KPUTHYECKOM COCTOSIHUM HapyIleHue
coctaBa MHUKPOGHOTHI B TIPOKCUMAJBHBIX OT/EJMaxX
KHUIIEYHUKA CITYKUT TIPEJAUKTOPOM HO30KOMUATIBHBIX
urbEKIUi, B 9THOJOTHU KOTOPHIX TIPEOOIAAIOT T€ JKe
MHKDPOOPTaHU3MBI, TIPH 3TOM TePAIIEBTUYECKOE BO3IET-
CTBUE HA KHUIIEYHUK, CIHOCOOHO CHHU3WUTH YaCTOTY
MHQEKITUOHHBIX OCJIOKHEHUH U JIETATbHOCTB [26].
[Tpy HEOMATONPUATHBIX YCIOBUSX TPEKIE BCETO
paspyuanTcs MUKPOOHbIE GUOTLIEHKH CUMOUOTIYE-
CKMX BUJIOB, HATIpuMep GuuI0-, TaKTOOaKTepPUH TIpe-
KpAI[AIOT CBOIO KU3HENESITENIbHOCTh WJIM MCYE3AI0T
coBceM (incHU03), a Apyrue, HAPUMED, SHTEPOOAKTE-
pun, cTaUIOKOKKH — BMECTO €CTECTBEHHBIX O1OTO-
0B (hopMUPYIOT GUOTIIIEHKY B BEPXHIX OT/IEJIaX THTIle-
BapUTENLHOTO  TpakTa (CHHAPOM  HM3OBITOYHOTO
GaKTEepUANLHOTO POCTa B TOHKOI KHINKE), 4TO TIPO-
SIBJISIETCST HECOCTOSITENIBHOCTBIO KUIITEYHOTO Gapbepa u
uHTOKCUKaiueld. [ToKuHyB GUOIIEHKY, BBIKHUBIINE
GakTepuu B IMJIAHKTOHHON (hopMe MUPKYJIUPYIOT B
KPOBH <B TIOUCKe» HoJiee GIaronpusiTHBIX YCJIOBHI, 4TO
PErUCTPUPYETCST KaK «OaKTepueMust». YCTOUYUBbIE K
(akTopaM 3amuThl (B TOM YUCIe — K aHTUOHOTUKAM)
GaKTeprn «ocealoT> Ha MUKPOTpOMOax, B 9KCCy/Iare,
MOBPEXKIEHHOM JIUTEJNNN/9HI0TeNun, (HOopMUpyst
THOMHO-BOCHIAIUTEJIbHbBIE OYaTrd BO BHYTPEHHEI cpefie
OpraHu3Ma 4eJsioBeKa («CenTuKonuemMus» ) [24].
CoBpeMeHHbIE METO/IbI TI03BOJISIIOT OLIEHUTH
MHUKPOOHOE COOBIIECTBO B 1EJI0M, BKJIIOYAsT HEKYJTh-
TUBUPYEMbIe BUIbI MUKPOOPTAaHI3MOB, OJTHAKO Kpaii-
He OrPaHMYEHHOE YKCIIO PabOT MOCBAIIEHO U3YIEHUIO
MUKPOOHOMA KUIIEYHUKA TIPH KPUTHIECKUX COCTOSI-
Husx [27, 28]. ExuanuHble nccyieIoBaHNS XapaKTepy-
3YIOT IMHAMUYECKUE U3MEHEHUST KUIIEYHOH MUKPO-
GUOTHI IIPK IPOOJIKITENbHOM IpebbiBanuu 8 OPIT,
KOTJ[a MUKPOOPraHU3Mbl OKA3bIBAIOTCI B YCJIOBUSIX
Gecrpere/IeHTHO  9KOJIOTMYECKO  KaTacTpodbl,

terobacteriaceae, Staphylococci — instead of natural
biotopes, form biofilms in upper alimentary tract (small
bowel bacterial overgrowth syndrome), which mani-
fests in intestinal barrier failure and intoxication. Hav-
ing left biofilms, survived planktonic bacteria circulate
in blood ‘in search for’ more favorable conditions,
which is recorded as ‘bacteriemia’. Resistant to defense
factors (including antibiotics), bacteria ‘settle’ on mi-
crothrombi, in exudate, damaged epithelium /endothe-
lium forming pyoinflammatory foci in the internal
environment of a human body (‘septicopyemia’) [24].

Modern methods allow assessing microbial com-
munity in general including nonculturable species of
microorganisms; nevertheless, very few papers are
dedicated to investigation of intestinal microbiome
during critical conditions [27, 28]. Sporadic investi-
gations characterize dynamic changes of gut micro-
biome during prolonged stay in ICU, when
microorganisms find themselves in a situation of an
unprecedented ecological catastrophe surviving in
hard competition for limited resources in a hostile mi-
croenvironment. A ‘microbial replica’ of intestinal mi-
crobiome of 14 ICU patients featured significant
disturbance of microbial community, low biodiversity,
and multi-drug resistance of pathogens, supporting
the hypothesis about intestinal microbiome being a
'damaged organ' in critically ill patients. In fact, the
main cellular mass of bacteria (normal microbiota) be-
comes destroyed and ‘pathobiota’ or a ‘time bomb’, a
source of persistent threat of pathogens spread, occu-
pies the dominant position [29]. For example, loss of
commensal bacteria, mostly, anaerobic, might induce
overgrowth of Enterococcus [30], which, according to
the authors, correlates with organ failure, length of
stay in ICU, and mortality [28].

Ojima et al. (2016) suggested using the Bac-
teroidetes/Firmicutes (B/F) correlation coefficient
during dynamic observation of 12 ICU patients. It has
been shown that changed B/F correlation is related to
adverse outcome in critically ill patients, differences
being statistically significant (P=0.022). In the de-
ceased patients, extreme values of B/F coefficient
were noted: prevalence of Bacteroidetes and B/F coef-
ficient exceeding 10 was observed in 4 deceased pa-
tients out of 6, while it being less than 0.1 in one
patient only. In all survived patients, B/F correlation
remained within the range of more than 0.1 and less
than 10 [31]. Still, the authors agree that the study has
anumber of limitations — small size of sample insuffi-
cient to establish reasons for microbiota composition
changes, and, most importantly, — analysis at the level
of types of bacteria including different species that
have significantly different metabolic direction.

A full-scale multi-center dynamic study of a mi-
crobiome harvested from three loci — bowels, skin,
and mouth in 115 ICU patients (1% endpoint — ad-
mission to ICU, 2" endpoint — discharge), has proved
that critical condition leads to considerable and fast
dysbiosis. 'Critical state microbiome’ was character-
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BBIKMBAs B OCTPON KOHKYDEHIIUU 32 OTPAHUYEHHbIE
pecypehl BO BpakaeOHOM MUKPOOKpYyskeHuu. Tak,
«MUKPOOHBIN OTIIEYATOK» MUKPOOMOMa KUIIEUHUKA
14 nanuentoB OPUT xapakrepusoBajicst 3HAYNTEb-
HBIM HapyIleHneM MUKPOOHOTO COOOIIECTBA, HU3KUM
ypoBHEM 6UOpPa3HO0Opa3usi U MYJbTUPE3UCTEHT-
HOCTbIO TTIATOT€HOB, MOATBEPKIAAS TUIIOTE3Y O MUKPO-
GuoMe KUIIEeYHNKA KAaK «[IOBPEKIECHHOM OpraHe» y
HaIMeHTOB Ipu KpuTnueckoM coctosinn. Maxrye-
CKH, OCHOBHAs KJIETOYHASA Macca Gakrepuil (HOpMaib-
Hasi MUKPOOMOTA) OKa3bIBAETCS Pa3pyIlIeHHON, a
JTOMUHUPYIOIIEE MOJOKEHIE 3aHUMAeT «I1aToOuoTa»
wim «6omba 3aMeTIEHHOTO JeHCTBUS», UCTOYHUK
MOCTOSIHHOW YTIPO3bl PACHPOCTPAHEHUS ITATOTEHOB
[29]. Tak, Hanpumep, HOTEPs KOMMEHCAIbHBIX OaKTe-
P, TPEUMYIIECTBEHHO aHAAPOOOB, MOKET WHIIYITU-
poBartb upe3MepHbiit poct Enterococcus [30], uTo 110
JAHHBIM aBTOPOB, KOPPEJIUPYET C OPraHHON HeJ0CTa-
TOYHOCTBIO, MPOJOJLKUTEIBHOCTHIO TIPEOBIBAHUS B
OPUT u neranbubiM ncxozom [28].

Wccnenosarenu Ojima et al. (2016) npeasioxu-
JIN UCI0JIb30BATh KOA(MMUINEHT OTHOIIEHNS TUIIOB
Gakrepuii Bacteroidetes/Firmicutes (B/F) npu nuna-
MudeckoMm Habsogennn y 12 manumentos 8 OPUT.
[Tokazano, uto nuamenenue coornomenus B/F cpasa-
HO ¢ HEOJIArONPUSTHBIM UCXOJIOM Y MAIUEHTOB TIPU
KPUTUYECKOM COCTOSIHUU, PA3JINYMs CTATUCTUYECKH
sHaunmbl (p=0,022). Tak, y ymepuiux maiueHTOB
HabJIIOIAJINCH IKCTPEMAIbHBIE 3HAYCHUST KOd(DDUIU-
enrta B/F: npeobnaganue tuna Bacteroidetes u 3nave-
nus B/F Gonee 10 — ormeueno y 4 us 6 ymepuinx, B
To Bpems Kak MeHee 0,1 — TOJIbKO y OIHOTO MAaIMEHTa.
¥ Bcex BbUKMBIIMX HalMeHToB oTHOLIeHue B/F ocra-
Basioch B rpanumax 6osee 0,1 u menee 10 [31]. Oxnaxo
ABTOPBI COTJIACHBI C TEM, YTO MCCIIEA0BAHNE IMEET PSijL
OrpaHWYeHU — MaJIblii pa3Mep BbIOOPKHU, HEOCTA-
TOYHBIIT /7t TOTO, YTOOBI BBIIBUTH TIPUYUHBI U3MEHE-
HUI B cOCTaBE MUKPOOUOTHI, a TJIABHOE — aHAJIN3 Ha
ypPOBHE THUIIOB OGakTepuil, Kyjga BKJIIOUEHbBI BUJIbI,
CYIIECTBEHHO PasJuyaionuecss MeTaboJndecKoil
HAIIPaBJIEHHOCTHIO.

O6mupHoe MyJIBTUIIEHTPOBOE HCCJAEIOBAHIE
MHUKPOOMOMa TPEX JIOKYCOB — KHUIIEYHUKA, KOKU U
poroBoii mosioctn y 115 narmenroB OPUT B tunamu-
ke (1-s Touka — nocrymienue 8 OPUT, 2-s Touka —
BBIIIICKA) MO3BOJIHUJIO J0Ka3aTh, YTO KPUTHYECKOE
COCTOSIHUE TIPUBOJIUT K 3HAYUTETHHOMY ¥ OBICTPOMY
nucbnosy. «MUKPOOGHOM KPUTHYECKOTO COCTOSTHUS>
XapaKTePU30BAJICS AUCOHATAHCOM HOPMATBHBIX («CTI0-
COOCTBYIOINIUX 3/I0POBBIO») U YCIOBHO- TTATOTCHHBIX
GaKTepHii, 9TO B CBOIO OUEPE/Ib JIEJIaeT MAIMEeHTOB BOC-
NPUUMYUBBIMU K HO30KOMUATbHBIM MH(EKITHIM, CETl-
CUCY U OpraHHOU HejlocTaTouHocTH [32].

PesysbraTsl pacimdpoBKy cOCTaBA MUKPOOUO-
Ma JIOKa3bIBAIOT €r0 BA)KHOCTh KaK [TUAaTHOCTHYECKOTO
n nporuoctudeckoro mapkepa B OPUT, u asagiorcs
OCHOBOI1 17151 pPa3pabOTKK EPCIIEKTUBHON TepAITHH,
YIIydIIatonieil pe3ysIbTaTsl JeUeH s MalueHTOB Pu
KPUTHYECKUX COCTOSIHUSX. BasKHO OTMETHTBD, UTO PsijL

ized by misbalance of normal (‘promoting health’) and
opportunistic pathogenic bacteria, which, in turn,
makes patients susceptible to nosocomial infections,
sepsis, and organ failure [32].

Results of microbiome composition transcription
have proved its importance as a diagnostic and prog-
nostic marker in ICU whereas serving a basis for de-
veloping a promising therapy to improve the outcome
of critically ill patient treatment. It is important to no-
tice that some papers are focused on rough mechanis-
tic evaluation of types of microorganisms and their
correlation, missing the fact that a type combines both
‘beneficial’ and ‘harmful’ species of microorganisms
and not allowing assessing their metabolic activity. In
our studies, dynamic evaluation of microbiome in ICU
patients showed prominent disturbances of intestinal
microbiome biodiversity, which also manifests in a
changed level of aromatic microbial metabolites
(AMM) in serum and bowel contents [33].

Microbiota's Metabolic Activity: from Struc-
ture to Function. Accumulation of knowledge about
species composition of microbiota is very important,
but insufficient to understand its function in the body.
During a critical condition, prominent disturbances
occur not only in the change of species diversity, but
in microbiota metabolism as well, which, in certain sit-
uations, might lead to nonreversible breakdowns of
homeostasis and death of the macroorganism.

