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a b s t r a c t

There is considerable interest in the gastrointestinal (GI) microbiome and its interaction with disease 
processes, but existing reviews tend to assume ecological and microbiological knowledge that critical 
care clinicians may not have. In this review, we present an overview of the GI microbiome for the critical 
care clinician and highlight unanswered questions pertinent to the field.

The human GI microbiome can now be mapped and its relationship with organ function interrogated. 
Multiomics approaches that integrate data from multiple sources, including the microbiome, epi-
genome, transcriptome, metabolome, and proteome, offer promise in unravelling the hitherto incon-
sistent results of interventions to modify the microbiome, with a view to improving outcomes. 

Resident microbes are implicated in local and systemic immune dysregulation during critical illness. 
While the mechanisms underlying relationships between the GI microbiome and organ function in 
health and disease remain incompletely understood, a byproduct of saccharolytic fermentation of di-
etary fibre in the colon, short-chain fatty acids (SCFAs), are a key modulator of these relationships. 
Pertinent to the use of prebiotic formulations in treating chronic disease and critical illness, are the 
comparatively unexplored bidirectional interactions between the microbiome and host. More obser-
vational and interventional data, using advanced laboratory techniques, are needed to understand if 
these are causal relationships.

© 2025 The Authors. Published by Elsevier B.V. on behalf of College of Intensive Care Medicine of 
Australia and New Zealand. This is an open access article under the CC BY-NC-ND license (http:// 

creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Microbiota is the term used to define all microbes in a certain 
environment, such as the gastrointestinal (GI) microbiota”. 1 The 
term microbiome is currently best defined as the ecological 
community of commensal, symbiotic, and pathogenic microor-
ganisms, 2 plus their genomic elements in a particular

environment, 3 and the products of the microbiota and the host
environment 4 .

This review will describe the literature pertaining to the GI 
microbiome in critical illness, focusing on focusing on mecha-
nisms, emerging tools, and therapeutic questions. Microbiomes of 
other regions (such as the oral and respiratory tract) may be 
important to outcomes 5,6 but are beyond the scope of this review.

2. Methods

A literature search was conducted using keywords related to 
the GI microbiome (e.g. “phylogenetic profiling", "microbial 
genome", 16S, "microbial diversity", "bacterial diversity", “dys-
biosis”, "microbial composition", or "bacterial composition", "gut 
flora”, “microbiota”) and critical illness (e.g. “artificial respiration”, 
“mechanical ventilation”, “shock”, “trauma”, “intensive care”, 
“critical care”, “critical illness”) and was limited to adult humans,
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the English language, and articles published after 2011. Details of 
search terms utilised for various sections of this review can be 
found in appendix 1.

3. Definitions

A glossary of terms 1,7 relating to the study of microbiota is 
summarised in Table 1. A few selected terms are further described 
here.

The metabolome refers to the total complement of small 
molecule (<1500 Da) metabolites found in association with the 
microbiome. 8 When experts refer to metabolomics, they refer to 
the study of these metabolites that are thought to influence the 
host metabolism extensively. 9 Examples of such metabolites are 
short-chain fatty acids (SCFAs), described below.

Microbiota are often described in terms of diversity (Figs. 1 
and 2). 10

Alpha diversity (Fig. 1) relates to the measure of distribution of 
richness and abundance of a microbial population. It applies to a 
single sample (within-sample diversity) and is akin to the sum-
mary statistic of a single population. Alpha diversity is quantified 
using indices of evenness (e.g. Simpson 11 ), diversity (e.g. Shan-
non, 12 Simpson), or richness (e.g. Chao1 13 ). These alpha diversity 
metrics reflect different weighted means between species; for 
example, the Shannon index represents the weighted mean of the 
natural logarithms of species proportions, where weights corre-
spond to the relative abundances of each species in a community. 
Alpha diversity will depend on the measure used, in Fig. 1C, for 
example, it will be high if richness-focused measures are used, 
while measures incorporating evenness will give a moderate value 
(Shannon diversity index) or a low value (Simpson's index). These 
measures are described in detail elsewhere. 14,15

Beta diversity (Fig. 2) is a measure of the similarity or dissim-
ilarity of two microbial communities, e.g. between two organs 
(between-sample diversity). Beta diversity can be measured by 
taxa overlap, or quantified by Bray—Curtis dissimilarity, which is a 
statistic of dissimilarity of two ecological communities, with a

value of zero representing no dissimilarity and one indicating no 
similarity. These measures do not estimate changes in abundance 
of specific taxa but can estimate the extent of compositional dif-
ference. UniFrac 16 and Aitchison distance 17 are examples of widely 
used metrics in microbiome science, the former takes phyloge-
netic information into account, and the latter handles the 
compositional nature of microbiome data.

4. Analysis of the microbiome

Evaluating the human microbiota used to be a slow, time 
consuming, and expensive process. It involved oxygen-free culture 
methods requiring specialised equipment. However, methodo-
logical advances in culture-independent analysis have resulted in 
easier, faster, 18 and cost-effective 19 characterisation of the micro-
biome compared to traditional culture media methods. The 
methods of microbiome analysis are summarised in Table 2.

Sanger sequencing, now also known as “first generation 
sequencing”, was the gold standard method for determining the 
nucleotide sequence of DNA until the early 2000s. It uses modified 
nucleotides that stop the DNA synthesis reaction at different po-
sitions to determine the DNA sequence. It can be used for small-
scale projects (e.g. sequencing polymerase chain reaction [PCR] 
amplicons) as it is highly accurate. The major drawback of Sanger 
sequencing is that only a single sequencing reaction can be per-
formed at a time, which limits throughput.

“Next-generation sequencing” followed. This method allows 
sequencing of millions of very short DNA fragments (typically 
<100 base pairs) in parallel. 20 It remains the default method for 
most sequencing projects (especially microbiome metagenomics). 
Next-generation sequencing was the driver for developing 
methods for sample barcoding (described later), bringing costs 
down and making microbiome sequencing more accessible. More 
recent next-generation sequencing technologies can read nucleic 
acid fragments much longer than earlier methods (e.g. PacBio and 
ONT platforms). These so-called “long-read” technologies 21,22 

permit substantially higher resolution of genetic diversity in

Table 1
Glossary of terms specific to microbiota research.

General terms
Metagenome The collection of all genomes (individual genetic makeup) in a sample and encoded functions
Metatranscriptome The collection of mRNAs of a metagenome and it's regulation and expression (a snapshot in time)
Metaproteomics The large-scale study of the entire protein collection of a specific sample at a given point in time, using mass spectrometry, and linking 

genotype to phenotype
Metabolomics The study of metabolites expressed by an organism, cell or tissue
Metabonomics The change in the metabolome in a sample over time or in response to a stimulus (e.g. antibiotics)
Descriptive ecological terms 
Abundance The quantity of a given taxa in a sample in absolute or relative terms
Eveness The relative abundance of different taxonomic groups. Species evenness measures how close in population size each species is in an 

environment, e.g. if there are 10 10 Bifidobacteria and 10 30 Klebsiella, the community is not very even. However, if there are 10 10 

Bifidobacteria and 10 11 Klebsiella, the community is relatively even. Of note, dominance is the inverse of evenness.
Functional diversity Variation of traits between organisms within an ecological unit.
Protist A kingdom including predominantly eukaryotic, unicellular, microscopic organisms
Richness The number of different bacterial taxa in a sample
Analytic terms
Operational taxonomic units Clusters of sequences (commonly 16S rRNA) that are similar and used to represent a taxonomic group as an estimation of the 

abundance, applied commonly to genus and occasionally at the species level (operational taxonomic units [OTUs])
Shannon index Measures the diversity of species (species richness) but also considers the abundance of each species. Communities with a large 

number of species that are equally abundant have a higher Shannon index compared to those with the same number of species but 
dominated by few abundant members (lack of eveness). It is a measure of the degree of uncertainty in predicting the presence of a 
species in a random sample, with lower diversity meaning lower uncertainty and vice versa.

Chao index Used to estimate the abundance of OTUs in a sample. A higher Chao index indicates a larger quantity of OTUs and therefore relatively 
higher species diversity. Chao1 is abundance-based chao 2 is incidence-based.

