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ABSTRACT

Hospitalization in the intensive care unit (ICU) changes the adaptive mechanisms of the patient, which affects his microbiome. Important
triggers of microbiome disorders are the severity of the patient’s condition, the lack of oral nutrition and/or artificial nutrition, as well as the
duration of stay in the ICU. Intestinal dysbiosis with the development of pathobionts increases the risk of complications and the outcome
of the disease. The review includes articles describing changes in the microbiome of the gastrointestinal tract in patients hospitalized in
ICU departments. The main changes in the microbiome occurring in different parts of the gastrointestinal tract in patients hospitalized
in the ICU are analyzed. Changes in the intestinal microbiome of the oral cavity were detected in patients from the first day of stay
in the ICU with an increase in microbial contamination and the release of pathogens of nosocomial infections in the plaque. A direct
relationship has been established between the duration of the patient’s stay in the ICU and the depth of changes in the microbiome
with the development of pathobiont dominance, regardless of the age and pathology profile of patients. An established risk factor for
the development of complications and the onset of an unfavorable outcome is a decrease in the diversity of Firmicutes and the ratio of
Firmicutes and Bacteroidetes. The influence of disorders of the functional activity of the intestinal microbiome and metabolism of certain
bacterial species on the severity and prognosis of the disease has been determined. The factors influencing changes in the microbiota
of newborns and their clinical significance are described. The positive effect of pre-, pro-, synbiotics, and fecal transplantation on the
correction of microbiome disorders has been shown. In patients hospitalized in the ICU, pronounced changes in the gastrointestinal
microbiome are diagnosed, while there is a relationship between the severity of the condition and a decrease in bacterial diversity and
an increased risk of developing multiple organ failure and nosocomial infection. The greatest clinical significance in predicting a fatal
outcome is the depletion of Firmicutes and a decrease in the ratio of Firmicutes/Bacteroidetes. The study of changes in the microbiome
can be useful in the early diagnosis of nosocomial infection in critically ill patients and in predicting the risk of outcome.
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AHHOTALMA

locnuTanusauus B OTAENEHNE peaHUMaLn 1 MHTeHcUBHOI Tepanun (OPUT) naMeHsieT aganTaLmoHHble MexaHuaMbl NaLyeHTa, YTo
BMMSIET Ha €r0 MMKPOOMOM. BaxHbIMM TpUrrepamm HapyLeHust MUKpoBroma SBRSOTCS TSKECTb COCTOSHWS NaLyeHTa, OTCYTCTBUE
nepoparnbHOro MUTaHUS /MMM NPOBEAEHNE WUCKYCCTBEHHOMO MUTaHWS, a Takke ANUTeNbHOCTb npebbiBaHus B OPUT. Oucbuos ku-
LIeYHWKa C pa3BuTEM NAaTOOMOHTOB NOBLILLIAET PUCK Pa3BUTUS OCMIOKHEHUI U ncxog 3abonesanus. 063op 6asnpyeTcs Ha Hay4HbIX
CcTaTbsIX, OMMCHIBAKLLMX N3MEHEHUSI MUKPOOIOMA Keny[o4HO-KULLIEYHOTO TpaKTa Y NaLWeHToB, TOCNUTaNM3MPOBaHHbIX B OTAENEHNS
OPUT. lMpoaHannavupoBaHbl OCHOBHbIE M3MEHEHUST MUKPOBMOMA, MPOUCXOASLLME B pasHbIX OTAENAX Xenygo4HO-KMLLIEYHOro TpakTa
(XKT) y naumeHToB, rocnutannavpoBaHHbix B OPUT. M3meHeHus KMLLeYHOro MUKpOBroMa POTOBOM NOSIOCTY BhISIBNEHbI Y MALMEHTOB
C NepBbIX CyTOK HaxoxaeHust B OPUT c yBenuyeHneM MukpobHo 06CEMEHEHHOCTM W BbiAENeHNeM B HaneTe BO3byauTeneii BHyTpu-
BONbHUYHBIX MHAEKLMIA. YCTaHOBIIEHa NPpsiMas CBA3b MEXAY ANMUTeNbHOCTbLI0 NpebbiBaHns naumenta B OPUT v rmyOuHOM n3aMeHeHui
MWKpobroma C pa3BuTEM JOMUHUPOBaHUS NaTOBUOHTOB BHE 3aBWUCUMOCTM OT Bo3pacTa ¥ npoduns NaTonorMm NaumeHToB. YcTa-
HOBIEHHbLIM (haKTOPOM pyCka pasBUTUS OCMIOKHEHWIA U HACTYNNEHNs) HEONaronpuUsTHOMO UCXOAa SBNSIETCS CHUKEHME pasHO0bpasus
Firmicutes v cooTHoweHus Firmicutes n Bacteroidetes. OnpefeneHo BNnsiHNE HapyLLEHWA (YHKLMOHaMNbHOI akTUBHOCTY MUKpoBruoma
KWLLEYHIKa 1 MeTabonnama oTAenNbHbIX BULOB HaKTepuii Ha TSKECTb 1 NPOrHO3 3abonesaHns. OnucaHbl hakTopbl, BIMSIOLWME HA 13-
MeHeHNe MUKPODMOTLI HOBOPOXAEHHBIX, W KIMHNYECKOE 3Ha4YeHMe aTX (DakTopoB. MokasaHo NOMOXUTENbHOE BRMSHWE Mpe-, Npo-,
CMHOMOTWKOB, (hekarnbHOM TpaHCMNaHTaLMM Ha KOPPEKLMI0 HapyLUEHNA MKpoBruoma. Y nauneHToB, rocnuTaninampoBakHbix B OPUT,
AVArHOCTUPYIOT BbIpaxeHHble 13MeHeHust Mukpobroma XKT, npy aTOM NPOCNEXMBAETCS 3aBUCUMOCTb MEXAY TSIKECTBIO COCTOSIHMS,
CHIKeHeM BakTepuanbHOro pasHoobpasaiisl, NOBbILLEHMEM PUCKOB Pa3BUTHSI NONIMOPTaHHOM HEBOCTATOYHOCTH U BHYTPUBOMBHUYHOTO
WHMLMpoBaHMs. Hanbornbluee KMHNYECKOE 3HAYEHME B MPOTHO3MPOBAHWM NETaNbHOTO UCXO4A UMEET UCTOLLEHUE YWCTIEHHOCTY
Firmicutes n ymeHbLUeHWEe COOTHOLLEHNS Firmicutes/Bacteroidetes. /13y4eHne nameHeHui MUKpobroma MoXeT ObITb NOME3HbIM B paH-
Hel AMarHocTuKe BHYTPUOOMbHUYHOTO MHGMLMPOBAHNS Y NALMEHTOB B KPUTUYECKOM COCTOSIHUM 1 MPOrHO3MPOBaHUM pucka Hebnaro-
NPUSITHOTO UcXoaa.
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INTRODUCTION

Hospitalization of a patient to an intensive care unit
(ICU) alters the body’s adaptive mechanisms and directly
or indirectly affects the microbiome. The onset of any
critical condition leads to significant alterations in the mi-
crobiota across all organ systems [1, 2, 10, 15, 19]. The
complex interactions between the gut microbial flora and
the human host substantially impact patient health. The in-
ability to maintain a regular oral diet in ICU patients alters
the oral microflora, irrespective of the quality of general
and specialized care [10]. Enteral nutrition, administered
via a feeding tube or gastrostomy, alters the microbial pro-
file throughout the entire digestive tract [4, 6-10, 15, 38].

For the gut microbiota, interaction axes such as the
‘gut-lung”, “gut-brain”, “gut-muscle”, and “gut-kidney”
axes, among others, have been described [5, 15-17,
20, 26]. The role of the gut microbiota as a modulator of
disease is particularly important in critically ill patients.
The mucous membrane of the digestive tract serves as
the interface between the external environment and the
body. It has been established that the gut is exposed not
only to a flow of nutrients but also to massive stimuli and
signals from the microbiota; furthermore, the pathways of
interaction between gut microbes and nutrients, as well
as among the microbes themselves, have been identi-
fied. Evidence indicates that the overgrowth of pathogenic
flora in the gut influences the risk of complications and
disease outcomes. To date, the relationships between the
microbiome and the severity of condition in ICU patients
remain insufficiently studied. Moreover, the mechanisms
of modulating the microbiome through dietary changes
and therapeutic strategies employed in intensive care also
require further investigation.

This review analyzes current scientific literature on
alterations in the gastrointestinal (Gl) tract microbiome in
patients of various ages hospitalized in the ICU.

The majority of publications focus on changes in
the gut microbiome of critically ill patients, with only
one study addressing the microbial diversity of dental
plaque. The identification of pathogens, particularly
when diagnosis is challenging with culture-based me-
thods, is significantly enhanced by the use of 16S rRNA
sequencing and its modifications [33, 51, 56]. Despite
the difficulties in differentiating some closely related
species within the same prokaryotic phylum due to pro-
nounced intra-genomic heterogeneity, this method is
used for determining the taxonomic profile of bacteria
[32, 39, 47].