An enormous number of studies proved the bio-
logical role of short-chain metabolites of anaerobes —
SCFA — in immune response regulation. SCFA act lo-
cally, mostly, in bowels, because these metabolites are
produced by anaerobic bacteria colonizing mucous
membranes and are consumed by epitheliocytes in
various niches (for example, by enterocytes in bowels),
almost never entering blood [34]. Basic short-chain
fatty acids (butyrate, propionate, acetate) promote
proliferation and differentiation of epithelial cells in
bowels, intensify blood circulation in bowel wall, im-
prove GIT motion [35]. Besides, butyrate possesses
anti-inflammatory effect by inhibiting NF-kB [36] and
increases mitochondrial activity [37]. The sum of
these three fatty acids was significantly lower in feces
of SIRS patients, intestinal pH was significantly closer
to alkaline. Decrease of butyrate, propionate, and ac-
etate was associated with a reliably lower quantity of
anaerobic bacteria, especially, Bifidobacterium and
Lactobacillus, and a higher content of Staphylococcus
and Pseudomonas in SIRS patients compared to
healthy volunteers [38]. It has been shown that micro-
bial communities of small bowel depend on the capa-
bility of fast intake and biotransformation of relatively
simple carbohydrate in the conditions of fast adapta-
tion and availability of nutrients. Large bowel micro-
biota features narrow specialization of effective
degradation of complex carbohydrate: lactate pro-
duced by Streptococcus spp. can be used as a source of
energy for Veillonella spp., the end products being
SCFA [39]. Identification of specific metabolites of mi-
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paboT cocpenoToueH Ha rpyOOl MEXaHUCTUYECKON
OLIEHKE TUIIOB MUKPOOPTaHU3MOB U X COOTHOIIEHS,
yiryckast ToT hakT, 4To THIT 0ObEUHSIET KAK «I10JI€3-
HbIE», TAK U «BPEIHbIE» BUIIBI MUKPOOPTAaHI3MOB, U He
MO3BOJISIET OIEHUTD X METAOOIMYECKYTO aKTUBHOCTD.
B nammx ncciie[oBaHUsIX IPU IMTHAMUYECKOIT OTIEHKe
mukpobuoma y manuentos OPUT mokasansl BbIpa-
JKEHHbIE HAPYIIeHst GHOPasHo06pasust MUKPOOHOMa
KUIIEYHNKA, YTO MPOSIBJSETCS TaKKe U3MeHEeHUeM
YPOBHSI apOMaTHYECKUX MHUKPOOHBIX MeTabOJUTOB
(AMM) B cBIBOPOTKE U KUIIIEYHOM COZIEPKUMOM [33].

MeraGoanyeckast aKTHBHOCTb MUKPOOHOTBI: OT
CTpYKTYpHI K pynkuuu. Hakornuenve 3uanuii o Bujio-
BOM COCTaBe MUKPOOHOTBI 0YeHb Ba)KHO, HO HE[OCTA-
TOYHO [I7IsI TIOHUMaHus ee GyHKIUY B opranusme. [1pu
KPUTHUYECKOM COCTOSTHUU BBIPAKEHHBIE HAPYIIEHUST
IPOUCXO/ISAT He TOJBKO B U3MEHEHUU BUI0OBOTO PA3HO-
obpasusi, HO U B MeTaboJU3Me MUKPOOUOTHI, YTO
MOJKET IPUBOJANTH, B OIPEIEJEHHBIX YCIOBUIX, K
HeOOPATHMBIM TIOJIOMKAM FOMEOCTa3a U rubesin Mak-
poopraHusMa.

B orpoMHOM 4ncIie uceeoBaHuii Jokazana 61uo-
JIOTHYECKAst POJIb KOPOTKOIEMOYEUHBIX METAb0INTOB
araspoboB — JIJKK — B perysisiiinn mMMyHOPEaKTHB-
noctu. Jleiictue JIZKK ocyiecTBiisieTcst TOKaJIbHO,
[PEUMYIIECTBEHHO B KUIIEYHIKE, TAK KaK 9T MeTabo-
JIATBI TIPOAYIUPYIOTCA aHAdPOOHBIMU GAKTEPUSMH,
KOJIOHM3UPYIOIIUMHU CIU3UCTBIE OO0JIOUKH, U 3IECH JKe
HOTPeBIIAIOTCS SMUTETUOIUTaMK (HATIPUMED, SHTEPO-
[UTaMU B KUIIEYHUKE ), IPAKTUYECKU, HE TIOCTYTIAsT B
KpoBb [34]. OcHOBHBIE KOPOTKOIETIOYEUHbIE JKUPHBIE
KUCJIOTBI (OyTHPAT, TPOIMOHAT, AIIETAT) CTUMYJIUPYIOT
npoJsidepariio u 1 depeHIMPOBKY MU TETUATBHBIX
KJIETOK B KUIIIEYHUKE, YCUJIUBAIOT KPOBOOOpaIeHue
CTEHKU KUIIeYHUKA, yaydniaoT nepuctanstuky ;JKKT
[35]. Kpome Toro, GyTipar ob1agaeT IpoTHBOBOCHIANI-
TEJABHBIM A(DHEKTOM MOCPEACTBOM HHIMOUPOBAHMS
aktusHocT NF-KkB [36] u yBemmurBaeT MUTOXOHIPH-
aJbHY10 aKTUBHOCTH [37]. CymMMa aTUX TPeX KHUPHbIX
KUCJIOT Oblila 3HAYUTETIBHO CHUIKEHA B (PEKaIUsAX y
narenToB ¢ SIRS, pH kurieunotit cpeibl 3Ha4NMO CMe-
AJIOCh B IeJ0uHy0 cTtopony. CHmkenue 6yTupara,
MPOITMOHATA U AlleTaTa ACCOIIUUPOBATIOCH C JIOCTOBEPHO
6oJiee HUBKMM KOJIMYECTBOM aHadPOOHBIX GaKTepHii,
ocobenno Bifidobacterium wu Lactobacillus n 6osee
BBICOKUM coziepskanvieM Staphylococcus n Pseudomonas
y naruenToB ¢ SIRS, 1o cpaBHeHUIO €O 3/10POBBIMU
no6pososbiamu [38]. ITokasano, yTo MHKPOOHbIE
COO0IIECTBA TOHKOW KHUIITKK 3aBUCAT OT CIIOCOOHOCTH
GBICTPOTO MOCTYIIEHNST U OUOTPAHC(POPMAIIMU OTHO-
CHUTEJIBHO MPOCTBIX YIJIEBOJIOB, B YCIOBUAX OBICTPOIl
aANTallUNd U JOCTYIIHOCTU HUTATEIbHBIX BEIIECTB.
MukpobuoTa B TOJCTOM KHUIIEYHHUKE 00IaaeT Y3KOi
crierras3anueii mo aeKTUBHOII erpagannm Caox-
HBIX YTJIEBOJIOB: JIAKTAT, IPOJYIIMPYeMbIit Streptococcus
SPP. MOJKET WCIIOJIb30BAThCS KAaK dHEPreTHYeCKIUii
ucrounuk s Veillonella spp. ¢ KoHeuHOI IpoayKIeit
JIJKK [39]. UzenTudukanus cienududeckux Merabo-
sutoB Mukpo6uotsl (JIKK, HHIO0IOB, KeIUHbIX KUC-

crobiota (SCFA, indoles, bile acids, niacin, taurine,
retinoic acid, etc.), and assessment of their influence
on the immune system have allowed deciphering col-
onization mechanisms and co-regulation of immune
and microbial cells. This has led to understanding that
microbiota, via production of metabolites covering a
wide range of chemical groups and target cells, modu-
lates signal pathways assisting immune homeostasis of
mucous membranes [40].

Among metabolites of bacteria that are part of
human microbiocenosis, investigation of the role of
aromatic microbial metabolites (AMM) is of particu-
lar interest [41]. A number of recent studies have as-
signed the central role to metabolism and
biotransformation of aromatic amino acid — trypto-
phan — in decussation of microbial pathways and host
body during various diseases. In bowels, three main
pathways of tryptophan metabolism are directly or in-
directly controlled by microbiota to produce such end
products as serotonin (5-hydroxy-tryptamine),
kynurenine and indole derivatives, which play an im-
portant biological role in the human body [42].

Experimental and clinical studies prove biologi-
cal activity of AMM, their involvement in pathogen-
esis of bacterial infectious processes; particularly
interesting is these substances’ ability to render influ-
ence on the functions of mitochondria (production of
active oxygen species and oxidation rate of NAD-de-
pendent substrates) [43] and neutrophils by suppress-
ing phagocyte activity [44]. Disorders caused by the
effect of aromatic metabolites were similar to those
found in sepsis patients, on the basis of which the au-
thors mention increase in the concentration of these
acids as one of the reasons for mitochondrial dysfunc-
tions during sepsis [45]. The following acids might be
potentially involved in the pathological process:
phenyllactic (PLA), phenylpropionic acid (PPA),
phenylacetic acid (PAA), p-hydroxyphenylacetic acid
(p-HPAA), and p-hydroxyphenyllactic (p-HPLA)
[24]. AMM levels reflect severity of bacterial inflam-
matory process: they increase in patients with a local
pyoinflammatory disease and reach maximum during
sepsis [46]. Data about the bacterial origin of AMM
are supported by the results of a series of experimental
studies on pure cultures of clinically significant species
of bacteria [47]. S. aureus, K. pneumonia, and E. coli
produce PLA and p-HPLA, non-fermenting (aerobic)
gram-negative  bacteria  (Acinetobacter — and
Pseudomonas) are capable of forming p-HPAA [48].
Not only aromatic amino acids, but microbial bio-
transformation of polyphenols can also be a source of
p-HPAA [49]. In microbial associations, phenylcar-
boxylic acids (PCA) play an important role in the
mechanisms of interspecies competition. Phenylpro-
pionic and phenylacetic acids, being metabolites of
anaerobic bacteria of human microbiota, suppress
growth of E. coli and S. aureus. PLA and p-HPLA sup-
press growth and reproduction of fungi. In health,
AMM containing lactic acid residue (PLA and p-
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JIOT, HUAIIMHA, TAYPUHA, PETUHOEBO KHCJIOTBI U IID. ), 1
OlIEHKA VX BJIUSTHUSI HA IMMYHHYIO CUCTEMY MO3BOJIFLIA
paciudpoBaTh KOJTOHU3AINOHHbIE MEXAaHI3MbI 1 KO-
PETYJIAIMIO UMMYHHBIX U MUKPOOHBIX KJIETOK. ITO
HPUBEJIO K TIOHUMAHKIO, YTO MUKPOOHMOTA, Yepe3 Mpo-
IYKIUIO MeTabOJIUTOB, OXBATHIBAIOIINX ITHPOKUN
CIIEKTD XMMUYECKIX TPYIII U KJIETOK-MUIIIEHE, MOZLY-
JIIPYET CUTHAJbHBIE TYTH, KOTOPbIE CIIOCOOCTBYIOT
UMMYHHOMY TOMeOcTa3y cau3ucTbix [40].

Cpenu MetaboauToB GakTepuil, BXOASAIIMX B
cocTaB MUKPOOUOIIEHO3a YeJIoBeKa, 0COOBIN MHTEpeC
[PEICTABJISIET U3YUYEHUE POJIU APOMATHYECKUX MUK-
po6ubIx MeTaboutos (AMM) [41]. Pax uccienosa-
HUN TIOCJIEeHUX JIET OTBOJAUT ILEHTPAJIBHYIO DPOJIb
MeTabou3My u GuorpachopMalui apoMaTUIeCcKoil
AMUHOKUCJIOTBI — TPUIITO(AHA B TIEPEKPecTe MUKPOO-
HBIX IIyTell U OpraHu3Ma XO3sdWHA IIPU PABIUIHBIX
3abosieBanusAX. B KulleyHrKe TPU OCHOBHBIX MYTH
MeTtabosama TpunTodana HaxoAATCS IO/ TIPSMBIM
WJIM KOCBEHHBIM KOHTPOJIEM MUKPOGHOTHI ¢ 06pa3o-
BaHUEM TaKUX KOHEUHBIX [TPOAYKTOB, KAK CEPOTOHITH
(5-rHIPOKCUTPUNITAMUHA ), KHHYPEHUH U TPOU3BOJI-
HbIE WH/I0JIa, KOTOPBIE UTPAIOT BAXKHYIO GUOJOTHYE-
CKYIO POJIb B Opranu3Me uejoBeka [42].

