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Abstract: Background: Gut microbiota is a complex ecosystem of bacteria, viruses, archaea, protozoa
and yeasts in our intestine. It has several functions, including maintaining human body equilibrium.
Microbial “dysbiosis” can be responsible for outbreak of local and systemic infections, especially in
critically ill patients. Methods: to build a narrative review, we performed a Pubmed, Medline and
EMBASE search for English language papers, reviews, meta-analyses, case series and randomized
controlled trials (RCTs) by keywords and their associations: critically ill patient; nutrition; gut
microbiota; probiotics; gut virome; SARS-COV 2. Results: Over the antibiotic-based “selective
decontamination”, potentially responsible for drug-resistant microorganisms development, there
is growing interest of scientists and the pharmaceutical industry for pre-, probiotics and their
associations as safe and reliable remedies restoring gut microbial “eubiosis”. Very first encouraging
evidences link different gut microbiota profiles with SARS-COV 2 disease stage and gravity. Thus,
there is frame for a probiotic therapeutic approach of COVID-19. Conclusions: gut microbiota
remodulation seems to be a promising and safe therapeutic approach to prevent local and systemic
multi-resistant bug infections in the intensive care unit (ICU) patients. This approach deserves more
and more attention at the time of SARS-COV 2 pandemic.
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1. Introduction

SARS-COV 2 pandemic has brought our attention to the critically ill patient and
its management. A complete and accurate nutritional assessment can contribute to its
prognosis [1]. Although there is a debate over methods of nutritional status measurement,
indirect calorimetry seems to be the gold-standard in these patients [2].

An early enteral (24–48 h upon admission) vs. parenteral nutrition seems to be the
best approach for a prompt and better recovery of intensive care unit (ICU) patients [3].
However, there are not yet striking evidences supporting the benefits of immune-nutrition
in these patients, in terms of morbidity/mortality. The latter is often linked to the de-
velopment of systemic infections such as sepsis of pulmonary, venous and, last but not
least, gastrointestinal origin. In fact, colonization of the gastrointestinal tract by potentially
pathogenic bacteria is common and often precedes clinical infections [3]. Although the
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usage of antibiotics is a well-established measure to rule down the outbreak of those infec-
tions, they are effective only in the short term. Furthermore, traditional antibiotic-based
decolonization methods may increase the development of microbial resistance in the short
and long term [4]. Therefore, scientists have the duty to find novel methods for systemic
infections preventions.

Preliminary evidences from this last-year literature on SARS-COV 2 have highlighted
the role of the gut microbiota and its modulation in critically ill patients. For example, this
may have significant prognostic implications in terms of SARS-COV 2 viral load control
and morbidity/mortality [5].

Thus, the aim of this narrative review of literature is to report evidences on the role
of gut microbiota modulation through diet and pre-/probiotics in critically ill patients in
order to avoid the development of detrimental complications such as systemic infections at
the time of SARS-COV 2 pandemic.

2. Materials and Methods

We conducted a Pubmed, Medline and EMBASE search for English language papers,
reviews, meta-analyses, case series and randomized controlled trials (RCTs) since 1985
until the end of 2020, using the following keywords and their associations: critically ill
patient; nutrition; gut microbiota; probiotics; gut virome; SARS-COV 2.

We also included preliminary evidence from abstracts belonging to main national and
international Gastroenterological meetings (e.g., F.I.S.M.A.D. National Congress, S.I.N.P.E.
National Congress, E.S.P.E.N. annual congress, United European Gastroenterology Week,
Digestive Disease Week). The search was conducted by E.S., L.S. and G.R. and indepen-
dently verified by C.R. and P.S.

3. Results
3.1. Gut Microbiota Composition in Health and Critically Ill Patient

The human gut microbiota consists of 1014 resident microorganisms, including bacte-
ria, archaea, protozoa, viruses and fungi [6]. The main bacterial phyla in healthy individuals
are represented by: Actinobacteria, Firmicutes, Proteobacteria and Bacteroidetes [7]; the
main families are: Bacteroidaceae, Prevotellaceae, Rikenellaceae, Lachnospiraceae and Ru-
minococcaceae [8]. Gut microbiota main functions are: absorptive and digestive; metabolic,
with its crucial role in regulation of energy harvesting and expenditure; immune-modulator
as it is implicated in the development and maintenance of gut associated (namely, GALT)
and systemic immune system’s balance equilibrium; ageing and senescence regulator [9].