ORAL CAVITY MICROBIOME

The majority of ICU patients receive enteral nutrition via
a nasogastric tube or gastrostomy, which eliminates the na-
tural cleansing effect of food in the oral cavity. Within the
first 24 hours of ICU admission, the oral microbiota load

reaches 4.40x105 CFU/mL, with a tendency to increase to
3.44x108 CFU/mL by the end of the first week [50]. Patho-
gens associated with healthcare-associated infections
(HAIs) are detected in 26% of patient samples. Therefore,
a significant increase in microbial colonization of dental
plague and the presence of HAI pathogens in plaque repre-
sent a risk factor for complications [50].

A study of the oral microbiome (16S rRNA) in gastro-
stomy patients revealed early colonization by pathogens fol-
lowing the cessation of oral feeding, as well as substantial
differences compared to healthy volunteers [6, 8, 10, 13,
15, 38].

Most studies focus on the gut luminal microbiota, the
dynamics of its biodiversity reduction, and the potential
use of changes in the Shannon index and microbiome
composition ratios for the development of prognostic mo-
dels for survival.

CHARACTERISTICS AND DYNAMICS
OF THE GUT MICROBIOME

Numerous studies focus on investigating alterations in
the Firmicutes/Bacteroidetes ratio (hereinafter referred to
as the F/B ratio) in critically ill patients, driven by the crucial
role these bacterial phyla play in gastrointestinal function.
While Firmicutes convert lactic acid into butyrate, which
stimulates mucin production, Bacteroidetes metabolize lac-
tic acid into other short-chain fatty acids (acetate, formate,
propionate) that may adversely affect the gut microbiome
[15, 18]. Studies have confirmed the viability of using not
only stool samples (luminal microbiota) but also rectal
swabs (mucosa-associated microbiota) as biological ma-
terials for assessing gut microbiota in critically ill patients
[15, 23].

The gut microbiome undergoes alterations within
hours of patient admission to the ICU [63]. This transfor-
mation of the microbial pool is driven by several factors,
including nutritional disruptions and impaired intestinal
transit (constipation/diarrhea), administration of broad-
spectrum antibiotics, proton pump inhibitors, morphine,
local or systemic inflammatory changes in the intestinal
wall, and compromised intestinal epithelial perfusion
[63]. A direct correlation has been established between
marked Firmicutes/Bacteroidetes microbiota imbalance
(decreased F/B ratio) and the development of infectious
complications along with multiple organ dysfunction syn-
drome [45].

A dynamic study of patients hospitalized in the ICU re-
vealed a statistically significant reduction in Firmicutes abun-
dance along with a decreased F/B ratio. Additionally, a nega-
tive correlation was found between patient condition severity
(assessed by APACHE — Acute Physiology and Chronic
Health Evaluation scores) and the F/B ratio [32].

Patients with prolonged critical illness exhibited marked
alterations in gut microbiota species composition. After short-




term ICU stays, the microbiome recovered shortly following
patient discharge [22].

Reduced gut microbial diversity, accompanied by
the absence or loss of gut commensals, develops in two-
thirds of ICU patients by day 5 of hospitalization [48]. In
75% of these patients, episodes of opportunistic patho-
gen dominance in the gut (E. faecium, K. pneumoniae,
E. cloacae, E. coli, KI. oxytoca, P. mirabilis, Candida al-
bicans) with signs of nosocomial infection were recorded.
Meropenem was shown to negatively affect gut micro-
bial diversity, whereas no statistically significant changes
were observed with piperacillin/tazobactam use. Some
patients demonstrated an increased relative abundance
of Methanobrevibacter smithii, an intestinal commensal.
No significant correlations were detected between stool
consistency, microbial diversity, and SOFA (Sequential
Organ Failure Assessment) scores [48]. Thus, prolonged
ICU stay reduces microbial diversity and decreases com-
mensal flora dominance in the gut microbiome of most
critically ill patients.

Similar conclusions have been reached by other
authors. In a study of microbiomes from three biotopes
(feces, oral cavity, and skin), a significant decrease in
bacterial phylogenetic diversity was observed by day 10
following ICU admission [43]. Notably, stool samples and
oral swabs collected at patient admission showed greater
similarity to each other than to samples obtained at dis-
charge, indicating a direct influence of ICU stay duration
and associated disruptions to normal lifestyle on microbi-
ome composition.

Alterations in fecal microbiota are characteristic of
adult patients across various clinical specialties.

Within 72 hours, patients with severe traumatic inju-
ries develop changes in the phylogenetic composition of
the gut microbiome and relative taxon abundance, marked
by depletion of Bacteroidales, Fusobacteriales, and Verru-
comicrobiales alongside an increase in Clostridiales and
Enterococcus. This represents a risk factor for ventilator-
associated pneumonia (VAP), acute respiratory distress
syndrome (ARDS), and multiple organ failure. Thus, pa-
tients with severe trauma demonstrate a characteristic
reduction in non-pathogenic microorganisms and an in-
crease in opportunistic pathogens, which may elevate the
risk of unfavorable outcomes [36].

Cardiac surgery patients demonstrate significant al-
terations in bacterial diversity (Shannon index) during the
postoperative period. Specifically, they exhibit a reduction
in abundance of strict anaerobic gut bacteria producing
short-chain fatty acids (Faecalibacterium, Anaerostipes,
Blautia, and Roseburia) alongside an increase in patho-
bionts (Enterococcus, Eggerthella, Peptococcus, Rothia),
including mucin-degrading Akkermansia, Bifidobacterium,
and Methanobrevibacter [21]. Bacterial diversity recovers
in these patients by the time of hospital discharge [44].

Patients with acute neurological pathology experi-
encing prolonged ICU stays showed reduced o-diversity
of Ruminococcaceae and Lachnospiraceae. A direct
positive correlation was identified between Enterobac-
teriaceae abundance and modified Rankin Scale scores
at discharge, as well as between the detection of Chris-
tensenellaceae and Erysipelotrichaceae and increased
mortality risk [60, 61].

In summary, gut microbiome alterations occur within
the first 24 hours of hospitalization and progressively
worsen throughout the ICU stay. Following brief ICU ad-
missions, gut flora biodiversity recovers rapidly. A direct
relationship exists between the extent of microbiome al-
terations and mortality. Rapid shifts in the quantitative and
qualitative composition of gut microbiota can affect out-
comes in severe somatic diseases, traumatic conditions,
and the postoperative course [22, 36, 44]. Hospitaliza-
tion duration correlates with low bacterial diversity iden-
tified during the preoperative period. According to study
authors, changes in a-diversity during hospitalization in-
fluence 180-day patient mortality [60].

PROGNOSTIC SIGNIFICANCE
OF GUT MICROBIOME ALTERATIONS

The dynamics of the microbial landscape were ana-
lyzed in patients with various diseases during a two-
week |CU hospitalization. A Bacteroidetes/Firmicutes
ratio exceeding 10% is associated with increased mor-
tality [42, 45]. Conversely, in septic patients, despite re-
duced bacterial diversity, no association was found be-
tween microbiota diversity, the Firmicutes/Bacteroide-
tes ratio, or the gram-positive/gram-negative bacterial
ratio and either complication rates or survival outcomes
[37, 40].

The prognostic significance of gut flora dysbiosis for
the prediction of in-hospital mortality in critically ill patients
has been demonstrated. A direct relationship exists be-
tween reduced Bifidobacterium diversity and an increased
risk of in-hospital death [57]. Furthermore, mortality risk
probability based on the combination of Bifidobacterium
concentration and SOFA scores was higher than that cal-
culated using SOFA scores or bacterial counts alone [1,
57]. Enterococcus dominance in the gut microbiome has
been linked to the development of multiple organ failure
and unfavorable clinical outcomes [32, 37].

Reduced o-diversity in the microbiota of rectal
swabs from ICU patients exhibits an inverse correla-
tion with plasma concentrations of interleukin-6 (IL-6),
C-C motif ligand-2 (CCL-2), and tumor necrosis factor
(TNF), suggesting the potential for predicting complica-
tion risks [23].

Thus, gut microbiome disruption may contribute to risk
stratification and early infection diagnosis in the ICU, cor-
relates with various infectious and inflammatory diseases,
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and is frequently observed in critically ill patients. Morta-
lity has been associated with an increase in Bacteroidetes
and a decrease in Firmicutes, phyla that play crucial roles
in metabolism.

ENTEROTYPES: TOWARD A CLASSIFICATION
OF MICROBIOME ALTERATIONS
IN ICU PATIENTS

Studies attempting to classify dysbiosis in critically
ill patients hospitalized in the ICU are of significant im-
portance. An analysis of the relationship between the gut
microbiome, clinical data (SOFA, APACHE 1), and labo-
ratory parameters (serum lactate concentration) in septic
patients identified two distinct enterotypes that differed
significantly in their taxonomic distribution [42]. Patients
with lower microbial species diversity (enriched in Bacte-
roidetes, Parabacteroides, and Enterobacteriaceae) were
assigned to the first enterotype, which was characterized
by higher APACHE Il scores and elevated serum lactate
concentrations [42]. In patients with this enterotype, a
Bacteroidetes/Firmicutes ratio greater than 10 correlated
with higher in-hospital mortality, suggesting its potential
as a marker for critical illness progression. A second en-
terotype is defined by the predominance of Enterococcus,
Vagococcus, and Lactobacillus. Among ICU patients clas-
sified into this second enterotype, an increase in entero-
coccal abundance was associated with a lower incidence
of septic shock [34]. Thus, ICU enterotypes may serve as
independent clinical markers for characterizing a patient’s
gut microbiota in the intensive care setting and as indica-
tors of disease severity.