IKCIIepUMeHTAIbHBIE U KJIMHIYeCKUe NCCIIe[0Ba-
HISI IIOATBEPIKAAIOT OMOJIOrMYECKYI0 aKTUBHOCTD AMM,
UX y4yacTre B natoreHese 6akTeprUaibHbIX WH(EKI[OH-
HBIX TTPOIECCOB, 0COObIIT MHTEPEC BBI3BIBAET CIIOCO0-
HOCTb IAHHBIX BEIIECTB, BIUATh HA (DYHKIIUI MUTOXOH/I-
puit (IPOAYKIUIO aKTUBHBIX (OPM KHCIOpoaa U
ckopocTh okuciaenrs NAD-3aBUCUMBIX CyGCTPATOB)
[43] u meliTpodusios, nogassisst haronuTapHyo aKTUB-
HOCTh [44]. Hapyiienusi, BbI3BaHHBIE BO3/IEICTBHEM
APOMATHYECKUX METaO0IUTOB, GBLIN AHAIOTHYHBI TEM,
4TO OOHAPYIKUBAIOTCST Y OOJIBHBIX C CETICUCOM, HA OCHO-
BAHUU Y€ro OIHOI U3 IPUYNH MUTOXOH/IPUABHBIX JIUC-
(byHKIIUIT IPU CETICUCEe aBTOPBI HA3BIBAIOT MOBBIIIEHUE
KOHIIEHTpaluK 3THX K1caoT [45]. ToreHimanbHbIMu
YYACTHUKAMU IIATOJIOTMYECKOTO  IIPOIECCa MOTYT
SIBJISITBCST  CJIEIYIONIIE KUCJOTHL:  (DEHIIMOTIOUHAS
(DMK), penmmpormonosas (DIIK), hennmykcycnas
(DYK), n-ruapoxuchenmnnykcyctuas (m-I'OYK) u -
ruaporcudenummonounas (nm-I'OMK) [24]. Yposuu
AMM oTpaxalor TsKecTh OaKTepraIbHOIO BOCIIAJIN-
TEJILHOTO TPOIECCa: OHU TIOBBIIIAIOTCS Y OONBHBIX C
JIOKaJIbHBIM THOWHO-BOCIIATINTE/TbHBIM 3a00I€BAHUEM 1
JIOCTUTAIOT MAKCUMAJIbHBIX 3HAYeHUH TIpu cericuce [46].
Jannble 0 6akrepuaabHOM rpoucxoxaenn AMM moz-
TBEPIKIAIOTCS PE3YJIBTATAMU CEPUU IKCIIEPUMEHTAIIb-
HBIX MICCJIEJIOBAHUI C YUCTBIMU KYJIBTYPAMU KJIMHUYE-
CKU-3HAYMMBIX BUIOB Gakrepuii [47]. Tak, S. aureus,
K. pneumoniae n E. coli ipopyuupyior @MK u n-ITOMK,
HedepmenTupyiorye (aapoGHbIE ) PAMOTPUTIATELHbIE
Gaxrepuu (Acinetobacter u Pseudomonas) criocoOHbI K
o6pasosanmio n1-I'DYK [48]. Mcrounukom n-I'OYK
MOTYT OBITH He TOJIBKO @DOMATHYECKIE AMUHOKHCIIOTHI,
HO U MUKPOOHast 6GuorpatchopManus momheHoI0B
[49]. B Muxpo6HbIx acconuanusax (GpeHnaKapOOHOBbIE
kucaoTbl (DKK) urpaior BaxKHyIo posib B MEXaHU3MaX

HPLA) are not found in bowels because they undergo
deep biodegradation to end products under the action
of anaerobic bacteria [50, 51]. Given that AMM is in-
volved in the mechanisms of interspecies completion
of microorganisms, lengthy misbalance of AMM in the
interior environment of a macroorganism might affect
the composition, metabolic activity of gut micro-
biome, and, as a result, equilibrium in the ‘macroor-
ganism —microbiota' system. There is an opinion that
anaerobic bacteria within gut microbiome take part in
metabolism of phenylcarboxylic acids of endogenous
origin, i.e. suppression of metabolic activity of micro-
biota might promote PCA accumulation [52].

In 2014, the results of the American study aimed
at detecting metabolites — lethal outcome predictors
— in blood serum were published. In the course of the
study, 187 low-molecular metabolites were tested in-
cluding PLA, p-HPAA, and p-HPLA. In the end,
seven metabolites were singled out, which were asso-
ciated with adverse outcome and which concentration
statistically differed in survived and deceased patients,
among them — p-HPLA and PLA [53].

Based on the above, investigation of metabolic
activity, establishment of a relation between qualita-
tive and quantitative characteristics of microbiota, the
course and outcome of a disease in ICU patients is
highly relevant.

Gut — Brain Axis. Brain is one of the organs
that is in close metabolic communication with intes-
tinal community. Intestinal microbiome is essential for
normal functioning of brain [54]. There are more than
a hundred million nervous cells between esophagus
and bowels. The so-called intestinal nervous system is
the second most complex nerve cell cluster in human
body after brain and is related thereto by common ori-
gin. The process of brain communication with the ‘gut
brain’ was named ‘Gut-Brain Axis’ (GBA). Investiga-
tions of ‘microbiota — brain’ connection at metabolic
level of mutual regulation may be called among most
promising directions of scientific research.

At the same time, interaction between gut and
brain is regulated, inter alia, by microbiota, seemingly
two-way, implemented by means of nervous, immune,
and humoral links [55]. The bidirectional nature of in-
teraction is also supported by experiments on mice
during acute brain trauma resulting in dysbiosis, in-
testinal barrier dysfunction, and decreased GIT mo-
tion. Gut microbiome plays also the role of central
regulator of immune homeostasis through its influence
on the neuroinflammatory process and residual neu-
rologic deficit after brain trauma [56]. Stroke might
also lead to disturbed intestinal barrier function,
translocation, and systemic distribution of commensal
species of microorganisms from small bowel resulting
in the development of pneumonia, as was demon-
strated on mice using 16S pRNA sequencing [57].
Change of immune homeostasis in small bowel caused
in mice by induced dysbiosis resulted in increase of
regulatory T-cells and decrease of IL-17+yd-T-cells,
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MEKBUIOBOIT KOHKypeHInu. OeHMIpoInoHoBas 1
(heHUIYKCYCHAst KUCIIOTHI, SIBJSASCH METabOJMTaMu
aHAdPOOHBIX GaKTEePUil MUKPOOUOTBI YETOBEKa, TIO/IaB-
sstior poct E. coliu S. aureus. DMK u 1-TOMK nozas-
JIIOT POCT U pasMHOeHue rpubos. B Hopme AMM,
coziepKalire ocTaTok MosiouHoi kucaotsl (DMK u 11-
T'DOMK), B KuedHuke He OOHAPYKUBAIOTCS, TAK KaK
TOJIBEPTaIOTCs TIyOOKOI GHOIerpajIaliiu ojl ICHCTBHI-
eM aHa?POOHBIX OaKTEPHiA 10 KOHEYHBIX ITPOLYKTOB |50,
51]. YuursiBast, uto AMM y4acTBYIOT B MeXaHU3Max
MEKBU/IOBOI KOHKYPEHIIMU MUKPOOPTAaHI3MOB, JIJIH-
TeJIbHO CylIecTBYyIonmii aucbananc AMM Bo BHyTpeH-
Hell cpeJie MaKPOOPraHU3Ma MOJKET ITOBJIUSATh HAa COCTAB,
MeTabOTMYECKYI0 AKTUBHOCTD MUKPOOHOTBI KHITICYHIKA
U, KaK Pe3yJIbTaT, HA PABHOBECHE B CHCTEME «MaKPOOpra-
HU3M —MUKpoOuoTay. CylecTByeT MHEHHUE, 4TO aHAd-
poGHbIe HakTeprn B COCTABE MUKPOOHOTHI KUIIIEYHUKA
PUHUMAIOT yuacTue B Metabosname heHnakapboHo-
BBIX KHUCJIOT 9HIOTEHHOTO IIPOMCXOK/IEHUS, TO eCTb
yrHeTeHHe MeTaboINYeCKON aKTUBHOCTH MUKPOOHOTHI
MosKeT criocobcTBoBath Hakorernio KK [52].

B 2014 rozy omy61nKOBaHbI PE3yJIBTaThl AMEPHU-
KaHCKOTO WCCJIEA0BAHUS, IEJbI0 KOTOPOTO OBLIO
BBISIBJICHIE B CBIBOPOTKE KPOBY METAGOJIUTOB — Tpe-
JIMKTOPOB JIETAJIBHOTO HCX0j1a. B nccaenoBanuu ObLm
npoTecTupoBanbl 187 HU3KOMOJIEKYISIPHBIX MeTabo-
sutos, B ToM uucie OMK, n-T'OYK u n-TOMK. B
pesyJibrare, 6bLI0 BBIIEIEHO CeMb METabOINTOB, aCCO-
[IMUPOBABIIUXCS ¢ HEGIATOTIPUATHBIM UCXOIOM, KOH-
HEHTPAIUsT KOTOPBIX CTATUCTHYECKU 3HAYUMO Pa3-
JINYATIACH Y BBIKUBIIUX U YMEPIIUX OOJIBHBIX, B UX
qucie — m-I'OMK u MK [53].

Vcxozs u3 BBIIEU3JI0KEHHOTO, YPE3BHIYAITHO
AKTYaJbHBIM SBJSAETCS M3y4eHHe MeTaboJnYecKoil
AKTUBHOCTH, BbISIBJIEHIE B3AaNMOCBSI3U MEK/IY Kade-
CTBEHHO — KOJMYECTBEHHBIMU XAPAKTEPUCTUKAMMU
MUKPOOMOTHI, TEYEHHEM U UCXOIOM 3a60JIeBaHUS Y
maruentos OPUT.

Ocp kumevyHuk — Mo3r. OHUM U3 OPraHoOB,
HaXOJSAIINXCS B TECHON METAOOINUYECKOI KOMMYHIUKA-
MU C KUTIEYHBIM COODIIECTBOM, SIBJISIETCS TOJOBHOI
MO3T. MUKPOOGHOM KUIIEYHIKA UMEET BAKHOE 3HAUE-
HUeE [T HOPMAJIBHOTO (DYHKIIMOHUPOBAHMS FOJIOBHO-
ro Moara |54 ]. BoJiee cTa MUJIMOHOB HEPBHBIX KJIETOK
PACIIOJIO}KEHO MESKJLY ITUIIEBOIOM U KUIIEUHIKOM. Tak
Ha3bIBaeMasl KUIeYHasl HePBHAs CUCTeMa — 9TO BTO-
pOe TI0 CJIOKHOCTU CKOILIEHHE HEPBHBIX KJIETOK B
OpraHMU3Me YeJIOBEKA I0CJIe TOJIOBHOTO MO3Ta, CBSI3aH-
HOe € HUM OOIIHOCTBIO mpoucxoxkaeHus. [Iporece
KOMMYHUKAIIUU FOJIOBHOTO MO3Ta C «KUIIEYHBIM MO3-
rOM» IIOJIyYUJT Ha3BAHUE «OCh KUIIEYHUK — MO3T»
(Gut-Brain Axis, GBA). UccnenoBanus cBsI3N «MUK-
pobroTa — MO3r> Ha METabOJIMYECKOM YPOBHE B3au-
MOPETYJISIIIUE MOKHO OTHECTH K YUCITy HanboJiee MHO-
rooGeaiouX HATPABJIEHUIT HAYYHOTO TIOUCKA.

B To ke Bpems1 B3auMO/IefiCTBIE MEKY KUIIIEY-
HUKOM U TOJIOBHBIM MO3TOM DeryJUPYeTCs B TOM
qucse U MUKPOGUOTOI, IPEICTABISAETCS JABYHATIPAB-
JIEHHBIM, OCYIIIECTBJISIEMbIM TIOCPEJCTBOM HEPBHBIX,

which, in turn, entailed lessening of the size of is-
chemic lesion site in brain [58].

It has been experimentally shown that gut mi-
crobiome is capable of modulating functioning and de-
velopment of microglia cells, astrocytes,
neurotransmission, preserve integrity of blood-brain
barrier [59]. In response to brain damage, microbiota
activates peripheral immune cells [60, 61]. Brain also
renders action on microbiota: biochemical processes
taking place in the nervous system can change com-
position of intestinal microflora, which, in turn, influ-
ences brain functioning and human behavior [62, 63].
The molecular mechanisms of interaction of these
three systems (nervous, immune, microbiota) have
been poorly studied, yet. It is known that 60% of im-
mune competent cells are located in bowel wall sub-
mucosa; when the bowel immune system is activated
in a situation of failed defense barriers, inflammation
is initiated that might be accompanied, inter alia, by
activation of the brain immune system. Chronic endo-
toxinemia leads to inflammation in periventricular
brain regions followed by destabilization of blood-
brain barrier and inflammatory process spreading to
other brain regions, which manifests in the develop-
ment of neurodegenerative processes [64].

It is known that over 400 metabolites come from
bowels to brain in health and pathologic processes.
During critical conditions, the metabolic composition
of the internal environment of the body changes con-
siderably, playing an important role in the pathogen-
esis of brain dysfunctions during a severe bacterial
infection, manifesting as so-called sepsis-associated
encephalopathy (SAE) [65, 66]. In experiments, bac-
teria and substances they release might exhibit oppo-
site effects: they both suppress and promote
development of pathological processes in nerve tissue
[67—69]. The fact of direct connection of SAE with in-
creased mortality, when among sepsis survivors more
than half of patients have lengthy cognitive distur-
bances, and difficulties concentrating and remember-
ing, is especially worrying [70].