Upon admission to the ICU, patient gut microbiota is characterized by a dramatic loss
of phylogenetic diversity (e.g., reduction of lactobacilli, bifidobacteria) with the growth of
pathogenic organisms (e.g., Clostridium difficile (more recently reclassified as Clostridioides
difficile), Pseudomonas aeruginosa, Candida species, vancomycin-resistant enterococci (VRE)
and multidrug resistant organisms (MDRO)) [10,11].

More in detail, about 4–11% of all patients in the ICU have intestinal colonization by
methicillin-resistant Staphylococcus aureus (MRSA), VRE or multi-drug resistant (MDR)
Gram-negative bacteria. Interestingly, an additional 12–14% of patients free of MDROs
at admission becomes colonized [12]. Subsequently, gastrointestinal colonization with
MDROs increases risk for subsequent clinical infections of 10-fold [13]. Thus, mortality
rates are high with MDR infection causing up to 9 deaths for every 100 patients admitted
to the ICU [14].

Another example of the way the gut colonization by pathogenic species can directly
affect mortality in ICU patients is resembled by those of Candida species (e.g., C. albicans,
C. glabrata, C. parapsilosis, C. krusei and C. tropicalis). This bug spread can occur in up to 80%
of ICU patients [15]. Although the percentage of colonized ICU patients who later develop
invasive candidiasis is low, the associated mortality from invasive fungemia ranges from
5% to 71% [16].
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Development of sepsis, one of the main causes of ICU admission, in turn, may affect
the gut microbiota composition through several mechanisms: endogenous catecholamine
production, gut hypoperfusion, disruption of the intestinal mucus layer and decreased bile
salt production until small and colonic bacterial overgrowth [17,18].

Use of large-spectrum antibiotics contributes itself to the concept of “dysbiosis” in
the frame of gut microbiota. Indeed, the use of these compounds can determine the pro-
liferation of pathogenic bacteria vs. commensal-ones [19]. In addition, broad-spectrum
antibiotic use can allow the proliferation of resistant bacteria of new-origin or already
present in the gut [20]. Furthermore, there is an increased dissemination of these bacteria
into the ICU environment via contact with healthcare workers, adjacent patients or con-
taminated objects [21]. Other operations typical of ICU patients, potentially responsible
for gut dysbiosis, are proton pump inhibitors usage and enteral feeding or delayed enteral
feeding [20].

3.2. Classical and Emerging Gut Microbiota Modulations in Critically Ill Patient
3.2.1. Antimicrobials

Traditional approach to prevent gut dysbiosis as a source of local and/or systemic
infections has been represented by “gut decontamination” since the 1980s [22]. Gut de-
contamination, namely “selective gut decontamination” (SDD), consists of prophylactic
administration of oropharyngeal/enteral antimicrobials and of a 4–day course of parenteral
antibiotics upon ICU admission [22]. This decontamination is ideally targeted towards
potential pathogens such as aerobic Gram-negatives, Staphylococcus aureus and yeasts.
On the other hand, this approach was thought to minimize perturbation to endogenous,
anaerobic microflora [23]. Some high-quality randomized trials (RCTs) showed SDD to be
effective in reducing ICU-acquired infections by pathogens with some promising mortality
benefit [22]. Although these findings are controversial, the main benefit is the reduced
overall use of antibiotics in the ICU [23].

The main concern to use this SDD approach in the ICU is represented by some evi-
dences that the selective pressure of antibiotics can lead to the emergence of new resistance.
Indeed, rebound increases in resistant pathogens after SDD have been demonstrated in
several studies [24] (Table 1).

3.2.2. Nutrition

There are no large multicenter data supporting the use of nutrition and/or immune-
nutrition in prevention/treatment of gut microbiota derangements. There are, just, promis-
ing evidences supporting the positive impact of early enteral feeding (within 24–48 h) on
ICU admission in terms of morbidity/mortality of these patients [3]. More in detail, there
are just weak evidences on the efficacy of enteral vs. parenteral nutrition to be associated
with a lower risk of infections in the ICU patient [25]. Thus, large prospective ICU trials
studying the exact duration, composition (e.g., immune-nutrition vs. classical feeding
schemes) of enteral nutrition and its impact on gut microbiota and MDROs infections are
lacking (Table 1).