SELECTIVE DECONTAMINATION
OF THE DIGESTIVE TRACT IN ICU PATIENTS:
IS IT ALWAYS BENEFICIAL?

The absence of a patient’s regular oral nutrition leads
to an increased proportion of opportunistic pathogens in
the gut, which can cause infectious complications during
ICU stay. To suppress intestinal colonization by opportu-
nistic microorganisms, some countries employ prophylac-
tic antibiotic therapy (selective decontamination of the di-
gestive tract — SDD), which improves clinical outcomes in
ICU patients [25]. However, prolonged and aggressive an-
tibiotic therapy can exacerbate alterations in the patient’s
microbiome. The choice of antimicrobial agent, duration,
dosage, and route of administration all influence the mi-
crobiome [53].

Studies demonstrate that SDD regimens cause rapid
biodiversity loss during the initial days of ICU stay, while
healthy individuals maintain stable microbial ratios [25]. ICU
patients (based on 16S rRNA analysis) show higher abun-
dance of Bacteroidetes and Bacillus, and lower levels of
Clostridium clusters IV and XIVa, anaerobic gram-positive
butyrate-producing bacteria, and E. coli. This pattern indi-

cates recolonization of the intestinal tract with coliform flora
and other aerobic gram-negative bacteria [25]. Therefore,
preventive decontamination of gut flora does not always
promote recovery in ICU patients.

The negative consequences of antibiotic therapy for
the gut microbiome are particularly significant in critically
ill patients. Reduced microbiota a-diversity combined with
an imbalanced Bacteroidetes/Firmicutes ratio (exceeding
8 or below 1/8) during the first week of ICU hospitalization
is associated with higher mortality (odds ratio: 5.54, 95%
Cl: 1.39-22.18, p=0.015) [46].

In mechanically ventilated critically ill patients with
Enterobacteriaceae spp. dominance, early use of intra-
venous anti-anaerobic antibacterial agents is associated
with reduced ventilator- and infection-free survival rates,
along with increased mortality [27]. Thus, early admi-
nistration of anti-anaerobic antibacterial agents has been
linked to elevated mortality.

ALTERATIONS IN THE GUT MICROBIOME
OF CHILDREN IN THE ICU

Given distinct anatomical, physiological, and func-
tional characteristics, alterations in the gut microbiome
of pediatric patients warrant specific consideration. The
development of the gastrointestinal microbiota is known
to significantly impact infant health and postnatal physio-
logical adaptation, particularly due to differences between
the microbiomes of full-term and preterm infants [1, 2,
14]. Whereas healthy full-term infants initially show pre-
dominance of gram-positive cocci, Enterobacteriaceae,
and Bifidobacteriaceae, with a sequential progression
toward Bifidobacterium dominance, preterm infants in the
ICU demonstrate abundant staphylococci immediately af-
ter birth, with delayed bifidobacterial colonization [55]. In-
fants with dominant bifidobacterial flora exhibited higher
acetate and short-chain fatty acid concentrations, along
with lower pH.

Exposure to stress factors in newborns, including
very low birth weight preterm infants, alters gut micro-
biota structure. Stress exposure in the ICU during the first
1-2 days of life significantly affects Proteus and Veillo-
nella populations. Antibacterial use significantly influences
colonization dynamics of Proteus, Citrobacter, and C. per-
fringens, with gender-specific differences identified in
Proteus colonization [30]. Thus, stress factors during the
neonatal period substantially impact the developing gut
microbiome. Furthermore, preterm infants demonstrated
a distinct panel of amino acid metabolites and central me-
tabolism intermediates that significantly correlated with
the relative abundance of eight bacterial species [30].
Early-life factors (gestational age, birth weight) and ICU
stay duration exert a sustained influence on gut microbial
composition dynamics and metabolism in neonates and
infants [62].




Antibacterial agents administered at birth alter both
the quantitative and qualitative composition of the micro-
biome, whereas later courses of antimicrobial therapy do
not lead to profound alterations. A direct positive correla-
tion has been established between antibacterial therapy
initiated from birth and reduced folate biosynthesis in chil-
dren, particularly when accompanied by decreased abun-
dance of Bifidobacterium breve and E. coli. Simultane-
ously, these children show increased abundance of Kleb-
siella and Bacteroides, resulting in enhanced glycerolipid
metabolism, fatty acid biosynthesis, and glycolysis [24].
Thus, antibacterial agent usage affects both the forma-
tion and subsequent modification of the gut microbiome
in newborns.

Total parenteral nutrition (TPN) adversely affects
the gut microbiome of children. By the fourth week, fe-
cal o-diversity becomes significantly reduced in TPN
patients compared to those receiving enteral nutrition
[31]. Patients on TPN exhibited low abundance of Bac-
teroides and Bifidobacterium alongside high abundance
of Akkermansia muciniphila throughout all observation
weeks. Additionally, TPN patients showed decreased
Bacteroidetes and increased Verrucomicrobia abun-
dance, with a trend toward growing divergence from
control group patients [31]. The authors acknowledge
TPN’s potential contribution to unfavorable clinical out-
comes in children.

Therefore, the key triggers for microbiome alterations
in pediatric ICU patients include early gestational age,
low birth weight, complete absence of enteral (breast)
nutrition, and early-course antibacterial therapy (prior to
physiological gut colonization). The general patterns and
interindividual variations in gut microbiome developmental
dynamics represent an important step toward controlling
disease risks in preterm infants.

THE GUT MICROBIOME
AND ITS METABOLITES

Alterations in the gut microbiome can be evaluated
not only through culture-based or genetic methods but
also indirectly via metabolite levels in biological fluids.
Bacterial metabolites and bioactive compounds can be
detected in both stool and urine, serving as markers of
intestinal microbiome homeostasis/imbalance. The pre-
sence of short-chain fatty acids (SCFAs) in urine or stool
represents an indicator of intestinal health.

Persistent differences in global metabolic profiles of
urine samples (1H-NMR) have been identified between
critically ill ICU patients and healthy children, including
reduced urinary excretion of hippurate, 4-cresol sulfate,
and formate. These alterations reflect disparities in both
endogenous metabolites and gut microbiome-derived
metabolites [58]. The critically ill children exhibited dis-
tinct overall metabolic profiles, notably decreased fecal

excretion of SCFAs (including butyrate, propionate, and
acetate). Fecal butyrate levels correlated with the num-
ber of intensive care-free days at 30 days, while urinary
formate was inversely correlated with the need for vaso-
pressor support [58]. Thus, a direct relationship has been
established between impaired functional activity of the
gut microbiome and progressive organ failure in critically
ill children, potentially increasing the risk of adverse out-
comes.

Pediatric ICU patients receiving antibacterial therapy
exhibit reduced anaerobic communities against a back-
ground of overall decreased gut microbiota a-diversity
[35]. The loss of anaerobic microbiota directly correlates
with overgrowth of aerobic pathobionts and their corre-
sponding bacteriophages, along with absolute enrichment
of opportunistic yeasts capable of causing invasive di-
seases. An elevated fungi-to-bacteria ratio is associated
with marked SCFA depletion, demonstrating a strong cor-
relation with propionate concentration (p <0.0001) [35].
Consequently, critically ill patients undergoing antibacterial
therapy show a significantly increased risk of opportunis-
tic invasive mycoses, resulting not only from reduced gut
microbiota biodiversity but also from functional alterations
in remaining bacterial communities. Diminished SCFA
production may yield long-term negative consequences,
including contribution to dysphagia development in ICU
patients [4, 11, 12].

In patients with diagnosed neuroinfections, SCFA
analysis from fecal extracts revealed decreased Bac-
teroidetes, Proteobacteria, and Bacilli. These patients
demonstrated positive correlation between cerebro-
spinal fluid-to-serum albumin ratio and a-diversity, but
negative correlation with fecal butyrate concentration.
Encephalitis patients exhibited increased fecal acetate,
propionate, and butyrate concentrations [60]. These
findings confirm a potential direct relationship between
gut microbiome alteration severity and brain injury ex-
tent, thereby validating functional activity of the “gut-
brain microbiota” axis [20].

Thus, the complexity of transcriptional changes fol-
lowing gut microbiome disruption has been demonstrated.
Clinical profiling of bacterial metabolites in stool and urine
samples could aid in the diagnosis and treatment of intes-
tinal dysbiosis in critically ill patients. Utilizing anaerobic
bacteria and SCFAs to suppress fungal overgrowth follo-
wing antibacterial exposure may positively impact clinical
outcomes in ICU patients.

CORRECTION
OF MICROBIOME DISORDERS

Growing interest in microbial dysbiosis development
during critical illness against the backdrop of evolving an-
tibacterial strategies has prompted investigation into the
therapeutic potential of microbiome modification using
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probiotics [15]. Recommended therapeutic strategies for
ICU patients with microbiota alterations include pro-, pre-,
and synbiotics, along with fecal microbiota transplantation.
Collectively, these interventions may not only maintain in-
testinal microbiota integrity but also restore homeostasis [3,
15, 41, 59, 63].