Brain dysfunction is one of early symptoms of a
severe infection and sepsis, frequently preceding the
classical picture of bacterial infection generalization.
This fact allows suspecting that not only structural
components of cellular wall of bacteria (such as LPS)
might be involved in the development of disorders, but
low-molecular microbial metabolites as well. A most
interesting subject for investigation is products of mi-
crobial biotransformation of aromatic amino acids
(phenylalanine, tyrosine, tryptophan). It is known
that in the blood of septic patients with encephalopa-
thy, there is an excessive amount of aromatic amino
acids compared to branched-chain amino acids [71].
At the same time, the blood level of aromatic microbial
metabolites (AMM), in particular, phenylcarboxylic
acids, rises multi-fold during sepsis [72], which can be
explained by slowing down of microbial metabolism
of aromatic amino acids to end products at the back-

GENERAL REANIMATOLOGY, 2018, 14; 5

www.reanimatology.com



106

DOI:10.15360,/1813-9779-2018-5-96-119

Reviews

DHIOKPUHHBIX, UMMYHHBIX M TYMODAJbHBIX CBSI3€il
[55]. AByHampaBeHHOCTb B3aMMOIEHCTBHS IIOATBEP-
JKIIAETCS U B 9KCIIEPUMEHTAIBHBIX paboTax Ha MBIIIAX
IIPU OCTPOIT TPaBMe FOJIOBHOTO MO3Ta, IPUBOSIIEH K
nucbuosy, IMCHYHKIMU KAIIEYHOTO Gapbepa U CHU-
skennio moropuku JKKT. Mukpo6uora KuledHIKa
BBICTYIIAeT U B POJIM IIEHTPATBHOTIO PETYJIATOPA
UMMYHHOTO TOMEOCTAa3a, BJIUsS HA HEeIPOBOCIHIAIM-
TeJIbHBIN MPOIECC U OCTATOUHBII HEBPOJIOTUIECKHUIT
neUIUT Tocae TPaBMbl TOJOBHOrO Mosra [56].
WNucynbr Takke MOXKET NMPUBOAUTH K HAPYIIEHUIO
GYHKIMU KUIIEYHOro Hapbepa, TPAHCIOKAIMU 1
CUCTEMHOMY PAacCIPOCTPAHEHUIO KOMMEHCAJIbHBIX
BUJIOB MUKPOOPraHM3MOB U3 TOHKOTO KHUIIEYHWKA,
IPUBO/ISL K PA3BUTHIO THEBMOHUH, YTO OBLIO TIPOJIEe-
MOHCTPUPOBAHO Y MBbIIIIEH C UCIIOIb30BAHUEM CEKBe-
uuposanus 1mo 16S pPHK [57]. 3menenne nmMmmyH-
HOI'O FOMEOCTa3a B TOHKOM KHIIIEYHUKe, BbI3BAHHOE
WH/IYIIUPOBAHHBIM AUCOMO30M Y MBIIIEH, TIPUBONIO
K YBEJINYEHUIO PETYJISATOPHBIX T-KI€TOK 1 CHUKEHUIO
[L-17+yd-T-kyeToK, 4TO CBOIO 0Yepe/ib IPUBOIUIO K
VMEHBIIIEHNIO PasMepoB oduara HWIIEMHUYIEeCKOTO
MTOBPESKIEHUsI TOJIOBHOTO MO3ra | 58].

B akcmepnMeHTATbHBIX paboTax MOKa3aHo, 4To
KUIIIeYHAasT MUKPOOMOTA CrmocobHa MOAYJIHPOBATH
(OYHKITMOHNPOBaHWE W Pa3BUTHE KJIETOK MUKPOTJINH,
ACTPOITUTOB, Mepelady HEPBHBIX UMITYJILCOB, COXPa-
HATH TETOCTHOCTD TeMaToaHIe(haTmIeckoro 6apbepa
[59]. B oTBeT ma moBpexIeHE MO3Ta MUKPOOMOTA
AKTUBU3UPYET MepudepunyecKie UMMYHHBIE KJIETKA
[60, 61]. Mosr Takske BO3zeiicTBYeT Ha MUKPOGHOTY:
OGUOXUMIYECKUE TIPOTECCHI, TPONUCXOISIIIE B HEPB-
HOU cucTeMe, MOTYT MEHSITh COCTaB KUIIEYHON MUK-
poGIOPEI, YTO B CBOIO OYEPENDL BIUSIET Ha PabOTy
MO3Ta U ToBejieHne YemoBeka [62, 63]. Momxexysip-
HbIe MEXaHU3MBI B3aUMOJICHICTBUS 9TUX TPEX CUCTEM
(HepBHasl, UMMYHHAs, MUKPOOWOTA) TTIOKA U3YUEHBI
Mmasio. MsBectro, uto 60% MMMYHOKOMIIETEHTHBIX
KJIETOK HAXOANUTCS B TOJICTAU3NUCTOM CJI0€ KUTIIETHOH
CTEHKH, TP aKTUBAIMT UMMYHHOH CUCTEMbI KUTTITEY-
HUKa B YCJIOBUSX TAJCHUS 3AlIUTHBIX OaphePOB MHI-
IINUPYeTCs BOCTIATIEHNE, UTO MOKET COMTPOBOK/IATHCS,
B TOM YWCJIe, U aKTUBAIMEH MMMYHHOU CHUCTEMBI
TOJIOBHOTO MO3Ta. XPOHUYECKas 3HAOTOKCHHEMHUS
TMPUBOIUT K BOCTAJEHUIO B OKOJOKETYIOUKOBBIX
30HAX MO3Ta C TTOCTeyIoNelt nectabu3arieil rema-
TosHIe(haTNIecKOTO Haphepa U PacTPOCTPAHEHTEM
BOCITAJTNTESTFHOTO TIPoIlecca Ha PyTHe YIaCTKU MO3Ta,
TIPOSIBJISTIONIETOCS PAa3BUTHEM HelpoieTeHepaTHBHBIX
mporteccoB [64].

UsBectHo, uto Gosee 400 MeTabOIUTOB TIOCTY-
MaeT U3 KUIETHIKA B MO3T B HOPME ¥ TTPH MTaTOJIOTH-
JecKUX Ipoleccax. [Ipn KpUTHIeCKIX COCTOSHUAX
MeTabOTIMIECKHI COCTAB BHYTPEHHEN CPEIB OPTaHn3-
Ma CYIIeCTBEHHO MEHSETCS, UTpast BAXKHYIO POJH B
TaToreHe3e HapyIIeHNH GYHKITNI TOJTOBHOTO MO3Ta
TIPU TSKETON GaKTepHaTbHON WHQEKITNH, TIPOSTBIIS-
sSICh TaK Ha3bIBAE€MOII CETICHC-aCcCOIMIPOBAHHOI dHIIE-
danomarueii (SAE) [65, 66]. B skcniepumMenTax Gak-

ground of reduced species biodiversity of microbiome.
It has been earlier shown that main potential sepsis
agents (Staphylococcus aureus and coagulase-negative
staphylococci, E. coli, Klebsiella and other enterobac-
teria, anaerobic bacteria) produce AMM intensively
in vitro [73]. Generalization of the above facts allows
supposing that during sepsis, endogenous metabolism
of aromatic amino acids slows down with concurrent
active involvement of bacteria in their biotransforma-
tion. This hypothesis has been proven in respect of ty-
rosine metabolites. It was established that in all sepsis
patients, the profile of phenylcarboxylic acids drasti-
cally changes towards prevalence of such microbial
metabolites as para-hydroxyphenyllactic (p-HPLA),
phenyllactic (PLA), para-hydroxyphenylacetic (p-
HPAA) acids. Levels of these AMM, which were
named ‘sepsis-associated’, correlated with severity of
patients’ conditions and mortality [46]. In literature,
there are also data about the microbial metabolite of
another amino acid — phenylalanine, namely, about
phenylacetic acid (PAA), which is present in a signif-
icantly higher concentration in cerebrospinal fluid and
serum of patients exhibiting septic encephalopathy
symptoms compared to healthy people [74]. A number
of other papers have demonstrated that a severe brain
damage and impaired mental development was ob-
served in patients whose interior environment had in-
creased levels of phenyl-pyruvic acid, PLA and PAA
[75]. The above-listed AMM have phenolic nature.
Preliminary study results allow supposing that AMM
of indole nature, i.e. tryptophan metabolites, might
also contribute significantly to the development of en-
cephalopathy during sepsis, for example, based on
their structural similarity with serotonin. Behavior re-
lated to serotonin neurotransmission depends on gut
microbiome [76].

Gut Microbiome — Lungs Axis. The hypothe-
sis of existence of ‘gut-lungs’ vector correlates to the
data that cross influence of these two organs plays an
important role in pathogenesis of diseases — from al-
lergic asthma to pneumonia [77]. For example, in the
experimental model of traumatic and hemorrhagic
shock in rats, translocation of intestinal metabolism
products to lymphatic duct resulted in lungs damage
[78]. Chest lymphatic duct ligation offset that effect
while administration of lymph from septic animals to
intact animals induced lungs damage [79]. The pro-
tective role of normal intestinal microbiome is proven
by the fact that dysbiosis caused by use of antibiotics
has impaired immune responsiveness and increased
mortality in pneumococci pneumonia mice [80]. On
the experimental model of newborn mice, it has been
shown that postnatal colonization with intestinal
commensal bacteria plays a decisive role in the devel-
opment of defense of lungs in newborns. Administra-
tion of bacteria into bowels immediately after birth
was characterized by a drastic inflow into lungs of
group 3 innate lymphoid cells (ILC3) — key regula-
tors of inflammation and response to infection in mu-
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TePUM ¥ BbIJeJsieMble UMU BEIIeCTBA MOTYT IPO-
SIBJISITh Pa3HOHAIPaBJeHHble 3(@EKThI: KaK M0/aB-
JISITh, TAK U CHOCOOCTBOBATH PA3BUTHIO TATOJIOTHYE-
CKHUX TIpOIleccoB B HepBHOIT TKaru [67—69]. Ocoboe
6ecroKolcTBO BbisbiBaeT hakT npamoii cesasu SAE ¢
MOBBIIIEHHOI JIETATBHOCTHIO, & CPeIU BBIKHUBIINX
nocJie cercuca 6oJiee TTOJOBUHBI MAIIUEHTOB UMEIOT
JUTUTEbHble KOTHUTUBHbIE PACCTPONCTBA, HApYIe-
HUS TTAMSITH U KOHIleHTpaluu BuuManus [70].
JlucyHKIMsT MO3Ta SIBJISIETCS OJTHUM U3 PAHHUX
CHMIITOMOB TSIKEJIOM MHMEKIIMY 1 CETICUCa, 3a9aCTYIO
orepeskasl KJIACCUYECKYI0 KapTUHY TeHepaIu3aliiu
GakrepuasbHoil uHeKIUE. ITOT (BAKT II03BOJSIET
3aI10/103pUTh, YTO B PABBUTUU HAPYIIIEHUI MOTYT y4a-
CTBOBATh HE TOJIBKO CTPYKTYPHbIE KOMIIOHEHTHI KJie-
TOYHON cTeHku GakTepuil (takue kak LPS), Ho 1 Hu3-
KOMOJIEKYJISIPHbIE MUKPOOHBIE MeTaboJIUTHI.
Hawubosiee unTEpECHBIM 0OBEKTOM JIJIsT KCCIIEIOBAHUS
SIBJISTIOTCS TIPOJLYKThI MUKPOOHO#T GHOTpaHChOpMAIn
ApOMATUYEeCKUX AMIHOKHUCIIOT ((heHIIaTaHnHa, THPO-
3uHa, Tpunrtodana). M13BecTHO, 4TO y CENTUUECKUX
GOJBHBIX ¢ aHIledaTonaTHell B KPOBU OTMEYAETCs
U30BITOK aPOMATHYECKUX AaMUHOKHCJIOT IO CPABHEHUIO
C AaMUHOKUCJIOTaM¥ C Pa3BeTBIeHHOM 11enbio [71]. B to
JKe BpPeMsi, ¥ YPOBEHb apOMAaTHYECKUX MUKPOOHBIX
metabosmutos (AMM), B yactHOCTH, (heHUIKApOOHO-
BBIX KHCJIOT B KDOBU — BO3PACTAET MHOTOKPATHO IIPH
cericuce [72], 4To MOKHO OOBSICHUTH 3aMe/JIeHUEM
MHUKPOOHOrO MeTaboJM3Ma apOMATUIECKUX aMUHO-
KHCJIOT JI0 KOHEYHBIX [TPOIYKTOB B YCJIOBUSIX CHIKE-
HISI BUAOBOrO GHopasHooOpasus MuKkpobuoma. Panee
MOKA3aHO, YTO OCHOBHBIE TIOTEHIUANIbHbIE BO3OYIUTE-
Jn cericuca (30JI0TUCTBIM M KOAryJaa3o-HeraTHBHbIE
cTaUIOKOKKH, KUIIEYHASA MaJovKa, KiehGcuesia u
Apyrue sHTepobaAKTEPUH, aHadpOOHbIe DaKTepUn) in
vitro akTuBHO poayLupyior AMM [73]. O606uieHue
[PUBEIEHHBIX BbIllle (DAKTOB IIO3BOJISIET IIPEAIOJIO-
JKUTh, YTO TIPU CEICHCE MPOUCXOIUT TOPMOKEHUE
HHJIOTEHHOTO METab0JN3Ma aPOMATUYECKUX aMUHO-
KUCJIOT [IPU OJJTHOBPEMEHHOM aKTUBHOM y4acThuu Hak-
Tepuii B ux 6Guorpanchopmanu. ITa TUIoTe3a Hallia
MOATBEPIKACHNE B OTHOIIEHUH METabOIUTOB THPO3HU-
Ha. YCTaHOBJIEHO, YTO y BCEX OOJBHBIX C CENCUCOM
PE3Ko uaMeHeH poduiIb HeHUIKAPOOHOBBIX KUCIOT
B CTOPOHY TIPe0bJIalaHnst TAKUX MUKPOOHBIX MeTabo-
JIUTOB, Kak mapa-ruapokcudenuamonounas (-
IF®MK), pernnmonounas (DMK), napa-ruapokcu-
dbenmnykeycnas (nm-IT'OYK) kucaorsl. YpoBHU 3TUX
AMM, Ha3BaHHBIX <«CEIICHUC-ACCOMUPOBAHHBIMUY,
KOPPEJUPOBAJIH C TSIZKECTBIO COCTOSIHUST OOJIBHBIX U
JleTasibHOCTRIO [46]. B smmiTeparype umelorcs Takske
JIaHHBIE 0 MUKPOOHOM MeTaboIUTE IPYTON aMUHOKHUC-
JIOTHl — (peHNTIAIAHNHA, & UMEHHO — O (peHUIyKCyC-
Holi kuciore (DYK), KoTopslil B 3HaUNTEIBHO GOJIee
BBICOKON KOHIIEHTPAIIUH TPUCYTCTBYET B 11epeOPOCTIN-
HAJIbHOM JKU/IKOCTU U CBIBOPOTKE Y MAI[EHTOB C IIPH-
3HAKAMU CETNITUYECKOI aHIIeaonaTum o cpaBHEHUIO
€O 3[10pOBbIMHU JiIoAbMU [74]. B psge apyrux pabot
MOKa3aHO, YTO TsIKEJIOe OPaXKeHue roJI0BHOTO MO3Ta

cous membranes [81]. Intestinal microorganisms were
found in lungs microbiota of acute respiratory distress
syndrome patients and during experimental sepsis in
mice, which evidences possible existence of poten-
tially common mechanisms of these diseases’ patho-
genesis [82]. ‘Healthy’ gut microbiome contains a vast
diversity of commensal bacteria interacting between
themselves and with the macroorganism, assisting im-
mune system homeostasis maintenance. Reduction of
biodiversity upon prescription of antibiotics entails a
less effective bacterial production of volatile fatty
acids and other metabolites promoting decreased im-
mune priming, which, in turn, assists increased sus-
ceptibility to secondary infections, in particular,
pneumonias [83].