3.2.3. Prebiotics

Prebiotics are non-digestible dietary components (e.g., oligosaccharides, fiber and
inulin) that promote the proliferation of commensal gut microbiota with beneficial effects
on health [26]. We could expect a beneficial effect on gut commensal microbiota in ICU
patients with an improved resistance to colonization by detrimental bugs. In addition,
prebiotics increase the enteric synthesis of short-chain fatty acids (SCFAs), the main “fuel”
for healthy enterocytes.

In detail, a descriptive, observational multicenter study on critically ill patients with
sepsis was conducted over a 6-months period vs. matched controls, paired by age and sex.
SCFAs stool concentrations were determined in both groups. Propionic acid, acetic acid,
butyric acid and isobutyric acid levels were significantly lower in the critically ill patient
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group vs. controls. However, no significant association with complications occurrence,
ICU length of stay and discharge conditions was found. Indeed, ICU patients diagnosed
with an infection upon admission showed significantly decreased levels of butyric and
isobutyric acids vs. other groups (p < 0.05) [27].

Table 1. Available approaches for gut microbiota modulation in critically ill patient without and with COVID-19.

Patient Category Advantages Disadvantages Grade of Evidence

Critically Ill Patient

Nutrition and
immuno-nutrition

(e.g., early enteral feeding)

Positive impact of early
enteral feeding in terms of

morbidity/mortality of ICU
patients

Weakness of very first
evidences; no data on impact

of early enteral feeding
(immuno-nutrition) vs.

parenteral on gut microbiota
and MDROs infections

Very weak

Antibiotics use
(namely, selective gut

decontamination)

Reduction of ICU-acquired
infections by pathogens, mild

mortality reduction
Weak

Prebiotics
(e.g., Fiber, inulin,
Oligosaccharides)

Non alive micro-organisms,
safe, easy way of

administration, cheap
Dose-finding often missing; Weak

Probiotics
(e.g., Lactobacillus

rhamnosus,
L. casei, L.
plantarum,

Bifidobacterium
Bifidum)

Appear safe in the
ICU, a few side effects

and interactions
with other medications;

increase of innate immunity

Not standardized composition
and/or major efficacy of one

strain vs. others;
Interactions of consensual

antibiotics used;
Possible activation to

pathogens in
immuno-compromised

patients

Weak

Critically Ill Patient with
SARS-COV 2 Infection

Nutrition and
immuno-nutrition

(e.g., early enteral feeding)

Same evidences as for non
COVID-19 patients; very first

use of nutrition

Lack of direct evidences on
enteral vs. immuno-nutrition
and vs. parenteral nutrition

Very weak

Antibiotics use
(namely, selective gut

decontamination)

Same evidences as for non
COVID-19 patients Lack of direct evidences Weak

Prebiotics
(e.g., Fiber, inulin,
Oligosaccharides)

N/A Lack of direct evidences Very weak

Probiotics
(e.g., bifdobacteria and

lactobacilli, Streptococcus
thermophilus)

Higher survival rate and a
lower need for ICU;

significant prompt reduction
of asthenia, pyrexia, cough,

dyspnea, diarrhea and
myalgia;

reduction of GI symptoms;
reduced SARS-COV 2

transmission; increased
antiviral immune-response

N/A Weak but promising

List of abbreviations: ICU: intensive care unit; MDRO: multi-drug resistant organisms; GI: gastro-intestinal.