Shannon/Chao interpretation High Chao1/low Shannon = high richness (esp. Rare taxa), uneven. Low Chao1/high Shannon = lower richness (esp. Rare taxa), more 
even.

Simpson index Estimates the probability that two individuals randomly selected from a sample will belong to the same species, 0 indicating low and 1 
indicating high diversity.

A. Ghosh et al. / Critical Care and Resuscitation 27 (2025) 1001322 



complex microbiomes. Long reads improve microbiome biodiver-
sity assessments, identification of pathogens in clinical specimens 
and cultures, population biology, epidemiology, epigenetics, and 
metagenomics. 23 Cost, turnaround time, and ease of DNA 
sequencing library preparation are improving, thus making the 
technology increasingly attractive for use in clinical settings, 
including for routine microbiome assessments.

An array of computational methods exist for analysing data 
generated by culture-independent methods. It is useful to under-
stand what information each method yields. For example, 16S 
rRNA sequencing attempts to answer the question, “Who is 
there?” Metagenomic shotgun sequencing attempts to answer, 
“Who is there and what can they do?” Metatranscriptomics at-
tempts to answer, “Who is there and what are they doing?” 24

Fig. 1. Alpha diversity. Schematic diagram of richness and diversity. Each distinct bacterial taxon is represented schematically. Richness represents variety (e.g. number of species 
present). Diversity relates to preponderance of communities over others, where overrepresentation of one taxon reduces diversity. * See text for further explanation. Created in 
https://BioRender.com.

Fig. 2. Beta diversity. Schematic diagram explaining between-sample similarity. Here only one of five Phyla is shared between the colon and lungs, two out of five between colon 
and skin, and so forth. Created in https://BioRender.com.
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While DNA and RNA sequencing methods are extremely powerful, 
they are not without biases and limitations. The range and 
magnitude of the biases differ between sample types and 
sequencing methods. As an example, taxonomic classification 
biases due to PCR primer selection are a major problem with 16S 
rRNA gene sequencing but not with shotgun metagenomics; host 
DNA contamination is a big issue with metagenomics but not with 
16S rRNA gene sequencing; sample storage is extremely important 
in metatranscriptomics because messenger RNA (mRNA) is un-
stable. Therefore, use of a combination of methods is often rec-
ommended to account for the limitations of any one method. 25

There are several technical steps with attendant risk of bias and 
error, which need consideration in choosing an appropriate 
method of DNA sequencing (Fig. 3). It is important to understand 
the risks and limitations of these methods when trying to interpret 
results of microbiome studies.

First, cells are lysed using physical or enzymatic methods, and 
nucleic acids (DNA, RNA, or both) are extracted by exploiting their 
negative charge. Next, nucleic acids are fragmented to an appropriate 
size for the sequencing platform (short reads or long reads), followed 
by preparation of the sequencing library. This involves attaching 
specific synthetic oligonucleotides (adaptors) to both ends of RNA/ 
DNA fragments and, optionally, amplifying the repaired fragments if 
DNA concentration is low. Barcoding, an optional but commonly used 
step, tags each sample's sequencing library with a unique short DNA 
sequence to attribute data to its original sample. This enables pooling 
of multiple samples in a single sequencing run, reducing costs. Next, 
sequencing begins by loading libraries onto the chosen platform (e. 
g. Illumina, PacBio, or ONT). Finally, generated sequencing data are 
fed into a “pipeline” for analysis. In next-generation sequencing, a 
"pipeline” refers to a structured sequence of computational pro-
cesses and tools used to analyse raw sequencing data and transform 

it into meaningful biological information.

5. The gastrointestinal microbiome in health

Our understanding of the function and interaction of the GI 
microbiome is predominantly extrapolated from animal 
models 26,27 and healthy human cohorts. The GI microbiome can be 
characterised as a dynamically acquired genome, as opposed to a 
stable inherited genome. 28 A person's microbiome is affected by a 
multitude of factors throughout life, including mode of birth, age, 
diet, illness, and treatments administered.

Humans are thought to be born with sterile GI tracts. Coloni-
sation begins immediately after birth and changes throughout life 
with great intra-individual variability. 29,30 However, this view has 
been recently contested with the detection of bacterial DNA in 
previously so-called “sterile sites”. 31

Mapping of the GI microbiota in health has been done. 32,33 In 
health the human GI microbiota consists of approximately 1500 
bacterial species grouped into 50 phyla (the number identified 
continues to increase). However, approximately 93—94% of species 
belong to four main phyla; these are, in descending order of 
abundance, Firmicutes, Bacteroidota (formerly Bacteroidetes), 
Pseudomonadota, and Actinomycetota (formerly Actino-
bacteria) 34,35 It is important for clinicians to appreciate these 
categories because most trials and observational studies describe 
results in terms of these phyla (Table 3). There are contributions to 
the microbiota by viruses (notably bacteriophages) and mycobiota 
(fungal microbiota e.g. Candida and Saccharomyces), previously 
thought to be minor, but this view is increasingly challenged. 36—40

6. The gastrointestinal microbiome in chronic diseases

The microbiome has been studied predominantly in healthy 
humans, 32,41,42 and the possible impact of microbiota on disease

Table 2
Microbe characterisation techniques.

Microbe characterization techniques  
Technique Description Resolution of Phylogeny Advantages / drawbacks Cost and efficiency  
Culture Traditional method  Small number of known 

organisms grown 
Gives additional information on 
antibiotic resistance and 
pathogenicity  

Low throughput, 1 
sample per media, takes 
24-72 hrs, $ 

Low resolution of 
microbe community 

PCR panels RT-PCR, qPCR (marker gene analysis). 
Primers that target a specific region of a 
gene of interest are used to determine 
microbial taxa in a sample.  
 

Depending on panel chosen 
usually includes around 20 
known organisms per sample. 
Undiscovered taxa are missed 
by a targeted panel. 

Provide absolute abundance of 
each taxon per gram or millilitre 
of sample.  
Useful for small and host DNA 
contaminated samples. 
Prone to bias as PCR cycle 
numbers increase, amplifying 
contaminants. 

Low throughput, 30 
samples per sequencing 
run, takes up to 5 hrs, 
$$ 

 

Amplicon sequencing Partial genomes found by amplifying and 
sequencing regions of highly 
conserved bacterial genes, which are 
then compared with an existing 
database to determine from which 
bacterial organisms the sequences 
came. 

Most selected organisms 
present. Genus level 
resolution, not species 

High yield from small samples. 
Simple data analysis relative to 
whole genome sequencing. 
The incorrect primer choice can 
result in highly erroneous results. 

High throughput, 350 
samples per run, 48 hrs, 
$$ 

 

Metagenomic (“shotgun”) 
sequencing 

The whole genome in a sample is 
cleaved randomly (hence “shot-gun”) 
into short DNA/RNA fragments and then 
the reads are compared (aligned) to 
reference databases to assign taxonomy 
and function 

Every organism present will 
have genome sequenced with 
expanded taxonomic range and 
strain resolution 

Includes fungal and viral 
information that may be missed 
by Amplicon sequencing. 
Can analyse with nanograms of 
sample. 
“Functional potential” is captured 
(what the microbes are capable 
of doing - but not whether they 
are actually doing it under the 
given condition) 

High throughput, 384 
samples per run, 48 hrs, 
$$$ 

 

Metaproteomics Protein made by all organisms in the 
sample 

No link to specific organisms Good for looking for functional 
changes 

High throughput, 100-
300 samples per run, 48 
hrs, $$$$ 

 

Metatranscriptomics All RNA produced by organisms in the 
sample 

No link to specific organisms Good for looking for functional 
changes 

High throughput, 100-
300 samples per run, 48 
hrs, $$$$ 

 

Metabolomics All small molecules (non-protein) made 
by organisms present 

No link to specific organisms Good for looking for functional 
changes 

High throughput, 100-
300 samples per run, 48 
hrs, $$$ 

High resolution 
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states has been explored. Chronic conditions such as asthma, 43—45 

schizophrenia, 46—48 Alzheimer's disease, 49—51 obesity, 52—54 and 
type 1 diabetes 55—57 appear to exhibit characteristic microbiome 
changes. In the critical care setting, the GI microbiome has been 
most studied in newborns. 58—60 However, very little is known 
about the microbiome in adults with acute diseases that precipi-
tate admission to an intensive care unit (ICU).