Administration of synbiotics (Bifidobacterium breve
strain Yakult, Lactobacillus casei strain Shirota, and galac-
tooligosaccharides) initiated within 3 days of admission in
septic patients who were in the ICU and receiving mechani-
cal ventilation led to reduced incidence of enteritis and VAP.
However, no significant survival difference was observed
between patients receiving synbiotics and controls. Thus, a
positive association has been established between synbi-
otic administration and gut microbiota modulation, enteritis
prevention, and VAP reduction in septic patients [54].

Eight studies have evaluated the effects of dietary fi-
ber on gut microbiota status, ICU length of stay, and time
to mortality in hemodynamically stable ICU patients re-
ceiving enteral nutrition via nasogastric tube who presen-
ted with gastrointestinal symptoms (abdominal distension,
diarrhea, vomiting, constipation, and high gastric residual
volume). Diarrhea and constipation occurred significantly
less frequently in children receiving fiber supplementation
[18, 49]. Soluble fiber administration in all hemodynami-
cally stable critically ill patients was established as safe
and beneficial for reducing gastrointestinal symptoms,
particularly diarrhea [18, 49].

Of 15 conducted studies, 14 failed to demonstrate
beneficial effects of pre-, pro-, or synbiotic administration
on enteral nutrition tolerance or duration of hospital and
ICU stay [52]. Opioid analgesic use may affect gastroin-
testinal motility disorder frequency in critically ill patients
without exerting direct effects on the microbiome [28]. Fur-
ther research is needed to determine the roles of gut dys-
function and microbiome alterations as markers of disease
severity, critical illness duration, or mortality. Challenges in
establishing potential relationships stem from the absence
of standardized methods for identifying and quantifying
disturbances in microbiome phylum ratios. The investiga-
ted biomarkers (intestinal fatty acid-binding protein, citrul-
line) show promise but require additional study [29].

Critical illness leads to impaired intestinal barrier
function and affects the development and severity of
multiple organ dysfunction. Patients with sepsis or acute
respiratory distress syndrome demonstrate substantially
disrupted gut microbiota composition, resulting in intesti-
nal dysbiosis. |dentification of potential strategies for the
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AONONHUTENbHAA UHOOPMALIUA

Bknapg aBTOpoB. BCe aBTOPbI BHECNW paBHbIN CyLLe-
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(hMHanbHY0 BEpCUIo nepes nybnukaumei.

KoHnukt uHTepecoB. ABTOpbI AeKnapupylT OT-
CYTCTBWE SBHbIX W NOTEHLMAmNbHBIX KOH(IIMKTOB UHTEpe-
COB, CBS3aHHbIX C Nybnukauuet HacTosLen CTaTbi.

WUcTouHuk mHaHcUpoBaHmMsA. ABTOPLI 3asBNSOT 06
OTCYTCTBUU BHELUHErO (PUHAHCUMPOBAHUSA Mpu npoBefe-
HWW UCCneoBaHNS.

senger of Anesthesiology and Resuscitation.. 2022;19(2):56-63.
(In Russian). DOI: 10.21292/2078-5658-2022-19-2-56-63.

2.  Ahmedov V.A., Kasheva K.A., Gaus O.V. Intestinal microbiota and
critical conditions] Medical alphabet. 2020;(37):16-20. (In Rus-
sian). DOI: 10.33667/2078-5631-2020-37-16-20.




10.

1.

12.

13.

14.

15.

Beloborodova N.V., Chernevskaja E.A. Prospects for Microbiota-
Oriented Therapy in Neurorehabilitology] Physical and rehabilita-
tion medicine, medical rehabilitation. 2020;2(1):79-85. (In Rus-
sian). DOI: 10.36425/rehab19432.

Gostimskij A.V., Gavshchuk M.V., Zav'yalova A.N., Barsukova .M.,
Najdenov A.A., Karpatskij I.V., Petrosyan A.A., Lisovskij O.V. Fea-
tures of nutritional support and care for patients with gastrostoma.
Medicine: Theory and Practice. 2018;3(2):3-10. (In Russian).
Zavyalova AN., Novikova V.P., Ignatova P.D. Axis “micro-
biota — muscle”. Experimental and Clinical Gastroenterology.
2022;207(11):60-69. (In Russian). DOI: 10.31146/1682-8658-
ecg-207-11-60-69.

Zavyalova A.N., Novikova V.P., Kuznetsova Yu.V. et al. Atabase
“Sequencing of 16SrRNK microbiome from three biotopes in a
gastrostomized pediatric patient’. Application Ne 2023620378
from 13.02.2023. Date of state registration in the Register of data-
bases 22.03.2023. (In Russian).

Zavyalova A.N., Novikova V.P.,, Orel V.I. et al. Organization of
the stomy patient nutrition. Choice of food substrate. Pediatrician
(St. Petersburg). 2023;14(2):93-104. (In Russian). DOI: 10.17816/
PED14293-104.

Kuznetsova Yu.V., Zavyalova A.N., Davletova L.A. et al. Oral
microbiome in children fed through a gastrostomy. Forcipe.
2022;5(S2):285-286. (In Russian).

Kuznetsova Ju.V., Zavyalova A.N., Lisovskii O.V. et al. Oral
microbiome in patients feeding through a gastrostomy. Pre-
ventive and clinical medicine. 2023;87(2):68-76. (In Russian).
DOI: 10.47843/2074-9120_2023_2_68.

Kuznetsova Yu.V., Zavyalova A.N., Lisovskii O.V. et al. Fea-
tures of the microbial landscape of the stomach in children,
feeding through the gastrostomy or nasogastric tube. Pe-
diatrician (St. Petersburg). 2023;14(2):17-27. (In Russian).
DOI: 10.17816/PED14217-27.

Lisitsa I.A., Aleksandrovich Yu.S., Zavyalova A.N. et al. Dyspha-
gia in pediatric intensive care unit patients (review). Messenger
of anesthesiology and resuscitation. 2023;20(6):97-105. (In Rus-
sian). DOI: 10.24884/2078-5658-2023-20-6-97-105.

Lisica .A., Zavyalova A.N., Ignatova P.D., Makarova T.Yu. Mic-
robiome of patients in the intensive care unit. Literature review.
University Therapeutic Journal. 2024;6(3):5-18. (In Russian).
DOI: 10.56871/UTJ.2024.67.59.001.

Markovskaja I.N. Microbiome of a child of the first year of life,
long-term stay in ORIT, according to 16S rRNA sequencing. The-
ses of the X All-Russian Conference with International Participa-
tion “FLORES VITAE. Polyclinic Pediatrics”. 2022:16-17. (In Rus-
sian).

Naboka Y.L., Rymashevskiy A.N., Svirava E.G., Vasilyeva L.1.,
Bragina L.Y., Chernitskaya M.L., Dzhalagoniya K.T. Deve-
lopment of microbiota in the large intestine of newborns
depending on various delivery methods. Pediatrician (St. Pe-
tersburg). 2014;5(3):22-29. (In Russian). DOI: 10.17816/
PED5322-29.

Novikova V.P., Gurova M.M., Havkin A.l. Intestinal microbiota as
a regulator of the work of human organs and systems: a guide

16.

17.

18.

19.

20.

21.

22

23.

24.

25.

26.

27.

28.

29.

30.

for doctors. Moscow: GEOTAR-Media; 2024. (In Russian).
DOI: 10.33029/9704-8174-5-IMR-2024-1-352.

Novikova V.P., Havkin A.l., Gorelov A.V. et al. The lung-gut axis
and COVID-19. Infectious diseases. 2021;19(1):91-96. (In Rus-
sian). DOI: 10.20953/1729-9225-2021-1-91-96.

Prokop’eva N.Je., Novikova V.P., Havkin A.l. Gut microbiota —
kidney axis. features in diseases of the urinary system and uro-
genital tract. Medicine: Theory and Practice. 2022;7(4):68-77.
(In Russian). DOI: 10.56871/MTP.2022.51.41.008.

Havkin A.l., Zavyalova A.N., Novikova V.P. Impact of nutrients
on gut microbiota. Pediatric Nutrition. 2023;21(1):66-75. 2023.
(In Russian). DOI: 10.20953/1727-5784-2023-1-66-75.
Chernevskaja E.A., Beloborodova N.V. Gut Microbiome in Criti-
cal lliness (Review). General Reanimatology. 2018;14(5):96-119.
(In Russian). DOI: 10.15360/1813-9779-2018-5-96-119.
Shapovalova N.S., Novikova V.P. The role of the gut-brain axis
in functional gastrointestinal disorders. Children’s Medicine of the
North-West. 2021;9(4):33-50. (In Russian).

Aardema H., Lisotto P., Kurilshikov A. et al. Marked changes
in gut microbiota in cardio-surgical intensive care patients: a
longitudinal cohort study. Front Cell Infect Microbiol. 2020;9:467.
DOI: 10.3389/fcimb.2019.00467.

Akrami K., Sweeney D.A. The microbiome of the critically ill
patient. Curr Opin Crit Care. 2018;24(1):49-54. DOI: 10.1097/
MCC.0000000000000469.