Very interestingly, another action of prebiotics on gut microbiota modulation is resem-
bled by the anti-inflammatory effect of their administration. In fact, a recent animal study
found prebiotics to be able to reduce the response to pathogen-induced kinase activation
in intestinal epithelial cells and to dampen the inflammatory response to lipopolysaccha-
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ride (LPS) in vivo [28]. Moreover, there are evidences that non-digestible oligosaccha-
rides influence B-cell responses and macrophage markers in mice, independently from
microbiome [28,29]. In humans, an interesting retrospective study considered 129 ICU
patients supplemented with fibers and showing significant production of SCFAs, able to
maintain gut microbiota stability towards harmful pathogens growth/attempts of colo-
nization [30]. In another small single-center study, adult ICU patients starting enteral
nutrition with a formula containing fibers were randomized to either 7 g/day of addi-
tional oligofructose/inulin, able to stimulate bifidobacteria growth in the feces or placebo
(namely, maltodextrin). Fresh fecal samples were collected both at baseline and at least
after 7 days of supplementation. Twenty-two patients completed the study, showing no sig-
nificant differences in the concentrations of bifidobacteria between groups. Consequently,
there were no differences in fecal concentrations of SCFAs, daily fecal score or incidence
of diarrhea between groups. However, there were significantly lower concentrations of
Faecalibacterium prausnitzii and Bacteroides-Prevotella in patients receiving additional
oligofructose/inulin [31].

Indeed, these evidences are not uniform, showing different or controversial grading
of positive effects [29].

Looking at the real-time impact of prebiotics supplementation to ICU patients, there
is no compelling evidence that prebiotics can beneficially affect their morbidity/mortality.
In a single-blind randomized trial, administration of a high-protein formula enriched with
arginine, fiber and antioxidants to 237 ICU patients was not associated with a reduced
rate of mortality. However, a lower incidence of catheter-related sepsis was recorded in
the intervention group (0.4 episodes/1000 ICU days vs. controls’ 5.5 episodes/1000 ICU
days) [32]. In another study, 30 patients were studied comparing early enteral nutrition with
prebiotic in ICU patients with severe pancreatitis vs. standard enteral feeding: there was a
reduction in hospital stay and lower rates of complications occurrence (e.g., multiorgan
failure, sepsis and death) [33].

Finally, the impact of prebiotics on gut microbiota colonization by pathogens has not
been yet investigated in ICU patients (Table 1).

3.2.4. Probiotics

Probiotics are live, ingestible microorganisms beneficially affecting host health [34].
Probiotics can be able to prevent gut microbiota colonization by multi (or not)-drug-
resistant pathogens through: competition, modulation of gut pH, enhancement of innate
and adaptive immunity and direct production of antimicrobial substances [20,35]. There
are solid data from systematic reviews and meta-analyses supporting the beneficial effects
of probiotics in critically ill patients [36]. In detail, probiotics administration has been
associated with reduced incidence of overall infections, and, in particular, ventilator-
associated pneumonia [37].

Major RCTs (patients’ range 48–208) have studied the effects of Lactobacillus-based
probiotics on gut colonization in adult ICU patients. The effects of a probiotic drink
containing 5 × 107 colony-forming units (CFU) per ml of Lactobacillus plantarum on
microbial gastric colonization at days 1, 4 and 8 upon ICU admission and on intestinal
permeability, endotoxin exposure, inflammatory marker levels and overall sepsis morbidity
and mortality were studied in 103 patients [38]. The probiotic administration showed
significantly lower interleukin-6 levels at day 15 vs. controls, without any effect on gastric
colonization.

The effect of L. plantarum 299v on Clostridioides difficile colonization was tested in
48 ICU patients: around 19% of control patients developed C. difficile infection by ICU
discharge vs. no-one in the probiotic group [39]. Further, a more recent study with L.
casei drink administration found a trend of lower rates of antibiotic-associated diarrhea
and C. difficile infections among ICU patients under antibiotics vs. controls [40]. These
findings are corroborated by several systematic reviews and meta-analyses [41]. About
other infections prevention, there are interesting results with L. rhamnosus. During their
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ICU stay, 208 patients were randomized to either to L. casei rhamnosus (109 CFU) or placebo
via nasogastric tube from day 3 upon admission until discharge or exitus. The probiotic-
treated group had a significant delay in respiratory Pseudomonas aeruginosa colonization
(namely, 50 vs. 11 days) [42]. A multistrain probiotic capsule (containing L. rhamnosus GG,
L. casei, L. acidophilus and Bifidobacterium bifidum) vs. placebo was tested in 167 ICU patients
mechanically ventilated resulting in no significant differences in mortality, colonization
or hospital-acquired infections incidence but reduced rate of catheter-related bloodstream
infections (namely, 1.8% of catheter infection days in the treatment vs. 6.8% of the control
group). Intriguingly, severely septic patients treated with probiotics had a threefold
reduction in 28-day mortality vs. placebo group. On the other hand, there was an equal
increased risk for 90-day mortality in non-severely septic patients receiving probiotics [43].