7. The gastrointestinal microbiome during critical illness

7.1. Dysbiosis during critical illness

Dysbiosis describes the disruption of the microbiome that may 
be harmful to the host. Disruption may involve reduced numbers 
or diversity of health promoting bacteria, or colonisation with 
pathogenic microbes. 61 However, a “normal” or “healthy” micro-
biome is challenging to define, as it can vary based on diet, geog-
raphy, and ethnicity. Accordingly, dysbiosis is relative to an 
individual's own healthy microbiome. To accurately determine 
dysbiosis requires microbiome sampling from an individual before 
and after an event or intervention. Because samples have not been 
obtained prior to critical illness (except prior to elective major 
surgery), dysbiosis during critical illness usually refers to a loss of 
commensal bacterial diversity and enrichment with pathogenic 
species. GI dysbiosis is prevalent during critical illness. 62,63 This is 
due to the inflammatory response, driven by the acute illness or 
injury, and the treatment provided as part of critical care. Loss of 
diversity is observed both within sites (alpha) and between sites

(beta), with colonisation by a single potentially pathogenic taxon 
(low beta diversity). 64,65 Dysbiosis and its effects are illustrated in 
Fig. 4.

7.2. Immune dysregulation associated with dysbiosis

GI dysbiosis is thought to contribute to subsequent immune 
dysregulation. 66—68 The link between dysbiosis and immune 
dysfunction is well established in experimental animal models, 69 

but there is limited direct evidence from clinical trials. A post-hoc 
analysis of data from a small trial 70 randomising 25 recipients of 
haemopoetic cell transplant to autologous faecal microbial 
transplant or placebo reported an association between levels of 
circulating white blood cells and diversity of the GI microbiota. 71 

Two sub-studies of the Human Functional Genomics Project 
suggested a complex and variable association between dysbiosis 
and cytokine production. 72,73 A prospective longitudinal cohort 
study of 51 mechanically ventilated patients reported an asso-
ciation between progressive Enterobacteriaceae enrichment and 
greater numbers of immature neutrophils and classical mono-
cytes, which represent dysregulated changes to the innate im-
mune system that could predispose patients to an increased risk 
of secondary infection. 74

Dysbiosis may lead to susceptibility to nosocomial infections 
caused by bacterial translocation. This concept is supported by 
observational evidence 75—78 describing associations between 
colonisation of the GI tract by the pathogenic Enterococcus, 75

Table 3
Main phyla a of the human GI microbiota.

Actinomycetota Gram-positive facultative anaerobes represented by Bifidobacteria genus; other examples are Corynebacterium, Nocardia, Actinomyces, 
and Mycobacterium

Firmicutes Gram-positive aerobic and facultative anaerobic cocci and bacilli such as genera Enterococcus, Staphylococcus, Streptococcus, or 
Lactobacillus.

Proteobacteria Gram-negative bacteria, e.g. pathogenic genera Escherichia, Klebsiella, Pseudomonas, Legionella, Acinetobacter, or Stenotrophomonas 
Bacteroidota Gram-negative anaerobes
Pseudomonodata Enterobacteria that are anaerobic (and facultative anaerobic) gram-negative rods

a a phylum is one of seven hierarchical groups used to classify organisms (the broadest group after kingdom). Common gastrointestinal phyla in microbiota studies include 
Firmicutes, Bacteroidetes, Actinobacteria and Proteobacteria, the former two representing more than 90% of abundance. GI, gastrointestinal.

Fig. 3. Schematic diagram of the steps in analysis of the microbiome. Created in https://BioRender.com.
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E. coli, Klebsiella, Enterobacter, Stenotrophomonas, and Citrobacter 
species, 76 and Candida, 78 and blood stream infections.

7.3. Importance of disease severity

There are a limited number of studies that report on the GI 
microbiome during critical illness. 79—82 There are even fewer 
studies that use modern next-generation sequencing methods to 
assess the changing microbiome. 65,83,84 Most studies included 
patients with an admitting diagnosis of sepsis (as defined by the 
sepsis II or III criteria) but not requiring mechanical ventilation 
(Table 4), and only a few studies (mostly case-control) have 
included mechanically ventilated patients 64,85—90 (Table 5). The 
absence of invasive mechanical ventilation is important because 
invasive mechanical ventilation is a crude measure of the severity 
of illness, i.e. more acutely unwell, critically ill patients will be 
invasively mechanically ventilated. 91

7.4. Loss of diversity and richness and pathogen enrichment

The major findings from the above-mentioned studies were 
loss of diversity of the GI microbiota and an increased propensity 
to be colonised with potentially pathogenic taxa during and/or 
immediately following critical illness.

In one study 15 mechanically ventilated patients without prior 
comorbidities admitted after traumatic injury, out-of-hospital 
cardiac arrest, or an acute cerebrovascular event, 90% of their 
commensal intestinal microflora was lost within 6 h of ICU 
admission, with concurrent enrichment with Enterococcus and 
Pseudomonas. 92 Patients were excluded if they had previously 
received steroids or antibiotics.

In a single-centre case-control study, the microbiome of pa-
tients admitted to ICU following multitrauma injury or acute 
surgery was compared to those of healthy adults from the Amer-
ican Gut and Human Microbiome Project. 65 Similar to the previous 
study, alpha diversity was reduced from day 0 but remained sta-
ble; beta diversity was also significantly affected, and there was an 
enrichment of Enterococcus and depletion of Faecalibacterium, 
Blautia, and Ruminococcus. An observational study of 24 long-stay

ICU patients (>5 days) 93 reported a reduction in diversity during 
admission. A recent observational study of patients with sepsis 
also reported a substantial decrease in the diversity and richness of 
GI microbiota. 94

7.5. Timing of samples

The timing of stool collection in the ICU varies widely across 
studies. Two studies attempted to collect samples very early 
(6—24 h), 90,95 and most studies collected samples within two 
weeks of admission. One study collected samples as late as 50 days 
after admission. 85

7.6. Dysbiosis over time

The duration for which GI dysbiosis persists following critical 
illness is unknown. One of the earliest studies with mechanically 
ventilated critically ill patients 96 reported a decrease in diversity of 
the GI microbiome and a proliferation of Enterococcus species with 
minimal recovery in those surviving ICU admission (followed up to 
58 days). In a single-centre prospective cohort study of 191 pa-
tients undergoing elective cardiac surgery with a mean duration of 
mechanical ventilation of only 24 h, 97 and samples collected at 
admission, at a median of 4 days (IQR: 3—5 days) postadmission, 
and finally at a median of 71 days (IQR: 55—88 days) post-
admission, the authors reported a trajectory of recovery of GI 
microbiota, although there remained a statistically significant 
difference between the last time point and prior to surgery. This 
study was also one of the first to obtain samples prior to hospital 
admission, which is very important because inter-individual dif-
ferences in the microbiome profile mean that having a baseline for 
comparisons provides the best chance of detecting real differences 
(by definition, dysbiosis is relative). In a prospective trial across 
five mixed ICUs, faecal samples collected at two time points 
(within 72 h of admission and at discharge or day 10) from criti-
cally ill adults who were expected to remain mechanically venti-
lated for >72 h 88 reported a decrease in commensal bacteria 
(Proteobacteria) and an increase in taxa associated with inflam-
mation (members of the Enterobacteriaceae family) at both time

Fig. 4. Microbiome changes in critical illness and associated effects. Created in https://BioRender.com.
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Table
 
4

Summary
 
of observational studies evaluating the

 
gastrointestinal microbiome

 
in
 
critically

 
ill patients who

 
were

 
not receiving mechanical ventilation.