Gut Microbiome — Heart Axis. More thorough
investigations have established a connection between
gut microbiome and heart. It has been shown that pa-
tients with intestinal inflammatory diseases are at a
higher risk of developing ischemic heart disease
(IHD), regardless of ‘classical’ risk factors, which in-
dicates a link between bowels and heart. Data have
been accumulated that impaired intestinal barrier
function results in bacterial translocation and entry of
bacterial products into blood flow, which might pro-
mote development of atherosclerosis and chronic car-
diac insufficiency [84]. At the same time, impaired
cardiac function during chronic cardiac insufficiency
affects intestinal microcirculation leading to compro-
mised barrier function of intestinal mucosa and in-
creased bacterial translocation. Such well-known risk
factors of developing hypertension and THD as obesity
and metabolic syndrome were related to relative
prevalence of Firmicutes over Bacteroidetes in gut mi-
crobiome [8]. Gut microbiome signals — microbial
metabolites, structural components of microorganisms
(for example, endotoxin, teichoic acid, microbial
DNA), factors induced and secreted by epithelial cells
or dendritic cells of bowels — seem to perform impor-
tant physiological and pathophysiological functions
influencing, inter alia, cardiac function [85]. Lam V. et
al. experimentally established on animals that some
metabolites (including hydroxyphenyllactic acid) are
directly involved in the development of myocardial
dysfunction and might precondition myocardium in-
farction morbidity and contribute to lesion site en-
largement [86].

Antibiotics and Microbiome. Antibiotics are
widely used in clinical practice — almost 70% of pa-
tients received antibiotics in ICU, as was shown in
EPIC II study containing data about 14,414 patients
in 1265 ICU all over the world [87]. Clinical data in-
dicate that more than 30% of prescriptions of antibi-
otics are not justified and, on the contrary, contribute
to morbidity and mortality from hospital infections
(frequently, antibiotic-resistant), like, for example,
Clostridium difficile [88]. Mass use of broad spectrum
antibiotics undoubtedly affects adversely gut micro-
biome. At the same time, the scale of impact of antibi-
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U HapyIlleHne YMCTBEHHOTO PAa3BUTUS HabJIOAI0Ch Y
GOJIBHBIX C TIOBBINIEHHBIM YPOBHEM BO BHYTPEHHET
cpeze opranuaMa permnnuposuHorpaanoi, O®MK u
@YK [75]. Ilepeuncinennbie Bbime AMM umeror
eHoBHYTO TIPUPOLY. Pe3ynbraTel MpeBAPUTETbHBIX
MCCIeIOBAaHU TO3BOJIIOT TIPEIION0KUTH, 4T0 AMM
WHIOJIBHO TPUPOJIBI, TO €CTh METAOOIUTBI TPUITO(DA-
Ha, TAK)KE MOTYT BHOCUTD CYIIIECTBEHHBII BKJIAJ B Pa3-
BUTHE 9HIIeDAIONATHY TIPU CEIICUCe, HAIIPIMED, Ha
OCHOBAHUU WX CTPYKTYPHOTO CXOJICTBA C CEPOTOHM-
HoM. [loBezienie, cBsi3anHOE C CEPOTOHUHEPIUIECKOI
HEHPOTPAHCMUCCHEH, 3aBUCUT OT MHUKPOOHOTHI
kuireyHuka [76].

Ocb MUKPOOHOTA KUIIEYHUKA — JieTKue. [urio-
TE€3a O CYNIECTBOBAHUY BEKTOPA «KUIIEUHUK-JIETKITe»
COOTHOCHTCSI C JIAHHBIMMU, UTO TIEPEKPECTHOE BJIUSTHUE
ATHX JIBYX OPIaHOB UTPAET BAYKHYIO POJIb B [IATOTEHE3€
3ab0JIeBaHMil, OT AJJIEPTHYECKON aCTMBI 10 THEBMO-
Huu [77]. Hanpumep, B aKcriepuMeHTATIbHOM MOJIeN
TPABMATHYECKOTO U FeMOPPATNYECKOTO II0KA Y KPBIC
[PU TPAHCJIOKAIMU TIPOJYKTOB KUIIEYHOTO MeTabo-
auaMa B JUM@ATUYECKUIl MPOTOK IIPUBOIUIO K
noBpexienuio jgerkux [78]. JlurupoBanue rpyaHoro
auMGbAaTHYeCKOTO TIPOTOKA HUBEJUPOBATIO [TAHHBII
addexr, a BBeeHnEe TUMOBI OT CENTUYECKUX KUBOT-
HBIX MHTAKTHBIM IIPOBOI[UPOBAJIO MOBPEKIEHUE JIeT-
kux [79]. 3amuTHas posib HOPMAJIbHOIO MUKPOOHOMA
KUIIEYHUKA JIOKA3bIBAETCS TEM (haKTOM, 4TO AUCON03,
BBI3BAHHBIT TIPUMEHEHIEM aHTUOUOTUKOB, TIPUBOJINI
K HApyIIeHUIO IMMYHHOPEAKTUBHOCTHU U YBEJTUIEHUIO
CMEPTHOCTH Y MBIIIEN C THEBMOKOKKOBOIA ITHEBMOHM-
eit [80]. Mcronb3ys B KauecTBe 9KCIEPUMEHTATBHON
MO/IEJIT HOBOPOKIIEHHBIX MBITIAT, OBLIIO TOKA3aHO, 4TO
MOCTHATATbHAS KOJOHU3AIIMS KUIIETHBIMI KOMMEH-
CaJbHBIMK GaKTEPUSAME UTPAET PEIIAILYI0 POJb B
Pa3BUTHH 3AIUTHI JIETKUX Y HOBOPOKIEHHBIX. BBejie-
Hue GaKTepUil B KUIIEYHUK HETIOCPEACTBEHHO CPasy
HOCJIE POKIEHUST, XaPAKTEPU30BAJIOCH PESKIM IIPUTO-
KOM B JieTKU€e JTUMMOUTHBIX KJIE€TOK 3 TPYIIIIbI BPOXK-
nexHoro umMmyHuTera (group 3 innate lymphoid cells,
ILC3), xi1oueBbIX PeTyJIsITOPOB BOCIAJIEHUS U OTBETA
Ha NHQEKLUIO B CAM3UCTHIX 00010uKax [81]. Muxpo-
OPraHU3MbI KUIIEYHUKA OBLIH OGHAPYKEHbI B MUKPO-
GUTe JIETKOTO Y MAIMEHTOB C OCTPBIM PECTTUPATOPHBIM
JICTPECC-CUHIPOMOM U TIPU 9KCIIEPIMEHTAIBHOM Cell-
CHCe Yy MBIIlIeil, YTO CBU/ETETBCTBYET O BOBMOKHOM
CYIIECTBOBAHUY MTOTEHITMATBHO OOIINX MEXaHU3MOB
naroreHesa sTux 3aboseBanuii [82]. «310pOBbIi» MUK-
POGHOM KHUILEYHHKA COAEPHKUT OOJIBIIOE pasHooOpa-
31€e KOMMEHCAIBHBIX GaKTepHil, B3aNMO/ICHCTBYIOIIIX
MESKLY COO0iT U MAKPOOPTaHU3MOM, CIIOCOOCTBYST MO/
JIepsKaHUI0 TOMEOCTa3a MMMYHHOI CUCTEMBL. YMeHb-
menne 6MopasHooOpasys IPK HasHAYEHUH aHTUONO-
TUKOB IIPUBOAUT K MeHee 3 (MeKTUBHON TPOLYKITTI
JIETYUYUX KUPHBIX KUCJOT U IPYTUX METab0INTOB Hak-
TEPUSIMU, CITOCOOCTBYSI CHUKEHUIO MIMMYHHOTO TIpaii-
MUHTa, YTO B CBOIO 0YEPE/IH CIIOCOOCTBYET TIOBBIIIEHUIO
BOCIIPUUMYUBOCTH K BTOPUYHBIM UH(MEKIUSM, B 4aCT-
HOCTU TTHEBMOHUSIM [83].

otics and damage caused to species diversity of gut
microbiome are yet unknown. Delayed consequences
of mass antibiotic therapy experienced by ICU pa-
tients are hard to evaluate as evidenced by accumu-
lated facts. A simple course of ciprofloxacin destroys
quickly the bowels ecosystem resulting in consider-
able diminishment of microbial diversity [89]. Oral
vancomycin causes drastic and consistent changes in
human gut microbiome, and, upon its termination, the
rate of microbiota recovery varies greatly so that
some individuals showed loss of up to 89% taxonomic
units of microorganisms. Clinical dependence of ob-
served microbiota changes under the action of van-
comycin has also been demonstrated in mice that
developed similar changes of microbiota, recovery of
which depended on the baseline susceptibility to
bowels colonization [90]. A single dose of clindamycin
causes profound changes in the composition of mouse
microbiota and results in long-term susceptibility to
Clostridium difficile infection [91].

Proceeding from the fact that human body is
closely related to intestinal bacterial ecosystem, it is
difficult to imagine that destruction of that system by
antibiotics will not affect human physiology. Experi-
ments on mice support this idea; prescription of an-
tibiotics to pregnant female mice led to diminished
biodiversity of their offspring [92].

At the cellular level, organ insufficiency that ul-
timately lead to death in ICU has long been associated
with mitochondrial dysfunction. A number of studies
show that many antibacterial drugs usually applied in
ICU might damage mitochondria presumably con-
tributing to organ dysfunction development; they not
only lead to dysbiosis, but also alter the mechanism of
energy supply in host cells [43, 93].

Evaluating the ‘antibiotic pressure score', re-
searchers have shown that antibiotic therapy is to a
greater degree linked to mouth microbiota dysbiosis
and to a lesser degree — intestinal one; hence, distur-
bance of the species composition of intestinal micro-
biota in ICU is a consequence not only of antibiotics
use, but of a combined impact of endogenous and ex-
ogenous factors [94].