Bansal S., Nguyen J.P., Leligdowicz A. et al. Rectal and naris
swabs: practical and informative samples for analyzing the mic-
robiota of critically ill patients. mSphere. 2018;3(3):e00219-18.
DOI: 10.1128/mSphere.00219-18.

Bender J.M., Li F., Purswani H. et al. Early exposure to antibio-
tics in the neonatal intensive care unit alters the taxonomic and
functional infant gut microbiome. J Matern Fetal Neonatal Med.
2021;34(20):3335-3343.DOI: 10.1080/14767058.2019.1684466.
Buelow E., Bello Gonzalez T.D.J., Fuentes S. et al. Comparative
gut microbiota and resistome profiling of intensive care patients
receiving selective digestive tract decontamination and healthy
subjects. Microbiome. 2017;5(1):88. DOI: 10.1186/s40168-017-
0309-z.

Caldarelli M., Franza L., Rio P. et al. Gut-kidney-heart: a novel
trilogy. Biomedicines. 2023;11(11):3063. DOI: 10.3390/biomedi-
cines11113063.

Chanderraj R., Baker J.M., Kay S.G. et al. In critically ill
patients, anti-anaerobic antibiotics increase risk of ad-
verse clinical outcomes. Eur Respir J. 2023;61(2):2200910.
DOI: 10.1183/13993003.00910-2022.

Chapple L.A., Deane A. From dysmotility to virulent patho-
gens: implications of opioid use in the ICU. Curr Opin Crit Care.
2018;24(2):118-123. DOI: 10.1097/MCC.0000000000000487.
Chapple L.S., Plummer M.P., Chapman M.J. Gut dysfunction
in the ICU: diagnosis and management. Curr Opin Crit Care.
2021;27(2):141-146. DOI: 10.1097/MCC.0000000000000813.
D’'Agata A.L., Wu J., Welandawe M.K.V. et al. Effects of early life
NICU stress on the developing gut microbiome. Dev Psychobiol.
2019;61(5):650-660. DOI: 10.1002/dev.21826.

39



40

31.

32,

33.

34.

35.

36.

37.

38.

39.

40.

41,

42,

43.

44,

Dahlgren A.F., Pan A., Lam V. et al. Longitudinal changes in
the gut microbiome of infants on total parenteral nutrition.
Pediatr Res. 2019;86(1):107-114. DOI: 10.1038/s41390-019-
0391-y.

Elfiky S.A., Mahmoud Ahmed S., Elmenshawy AM. et al.
Study of the gut microbiome as a novel target for preven-
tion of hospital-associated infections in intensive care unit
patients. Acute Crit Care. 2023;38(1):76-85. DOI: 10.4266/
acc.2022.01116.

Fida M., Wolf M.J., Hamdi A. et al. Detection of pathogenic bacte-
ria from septic patients using 16S ribosomal RNA gene-targeted
metagenomic sequencing. Clin Infect Dis. 2021;73(7):1165-1172.
DOI: 10.1093/cid/ciab349.

Freedberg D.E., Zhou M.J., Cohen M.E. et al. Pathogen colo-
nization of the gastrointestinal microbiome at intensive care unit
admission and risk for subsequent death or infection. Intensive
Care Med. 2018;44(8):1203-1211. DOI: 10.1007/s00134-018-
5268-8.

Haak B.W., Argelaguet R., Kinsella C.M. et al. Integrative Trans-
kingdom analysis of the gut microbiome in antibiotic pertur-
bation and critical illness. mSystems. 2021;6(2):e01148-20.
DOI: 10.1128/mSystems.01148-20.

Howard B.M., Kornblith L.Z., Christie S.A. et al. Characteri-
zing the gut microbiome in trauma: significant changes in
microbial diversity occur early after severe injury. Trauma
Surg Acute Care Open. 2017;2(1):e000108. DOI: 10.1136/
tsaco-2017-000108.

lapichino G., Callegari M.L., Marzorati S. et al. Impact of antibio-
tics on the gut microbiota of critically ill patients. J Med Microbiol.
2008;57(Pt 8):1007-1014. DOI: 10.1099/jmm.0.47387-0.
Kuznetsova Yu.V., Zavyalova A.N., Dudurich V.V. The microbiome
of the stomach in children fed through a gastrostomy. World of
Microbiome. Vienna: Kenes group; 2022: 104.

Lamoureux C., Surgers L., Fihman V. et al. Prospective com-
parison between shotgun metagenomics and sanger sequen-
cing of the 16S rRNA gene for the etiological diagnosis of
infections. Front Microbiol. 2022;13:761873. DOI: 10.3389/
fmicb.2022.761873.

Lankelma J.M., van Vught L.A., Belzer C. et al. Critically ill patients
demonstrate large interpersonal variation in intestinal microbiota
dysregulation: a pilot study. Intensive Care Med. 2017;43(1):59-
68. DOI: 10.1007/s00134-016-4613-z.

Limketkai B.N., Hendler S., Ting P.S. et al. Fecal microbiota
transplantation for the critically ill patient. Nutr Clin Pract.
2019;34(1):73-79. DOI: 10.1002/ncp.10228.

Liu W., Cheng M., Li J. et al. Classification of the gut micro-
biota of patients in intensive care units during development of
sepsis and septic shock. Genomics Proteomics Bioinformatics.
2020;18(6):696-707. DOI: 10.1016/j.gpb.2020.06.011.

McDonald D., Ackermann G., Khailova L. et al. Extreme dysbiosis
of the microbiome in critical illness. mSphere. 2016;1(4):e00199-
16. DOI: 10.1128/mSphere.00199-16.

Mustansir Dawoodbhoy F., Patel B.K., Patel K. et al. Gut micro-
biota dysbiosis as a target for improved post-surgical outcomes

45.

46.

47.

48.

49.

50.

51.

52.

53.

54,

55.

56.

57.

58.

59.

and improved patient care: a review of current literature. Shock.
2021;55(4):441-454. DOI: 10.1097/SHK.0000000000001654.
Ojima M., Motooka D., Shimizu K. et al. Metagenomic analysis re-
veals dynamic changes of whole gut microbiota in the acute phase
of intensive care unit patients. Dig Dis Sci. 2016;61(6):1628-1634.
DOI: 10.1007/s10620-015-4011-3.

Ojima M., Shimizu K., Motooka D. et al. Gut dysbiosis associ-
ated with antibiotics and disease severity and its relation to mor-
tality in critically ill patients. Dig Dis Sci. 2022;67(6):2420-2432.
DOI: 10.1007/s10620-021-07000-7.

Paul B. Concatenated 16S rRNA sequence analysis improves
bacterial taxonomy. F1000Res. 2023;11:1530. DOI: 10.12688/
f1000research.128320.3.

Ravi A., Halstead F.D., Bamford A. et al. Loss of micro-
bial diversity and pathogen domination of the gut microbiota
in critically ill patients. Microb Genom. 2019;5(9):e000293.
DOI: 10.1099/mgen.0.000293.

Reis A.M.D., Fruchtenicht A.V., Loss S.H. et al. Use of die-
tary fibers in enteral nutrition of critically ill patients: a syste-
matic review. Rev Bras Ter Intensiva. 2018;30(3):358-365.
DOI: 10.5935/0103-507X.20180050.

Sachdev M., Ready D., Brealey D. et al. Changes in dental plaque
following hospitalisation in a critical care unit: an observational
study. Crit Care. 2013;17(5):R189. DOI: 10.1186/cc12878.
Sanschagrin S., Yergeau E. Next-generation sequencing of 16S ribosomal
RNA gene amplicons. J Vis Exp. 2014;90:51709. DOI: 10.3791/51709.
Seifi N., Jafarzadeh EsfahaniA., SedaghatA. et al. Effect of gut mi-
crobiota modulation on feeding tolerance of enterally fed critically
ill adult patients: a systematic review. Syst Rev. 2021;10(1):95.
DOI: 10.1186/s13643-021-01633-5.

de Sire A., de Sire R., Curci C. et al. Role of dietary supplements
and probiotics in modulating microbiota and bone health: the gut-
bone axis. Cells. 2022;11(4):743. DOI: 10.3390/cells11040743.
Shimizu K., Yamada T., Ogura H. et al. Synbiotics modulate gut
microbiota and reduce enteritis and ventilator-associated pneu-
monia in patients with sepsis: a randomized controlled trial. Crit
Care. 2018;22(1):239. DOI: 10.1186/s13054-018-2167-x.

Tauchi H., Yahagi K., Yamauchi T. et al. Gut microbiota develop-
ment of preterm infants hospitalised in intensive care units. Benef
Microbes. 2019;10(6):641-651. DOI: 10.3920/BM2019.0003.
Watts G.S., Youens-Clark K., Slepian M.J. et al. 16S rRNA gene se-
quencing on a benchtop sequencer: accuracy for identification of cli-
nically important bacteria. J Appl Microbiol. 2017;123(6):1584—1596.
DOI: 10.1111/jam.13590.

Wei R., Chen X., Hu L. et al. Dysbiosis of intestinal microbiota in
critically ill patients and risk of in-hospital mortality. Am J Trans/
Res. 2021;13(3):1548-1557.