Study
 

Study
 
type

 
Sample

 
size

 
Patient Cohort Exclusion

 
criteria

 
Illness severity/ 
admission

 
diagnosis

Timing
 
of sample

 
collection

Control GI Microbiome/Method
 
of 

analysis

Magnan
 
et al., 

2023
 
91

Prospective
observational

60
 

Septic patients. 
(sepsis 3 criteria

 
used)

Recent or 
scheduled

 
GI 

surgery, exposure 
to
 
laxatives, 

prebiotic or 
probiotic last 7 
days, GI neoplasia, 
lymphoma, chronic 
IBD, moribund, 
pregnant or 
lactating

MV
 
not reported. 

SOFA
 
score

 
8.5
 
(7
 

—10). 28 day
 

mortality
 
26.7%.

Day
 
0
 
and

 
day

 
7
 
of 

ICU
 
admission

100
 
healthy

 
blood

 
donors

Significant decrease in
 

diversity
 
and

 
richness: 

Shannon
 
score

 
(2.97

 
at day 

0
 
vs 2.63 at day 7;

p
 
=
 

.0045) and Chao-1
 

score
 
(102

 
at day 0

 
vs 86 at 

day
 
7; p =

 
.0029)

16s rRNA 
amplicon

 
sequencing

Agudelo-Ochoa
 

78
 

et al., 2020
Case

 
control 155

 
(septic =

 
72
 

nonseptic =
 

83), 
250

 
samples.

Septic patients. 
(sepsis 3 criteria

 
used)

<18
 
y, terminal 

illness, colostomy
 

or ileostomy, 
pregnancy, 
homelessness

APACHE
 
scores 

(sepsis
group

 
=
 
20.5

 
±
 
7.6; 

nonseptic
group

 
=
 

16
 

±
 
8.7), 

ICU
 
LOS

 
6—10

 
days, 

25%
 
ICU
 
mortality. 

MV
 

—
 
no
 

information
 

provided.

At ICU 
admission

 
before

 
nutritional 

support, then at 
day

 
5, 6, and 7

 
if the 

patient remained
 
in
 

ICU
 
(44/72

 
septic 

patients),

Nonseptic ICU admissions
Alpha

 
diversity: No 

difference.
Beta

 
diversity: 

Significantly
 
different in 

sepsis (p =
 

.013)
16S

 
rRNA

 
sequencing

Ravi et al., 2019 
90
 Prospective

 
observational

24
 

Adults admitted
 
in
 

previous 72 h
 
and

 
expected

 
to
 
remain

 
in
 
ICU
 
for next 48 h

n/a Not reported; 
heterogenous 
population

 
requiring

 
ICU
 admission

Daily
 
for first 5 

days
n/a
 

Reduced
 
diversity

 
Shotgun

 
metagenomics

Yeh
 
et al., 2016 

130
 Case

 
control 32

 
patients, 79 

samples
Trauma

 
and

 
acute

surgical patients 
admitted

 
to
 
ICU

“Low
 

quality
 

samples” not 
otherwise

 
specified.

Mean
 
ICU
 
LOS

 
8.8
 

days (1—24)
Mean

 
APACHE

 
II 

score
 
12.6

 
(1—29) 

ISS
 
mean

 
19.2

 
(4
 

—36)
88%

 
required

 
surgery.

Within
 
48
 
h
 
of 

admission, then 
every

 
3—4

 
days 

three
 
time

 
periods 

were
 
considered

for analysis: (0—5
 

ICU
 
days, 6—10

 
ICU
 days, >10

 
ICU
 
days)

Samples from 
the
 

American
 
Gut 

Project and the
 

Human
 

Microbiome
 
Project

Alpha
 
diversity: Decreased 

at all time
 
points. Beta 

diversity: Differed 
significantly

 
from

 
control. 

Depletion
 
of commensal 

Faecalibacterium, Blautia, 
and

 
Ruminococcus. 

Enrichment with
 

enterococcus loss of site 
specificity

 
and

 
abundance

 
of pathogenic taxa

 
at three 

body
 
sites simultaneously

 
compared

 
to
 
healthy

 
volunteers.
16s rRNA 

amplicon
 

sequencing
Zaborin

 
et al., 

2014
 
80

Case
 
series 14

 
Long

 
stay

 
patients 

(10
 
days to >30

 
days)

n/a Severe
 
sepsis

(n
 
=
 

2), GI bleed 
(n
 
=
 

1), anaplastic 
astrocytoma

 
(n
 
=
 
1; 

only
 
survivor)

MV
 
not specified

Several time
 
points 

during
 
the
 
ICU
 admission

Five
 
healthy

 
volunteers not 
treated

 
with

 
antibiotics for 1 
year prior to 
sample

 
collection

Multiresistant ultra-low diversity
 
microbiota

 
and

 
emergence

 
of Candida 

albicans and glabrata
 
in
 

75%
 
of those samples.

16s rRNA 
amplicon

 
sequencing

ICU, intensive care
 
unit; GI, gastrointestinal; APACHE, Acute Physiology

 
and

 
Chronic Health Evaluation.

A
. G

hosh
 et al. / Critical Care and

 Resuscitation
 27

 (2025) 100132
 

7



Table
 
5

Summary
 
of observational studies evaluating the

 
gastrointestinal microbiome

 
in
 
critically

 
ill patients who

 
require

 
mechanical ventilation.

Study
 

Study
 
type

 
Sample

 
size

 
Patient cohort Exclusion

 
criteria

 
Illness severity and

 
mechanical 
ventilation

Timing
 
of sample

 
collection

Controls GI microbiome/method
 
of 

investigation

Zhang, 2022 
81
 Case

 
control 66

 
SARS-CoV-2

 
infected

 
patients 

divided
 
into

 
four 

groups based on
 

severity.

<18
 
y
 
age

Antibiotic or probiotic use 
in
 
last 3 months

4
 
patients were

 
mechanically

 
ventilated

Of the 4
 
patients 

mechanically
 
ventilated,

2
 
had

 
stool samples after 

day
 
50
 
of illness; 1 

patient at day 15, and 1
 

had
 
3
 
samples after day 

15
 
and

 
before

 
day

 
40. 

70
 
non-Covid

 
controls
Same

 
exclusion

 
criteria

The
 
taxonomic 

composition
 
significantly

 
different to controls at a 
median

 
of 28 days (IQR: 18 

—41).
Shotgun

 
metagenomics

Aardema, 
2020

 
94

Prospective
observational

191
 
eligible

 
patients.

Adult patients 
scheduled

 
for CAGS 

and
 
or valve 

surgery.

Lack
 
of consent 

Physically
 
unable

 
to
 

participate.
Logistic reasons 
Acute

 
admissions 

Non-ICU
 
patients

APACHE
 
IV
 
48
 
39—57

 

Euroscore
 
1.77

 
[1.07—2.91]
Mean

 
ICU
 
LOS

 
=
 
1d

Three
 
time

 
points: 

Preadmission
 
on
 
the
 
day

 
of preoperative 
screening; once during

 
admission

 
in
 
the
 
ICU
 
or 

ward
 
around

 
day

 
4
 
(IQR: 

3—5); and postadmission
 

at a postdischarge
 

routine
 
visit or home

 
visit 

on
 
day

 
71
 
(IQR: 57—88).

nil Significant increase in
 

pathobionts;
Decrease

 
in
 
strictly

 
anaerobic gut bacteria; 
Lower bacterial diversity 
associated

 
with

 
longer 

hospitalisation. One of the 
very

 
few
 

studies that had 
follow-up

 
after ICU discharge.

16S
 
rRNA

 
gene

 
sequencing

 
Lamarche, 

2018
 
83
 

Canada

Prospective
 

observational case 
control nested 
within

 
an
 
RCT

 
(PROSPECT, 
NCT02462590)

34
 
ICU
 
patients Critically

 
ill 

receiving
 
MV

<18
 
y

Received
 
antibiotics in last

6
 
m
 

immunocompromised
 

GI compromise,
Unable

 
to
 
receive

 
enteral 

medications, pregnancy, 
end

 
of life,

Mechanical ventilation 
>72

 
h

APACHE
 
25.5

 
Median

 
ICU
 
LOS

 
11.5

 
(IQR

 
7, 20), 

ICU
 
mortality

 
14.7%. Hospital 
mortality

 
35.3%. 