In the paper by Lankelma et al., induced antibi-
otic-associated disturbance of gut microbiome in
healthy volunteers caused by enteral broad-spectrum
antibiotics  (vancomycin, metronidazole, and
ciprofloxacin) for 7 days expectedly led to reduction
of microbiota biodiversity in all volunteers who re-
ceived antibiotics compared to the control group.
However, subsequent administration of lipopolysac-
charide that allowed imitating a sepsis-like syndrome
entailed no change in neutrophil count in volunteers.
Moreover, during blood exposition to most common
species of microorganisms in vitro, there was no differ-
ence in the cytokine response of leukocytes. This
paper demonstrates that in healthy people, even in a
situation of short-term endotoxemia, such microbiome
disturbances as disappearance of Bifidobacterium and
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Ocb MUKPOOHOTA KHIIEYHHKA — ceple. Yriyo-
JIEHHbBIE VICCJIEI0OBAHNS BBISIBIIIU CBSI3b MEXK/LY MUKPO-
6uoTOM KUIIeyHnKa u cepireM. [TokasaHo, 4To maru-
EHTBI  C  BOCHAJUTEJABHBIMU  3a00JI€BAHUSAMU
KUIIEYHUKA UMEIOT (oJiee BBICOKHIT PUCK Pa3BUTHSI
uimemudeckoit 6onesuu cepana (MBC), HezaBucumo
OT «KJIACCUYECKUX» (DAaKTOPOB PHCKA, YTO YKA3BIBAET
HA HAJIMYUE CBSI3U MEXIY KUIIEYHUKOM U CEPIIIeM.
Hakoruiens! ganuble 0 TOM, 4YTO HapylieHue GyHKIUu
KUIIEYHOTo Gapbepa TMPHUBOAUT K OaKTEPUAIbHOI
TPAHCJOKAIUHU U TOCTYIIEHUIO GaKTepUaIbHbIX MPO-
JIYKTOB B KPOBOTOK, YTO MOKET CIIOCOOCTBOBATH Pas-
BUTHUIO aTEPOCKJIEPO3a U XPOHMYECKOU CepledHOit
Hegocrarounoctu [84]. B To xe Bpems, HapyleHue
Cep/IevHO IeITeTbHOCTU IPU XPOHUYECKOIT cepiiey-
HOU HEIOCTATOYHOCTH BJIUSIET HA MUKPOIIUPKYJISIUIO
KUIIIEYHNKA, TPUBO/ISE K HAPYIIEHUIO 6apbepHoil (hyHK-
I[IMU CJAMBUCTON 0GOJIOUKI KUITKU ¥ YBEJINYEHUTO GaK-
TepuabHON TpaHcaoKaluu. Takue n3BecTHbIE (GaKTO-
pbl pucka pasButug runepronnu u WBC, kak
OKUpPeHUe 1 MEeTabOINYECKUET CUHPOM, OBLIIN CBSA3a-
HBI C OTHOCUTEJILHBIM TTpeobnafaniem Firmicutes Haj
Bacteroidetes B coctaBe KuliedHoiH MUKPOOHOTHI [8].
CurHajibl KUIIEYHOTO MUKPOOMOMA — MUKPOOHbBIE
MeTaBOoJIUThI, CTPYKTYPHBIE KOMIIOHEHTBI MUKPOOPTa-
HU3MOB (HAIIPUMED IHIOTOKCUH, TEHXOEBbIE KUCJIOTHI,
mukpobusie [THK), daxropsl, nHAyLUPOBAHHbIE U
CeKpeTHUpyeMble AMUTENUATHHBIMI KJI€TKAMU WK
JEeHJPUTHBIMU KJIETKAMU KUIIEYHUKA, [10-BUAUMOMY,
UMEIOT BXKHbIe (PI3NOTIOTHYECKIE U TTATO(DU3HOTIOTH-
yeckue (PyHKITMU, BJIUSISI, B TOM YUCJIE, ¥ HA CEPAEUHYIO
nesitesibHoCTh [85]. Lam V. ¢ Kosteramu B 9KcIiepu-
MEHTe Ha KUBOTHBIX BBISIBUJIH, YTO HEKOTOPbIE MeTa-
GOMTHI (CPEIn HUX — TUAPOKCHDEHNIMONOUHAS KHC-
JIOTA) HEIOCPEACTBEHHO YYacTBYIOT B DPa3BUTUU
aucYHKIME MHUOKapa, U MOTYT 00yCJIaBJIMBaTh
TSKECTh TeYeHUsT H(pAPKTAa MUOKap/a 1 CII0COOCTBO-
BaTh YBEJIMUEHUIO 30HbBI TOBpEK/IeHus [86].

AHTHOHOTHKH U MHKPOOUOM. AHTUOMOTHUKM
MIMPOKO MCIOJI3YIOTCSI B KJIMHUYECKOI TIPAKTUKE —
npakTidecku 70% MarreHToB MOoIyYaar aHTUOUOTHKI
B OPUT. 310 611710 110Ka3ano B uccyenosanuu EPIC
I1, conepxxaium gannbie o 14 414 nmanuentax B 1265
OPUT Bo Bcem mupe [87]. Knunuueckue janibie yka-
3BIBAIOT Ha TO, 4To Gosiee 30% HasHayeHWH aHTHONO-
TUKOB HE ONpaBJaHbl, U, HAIPOTUB, CIIOCOGCTBYIOT
3260JIEBAEMOCTH U CMEPTHOCTH OT WHMEKIUiT B cTa-
ronape (4acTo aHTUOMOTUKOPE3UCTEHTHBIX), Kak
nanpumep Clostridium difficile [88]. @opcuposannoe
UCIIOJIb30BAHNE aHTUOMOTHKOB HMIMPOKOrO CHEKTPa,
HECOMHEHHO, OKa3bIBAET HETATUBHOE BIUSIHUE HA MUK-
pobuory Kuieyrnka. [Ipu 9ToM CTereHb BO3IeHC TR
aHTUOUOTHKOB U yiiiep6, HAHECEHHBII BUIOBOMY Pa3-
HOOGPA3UIO KUIIEYHOH MUKPOOUOTBI, OCTAETCS MAJIO
U3Yy4YeHHBIM BoIpocoM. OTHaseHHble MOCJAeICTBUS
MAaCCUBHOU aHTHOMOTUKOTEPAIINH, C KOTOPOU CTAJIKH-
Batotcst nanuenTet OPUT, Tpyano onenunTs, HAa 4TO
YKa3bIBaIOT HakoruieHHble (akTel. [IpocToii Kypc
urpodIokcalia ObICTPO HAPYIIAET HKOCUCTEMY

Roseburia bacteria and appearance of resistant to van-
comycin Streptococci and Lactobacilli do not cause
changes in systemic response on the part of innate im-
munity [95]. Nevertheless, considering problems re-
lated to use of antibiotics, many authors call for
finding alternative treatments of patients.

Target-Oriented Therapy: Transplantation of
Fecal Microbiota or Selective Digestive Decontam-
ination? In ICU, disturbances of physiological param-
eters caused directly by patient’s conditions and
multiple treatment-induced factors might render pow-
erful impact on gut microbiome. Finding a therapy
aimed at restoring the balance between ‘beneficial’ and
‘harmful’ microorganisms is highly relevant. At pres-
ent, there are two possible approaches:

1) put in ‘beneficial’ microorganisms using pro-
/metabiotics or through transplantation of fecal mi-
crobiota (FMT),

2) perform decolonization of bowels using selec-
tive spectrum antibacterial drugs (selective digestive
decontamination) to suppress ‘harmful’ microorgan-
isms and create favorable conditions for recovery of
one’s own ‘beneficial’ microorganisms.

Efficacy of probiotics in preventing diseases
causes no doubt. A randomized placebo-controlled
study on 4556 healthy newborns in India proved that
oral probiotics Lactobacillus plantarum combined with
fructo-oligosaccharides during the first postnatal
week helped reduce sepsis incidence during the first
60 days of life [96].

At the same time, there are no recommendations
for use of probiotics in ICU yet. In different studies
patient populations vary, different strains of microor-
ganisms are used, there is no uniform dosing. There is
no consensus concerning the beginning and duration
of treatment. As of today, the largest study of efficacy
of probiotics and symbiotics (a combination of probi-
otics and prebiotics) in ICU patients was carried out
by Manzanares et al. The sample of over 2700 patients
demonstrated that use of probiotics for microbiota re-
covery reduced incidence of infectious complications
(specifically, ventilation-associated pneumonias), it
was possible to reduce use of antibiotics without in-
crease of mortality or length of stay in ICU [97]. In
another study, use of symbiotics as an adjuvant ther-
apy in surgical patients reduced incidence of such
post-operative complications as wound infection [98].

One of the reasons for doubts concerning expe-
diency of applying probiotics in ICU is intestinal bar-
rier failure in critically ill patients. It is known that
translocation of bacteria to systemic blood flow and
lymph promotes a complex chain of events leading to
multiple organ failure [99]. In experimental CLP sep-
sis model (blind gut ligature and puncture) on mice,
seemingly beneficial bacteria Lactobacillus were de-
tected by NGS in blood as early as 6 hours after liga-
ture, and 12 hours after — Lactobacillus and
Bacteroides [100]. Along this line of reasoning, appli-
cation of live bioculture medicines (probiotics) in re-
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KUIIEYHMKA, MPUBOJL K 3HAYMMOMY YMEHBIIEHUIO
MHIKPOOHOr0 pasHoobGpasus [89]. IlepopaibHbiii BaH-
KOMUIIMH BBI3bIBAET peE3KHEe U I0CJe0oBaTebHbIe
U3MeHEHUsT B MUKPOOUOTE KUIIIEYHUKA YeJI0BEKA, TIPU
3TOM 10CJIe IIPeKpallleHns ero IpueMa cCKopocTh BOC-
CTaHOBJIEHUS MUKPOOUOTbI 3HAYUTEILHO BAPBUPYET, U
y 4acTh MHAMBULYYMOB HabJoianach moreps 10 89%
TAaKCOHOMMYECKUX e/[MHUIl MUKpoopranusmMoB. Kiu-
HUYeCKass 3HAYUMOCTh HaGJI0faeMbIX W3MEHEHUit
MUKPOOHOTBI TI0/T BO3JIEHCTBUEM BAHKOMUI[MHA OblIa
TaK’Ke [TPOJIEMOHCTPUPOBAHA Uy MBIIIei, pAa3BUBILINX
AHAJIOTUYHBIE U3MEHEHUST MUKPOOHOTHI, BOCCTAHOBJIE-
HUE KOTOPOI1 3aBUCEJI0 OT UCXOAHOTO YPOBHS BOCIIPH-
MMYUBOCTHU K Kosionuzanuu kuiednuka [90]. OmgHo-
KpaTHast 1032 KJIWMHIAMUIMHA BBI3BIBAET TIyOOKHE
U3MEHEHUSI B COCTABE MUKPOOUOTDI MBIIIN ¥ TPUBOINT
K JI0JIFOBPEMEHHOI BocpuuMunBoctu K Clostridium
difficile nndexnuu [91].

OcHoBbiBasich Ha (hakTe, YTO OPTAaHU3M UeJIOBeKa
HAXOJMTCS B TECHBIX B3AUMOOTHOIIEHUSAX C KUILIEY-
HOH GaKTepuasbHOI 9KOCUCTEMOM, TPYAHO IIPEACTa-
BUTb, YTO Pa3PyLIEHUE STON CUCTEMbI aHTUOMOTHKAM
He GyJIeT BAUATH HA (PUBUOJIOTHIO YeJoBeKa. JKCIIe-
PUMEHTBI Ha MbIIIaX IOJATBEPKAAIOT 3Ty H/EI0,
HaszHavYeHWe aHTHUOMOTUKOB OGepeMEHHBIM CaMKaM
[PUBOJMIO K YMEHBIEHUIO OHOPasHO0Opasust Mx
notomctsa [92].

Ha kierounoM ypoBHe opranHasi He[oCTaTO4-
HOCTDb, KOTOPasi B KOHEYHOM cYeTe IIPUBO/IUT K CMEPTU
B OPUT, y:xe naBHo accorumpyercs ¢ MUTOXOHJIPU-
anbpHOM ucdynkimein. Psij nccienoBanuii mokasbiBa-
eT, YTO MHOTMEe aHTHGAKTepUAJIbHbIEC IPEraparhl,
006b14H0 ncnosb3yembie B OPUT, MmoryT moBpexaaTh
MUTOXOH/IDUM, TEM CaMbIM, IIPEINOJOKUTEIbHO
BHOCS BKJI3JI B BO3HUKHOBEHUE OPraHHON AUC(hYHK-
M1, He TOJBKO MPUBOMST K JUCOU03Y, HO 1 MOBPEIK-
MAI0T MEXaHU3M 0OeCIieYeHUsT SHEPTHEN KIETOK MaK-
poopranusma [43, 93].

OteHnBast «aHTUMUKPOOHYIO HArpy3Ky» («anti-
biotic pressure score») uccsesoBaTeNN MOKA3AIM, YTO
aHTUOMOTUKOTEpAIVst B GOJIbINEl CTENeHN CBsI3aHa C
AUCOMO30M MUKPOOHOTBI POTOBOI TTOJIOCTH, U B MEHb-
et — KUIeYHol, TakuM 00pa3oM, HapyIleHe BU/0-
BOrO cocraBa KuiledHoil Mukpoduorst B OPUT
ABJIAETCS CJEeCTBUEM He TOJIbKO MCIIOJIb30BAHUSA
AHTUOUOTUKOB, HO BBI3BAHO KOMILJIEKCHBIM BO3/IEH-
CTBUEM DHJIOTEHHbBIX U 9K30TeHHBIX (hakTOpPOB [94].