Wijeyesekera A., Wagner J., De Goffau M. et al. Multi-compart-
ment profiling of bacterial and host metabolites identifies intes-
tinal dysbiosis and its functional consequences in the critically
ill child. Crit Care Med. 2019;47(9):e727—e734. DOI: 10.1097/
CCM.0000000000003841.

Wischmeyer P.E., McDonald D., Knight R. Role of the micro-
biome, probiotics, and ‘dysbiosis therapy’ in critical illness.




60.

61.

Curr Opin Crit Care. 2016;22(4):347-353. DOI: 10.1097/
MCC.0000000000000321.

XuR., Tan C., He Y. et al. Dysbiosis of gut microbiota and short-
chain fatty acids in encephalitis: a chinese pilot study. Front Im-
munol. 2020;11:1994. DOI: 10.3389/fimmu.2020.01994.

Xu R., Tan C., Zhu J. et al. Dysbiosis of the intestinal microbio-
ta in neurocritically ill patients and the risk for death. Crit Care.
2019;23(1):195. DOI: 10.1186/s13054-019-2488-4.

NINTEPATYPA

1.

10.

1.

Anekcangposuy 10.C., Mearos [.0., Masnosckas E.FO. u gp.
OcobeHHOCTI MUKPOOMOTLI Y HOBOPOXAEHHBIX B KPUTUHECKOM
coctosiHuu npu noctynnedun B OPUT cneumanuanpoBaHHoOro
cTauuoHapa. BecmHuk aHecmesuonoeuu U peaHumamonoauu.
2022;19(2):56-63. DOI: 10.21292/2078-5658-2022-19-2-56-63.
Axmepos B.A., Kawesa K.A., Fayc 0.B. Mukpo6uoTa kuweyHuka u
kputuyeckine coctosiHus. MeduyuHckuli angpasum. 2020;(37):16—
20. DOI: 10.33667/2078-5631-2020-37-16-20.

Beno6opoposa H.B., YepHesckas E.A. MepcnekTnebl MUKpobro-
Ta-OpUEHTUPOBAHHON Tepanun B Heiipopeabunutonorum. Quau-
yeckasi U peabunumayuoHHas MeduyuHa, MmeduyuHckas peabu-
numayus. 2020;2(1):79-85. DOI: 10.36425/rehab19432.
Foctumeknin A.B., Taswyk M.B., 3asbsnosa A.H., Bapcyko-
Ba /.M., Haiipernos A.A., Kapnarckuin W.B., MetpocsH A.A., M-
cosckuii O.B. OcoBeHHOCTN HYTPUTUBHOM NOAZEPXKKMA W yxoaa 3a
nauueHTamu ¢ ractpoctomoi. MeduyuHa: meopusi u npakmuka.
2018;3(2):3-10.

3aBbsanosa A.H., Hosukosa B.M., WrHatoBa M.[. Ocb «mukpo-
BroTa—MbILLLbI». SKCNepuMeHmarnbHas U KUHUYeckasl eacmpo-
aHmeponoaus. 2022;207(11):60-69. DOI: 10.31146/1682-8658-
ecg-207-11-60-69.

3aBbsanosa A.H., Hosukosa B.., Kysneuyosa K0.B. n gp. basa
AaHHbix «CekBeHnpoBaHue 16SrRNK mukpobroma us tpex 6mo-
TOMOB Y raCTPOCTOMUPOBAHHOTO NaLyeHTa JETCKOro Bo3pacTay.
3asBka Ne 2023620378 ot 13.02.2023. [lata rocyaapcTBeHHOM
perucTpauun B Peectpe 6a3 ganHbix 22.03.2023.

3aBbsinoea A.H., Hoeukosa B.M., Open B.W. n gp. Opranu-
3aUMs NUTaHWs CTOMWPOBAHHOrO nauueHTa. Bbibop nuweso-
ro cybctpata. lleduamp. 2023;14(2);93-104. DOI: 10.17816/
PED14293-104.

KysHewosa F0.B., 3aBbsinosa A.H., laBneTosa J1.A. n ap. Mukpo-
61oM pOTOBOW NOMOCTN Y AETEW, MUTAIOLLMXCS Yepe3 racTpocTo-
My. Forcipe. 2022;5(S2):285-286.

KysHewuosa 10.B., 3aBbsnosa A.H., Jlucoeckuin O.B. n gp. Muk-
pobvoM pOTOBOW MOMOCTM y MNALWMEHTOB, MUTAIOWNXCH yYepe3
racTpocTomy. [lpohunakmuyeckasi u KnuHuyeckas MeduyuHa.
2023;87(2):68-76. DOI: 10.47843/2074-9120_2023_2_68.
KysHewuosa 0.B., 3absnosa A.H., Jlucoeckuin O.B. n agp. Oco-
OeHHOCTM MUKPOBHOro neiidaxa xenyaka y AeTel, nuTaoLLmx-
Csl Yepes3 racTpocToMy unu HasoracTpanbHblii 30HA. [leduamp.
2023;14(2):17-27. DOI: 10.17816/PED14217-27.

Juemua M.A., Anekcangposuy 10.C., 3aBbsinoBa A.H. u gp.
[ucarus y nayneHToB neamaTpuyecknx OTAENEHWIA peaHnMa-

62.

63.

12.

13.

14.

15.

16.

17.

19.

20.

21.

Yap P.S.X., Chong C.W., Ahmad Kamar A. et al. Neonatal intensive
care unit (NICU) exposures exert a sustained influence on the
progression of gut microbiota and metabolome in the first year of
life. Sci Rep. 2021;11(1):1353. DOI: 10.1038/s41598-020-80278-1.
Zanza C., Romenskaya T., Thangathurai D. et al. Microbiome in
critical illness: an unconventional and unknown ally. Curr Med
Chem. 2021;29(18):3179-3188. DOI: 10.2174/09298673286662
10915115056.

LM 1 WHTEHCWBHOW Tepanun (063op nuTepaTtypbl). BecmHuk
aHecmesuonoauu U peaHumamonoauu. 2023;20(6):97-105.
DOI: 10.24884/2078-5658-2022-20-6-97-105.

Jucnua W.A., 3aBbsnosa A.H., Wrhatosa MM.4., Makaposa T.10.
Mwukpobrom nauueHToB B OTAENEHWM PeaHUMauun U UHTEH-
cuBHoi Tepanuu. O630p nuTepaTypbl. YHusepcumemckuil
mepanesmuyeckuli eecmHuk. 2024;6(3):5-18. DOI: 10.56871/
UTJ.2024.67.59.001

Mapkosckast W.H. Mukpobuom pebeHka nepBoro roga XmsHw,
ANnTenbHo HaxoasLerocs B ycnosusix OPUT, no AaHHbIM cekBe-
HupoBaHus 16S rRNA. Teauncsl X 0bLyepoce. KoH. ¢ MexayHap.
yyactmem «FLORES VITAE. [MonuknuHuyeckas neamaTpusiy».
2022:16-17.

Haboka t0.J1., Poimawesckuit A.H., Csupasa 3.I'. u gp. Cra-
HOBMEHWE MWUKPOOMOTbI TOMCTOTO  KULIEYHUKA HOBOPOXAEH-
HbIX MpU pasnuuHblX cnocobax popopaspelueHus. [leduamp.
2014;5(3):22-29. DOI: 10.17816/PED5322-29.

Hoswkosa B.., l'yposa M.M., XaBkuH A.W. Knwueyras mukpobuota
kak perynsatop paboTbl opraHoB u cuctem yenoseka. M.: TOOTAP-
Megwa; 2024. DOI: 10.33029/9704-8174-5-IMR-2024-1-352.
Hoswukosa B.M., Xaskud A.W., Fopenos A.B. n gp. Ocb «ner-
kne—kuiweyHnk» u COVID- nHekuyns. MHpekyuoHHbIe 60e3HU.
2021;19(1):91-96. DOI: 10.20953/1729-9225-2021-1-91-96.
lMpokonbesa H.3., Hosukosa B.M., XaBkun A.M. Ocb «kuweyHas
Mukpobrota—noukm». OcobeHHOCTW npu 3aboneBaHMsX Moue-
BbIJENUTENbHOM CUCTEMbI W yporeHuTanbHoro Tpakta. Medu-
yuHa: meopus u npakmuka. 2022;7(4):68-77. DOI: 10.56871/
MTP.2022.51.41.008.

. XakuH A.W., 3aBbsnosa A.H., HosukoBa B.I1. BnnsiHue HyTpueH-

TOB Ha MUKPOBWOTY KuLweyHnka. Bonpocsi demckol duemonoauu.
2023;21(1):66-75. DOI: 10.20953/1727-5784-2023-1-66-75.
YepHesckas E.A., Benobopogoea H.B. Mukpobuota kuweu-
HWKa MPU KPUTMYECKUX cocTosHMAX (063op). Obwas peaHuma-
monoeus. 2018;14(5):96-119. DOI: 10.15360/1813-9779-2018-5-
96-119.

LWanoanosa H.C., HosukoBa B.M. OCb «KWLIEYHUK—MO3M» W
€e ponb B PasBUTAM (PYHKLMOHAMbHBIX TacTPOMHTECTUHANb-
HbIX paccTponcTs. Children’s Medicine of the North-West.
2021;9(4):33-51.