All on MV. 
Pneumonia

 
38.2%, 

sepsis 23%,

Stool samples were
 

collected
 
by
 
a
 
median

 
of

6
 
days (IQR: 4.25—6.75). 

Study
 
was nested in

 
a
 

randomised
 
trial testing 

the
 
probiotic L. 

rhamnosus GG 
versus 

placebo; to avoid
 

confounding
 
results due

to
 
probiotic 

administration, only 
samples collected in

 
the
 

first week
 
were

 
included. 

21
 
healthy

 
subject stool 

specimens were
 
collected

 

Healthy
 
donors 

enrolled
 
in
 

other
studies 

131—133

Relative
 
abundances of 29 

OTUs for stool samples 
were

 
significantly

 
different 

between
 
critically

 
ill vs 

healthy
 
individuals.

OTUs from 
the
 

Lachnospiraceae
 
family, 

genera
 
Faecalibacterium, 

Blautia, Subdoligranulum,
and

 
Lachnobacterium

 
were

 
depleted

 
in
 
stool 

specimens from 
ICU
 patients

16S
 
rRNA

 
gene

 
sequencing

Freedberg, 
2018

 
92

Prospective
observational

301
 
patients Adult patients 

admitted
 
to
 
a
 

medical ICU 
via
 
ED
 or from

 
ward

n/a
 

MV
 
39.9%

 
(n
 
=
 
120) 

Reason
 
for 

admission
 
was 

“other” in 89%.

Routine
 
rectal swabs at 

time
 
of admission

 
collected

 
for VRE 

colonisation
 
status were

 
used

Fecal microbial diversity 
and

 
richness were

 
decreased

 
in
 
patients who

 
were

 
transferred

 
to
 
the
 
ICU
 from

 
a
 
hospital ward

 
compared

 
to
 
those

 
admitted

 
directly

 
to
 
the
 
ICU
 

(both
 
p
 

<
 
0.01)

Diversity
 
and

 
richness 

were
 
inversely

 
correlated

 
with

 
the
 
duration

 
of pre-

ICU
 
hospitalisation

 
(Spearman

 
p
 

<
 
0.01

 
for 

both) and were
 
also

 
inversely

 
correlated

 
with

 
VRE

 
colonisation

 
and

 
Enterococcus domination. 
Enterococcus dominance

 
was more

 
common

 
in
 

patients transferred to
 
the
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ICU
 
(20
 
vs 8%, p <

 
0.01) and 

those
 
with

 
a
 
longer

duration
 
of pre-ICU hospitalisation

 
(median

 
difference

 
+
 

11
 
days,

p
 

<
 
0.01);

Neither fecal biodiversity 
(Shannon

 
index) nor 

richness (Chao) differed 
between

 
those

 
who

 
died

 
or 

developed
 
infections 

compared
 
to
 
those

 
who

 
did
 

not (p =
 

0.49
 
and

 
p
 
=
 

0.46, 
respectively).
16s rRNA 

gene
 
sequencing

 
Lankelma, 
2017

 
134

Case
 
control 34

 
All met ACCP/SCCM

 1992
 
definition

 
of 

sepsis, SIRS.
All patients 
received

 
SDD

 (polymyxin
 
E, 

tobramycin, 
amphotericin

 
B
 
as 

an
 
oral paste and IV

 
cephalosporin)

Expected
 
ICU
 
LOS

 
<24

 
h
 

APACHE
 
IV
 
score

 
83
 

(59—107), 80% 
were

 
mechanically

 
ventilated, 47% 
were

 
shocked, 

admission
 

diagnosis of sepsis 
in
 
74%.

One
 
sample

 
between

 
1
 

and
 
21
 
days of ICU admission.

15
 
healthy

 
nonsmoking

 
volunteers who

 
had

 
not had 

antibiotics for 
more

 
than

 
a
 

year prior to 
faecal sampling

In
 
13
 
of the 34

 
patients, a 

single
 
bacterial genus made

 
up
 

>50%
 
of the gut 

microbiota.
In
 
4
 
patients this was >75%; 

significant decrease in
 

bacterial diversity in
 
half of 

the
 
patients.

No
 
associations between

 
microbiota

 
diversity, 

Firmicutes/Bacteroidetes 
ratio, or grampositive/ 
gram-negative

 
ratio

 
and

 
complications and survival. 
16S

 
rRNA

 
sequencing

 
McDonald,

2016
 
85

Case
 
control 115

 
Mv
 
and

 
expected

 
to

remain
 
on

MV
 

>
 
72
 
h

<18
 
y
 
age

 
All mechanically
ventilated

Two
 
time

 
points: within

72
 
h
 
of admission

 
and

 
at

discharge
 
from

 
ICU
 
or 

day
 
10
 
in
 
ICU.

Source
 
samples

using
 
Qiita

(healthy
 

adults) from
 the

 
American

 
Gut Project

Significant rapid dysbiosis
at <72

 
h
 
that persisted and

was worse
 
at day 10.

16S
 
rRNA

 
sequencing

Ojima
 
2015, 

135
 Case

 
control 12

 
ARDS, Head 
trauma, OHCA, 
sepsis
Enteral nutrition 
was started within

 
48
 
h
 
of admission

Postoperative
 
patients with

 
surgery

 
of the rectum, 

patients with
 
perianal 

infections, and patients 
expected

 
to
 
be
 
on
 

mechanical ventilation for 
<3
 
days,

All mechanically
 

ventilated. 
APACHE
23.9

 
±
 
12.4

 
SOFA

 
7.1
 

±
 
4.1

Day
 
1—2, 2—4, 5—8, 7—10

 
after admission.

7
 
healthy

 
subjects who

 
had

 
not been 

admitted
 
to
 

hospital or 
taken

 
antibiotics in 
previous 6 m

Serial compositions of 
Bacteroidetes and 
Firmicutes changed 
significantly

 
more

 
in
 

critically
 
ill than in

 
control 

from
 

day
 
1
 
to
 
day

 
10. 

Ratio
 
of Bacteroidetes to 

Firmicutes changed 
significantly

 
compared

 
to
 

controls in non-survivors. 
16S

 
rRNA

 
sequencing

 
Hayakawa, 

2011
 
89

Case
 
control 15 Multiple

 
trauma

 
OHCA
CVA
Enteral nutrition.

<18
 
y

Terminal illness
Chronic disease-undefined 
Drug

 
abuse

All were
 

mechanically
 

ventilated
 
for a 

median
 
of 5 days

Within
 
6
 
h
 
of ICU admission

And
 
on
 
days 1, 3, 5, 7, 10, 

and
 
14.

12
 
healthy

 
volunteers

Significant drop in
 
faecal 

floral counts on day
0
 
compared

 
to
 
controls. 

Obligate
 
anaerobes and

(continued
 
on
 
next page)
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Table
 
5
 
(continued

 
)

Study
 

Study
 
type

 
Sample

 
size

 
Patient cohort Exclusion

 
criteria

 
Illness severity and

 
mechanical 
ventilation

Timing
 
of sample

 
collection

Controls GI microbiome/method
 
of 

investigation

No
 
SDD, prebiotics 

or probiotics.
IV
 
antibiotics as 

indicated
 

(Cefazolin, 
ceftriaxone, 
sulbactam/ 
cefoperazone, 
cefmetazole, 
piperacillin, 
meropenem, clin-
damycin, and 
amikacin) 

Alcoholism
Malnutrition

 
nursing

 
home

 
resident
On
 
steroids or antibiotics 

Abdominal surgery

(IQR: 3—10). 
APACHE

 
21
 
(18
 

—26)

Lactobacillus, significantly 
decreased

 
to
 
one-

thousandth
 
in
 
comparison

 
to
 
those

 
of the control. 