B paGore Lankelma et al. mnmyumuposanHoe
AHTUOUOTUK-aCCOIMUPOBAHHOE HAPYIIIEHHE MUKPO-
OGUOTBHI  KUIIEYHWKA Yy 3/0POBBIX J00POBOJIBIIEB,
BBI3BAHHOE HHTEPAIBHBIM MPUEMOM AHTUOUOTHKOB
HIMPOKOTO CIIeKTpa (BAHKOMUIIMH, METPOHUIA30J1 U
nuIpodJIoKcaIiui) B TedeHue 7 JHel 3aKOHOMEPHO
MPUBOMIIO K CHUKEHUTO GHOPa3HO06pas3ust MUKPO-
GUOTHI y BCEX TOOPOBOJIBIIEB TOAYYABITHX AHTUOHO-
THKU 110 CPAaBHEHUIO ¢ KOHTPOJIbHOH rpymmoit. OxHa-
KO IIocjefylollee BBeJCHME JUIOIOJINCAXapu/ia,
HO3BOJIsTIOIee UMUTUPOBaTh Sepsis-like cunapom, e
MPUBOJIIIIO K UBMEHEHUIO YKCJIa HeHTPpohuIos y 106-

animatology looks far from harmless and even danger-
ous. In randomized double-blind placebo-controlled
independent study on severe acute pancreatitis pa-
tients (n=298) — PROPATRIA (Probiotics in Pan-
creatitis Trial), one group (n=153), for prophylaxis of
suppurative complications, received a bio-medicine
containing 4 species of lactic bacterial (L.acidophilus,
L.casei, L.salivarius, L.lactis), and 2 species of bifid bac-
teria (B.bifidum, B.lactis) in a dose of 1010 daily, while
the control group (n=145) received placebo. The re-
sults disappointed the researches: in the group of pa-
tients who received probiotics, more severe course of
the disease was recorded, necrotizing pancreatitis de-
veloped more frequently, secondary bacteriemia and
other infectious complications occurred, multiple
organ failure developed reliably more frequently, mor-
tality was reliably higher (p=0.01). The authors of the
study were unable to provide convincing explanations,
but expressed their doubts concerning indications for
use of probiotics in critically ill patients [101]. In our
opinion, use of live microbial cultures of lactic-acid
bacteria might have aggravated metabolic distur-
bances and led to adverse consequences in initially se-
vere patients, in particular, because of excessive
production of PLA and HPLA — typical metabolites
of bifid- and lactic bacteria [24]. A group of authors
who used probiotics with positive effect in short bowel
syndrome patients have reached similar conclusions,
namely, the importance of metabolic status evaluation.
The colleagues associated high mortality in PROPA-
TRIA study with lethal combination of proteolytic en-
zymes of pancreas and high level of lactic acid caused
by bacterial fermentation of carbohydrates as a key
factor related to intake of probiotics. At the same time,
the authors believe that a probiotic therapy is not a
counter-indication for prophylaxis of secondary infec-
tions related to acute pancreatitis if a number of con-
ditions are observed: early onset of the probiotic
therapy, immediately after the first manifestation of
disease symptoms; restricted supply of fermentable
carbohydrates, and prevention of overgrowth of pa-
tient’s own intestinal flora [102].

An alternative to probiotics, ‘smart’ direction is
infusion of liquid filtrate of feces from healthy donors
or FMT (fecal microbiota transplantation — FMT).
The potential advantage of this method is enlargement
of microbial biodiversity, presence of biologically ac-
tive substances and metabolites, which might assist a
longer effect of microbiota recovery [103]. This pro-
cedure has been successfully used for treating the se-
vere infection caused by Clostridium difficile in more
than 1000 patients [104]. The recent meta-analysis
(n=284) has shown that FMT is significantly more ef-
fective in the treatment of such patients compared to
the control group in spite of heterogeneity of groups
due to the study sites (Europe vs North America), and
method of administration [105]. However, the current
experience of FMT application in ICU is limited just
to a few patients described in sporadic publications
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poBoJbileB. Bosiee TOTO, P 9KCIIO3UITUU KPOBU C
CaMbBIMU PACIPOCTPAHEHHBIMU BUAAMU MUKDPOOpra-
HU3MOB in 0itro, He MOJIyYUIU PA3HUIIbI B IIUTOKITHO-
BOM OTBETE JIEHKOIMTOB. ITa paboTa IIOKA3bIBAET, YTO
y 3II0POBBIX JIIOJIEH JIA’Ke B YCIOBUSIX KPATKOBPEMEH-
HOIT 9HIIOTOKCEMIH, TaKUe HAPYIIEHsT MUKPOOHOMA,
Kak rcuesHoBenue baxrepuil rpyimnst Bifidobacterium
u Roseburia, v iosiBjieHre yCTONYNBBIX K BAHKOMUIIU-
Hy Streptococci u Lactobacilli, e Bbi3bIBaeT u3MeHe-
HUSI CUCTEMHOIO OTBETA CO CTOPOHBI BPOKIEHHOTO
ummyHutera [95]. HecMoTpst Ha 9T0, MHOTHE aBTOPBHI,
YUYUTBIBasE TPOGIEMBI CBA3aHHBIE C MPUMEHEHHEM
AHTUOUOTUKOB, MPU3BIBAIOT K MOUCKY aJbTEPHATHB
IS JiedeHUsT TallueHTOB.

Ilenp — opueHTHpOBaHHASI Tepamusi: TPaHC-
mianranus eKarbHOi MUKPOOHOTHI UM CEJIEKTHB-
Has JeKOHTaMUHanus? B orzenennu peaHumaimm
HapymieHus hU3N0I0OrNIeCKUX IAPAMETPOB, BbI3BAH-
Hbl€ HETIOCPEICTBEHHO COCTOSTHUEM TIAIUEHTA U MHO-
TOYUCJIEHHbIE SITPOTEHHbIE (PAKTOPbI, MOTYT UMETh
MOII[HOE BO3/JEHCTBHE HA MUKPOOUOTY KUIIEYHUKA.
[Touck Tepanuu, HaNPaBIEHHOW HA BOCCTAHOBJIEHME
Gamanca MEKLY «IOJIE3HBIMIT» U «BPEIHBIMIT» MUKPO-
OpraHM3MaMH MPe/ICTABJISIET 3HAYNTEIbHBIN HHTEPeC.
Ha ceropusinuii 1eHb CymecTByeT Ba BO3MOMKHBIX
MOJIXOJIA:

1) mozcenenme «I10JI€3HBIX> BUIOB MIUKPOOPTA-
HU3MOB C TIPUMEHEHUEM TIPO-/METabUOTUKOB UJIK
MyTeM TPaHCIJIAHTAIUN (PEeKATbHON MUKPOOUOTHI
(TOM),

2) neKOHTaMUHAIIMS KUIIEYHIKA C UCI0JIh30Ba-
HUeM aHTHOAKTEPUATBHBIX TIPETAPATOB CEIEKTUBHOTO
CIIEKTPA JeNCTBUS (CeJIeKTUBHAS JEKOHTAMUHATIVS )
JUIST IOJIABJICHUST «BPEHBIX> ¥ CO3/[aHus 61aronpu-
STHBIX YCJOBUI BOCCTAHOBJIEHUS COOCTBEHHBIX
«II0JIE3HBIX» MUKPOOPTaHU3MOB.

I PEKTUBHOCTD IIPOOGUOTUKOB I IIPEAOTBPA-
1eHus 3a60JeBaHKil He BBI3bIBAET COMHeHuit. B pan-
JIOMU3UPOBAHHOM TLIAIE60-KOHTPOJIUPYEMOM HCCIe-
NOBAaHWM, TIPOBEJAEHHOM Ha 4556  3710POBBIX
HOBOPOXKIEHHBIX B MIHuN, 10Ka3aHO, 4TO HA3HAYEHNE
opanbHbIX 1IpoduoTUKOB Lactobacillus plantarum B
KoMOUHAIUU ¢ PPYKTOOTUTOCAXAPUAAMU B TIEPBYIO
HeJeJTIo JKU3HH IOMOTJIO CHU3UTh YaCTOTY CElCcuca B
niepsbie 60 nueit xxuznm [96].

B 10 ke Bpems, peKOMeHAAIHII 110 UCII0Ih30BA-
Huio npobuornkos B OPUT moka ner. B pasubix
paborax MOMYJSIUN [AIMEHTOB Pa3pO3HEHHDI,
UCIIOJIB3YIOTCS PA3JIMYHbBIE IITAMMBI MUKPOOPraHU3-
MOB, 6e3 efnHON 03UPOBKHU. TaK ke HeT euHOro
MHEHWs O Hayaje U MPOJOJIKUTENbHOCTU JeUeHUs.
Camoe 6oubloe uccirenoBanme 1mo 3GpGeKTUBHOCTH
POOGUOTUKOB U CUMOMOTHKOB (COYeTaHue TIPOOUOTH-
KOB € IPeOMOTHKAMU ) HAa CETOHSITHUN IeHb Y Mallu-
entoB OPUT nposesn Manzanares ¢ koJieramu. B
BbIGOpKe GoJsiee yem 2700 marueHToB MOKa3aHo, 4To
[P MCTIOJIb30BAHUH TIPOOMOTHKOB JIJIs1 BOCCTAHOBJIE-
HUSI MUKPOOMOTBI YMEHBIITMIIACH YaCTOTa UH(PEKI[OH-
HbIX ocJiokHeHu# (B wacTHOCcTH, BJI-acconuupo-

[106]. The limited quantity of data, absence of objec-
tive criteria for efficacy evaluation, and insufficient
knowledge of microbiota composition dynamics and
its metabolic activity preclude wide application of this
method in so vulnerable group of patients. Today, use
of FMT in critically ill patients can be compared, in
terms of state of knowledge and risk, to first blood
transfusion before ABO system was discovered.

Selective digestive decontamination (SDD) is
often considered a prophylactic mode of antibiotic
therapy allowing targeted prevention of bowels colo-
nization by ‘pathogenic’ microorganisms. The effect is
achieved thanks to selective impact on potentially
pathogenic aerobic and facultative aerobic bacteria by
means of enteral administration of antibacterial drugs
that do not suppress anaerobic microorganisms, thus
creating conditions for recovery of microbiota balance
and assisting its functioning even in the unfavorable
environment of a critically ill patient. Today, numerous
clinical studies and meta-analyses have shown than
SDD helps preventing hospital infection in ICU and
reducing mortality [107]. Wide implementation of
SDD was restricted, inter alia, because of fears of in-
creasing resistance of nosocomial microorganisms to
antibiotics [108]; however, convincing data have been
obtained evidencing absence of resistant bacterial
growth at the background of selective decolonization.
A number of major investigations are currently under-
way and their authors expect giving shortly new clin-
ical recommendations concerning use of this method
in ICU on their basis.

Perspective. Can we consider correction of ICU
patient’s microbiome as the objective of our therapy?
As it has been shown above, intestinal ‘bad /good’ bac-
teria misbalance is associated with high susceptibility
to hospital-acquired infections and worst forecasts. In-
fluence of negative factors related both to changed in-
ternal environment of the macroorganism and rather
aggressive therapy leads to a drastic change in the
species diversity of microbiota [109], and, as a conse-
quence, changed functional activity of microbial com-
munity, the maximal disorders being achieved during
critical conditions up to development of irreversible
breakdowns of homeostasis and host body death. A vi-
cious circle is created: disturbance of gut microbiome
function in critically ill patients leads to overproduc-
tion of certain microbial metabolites, which, in turn,
render pathological impact on macroorganism's organs
and systems (Fig.). Two potential points of effect in
sepsis treatment can be identified:

1. Forecasting negative dynamics of homeosta-
sis indices as critical condition progresses and maxi-
mally sparing regimens of antimicrobial therapy
taking into account the important role of microbiome.

2. Suppression of overgrowth and targeted cor-
rection of bacterial metabolism.

New, culturally independent technologies allow-
ing a fast accurate and comprehensive assessment of
microbiome will be adapted in the coming years for
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BaHHBIX ITHEBMOHUI) YIAI0Ch COKPATUTh IIPUMEHE-
HUE aHTUOMOTUKOB, TIPY HTOM He HabJII01aJI0Ch yBe-
JINYEHMeE JIeTATbHOCTH WU IPOJI0JIKUTENIBHOCTH TIpe-
obBanug B OPUT [97]. B apyrom ucciegoBaHuu
UCIIOJIb30BaHE CUMOMOTHKOB B KAY€CTBE BCIIOMOTa-
TEeJIbHOI TePAINK Y XUPYPrUYeCKHX MAIUeHTOB CHU-
3UJIO YACTOTY TAKUX MOCJIEOTIEPALINOHHBIX OCIOKHE-
HUit kak paneBast nngekius [98].