It is noteworthy to mention evidences from non-ICU patients showing different
efficacy of several probiotic strains, potentially usable in the ICU ward. In a small, single-
center, double-blind RCT, yogurt containing L. rhamnosus GG successfully eradicated VRE
carriage in renal ward patients after 4-week. In addition, all remaining patients in the
control arm were then crossed to receive the probiotic with a clearance of VRE at 8 weeks
control-point. However, these results could have been biased by greater antibiotics use in
the probiotic arm [44]. Eighty Swedish patients were randomized to a multi-strain probiotic
mixture (mainly, Lactobacillus and Bifidobacterium), without a significant eradication of
extended spectrum beta-lactamase(ESBL)-E. coli over placebo for at least 3 months [45]
(Table 1).

These studies in critically ill patients, altogether, do not definitively demonstrate a
significant impact on gut pathogens colonization as they are variegate, small sample-size
and evaluate different variables describing the incidence and prevalence of gut microbiota
derangement and infections in ICU.

3.2.5. Beyond Probiotics: Fecal Microbiota Transplantation (FMT)

FMT resembles the most direct approach to restore gut dysbiosis currently available
in clinical and experimental practice. It consists in the infusion of feces from a healthy
donor directly to the gastrointestinal tract of the recipient, restoring both the complexity
and diversity of the gut microbiota [46–48]. From a bench point of view, FMT has also been
associated with a reduction of antimicrobial resistance genes in stool microbiota [49].

Several systematic reviews and meta-analyses have shown FMT being able to suc-
cessfully treat recurrent clostridium difficile infection (CDI), with a cure rate of almost
90%. Furthermore, the guidelines indicate FMT to be used in patients with at least two
episodes of recurrence, both in mild and severe CDI infections, refractory to initial antibiotic
treatment (namely, metronidazole and/or vancomycin) [50,51].

In the frame of ICU infection treatment, FMT, largely considered as a possible interven-
tion to “reset” the gut microbiome, has been shown to do not effectively prevent pathogen
colonization. From a systematic revision of FMT studies and case reports with primary
end-point the antibiotic-resistant organism decolonization and, others with decolonization
as a secondary endpoint, FMT is able to eradicate colonization by various types of MDROs.
However, these studies have several drawbacks such as a lack of controls and long-term
safety data [52].

In real-life, only a small handful of reports from clinical experience support the use
of FMT in ICU patients [53]. Finally, while FMT is reasonably safe, high-profile cases of
bacteremia have been reported [54].

3.3. Potential Gut Microbiota Modulation in Critically Ill Patient with SARS-COV 2

SARS-COV 2 viral RNA has been first detected in the respiratory secretions and, then,
stool of COVID-19 patients after onset of disease until more than one month thereafter [55].
In addition, some patients have diarrhea, suggesting a possible gut microbiota derange-
ment, and, further, justifying a possible involvement of “gut-lung axis” in this disease
features [56].
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Over the notable and wide evidences on gut microbiota, lung has its own “micro-
biota” [57]. While in the gut Bacteroidetes and Firmicutes are predominant, Bacteroidetes,
Firmicutes and Proteobacteria are the most represented in the lung [58].

The “gut-lung axis” is a pathophysiological bidirectional model involved in the
pathogenesis of several pulmonary diseases. Specifically, endotoxins (e.g., bacterial ly-
popolisaccharide (LPS)), microbial metabolites of gut origin can reach the lung through
the bloodstream, bringing to the inflammation of the lung tissues and, in a circle, back
to the intestine [58]. Thus, it is conceivable that the novel SARS-Cov2 might affect the
gut microbiota such as in other interstitial and non-interstitial lung diseases [59]. In fact,
several experimental animals/human models and clinical observations have suggested
that the gut microbiota plays a key role in the pathogenesis of sepsis and acute respiratory
distress syndrome (ARDS) [60,61].