Had
 
not recovered at day 

14.
Reverse

 
transcription

 
quantitative

 
PCR

 
(RT-

qPCR)

Iapichino
 

2008
 
93

Observational 15
 

Acute
 
organ

 
failure

 
requiring

 
MV
 
for 

>4
 
days

Hospital stay/antibiotic 
treatment prior to ICU, 
immunosuppression

All on MV
 

Mean
 
SOFA

 
6.2

Day
 
of admission, then 

weekly.
nNl Reduction

 
in
 
diversity

 
of 

microbiota
 
(less DGGE 

bands) and proliferation
 
of 

Enterococcus.
Denaturing

 
gradient gel 

electrophoresis (DGGE) 
Schlechte

 
69
 

2023
Prospective
observational

51
 

Patients >18
 
years 

of age admitted
 
to
 

ICU, requiring 
mechanical 
ventilation, and 
expected

 
to
 
require

 
MV
 
for >72

 
h

Pre-existing
 

immunocompromised
 

state, ICU 
admission

 
or 

antimicrobial therapy the
 

previous 3 months, had 
inflammatory

 
bowel 

disease
 
or active GI 

malignancy, previous 
surgery

 
leaving

 
a

discontinuous GI tract, 
pregnancy, goals of care 
that excluded life-support 
interventions or moribund

 
patients not expected to

 
survive

 
>72

 
h.

All on MV
Median

 
(IQR) SOFA 

score
 
8.0
 
(2—16) 

30
 
day

 
mortality

 
33.3%

 
(17/51)

Day
 
of admission, day 3

 
and

 
7

Healthy
 

volunteers 
(n
 
=
 

18)

Loss of Ruminococcaceaea
 

and
 
Lachnospiraceae

 
and

 
emergence

 
of pathobiont 

taxa
 
(Enterococcaceae

 
and

 
Enterobacteriaceae)
16s rRNA 

gene
 
amplicon

 
sequencing

ICU, intensive care
 
unit; GI, gastrointestinal; APACHE, Acute Physiology

 
and

 
Chronic Health Evaluation; OTUs, operational taxonomic units.
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points of collection, indicating rapid onset of dysbiosis in critical 
illness and failure of recovery at discharge from ICU. Another 
prospective cohort study of 25 patients with severe systemic in-
flammatory response syndrome (SIRS) reported a decrease in the 
commensal bacteria Bifidobacterium and Lactobacillus and an 
enrichment with pathogenic bacteria Staphylococcus and Pseudo-
monas compared to the stool samples of healthy volunteers. 81

8. Relationship between GI microbial diversity, critical 
illness, and outcomes

Very few clinical studies have explored the relationship be-
tween GI dysbiosis and clinical outcomes during critical illness 
using newer culture-independent methods. Existing studies have 
included relatively small cohorts and have reported conflicting 
results. A prospective cohort study of 12 critically ill mechanically 
ventilated patients reported a modest relationship between the 
faecal Bacteriodetes to Firmicutes ratio (B/F ratio) and hospital 
mortality using 16S rRNA sequencing. 89 This ratio may be impor-
tant because it provides a measure of the major commensal to 
pathobiont phyla in humans, although this relationship has not 
been found in other cohorts and has therefore been disputed. 
Another prospective study of 52 mechanically ventilated patients 
reported that dysbiosis, defined as the ratio of Enterobacteriaceae 
and Anaerococcus to Parasutterella and Campylobacter of >0 on 
the day of ICU admission, was associated with increased day-28 
mortality compared to those with a ratio <0 (hazard ratio 2.2, 
95% confidence interval, 1.1—4.3). 98

Conversely, in a large prospective cohort study of 301 patients 
admitted to a medical ICU, routine admission rectal swabs for 
vancomycin-resistant Enterococcus surveillance were subjected to 
additional 16S rRNA sequencing. Patients were followed up for 30 
days to investigate the association between admission GI micro-
biome and hospital mortality or culture-proven hospital-acquired 
infections. 95 There was no association between faecal biodiversity, 
as measured by the Shannon index, and richness, by Chao index, 
and either subsequent death or secondary infections. Similarly, a 
prospective study 87 of 34 patients did not identify an association 
between faecal microbiota diversity using the Firmicutes/Bacter-
oidetes ratio, and complications or survival.

It is likely that small sample sizes, heterogeneity of critical 
illness, older sequencing methodologies, and use of the F/B ratio as 
a marker of dysbiosis were some of the challenges in evaluating 
relationships between microbiota and outcomes. A recent meta-
analysis concluded that there is currently insufficient evidence 
to link dysbiosis to ICU mortality. 63

9. Relation between faecal short chain fatty acids and critical 
illness

SCFAs are by-products of saccharolytic fermentation of dietary 
fibres by anaerobic bacteria within the microbiota. In health, the 
2—4 carbon atom SCFAs acetate, propionate, and butyrate are 
thought to be the most important. SCFAs are nutrients, absorbed in 
the colon and used by hepatocytes to synthesise fatty acids, and 
cholesterol, or are catabolised to produce glucose. SCFAs have been 
identified as key compounds in promoting intestinal integrity 
owing to their protective effect on barrier function, reduced bac-
terial translocation, improved mucous production and gut 
motility, and anti-inflammatory actions. 99 SCFA also stimulate the 
secretion of several important GI hormones, such as glucagon-like 
peptide-1. 100,101

There is limited information regarding faecal SCFA concentra-
tions in critically ill patients. A single-centre prospective cohort 
study of 15 patients admitted to ICU following out-of-hospital

cardiac arrest, trauma, or stroke reported a reduction in faecal 
SCFA concentration within 6 h of initiation of mechanical venti-
lation. 90 Faecal SCFAs concentrations remained suppressed for the 
two weeks they were measured. Similarly, a prospective single-
centre case-control trial comparing 140 patients meeting SIRS 
criteria (sepsis II) to 14 healthy volunteers 82 reported a substantial 
reduction in faecal SCFA production in critically ill patients 
compared to healthy controls, which was sustained for 6 weeks. A 
case-control study (n = 25) in patients meeting SIRS criteria re-
ported reduced faecal SCFA concentrations compared to healthy 
volunteers. 81 Faecal sampling in these patients was performed at a 
mean of 9 (±7.4) days postadmission to ICU. In a post-hoc analysis, 
faecal SCFA concentrations were reduced in patients meeting SIRs 
criteria and in those who were feed-intolerant. 80 Similarly, in a 
randomised controlled trial, mechanically ventilated patients 
randomised to synbiotics had significantly higher faecal SCFA 
concentrations than the placebo group (p < 0.05). 102 In a case se-
ries of 5 patients with major burns, SCFA levels decreased to low 

levels initially but eventually increased in those that survived 
(n = 4) when measured at 43 (28—56) days. 79 Sepsis, as defined by 
the third consensus definition of sepsis, significantly reduced the 
faecal concentration of SCFAs compared to controls in a trial that 
enrolled 88 patients. 103 The mean Acute Physiology and Chronic 
Health Evaluation (APACHE) score in this study was 22 (IQR: 
15—22) and the mortality was 27.3%.

While faecal SCFA concentrations rapidly reduce with the onset 
of critical illness, but the mechanism underlying this precipitous 
drop, whether it can be attenuated, and what the implications of 
this might be, remain to be elucidated. Because SCFAs are impor-
tant for promoting intestinal integrity in health, interventions that 
increase SCFAs concentrations may have potential benefits for 
patient outcomes during critical illness.

Measuring faecal SCFA concentrations in ICU is challenging, as 
patients have long periods of nondefecation 104 and faecal con-
centration only quantifies net (production minus absorption) 
concentration excreted. These faecal excretion dynamics are 
relevant because SCFA production occurs in the proximal colon, 
but most SCFAs produced are absorbed by colonocytes, and only a 
minor proportion of the produced SCFA is excreted in faeces. 105 

Accordingly, studies measuring faecal SCFA report the net result of 
production and absorption, not in-situ production rates.

Advances in metabolomics show promise in enabling identifi-
cation of key interactions in metabolic pathways between host and 
the microbiome. This may help target interventions that enhance 
beneficial molecules, including SCFAs in the future.