Aardema H., Lisotto P., Kurilshikov A. et al. Marked changes
in gut microbiota in cardio-surgical intensive care patients: a
longitudinal cohort study. Front. Cell. Infect. Microbiol. 2020;9:467.
DOI: 10.3389/fcimb.2019.00467.

41



42

22,

23.

24,

25,

26.

27.

28.

29.

30.

31.

32,

33.

34,

35.

36.

Akrami K., Sweeney D.A. The microbiome of the critically ill pa-
tient. Curr. Opin. Crit. Care. 2018;24(1):49-54. DOI: 10.1097/
MCC.0000000000000469.

Bansal S., Nguyen J.P., Leligdowicz A. et al. Rectal and naris
swabs: practical and informative samples for analyzing the mic-
robiota of critically ill patients. mSphere. 2018;3(3):e00219-18.
DOI: 10.1128/mSphere.00219-18.

Bender J.M., Li F., Purswani H. et al. Early exposure to antibio-
tics in the neonatal intensive care unit alters the taxonomic and
functional infant gut microbiome. J Matern Fetal Neonatal Med.
2021;34(20):3335-3343. DOI: 10.1080/14767058.2019.1684466.
Buelow E., Bello Gonzalez T.D.J., Fuentes S. et al. Comparative gut
microbiota and resistome profiling of intensive care patients recei-
ving selective digestive tract decontamination and healthy subjects.
Microbiome. 2017;5(1):88. DOI: 10.1186/s40168-017-0309-z.
Caldarelli M., Franza L., Rio P. et al. Gut-kidney-heart: a novel
trilogy. Biomedicines. 2023;11(11):3063. DOI: 10.3390/biomedi-
cines11113063.

Chanderraj R., Baker J.M., Kay S.G. et al. In critically ill pa-
tients, anti-anaerobic antibiotics increase risk of adverse
clinical outcomes. Eur Respir J. 2023;61(2):2200910.
DOI: 10.1183/13993003.00910-2022.

Chapple L.A., Deane A. From dysmotility to virulent patho-
gens: implications of opioid use in the ICU. Curr Opin Crit Care.
2018;24(2):118-123. DOI: 10.1097/MCC.0000000000000487.
Chapple L.S., Plummer M.P., Chapman M.J. Gut dysfunction
in the ICU: diagnosis and management. Curr Opin Crit Care.
2021;27(2):141-146. DOI: 10.1097/MCC.0000000000000813.
D'Agata A.L., Wu J., Welandawe M.K.V. et al. Effects of early life
NICU stress on the developing gut microbiome. Dev Psychobiol.
2019;61(5):650-660. DOI: 10.1002/dev.21826.

Dahlgren A.F., Pan A., Lam V. et al. Longitudinal changes in the
gut microbiome of infants on total parenteral nutrition. Pediatr
Res. 2019;86(1):107-114. DOI: 10.1038/s41390-019-0391-y.
Elfiky S.A., Mahmoud Ahmed S., Elmenshawy A.M. et al. Study
of the gut microbiome as a novel target for prevention of hospital-
associated infections in intensive care unit patients. Acute Crit
Care. 2023;38(1):76-85. DOI: 10.4266/acc.2022.01116.

Fida M., Wolf M.J., Hamdi A. et al. Detection of pathogenic bacte-
ria from septic patients using 16S ribosomal RNA gene-targeted
metagenomic sequencing. Clin Infect Dis. 2021;73(7):1165-1172.
DOI: 10.1093/cid/ciab349.

Freedberg D.E., Zhou M.J., Cohen M.E. et al. Pathogen coloniza-
tion of the gastrointestinal microbiome at intensive care unit ad-
mission and risk for subsequent death or infection. Intensive Care
Med. 2018;44(8):1203-1211. DOI: 10.1007/s00134-018-5268-8.
Haak B.W. Argelaguet R., Kinsella C.M. et al. Integrative Trans-
kingdom analysis of the gut microbiome in antibiotic perturbation and
critical illness. mSystems. 2021;6(2):¢01148-20. DOI: 10.1128/mSys-
tems.01148-20.

Howard B.M., Kornblith L.Z., Christie S.A. et al. Characterizing
the gut microbiome in trauma: significant changes in microbial
diversity occur early after severe injury. Trauma Surg Acute Care
Open. 2017;2(1):e000108. DOI: 10.1136/tsaco-2017-000108.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

lapichino G., Callegari M.L., Marzorati S. et al. Impact of antibio-
tics on the gut microbiota of critically ill patients. J Med Microbiol.
2008;57(Pt 8):1007-1014. DOI: 10.1099/jmm.0.47387-0.
Kuznetsova Yu.V., Zavyalova A.N., Dudurich V.V. The microbiome
of the stomach in children fed through a gastrostomy. World of
Microbiome. Vienna: Kenes group; 2022: 104.

Lamoureux C., Surgers L., Fihman V. et al. Prospective com-
parison between shotgun metagenomics and sanger sequen-
cing of the 16S rRNA gene for the etiological diagnosis of
infections. Front Microbiol. 2022;13:761873. DOI: 10.3389/
fmicb.2022.761873.

Lankelma J.M., van Vught L.A., Belzer C. et al. Critically ill patients
demonstrate large interpersonal variation in intestinal microbiota
dysregulation: a pilot study. Intensive Care Med. 2017;43(1):59-
68. DOI: 10.1007/s00134-016-4613-z.

Limketkai B.N., Hendler S., Ting P.S. et al. Fecal microbiota
transplantation for the critically ill patient. Nutr Clin Pract.
2019;34(1):73-79. DOI: 10.1002/ncp.10228.

Liu W., Cheng M., Li J. et al. Classification of the gut micro-
biota of patients in intensive care units during development of
sepsis and septic shock. Genomics Proteomics Bioinformatics.
2020;18(6):696-707. DOI: 10.1016/j.gpb.2020.06.011.

McDonald D., Ackermann G., Khailova L. et al. Extreme dysbiosis
of the microbiome in critical iliness. mSphere. 2016;1(4):e00199-
16. DOI: 10.1128/mSphere.00199-16.

Mustansir Dawoodbhoy F., Patel B.K., Patel K. et al. Gut micro-
biota dysbiosis as a target for improved post-surgical outcomes
and improved patient care: a review of current literature. Shock.
2021;55(4):441-454. DOI: 10.1097/SHK.0000000000001654.
Ojima M., Motooka D., Shimizu K. et al. Metagenomic analysis re-
veals dynamic changes of whole gut microbiota in the acute phase
of intensive care unit patients. Dig Dis Sci. 2016;61(6):1628-1634.
DOI: 10.1007/s10620-015-4011-3.

Ojima M., Shimizu K., Motooka D. et al. Gut dysbiosis associ-
ated with antibiotics and disease severity and its relation to mor-
tality in critically ill patients. Dig Dis Sci. 2022;67(6):2420-2432.
DOI: 10.1007/s10620-021-07000-7.

Paul B. Concatenated 16S rRNA sequence analysis im-
proves bacterial taxonomy. F1000Res. 2023;11:1530.
DOI: 10.12688/f1000research.128320.3.

Ravi A., Halstead F.D., Bamford A. et al. Loss of microbi-
al diversity and pathogen domination of the gut microbiota
in critically ill patients. Microb Genom. 2019;5(9):€000293.
DOI: 10.1099/mgen.0.000293.

Reis A.M.D., Fruchtenicht A.V., Loss S.H. et al. Use of die-
tary fibers in enteral nutrition of critically ill patients: a sys-
tematic review. Rev Bras Ter Intensiva. 2018;30(3):358-365.
DOI: 10.5935/0103-507X.20180050.

Sachdev M., Ready D., Brealey D. et al. Changes in dental plaque
following hospitalisation in a critical care unit: an observational
study. Crit Care. 2013;17(5):R189. DOI: 10.1186/cc12878.
Sanschagrin S., Yergeau E. Next-generation sequencing of 16S
ribosomal RNA gene amplicons. J Vis Exp. 2014;90:51709.
DOI: 10.3791/51709.




52. Seifi N., Jafarzadeh Esfahani A., Sedaghat A. et al. Effect of gut
microbiota modulation on feeding tolerance of enterally fed critical-
ly il adult patients: a systematic review. Syst Rev. 2021;10(1):95.
DOI: 10.1186/s13643-021-01633-5.

53. de Sire A., de Sire R., Curci C. et al. Role of dietary supplements
and probiotics in modulating microbiota and bone health: the gut-
bone axis. Cells. 2022;11(4):743. DOI: 10.3390/cells11040743.

54. Shimizu K., Yamada T., Ogura H. et al. Synbiotics modulate gut
microbiota and reduce enteritis and ventilator-associated pneu-
monia in patients with sepsis: a randomized controlled trial. Crit
Care. 2018;22(1):239. DOI: 10.1186/s13054-018-2167-x.

55. Tauchi H., Yahagi K., Yamauchi T. et al. Gut microbiota develop-
ment of preterm infants hospitalised in intensive care units. Benef
Microbes. 2019;10(6):641-651. DOI: 10.3920/BM2019.0003.