In the case of COVID-19 patients, Ruminococcus gnavus was found to have a positive
correlation with inflammatory response. On the other hand, Clostridia spp. showed a
negative correlation [62]. Interestingly, a strong association was demonstrated between
the severity of COVID-19 in the elderly and such bugs and the blood proteomics risk
score (PRS). PRS resembled microbiome-driven modifications of proteins due to inflamma-
tion [63]. Further, as SARS-CoV-2 S glycoprotein binds to human angiotensin converting
enzyme-2 (ACE)2 receptor, an almost ubiquitous enzyme receptor in our body, expressed
in esophageal and intestinal epithelial cells and lung tissues, this could be another link
that justify the “dysbiosis” of gut microflora and related gastrointestinal symptoms of
COVID-19 [64].

The potential use of probiotics as prophylactic or therapeutic remedies for COVID-19
arises from evidences based on sequencing of gut microbiota SARS-COV 2 infected patients
with a significant decrease in bifidobacteria and lactobacilli and the significant increase of
the number of opportunistic bacteria such as Corynebacterium or Ruthenibacterium [65].
D’Ettorre et al. investigated the efficacy of oral probiotic formulations containing Strep-
tococcus thermophilus DSM 32345, L. acidophilus DSM 32241, Lactobacillus helveticus
DSM 32242, Lactobacillus paracasei DSM 32243, Lactobacillus Plantarum DSM 32244,
Lactobacillus brevis DSM 27961, Bifdobacterium lactis DSM 32246 and Bifdobacterium
lactis DSM 32,247 as an add-on curative option to prevent the progression of COVID-19
in patients treated with hydroxychloroquine, tocilizumab and antimicrobials alone or in
combination, in a randomized manner [66]. Patients receiving also bacteriotherapy had a
higher survival rate and a lower need for ICU (namely, lower predicted risk of developing
respiratory failure). Moreover, a significant prompt reduction of asthenia, pyrexia, cough,
dyspnea, diarrhea and myalgia was observed. The authors hypothesized a potential “im-
munomodulatory” action of several probiotic strains as the antioxidant pathway nuclear
factor erythroid 2p45-related factor 2 (Nrf2) and heme oxygenase-1 (HO-1) were both
increased upon probiotics administration. Indeed, these are anti-oxidative and anti-viral
acting molecules as it has perhaps been shown for human immunodeficiency virus (HIV),
influenza virus (IV), respiratory syncytial virus (RSV), Ebola virus and dengue virus [67].

Interleukin-17 is a pro-inflammatory cytokine with a crucial role in the adaptive im-
mune system, as it is a potent inducer of endoplasmic reticulum stress autophagy through
inositol-requiring enzyme 1 [17,68]. By blocking this interleukin, autophagy mediated
by endoplasmic reticulum stress and inflammation can be prevented [69]. Interestingly,
Bifdobacterium strains are able to inhibit interleukin-17 [58]. Thus, administration of high
doses of Bifdobacterium strains (e.g., B. animalis subsp. lactiBB-12) could prevent the in-
flammatory “storm” of COVID-19, especially in those with gastrointestinal symptoms [70].

Furthermore, Lactobacillus coryniformis CECT5711 K8 has been found to decrease
SARS-COV 2 transmission and COVID-19 severity [71] (Table 1).

More interestingly, several metabolites derived from Lactobacillus plantarum, includ-
ing plantaricin, lactic acid, acetic acid and gamma-aminobutyric acid, can increase the
anti-viral immune response [72]. Thus, Anwar et al., using as target the S glycoprotein and
ACE2, showed that plantaricin is able to prevent the entry of SARS-CoV-2 into cells [73].
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All these data support the opportunity to design and use probiotic and postbiotic com-
pounds to prevent SARS-CoV-2 cellular entrance and, thus, the contagions exponential rise
(Table 1).

4. Conclusions and Future Perspectives

Gut microbiota is one of the main actors of our body physiology and pathophysiology.
In the frame of the “fragile” ICU patient, gut dysbiosis represents one important source for
bacterial infections also outside our intestine. Despite the use of selective gut decontam-
ination, the use of pre-, pro- and symbiotics represents a safe and reliable remodulatory
approach of gut microbiota of critically ill patients, able to prevent antibiotic-resistant
bacteria spread.

SARS-COV 2 infection and its disease, COVID-19, are one extraordinary example of
application of gut microbiota remodulatory approaches, re-establishing gut “eubiosis” and
preventing detrimental systemic infections by potential MDROs.
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