10. Therapies to modify the gastrointestinal microbiota 
during critical illness

Potential interventions that have been studied to modulate the 
GI microbiota in health and disease include dietary fibre 106,107 and 
inulin 108 in particular, probiotics, 109,110 prebiotics, 111 syn-
biotics, 112—114 and adsorbent charcoal. 115 The role of dietary fibre in 
critical illness is summarised elsewhere. 116 Fibre-based enteral 
nutrition (EN) has shown the most promise in reversing critical 
illness-associated dysbiosis compared to supplementation of EN 
with symbiotics, omega-3 fatty acids, or arginine; however, the 
studies have been limited by small sample sizes and limited 
microbiome analytical methods. There is considerable recent in-
terest in faecal microbiota transplantation (FMT) for chronic dis-
eases because of its success in treating recurrent Clostridioides 
difficile infections. 117 Several case series have been conducted in 
patients with sepsis with mixed results. 118,119 The logistic barriers 
of acquiring appropriate transplant samples and administering 
them safely and in a timely fashion remain, as does the lack of
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randomised trial evidence in critical illness (a pilot randomised 
controlled trial [RCT] to assess the safety of FMT in critical illness is 
planned 120 ). The need to cease antibiotics prior to FMT is a limi-
tation to the widespread use of FMT in this setting. 121

11. Future directions

Mapping the human genome was considered to be an impor-
tant step in understanding the human condition. With the real-
isation that there were more bacterial cells (10 14 ) than human 
body cells (10 13 ), 122,123 sequencing the genome of human micro-
biota became a priority. Despite the rapid technological and 
computational advances in metagenomics, several challenges 
remain.

The effect of gut dysbiosis on clinical outcomes in critical illness 
remains ill-defined. 63 Further large observational studies are 
required in this setting. 124 Microbiome assessments should be 
done more frequently in ICU research, and not be limited to the GI 
microbiome, particularly in mechanically ventilated patients with 
severe sepsis, multitrauma and post-solid-organ transplantation.

Interventions targeting microbiomes in critical illness are 
currently of increased interest, including selective digestive 
decontamination, 125,126 repopulating strategies using fibre, pro-
biotics, prebiotics, symbiotics, 127—129 and faecal microbiota trans-
plant 130—134 or its derived consortia and metabolites.

There is a growing realisation that viruses and fungi have an 
important role in the GI ecosystem. Future studies are required 
detailing these kingdoms and unpick their inter-kingdom in-
teractions and role in immune regulation, infections, and out-
comes in critical illness.

Methodological considerations and selective reporting in 
microbiome trials need addressing. The “Strengthening The Or-
ganization and Reporting of Microbiome Studies” (STORMS) 
checklist provides guidelines for concise and complete reporting. 
Epidemiological reporting guidelines such as the “Strengthening 
the Reporting of Observational studies in Epidemiology” (STROBE) 
have been adapted to metagenomics (STROBE-metagenomics). 135

12. Conclusion

The translational goals of this emerging field are to establish 
mechanistic links between the microbiome and patient-important 
outcomes, seek interventions that might optimise outcomes, and 
design interventional studies powered to influence practice. The 
critical care clinician needs to be aware that while much remains 
unknown in this field, there is rapidly growing evidence that the 
human microbiome at various sites may have a profound effect on 
critical illness pathophysiology and outcome. Accordingly, in-
terventions that favourably impact the readily accessible GI 
microbiome and/or metabolome (such as increased SCFAs) may 
lead to better patient outcomes.

Declaration of competing interest

The authors declare that they have no known competing 
financial interests or personal relationships that could have 
appeared to influence the work reported in this paper.

Appendix 1 (Search terms)

Microbiome:

phylogenetic profiling” or "microbial genome” or 16S or "mi-
crobial diversity” or "bacterial diversity” or dysbio* or disbio* or

dysbacterio* or disbacterio* or "microbial composition” or "bac-
terial composition” or "gut flora” or microbiota or microbiom*

OR.
(Axis, Brain-Gut-Microbiome or Axis, Gut-Brain-Microbiome or 

Axis, Microbiome-Brain-Gut or Axis, Microbiome-Gut-Brain or 
Brain-Gut-Microbiome Axis or Fecal Microbiome Transplantation 
or Fecal Microbiome Transplantations or Fungal Microbiome or 
Gastric Microbiome or Gastrointestinal Microbiome or Gastroin-
testinal Microbiome or Gut Microbiome or Gut-Brain-Microbiome 
Axis or Human Microbiome or Intestinal Microbiome or Intestinal 
Microbiome Transfer or Intestinal Microbiome Transfers or Intes-
tinal Microbiome Transplant or Intestinal Microbiome Trans-
plantation or Intestinal Microbiome Transplantations or Intestinal 
Microbiome Transplants or Microbiome or Microbiome Brain Gut 
Axis or Microbiome Transfer, Intestinal or Microbiome Transfers, 
Intestinal or Microbiome Transplant, Intestinal or Microbiome 
Transplantation, Fecal or Microbiome Transplantation, Intestinal 
or Microbiome Transplantations, Fecal or Microbiome Trans-
plantations, Intestinal or Microbiome Transplants, Intestinal or 
Microbiome, Fungal or Microbiome, Gastric or Microbiome, 
Gastrointestinal or Microbiome, Gut or Microbiome, Human or 
Microbiome, Intestinal or Microbiome, Viral or Microbiome, Virus 
or Microbiome-Gut-Brain Axis or Transfer, Intestinal Microbiome 
or Transfers, Intestinal Microbiome or Transplant, Intestinal 
Microbiome or Transplantation, Fecal Microbiome or Trans-
plantation, Intestinal Microbiome or Transplantations, Fecal 
Microbiome or Transplantations, Intestinal Microbiome or Trans-
plants, Intestinal Microbiome or Viral Microbiome or Virus 
Microbiome).mp.

Critical illness:

(Intensive care units or "critical care” or "critical illness” or 
"critically ill” or septic or sepsis or ARDS or "multiple organ failure” 
or ICU or shock or mechanical ventilation).mp. [mp = ti, ot, ab, fx, 
sh, hw, kw, tn, dm, mf, dv, kf, dq, bt, nm, ox, px, rx, an, ui, sy, ux, 
mx].

OR
Critical illness/or critical care/or exp intensive care units/or 

(ICU or ((intensive or critical) adj3 (care or unit*)) or (critical* adj3 
ill*)).mp. or respiration, artificial/or (mechanical* adj3 ventilat*). 
mp. or (artificial* adj3 respiration*).mp.

OR
(((emergency or intensive or care) adj3 unit*) or ((critical* or 

acut*) adj (patient* or ill*))).ti,ab. or ICU.mp. or resuscitation.ti,ab. 
or exp intensive care unit/or exp critically ill patient/

OR
(Intensive care units or "critical care” or "critical illness” or 

"critically ill” or septic or sepsis or ARDS or "Mmltiple organ fail-
ure” or ICU or shock or mechanical ventilation).mp. [mp = title, 
book title, abstract, original title, name of substance word, subject 
heading word, floating sub-heading word, keyword heading word, 
organism supplementary concept word, protocol supplementary 
concept word, rare disease supplementary concept word, unique 
identifier, synonyms, population supplementary concept word, 
anatomy supplementary concept word].

SCFA

Fatty acids, volatile/or *acetates/or *butyrates/or *propionates/

Sequencing

Shotgun sequencing/or whole genome sequencing/(as a MESH 
term).

A. Ghosh et al. / Critical Care and Resuscitation 27 (2025) 10013212 



References

[1] Szychowiak P, Villageois-Tran K, Patrier J, Timsit JF, Ruppe E. The role of the 
microbiota in the management of intensive care patients. Ann Intensive 
Care 2022;12(1):3. https://doi.org/10.1186/s13613-021-00976-5. Epub 
20220105. PubMed PMID: 34985651; PubMed Central PMCID: 
PMC8728486.

[2] Rogers Y-H, Zhang C. Genomic technologies in medicine and health: past, 
present, and future. Medical and health genomics. Elsevier; 2016. p. 15—28.

[3] Ho H-e, Bunyavanich S. Role of the microbiome in food allergy. Curr Allergy 
Asthma Rep 2018;18:1—11.

[4] Whiteside SA, Razvi H, Dave S, Reid G, Burton JP. The microbiome of the 
urinary tract–a role beyond infection. Nat Rev Urol 2015;12(2):81—90. 
https://doi.org/10.1038/nrurol.2014.361. Epub 20150120 PubMed PMID: 
25600098.