56. Watts G.S., Youens-Clark K., Slepian M.J. et al. 16S rRNA gene
sequencing on a benchtop sequencer: accuracy for identification of
clinically important bacteria. J Appl Microbiol. 2017;123(6):1584—
1596. DOI: 10.1111/jam.13590.

57. WeiR., Chen X., Hu L. et al. Dysbiosis of intestinal microbiota in
critically il patients and risk of in-hospital mortality. Am J Transl
Res. 2021;13(3):1548-1557.

AUTHORS INFO

*Ivan A. Lisitsa, Associate Professor, Department of General
Medical Practice, Saint Petersburg State Pediatric Medical
University, Ministry of Health of the Russian Federation; address:
2 Litovskaya str., Saint Petersburg, 194100, Russig;

ORCID: 0000-0003-3501-9660; eLibrary SPIN: 4937-7071;
e-mail: ivan_lisitsa@mail.ru

Yurii S. Aleksandrovich, MD, PhD, Dr Sci (Medicine), Profes-
sor, Head of the Department of Anesthesiology, Intensive Care
and Emergency Pediatrics of the Faculty of Postgraduate

and Additional Professional Education, Saint Petersburg State
Pediatric Medical University, Ministry of Health of the Russian Fede-
ration, Saint Petersburg, Russia; ORCID: 0000-0002-2131-4813;
eLibrary SPIN: 2225-1630; e-mail: jalex1963@mail.ru

Anna N. Zavyalova, MD, PhD, Dr Sci (Medicine), Associate
Professor of the Department of Propaedeutics of Children’s
Diseases with a Course in General Child Care, Saint
Petersburg State Pediatric Medical University, Ministry

of Health of the Russian Federation, Saint Petersburg, Russia;
ORCID: 0000-0002-9532-9698; eLibrary SPIN: 3817-8267;
e-mail: anzavjalova@mail.ru

Irina V. Aleksandrovich, MD, PhD, Associate Professor,
Department of Pediatrics and Neonatology, North-Western State
Medical University named after I.1. Mechnikov, Ministry

of Health of the Russian Federation, Saint Petersburg, Russia;
ORCID: 0000-0003-1110-9848; eLibrary SPIN: 9631-1989;
e-mail: iralexzz15@bk.ru

43

58. Wijeyesekera A., Wagner J., De Goffau M. et al. Multi-com-
partment profiling of bacterial and host metabolites identifies
intestinal dysbiosis and its functional consequences in the critical-
ly ill child. Crit Care Med. 2019;47(9):e727-e734. DOI: 10.1097/
CCM.0000000000003841.

59. Wischmeyer P.E., McDonald D., Knight R. Role of the microbiome,
probiotics, and 'dysbiosis therapy' in critical illness. Curr Opin Crit
Care. 2016;22(4):347-353. DOI: 10.1097/MCC.0000000000000321.

60. XuR., Tan C., He Y. et al. Dysbiosis of gut microbiota and short-
chain fatty acids in encephalitis: a chinese pilot study. Front Im-
munol. 2020;11:1994. DOI: 10.3389/fimmu.2020.01994.

61. Xu R, Tan C., Zhu J. et al. Dysbiosis of the intestinal microbio-
ta in neurocritically ill patients and the risk for death. Crit Care.
2019;23(1):195. DOI: 10.1186/s13054-019-2488-4.

62. Yap P.S.X., Chong C.W., Ahmad Kamar A. et al. Neonatal intensive
care unit (NICU) exposures exert a sustained influence on the
progression of gut microbiota and metabolome in the first year of
life. Sci Rep. 2021;11(1):1353. DOI: 10.1038/s41598-020-80278-1.

63. Zanza C., Romenskaya T., Thangathurai D. et al. Microbiome in criti-
cal illness: an unconventional and unknown ally. Curr Med Chem.
2021;29(18):3179-3188. DOI: 10.2174/0929867328666210915115056.

Ob ABTOPAX

* MBaH AnekcaHgpoBuY Jlucuua, accucteHT kadeaps! obLei
meauumHekon npaktukn, ®re0Y BO «CankT-INeTepbyprekuii
rOCYAapCTBEHHbI NeanaTpUiYecknii MEAULMHCKMIA YHUBEp-
cuteT» Munsgpasa Poccum; agpec: Poccus, 194100, CankT-
Metepbypr, yn. flutosckas, 4. 2; ORCID: 0000-0003-3501-9660;
eLibrary SPIN: 4937-7071; e-mail: ivan_lisitsa@mail.ru

lOpuit CtaHucnasoBuY AnekcaHapoBuy, -p Med. Hayk,
npodeccop, 3aBeaytoLLmii kacheapoi aHECTE3NONOrM, peaHu-
MaTosorn 1 HeoTnoxHoM neguatpum O n N0, re0y BO
«CaHkT-TeTepbyprekuii rocyaapCTBEHHbIN NeanaTpuieckuii
MeauLUHCKWUIA yHneepenteT» Munagpasa Poccun, CaHkT-
Metepbypr, Poccust; ORCID: 0000-0002-2131-4813;

eLibrary SPIN: 2225-1630; e-mail: jalex1963@mail.ru

AHHa HukutnyHa 3aBbanoBa, o-p Mes. Hayk, AOLEHT, Npo-
teccop kadhenpbl NponeseBTUKM AETCKMX BONE3HEN C KypcoMm
obuero yxopa 3a getbMu ®r60Y BO «CankT-TeTepbyprekuii
rOCyAapCTBEHHbIV NeAMaTPUYECKU MeaUUMHCKUIA YHUBEPCY-
TeT» MuHaapasa Poccun, CankT-Metepbypr, Poccus;

ORCID: 0000-0002-9532-9698; eLibrary SPIN: 3817-8267;
e-mail: anzavjalova@mail.ru

WUpuHa BanepbeBHa AnekcaHapoBUY, KaHA. Mef. Hayk,
JOLEHT Kacbeapbl negnatpum u HeoHatonorun, ®re0y BO
«CeBepo-3anaaHblii rocy1apcTBEHHbIA MEANLMHCKNN
yHuBepcuteT um. W.N. MeyHukoBay Munagpasa Poccum,
CankT-TNeTepbypr, Poccusi; ORCID: 0000-0003-1110-9848;
eLibrary SPIN: 9631-1989; e-mail: iralexzz15@bk.ru




44

AUTHORS INFO

Oleg V. Lisovskii, MD, PhD, Associate Professor, Head

of the Department of General Medical Practice, Saint
Petersburg State Pediatric Medical University, Ministry

of Health of the Russian Federation, Saint Petersburg, Russia;
ORCID: 0000-0002-1749-169X; eLibrary SPIN: 7510-5554;
e-mail: oleg.lisowsky@yandex.ru

Polina D. Ignatova, 6th year student, Faculty of Pediatrics,
Saint Petersburg State Pediatric Medical University, Ministry
of Health of the Russian Federation, Saint Petersburg, Russia;
ORCID: 0000-0003-0930-8151; eLibrary SPIN: 3302-9418;
e-mail: ignatova.polly@yandex.ru

Maria N. Kachalova, pediatrician, Head of the Palliative
care Department of the Saint Petersburg State Budgetary
Inpatient Institution of Social Services for the Population,
the House of Social Services “Vmeste”, Saint Petersburg,
Russia; ORCID: 0009-0009-4101-5958;

eLibrary SPIN: 4084-3829; e-mail: mary_kachalova@mail.ru

Ob ABTOPAX

Oner BaneHTMHOBMY JINCOBCKMI, KaHT Meq. HayK, AOLEHT,
3aBeayLLMin kadeapoit 06LLen MeaNLIMHCKON NPaKTUKK,
OrBOY BO «CaHkT-MNeTepbyprckuin rocyaapCTBEHHbIN neamat-
pUYECKUit MeaULIMHCKUA YHUBEepcuTeT» MuHagpasa Poccuu,
Cankr-Metepbypr, Poccusi; ORCID: 0000-0002-1749-169X;
eLibrary SPIN: 7510-5554; e-mail: oleg.lisowsky@yandex.ru

MonuHa [leHucoBHa UrHaToBa, CTyaeHTKa 6-ro Kypca,
neamatpuyeckmin pakynstet, ®rEOY BO «CaHkT-
MeTepByprckuii rocyaapCTBEHHbIN NeanaTpUieckui
MeauLMHCKWIA yHuBepcuTeT» Munagpasa Poccuu, CaHkT-
Metepbypr, Poccusi; ORCID: 0000-0003-0930-8151;
eLibrary SPIN: 3302-9418; e-mail: ignatova.polly@yandex.ru

Mapus HukonaeBHa KayanoBa, Bpay-neguatp, 3aBegytoLlas
OTAeneHneM nannuaTmeHbIX naymeHToB CaHkT-Metepbyprekoro
rOCy4apCTBEHHOTO BIOKETHOMO CTALMOHAPHOTO YYPEXAEHNS!
coupanbHoro 06cnyxmBaHus HaceneHus «Jom counansHoro
obcnyxueanus “Bmecte”», CaHkT-leTepbypr, Poccus;

ORCID: 0009-0009-4101-5958; eLibrary SPIN: 4084-3829;
e-mail: mary_kachalova@mail.ru

* ABTOp, OTBETCTBEHHbIN 3a nepenucky / Corresponding author