O/1HOit U3 TIPUYKMH COMHEHWMIT B 11e/1ecO06pa3HO-
ctu npumenenust npobuornkos B OPUT aBistercs
HECOCTOSTEILHOCTD KUIIIEYHOTO Gapbepa y MarueHToB
B KPUTUYECKOM COCTOSIHUU. VI3BECTHO, Y4TO TPaHCJIO-
Kaiust GakTepuil B CUCTEMHBII KPOBOTOK U JIUM(DY
COCOBCTBYET COKHOMN TETOYKe COOBITUN TIPUBOIS-
el k mosmopranHoi Hegocratounoctu [99]. B ake-
nepumMentaibHoit CLP mozesnu cencuca (smurupona-
HUe U [TyHKII CJIeIO0il KUIIKH ) HA MBIIIaX, Ka3aJI0Ch
6b1 nosiestble Oaxrepun Lactobacillus, yxe obHapyxu-
Basuchb B KpoBu MeTosioM NGS nauunas ¢ 6 yacos ot
HaJIOKEHUS JIUTaTypsl, a cryctd 12 vacoB — Lacto-
bacillus n Bacteroides [100]. C 9TuX 103UIMiT IpUMe-
HEHUe MPEnapaToB KUBbIX OHOKYALTYD (TIPOO6UOTH-
KOB) B  DEAHMMATOJIOTUU  IIPEJCTABJISIETCS
He6e300UIHBIM ¥ Iake OmacHbIM. Tak, B paHI0MU3H-
POBaHHOM, JIBOWHOM CJIETIOM, TIareb0-KOHTPOJIHPYe-
MOM HE3aBUCUMOM HCCJIEI0OBAHIE Y OOJIBHBIX C TSIKE-
JIbIM ocTpbIM naHkpeaTuToM (1=298) — PROPATRIA
(Probiotics in Pancreatitis Trial — kamHMYeckoe
uccuenosBanue «IIpoGUOTUKU TIPU MAHKPEATUTE» )
onua rpynma (n=153) ¢ 1esnbio TpohUIaKTUKN THO¥-
HBIX OCJIOKHEHUIT oJIydaia GUornpenapar, cojepka-
muit 4 Buna nakrobdaxrepuii (L.acidophilus, L.casei,
L.salivarius, L.lactis), u 2 Buza 6udugodakrepuii
(B.bifidum, B.lactis) B no3e 1010 exkeHeBHO, a KOHT-
poJibHas rpyiia (n=145) nosyyasa miaie6o. Pesyiib-
TaThl OTOPYMJIM UCCJIeI0OBATENEN: B rpyIiie GOJIbHDIX,
MOJTyYaBIIUX TPOOUOTUKH, 3aPErUCTPUPOBAHO HoJiee
TSAXKeJI0e TeyeHue 3a60JieBaHus, Yallle PasBUBAJICS
MAHKPEOHEKPO3, TPUCOCANHSIACH OaKTepueMust 1
apyrue UHQEKIMOHHbIE OCJOXKHEHWs, JIOCTOBEPHO
yamie ormedanoch passutue IIOH, 611 10CTOBEPHO
BbIIIIe YPOBEHb JieTaibHbIX ncx0o10B (p=0,01). ABTOpHBI
UCCIIEIOBAHUS HE CMOTJIH aTh yOeAUTENbHbIX 00b-
SICHEHUI, HO BBICKA3aJI MHEHUE O COMHUTEIbHOCTHI
MOKA3aHUIT IS TPUMEHEHWS TPOOUOTUKOB Y KPUTH-
yeckux 60nbHbIX [101]. TTo HaleMy MHEHMIO, IPUMe-
HEHUE SKUBBIX MUKPOOHBIX KYJIBTYP MOJOUHOKMCITBIX
Gakrepuii Moro eie 6osiee yeyryoutb Merabomye-
CKHe HapYIIEHUsT ¥ MPUBECTH K HeOGJArONPUATHBIM
HOCJIEICTBUSM Y MCXOIHO TSIXKEJIbIX HAIMEeHTOB, B
YaCTHOCTH, 3a cueT u3bbIrounoii npoaykimun OMK u
T'DMK, xapakrepHbXx MeTaboIuTOB OUdUI0- U JaK-
tobakTepuii [24]. Ipyima aBTopoB, IpUMeHsBILAA
MPOOUOTUKY C TIOJIOKUTENBHBIM 3(h(HEKTOM y TIarueH-
TOB C CUHJPOMOM KOPOTKOU KHIIIKH, IIPUIILIA K CXO-
JKMM BBIBOJIAM, & UMEHHO BasKHOCTH OI[EHKU MeTabo-
Jumdeckoro craryca. Koserm —accorumpoBanin
BBICOKYIO JieTasibHOCTb B uccienoBannt PROPATRIA
CO CMepTeIhbHONW KOMOUHATIMEH MTPOTEOTUTUYECKIX

convenient practical use and wide application and in-
troduction. Characterization of changes in ICU pa-
tient’s microbiome will enable advancement in the
development of diagnostic and therapeutic interven-
tions based on changes not only in the microbiota’s
composition, but in its metabolic activity as well.

(hepMeHTOB MOMKENYIOUHON KeJe3bl U BBICOKUM
YPOBHEM MOJIOUHO# KHMCJIOTBI, BBI3BAHHBIM GaKTepu-
aJIbHOM (hepMeHTaIeN YTJIEBOJOB KAaK KJIIOUEBOTO
(hakTOpa, CBA3AHHOTO C TIPUEMOM TPOOUOTUKOB. [Ipu
HTOM aBTOPBI CYUTAIOT, YTO TPOOUOTUUECKAST TEPAITUST
He SABJISAETCS TPOTUBOIIOKA3aHUEM JIJIs1 TPO(UIaKTH-
KU BTOPUYHBIX MH(DEKITNH, CBI3aHHDIX C OCTPBIM aH-
KPeaTuToM, Ipu cOOMOEHUHN PsA/ia YCAOBUIL PAHHETO
Hayasia IPOOUOTHUYECKOIT Teparuu, cpasy MocJe mep-
BOTO TOSIBJIEHUsI CUMIITOMOB OOJI€3HU, OTPAHUYEHUST
OCTaBKH (hePMEHTHPYEMBIX YIJIEBOJIOB U TIPEI0TBPA-
[IEHU YPE3MEPHOTO POCTA COOCTBEHHON KUIIEYHON
(noper naruenta [102].

AsbrepHaTHBHOE  TPOOHMOTHKAM — «MOJHOE»
HarpaJjienrie — uHQy3us KujaKoro ¢pusisrpara dheka-
JIii 3710poBbIX 10HOPOB, ni TAM (anzn. fecal micro-
biota transplantation — FMT). IlorenuunanbHoe mpe-
WMYIIECTBO JIAHHOTO ~MeTo/la —  yBeJUu4eHue
MUKPOOHOTO 610pasHo0Opasust, Haaudre GUOI0rnde-
CKM aKTMBHBIX CyOCcTaHIUMI W MeTaboJUTOB, YTO
MOKET CII0cOOCTBOBATD (oJIee AIUTENLHOMY 2 dEKTY
BoccranoBsenuss Mukpoobuorst [103]. Tanuas mnpo-
1e/lypa yCIeHO UCIIONIb30BAJIACD JIJIS1 JICUCHUS TSKe-
Jioi nudexiyy, BoisBantoil Clostridium dif ficile 6oee
yem y 1000 nmartmenTos [104]. HepaBuuii metaananus
(n=284) mnokasayn, yro TAOM sHaunrTenbHo Gosee
adgdexTrBHA B JIeYeHNN TAKUX TTAIUEHTOB 110 CPaBHE-
HUIO C KOHTPOJIbHON TPYNIION, HECMOTPS Ha reTepo-
FEHHOCTbH IPYIII, 06YCJIOBIECHHOI MECTOM MTPOBE/IEHIST
uccienosanus (Espona vs CeBepHoii AMepukn), u
nyTu BBenerus [105]. OaHako cymiecTBYIOINIA OIbIT
ucnionbzoBanust TAOM B OPUT orpanuven Bcero
JIUITb HECKOJIbKUMU MAlMEeHTAMU, OIMUCAHHBIMHU B
orgenbupix nybaukanusx [106]. Orpanuyennoe
KOJINYECTBO JIAHHBIX, OTCYTCTBUE OOBEKTUBHBIX KPU-
TepueB oleHKN 3(hGHEKTUBHOCTU M OTPAHUYEHHbBIE
3HAHUSI O JIMHAMUKE COCTaBa MUKPOOHOTHI U €€ MeTa-
GOJIMYECKOIT AKTUBHOCTH HE MO3BOJISIOT MCIOJIb30-
BaTb MIUPOKO TAHHBIN METO/ B CTOJIb YSI3BUMOI TPyTI-
e narnuentoB. Ceroanst ucnosb3oBanue TAOM y
MalKUeHTOB B KPUTUYECKOM COCTOSHUU 110 CTeleHU
U3YYEHHOCTH U PUCKY MOKHO CPABHUTDH C TIEPBBIMU
repeIMBaHusIMU KPOBHU JI0 OTKPbITUs cucteMbl ABO.

CesiekTUBHAS JEKOHTAMUHAIINASA KEJTYI0YHO-
xumeuynoro Tpakra (selective decolonization of the
digestive tract (SDD) uauie paccMaTpuBaercsl Kak
NPOPUIAKTUUECKUN PEKUM aHTUOMOTUKOTEPAIIH,
MO3BOJIAIONIUI  TleJIeHAIIPABJIEHHO TIPEJOTBPATUTD
KOJIOHU3AIUIO KUIIETHIKA «IIATOTEHHBIMU» MUKPO-
opranuaMamu. IHPEKT JOCTUTAETCS 32 CUET CeJeK-
THUBHOTO BO3/ICHCTBUS HA TIOTEHIIMAIBHO MATOT€HHbIE
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Fig. 2. The vicious circle of gut microbiota dysfunction in critically ill patients.

ITpumeuanne. Metabolic changes of the gut microbiota — nsmenenune metabonmama mukpobuorsr; reduce of gut microbiota biodi-
versity — cHmkenne GnopasHoo0pasust MUKPOOHOTHI KuitedHrKa; host state — cocTosinne Makpoopranusma; treatment strategies —

nedebHbIE CTpaTeruu.

aspobuble 1 (haKyJIbTaTUBHO-a9pOOHbIE OaKTEepUU
MyTEM HTEPATHHOTO BBECHUS aHTUOAKTEPUATBHBIX
MPenapaToB, He MOAABJISIONINX aHadPOOHBIE MUKPO-
OPTraHU3MbI, TEM CaAMbBIM CO3/IaBasl YCJIOBUS JIJIST BOC-
CTaHOBJICHUs HaTaHca MUKPOOHOTHI U CTOCOOCTBYSI ee
(YHKIIMOHMPOBAHWIO JIaKe B HEOIATOTIPUATHON cpejie
narureHTa B KpUTUYeCKOM cocTostnun. Ha ceroamsii-
HUI IeHb MHOTOUYHCJIEHHBIE KIMHITYECKHE UCCIIeI0BA-
HUS ¥ MeTaaHa M3l IIoKaszanu, uto SDD crocobeTsy-
€T TIPeJIOTBPAIIEHUIO0 TOCITUTAIbHON WH(PEKIUU B
OPUT, a rtaxxe cumwkenuio jertambuoctu [107].
[upoxas peanusarysg SDD Gblia orpaHiyeHa, B TOM
YycJie ¥ 13-32 OMACeHWil MOBBICUTH YCTONYMBOCTH
HO30KOMUATbHBIX MUKPOOPTaHU3MOB K aHTUOUOTH-
kam [108], ogHaKo moJyueHbl yoeauTeIbHble JaHHbIe
06 OTCYTCTBUM POCTA PE3UCTEHTHBIX GaKTEpHil Ha
(hore ceseKTUBHON EKOHTAMUHAIMH. PsijT KPYITHBIX
MCCJIeIOBAHNI ITPOXOIUT B HACTOSIIIEE BPEMsI U BCKO-
pe Ha OCHOBe KOTOPBIX aBTOPHI TJIAHUPYIOT HOBBIE
KJIUHUYECKUE PEKOMEHANUH TIO WCIIOTh30BAHIIO
nanuoro Mmeroga B OPUT.

ITepcnexTuBbl. MoskeM Jil MBI CYMTATH KOPPEK-
o Mukpobroma nanuenta 8 OPUT uesbio Hamreit

tepanuu? Kak 6bII0 TOKa3aHO BbIle, AucHaIanc
KUIIEYHBIX GAKTEPHil «TIOXKE,/XOPOIIHe» — acco-
IUUPYETCST C BBICOKON BOCITPHIMYMBOCTBIO K TOCITH-
TaJTBHBIM MHQPEKIUSAM U XYAIINM TPOrHO30M. Boms-
HUE HETAaTUBHBIX (AKTOPOB, CBJ3AHHBIX KaK C
U3MeHEHUEM BHYTPEHHeH Cpebl MaKPOOPTaHM3Ma,
TaK U IOCTATOYHO arpecCUBHON Tepanuei, TpUBOIUT
K PE3KOMY N3MEHEHHTO BUIOBOTO Pa3HO0OPa3Ust MUK-
po6uorsl [109], u, Kak cireacTBre, UI3MEHEHUIO (DYHK-
IMMOHATBHOW aKTUBHOCTH MUKPOGHOTO COOOIIECTBa,
NOCTUTAs MAKCHMAJTbHBIX HAPYIIEHUI TPU KPUTHYE-
CKHX COCTOSTHUSX, BIUIOTh 0 PA3BUTHSI HEOOPATHMBIX
MOJIOMOK TOMeOCTa3a 1 rubejii opraHu3Ma XO3suHa.
CospnaeTcs TTOPOYHBIN KPYyT: HapylieHnue QYHKIIMN
KUIIEYHOW MUKPOOMOTBI Y MAIMEHTOB MTPU KPUTHIE-
CKOM COCTOSIHUH TIPUBOJAUT K U3OBITOUHON TPOAYK-
MU OTIPE/IEJIEHHBIX MUKPOGHBIX METabOIUTOB, KOTO-
pble B CBOIO OYepelb OKAa3bIBAIOT IATOJOTUYECKOE
BO3JIEMICTBYIE HA OPTAHBI M CCTEMBI MAaKPOOPTAHU3Ma
(puc. 2). MoXHO BBIZIETTUTH J[B€ TOTEHITUAJbHBIE
TOYKU [IJIs1 BO3ZEHCTBUS B JIEUEHUU CETICHICA:

1. TIporHo3upoBaHuWe HETraTUBHOU AWHAMUKU
noKasartejeii TOMeocTa3a MpPH MPOTrPecCUPOBAHUM
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KPUTHYECKOTO COCTOSHUSA ¥ MAKCUMAJIBHO IAJSAIIIe
PEKUMBI AHTUMUKPOOHON TEPATIMHU € YI€TOM BasKHOI
PO MUKPOGHOMA.

2. CuepskuBanue u30bITOUHOTO POCTA U TIeJIeHA-
IpaBJeHHast KOPPEKIU MeTabom3Ma HaKTepuil.

HoBsble TexHos0rnH, KyJbTYpPaJbHO — HE3aBU-
CUMBI€, MTO3BOJISAIONINE OBICTPO, TOUHO U BCEOOHEM-
JIOIIle OIEHUBATh MUKPOOUOM, GJMKANIINE TOJbI
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