[5] Kitsios GDSK, Fitch A, Yang H, Britton N, Shah F, et al. Longitudinal multi-
compartment characterization of host-microbiota interactions in patients 
with acute respiratory failure. Nat Commun 2024;15(1):4708. https://doi. 
org/10.1038/s41467-024-48819-8.

[6] Montassier EKG, Radder JE, Le Bastard Q, Kelly BJ, Panzer A, et al. Robust 
airway microbiome signatures in acute respiratory failure and hospital-
acquired pneumonia. Nature Med 2023;29(11):2793—804. https://doi.org/ 
10.1038/s41591-023-02617-9.

[7] Kitsios GD, Morowitz MJ, Dickson RP, Huffnagle GB, McVerry BJ, Morris A. 
Dysbiosis in the intensive care unit: microbiome science coming to the 
bedside. J Crit Care 2017;38:84—91.

[8] Wishart DSTD, Knox C, Eisner R, Guo AC, Young N, et al. HMDB: the Human 
Metabolome Database. Nucleic Acids Res 2007;35(suppl_1):D521—6. 
https://doi.org/10.1093/nar/gkl923.

[9] Lamichhane SSP, Dickens AM, Ore � si � c M, Bertram HC. Gut metabolome 
meets microbiome: a methodological perspective to understand the rela-
tionship between host and microbe. Methods 2018;149:3—12.

[10] Morgan XC, Huttenhower C. Chapter 12: Human Microbiome Analysis. Plos 
Comput Biol 2012;8(12):e1002808. https://doi.org/10.1371/journal. 
pcbi.1002808.

[11] Chao A, Chiu C-H. Nonparametric estimation and comparison of species 
richness. eLS. p. 1—11.

[12] CE S. A mathematical theory of communication. Bell System Tech J 1948;27: 
379—423. https://doi.org/10.1002/j.1538-7305.1948.tb01338.x.

[13] Cho NA, Strayer K, Dobson B, McDonald B. Pathogenesis and therapeutic 
opportunities of gut microbiome dysbiosis in critical illness. Gut Microbes 
2024;16(1):2351478. https://doi.org/10.1080/19490976.2024.2351478.

[14] Kers JG, Saccenti E. The power of microbiome studies: some considerations 
on which alpha and beta metrics to use and how to report results. Fron 
Microbiol 2022;12. https://doi.org/10.3389/fmicb.2021.796025.

[15] Roswell M, Dushoff J, Winfree R. A conceptual guide to measuring species 
diversity. Oikos 2021;130(3):321—38. https://doi.org/10.1111/oik.07202.

[16] Lozupone C, Knight R. UniFrac: a new Phylogenetic method for comparing 
microbial communities. Appl Environ Microbiol 2005;71(12):8228—35. 
https://doi.org/10.1128/AEM.71.12.8228-8235.2005.

[17] Aitchison J, Greenacre M. Biplots of compositional data. J Roy Stat Soc C Appl 
Stat 2002;51(4):375—92.

[18] Morales M. The next big thing? next-generation sequencing of microbial 
cell-free DNA using the Karius test. Clin Microbiol Newsletter 2021;43(9): 
69—79. https://doi.org/10.1016/j.clinmicnews.2021.04.003.

[19] Chen P, Sun W, He Y. Comparison of the next-generation sequencing (NGS) 
technology with culture methods in the diagnosis of bacterial and fungal 
infections. J Thorac Dis 2020;12(9):4924—9. https://doi.org/10.21037/jtd-
20-930. PubMed PMID: 33145066; PubMed Central PMCID: PMC7578456.

[20] Hu T, Chitnis N, Monos D, Dinh A. Next-generation sequencing technolo-
gies: an overview. Human Immunol 2021;82(11):801—11. https://doi.org/ 
10.1016/j.humimm.2021.02.012.

[21] Logsdon GA, Vollger MR, Eichler EE. Long-read human genome sequencing 
and its applications. Nat Rev Genet 2020;21(10):597—614. https://doi.org/ 
10.1038/s41576-020-0236-x.

[22] Marx V. Method of the year: long-read sequencing. Nat Methods 2023;20 
(1):6—11. https://doi.org/10.1038/s41592-022-01730-w.

[23] Tedersoo L, Albertsen M, Anslan S, Callahan B. Perspectives and benefits of 
high-throughput long-read sequencing in microbial ecology. Appl Environ 
Microbiol 2021;87(17):e00626, 21. https://doi.org/10.1128/AEM.00626-21.

[24] Claesson MJ, Clooney AG, O'Toole PW. A clinician's guide to microbiome 
analysis. Nat Rev Gastroenterol Hepatol 2017;14(10):585—95. https://doi. 
org/10.1038/nrgastro.2017.97.

[25] Knight R, Vrbanac A, Taylor BC, Aksenov A, Callewaert C, Debelius J, et al. 
Best practices for analysing microbiomes. Nat Rev Microbiol 2018;16(7): 
410—22. https://doi.org/10.1038/s41579-018-0029-9.

[26] Gonzalez LM, Moeser AJ, Blikslager AT. Porcine models of digestive disease: 
the future of large animal translational research. Transl Res 2015;166(1): 
12—27. https://doi.org/10.1016/j.trsl.2015.01.004. Epub 20150113 PubMed 
PMID: 25655839; PubMed Central PMCID: PMC4458388.

[27] Hu C, Patil Y, Gong D, Yu T, Li J, Wu L, et al. Heat Stress-Induced Dysbiosis of 
Porcine Colon Microbiota Plays a Role in Intestinal Damage: A Fecal 
Microbiota Profile. Front Vet Sci 2022;9:686902. https://doi.org/10.3389/

fvets.2022.686902. Epub 20220301 PubMed PMID: 35300220; PubMed 
Central PMCID: PMC8921775.

[28] Ursell LK, Metcalf JL, Parfrey LW, Knight R. Defining the human microbiome. 
Nutr Rev 2012;70(Suppl 1):S38—44. https://doi.org/10.1111/j.1753-
4887.2012.00493.x. PubMed PMID: 22861806; PubMed Central PMCID: 
PMC3426293.

[29] Ficara M, Pietrella E, Spada C, Della Casa Muttini E, Lucaccioni L, Iughetti L, 
et al. Changes of intestinal microbiota in early life. J Matern Fetal Neonatal 
Med: Offi J Eur Assoc Perinatal Med Federation Asia Oceania Perinatal Soc 
2020;33(6):1036—43. https://doi.org/10.1080/14767058.2018.1506760. 
Epub 20180910 PubMed PMID: 30058404.

[30] Gomaa EZ. Human gut microbiota/microbiome in health and diseases: a 
review. Antonie Van Leeuwenhoek 2020;113(12):2019—40. https://doi.org/ 
10.1007/s10482-020-01474-7. Epub 20201102 PubMed PMID: 33136284.

[31] Martin J, Blaser SD, McCoy Kathy D, Relman David A, Yassour Moran, 
Young Vincent B. Lessons learned from the prenatal microbiome contro-
versy. Microbiome 2021;9(8).

[32] Gevers D, Knight R, Petrosino JF, Huang K, McGuire AL, Birren BW, et al. The 
Human Microbiome Project: a community resource for the healthy human 
microbiome. 2012.

[33] Ehrlich SD. MetaHIT: The European Union Project on Metagenomics of the 
Human Intestinal Tract. In: Nelson KE, editor. Metagenomics of the Human 
Body. New York, NY: Springer New York; 2011. p. 307—16.

[34] Hugon P, Dufour JC, Colson P, Fournier PE, Sallah K, Raoult D. A compre-
hensive repertoire of prokaryotic species identified in human beings. Lancet 
Infect Dis 2015;15(10):1211—9. https://doi.org/10.1016/s1473-3099(15) 
00293-5. Epub 20150823 PubMed PMID: 26311042.

[35] Thursby E, Juge N. Introduction to the human gut microbiota. Biochem J 
2017;474(11):1823—36. https://doi.org/10.1042/bcj20160510.

[36] Abbas AA, Taylor LJ, Dothard MI, Leiby JS, Fitzgerald AS, Khatib LA, et al. 
Redondoviridae, a family of small, Circular DNA viruses of the human oro-
respiratory tract associated with periodontitis and critical illness. Cell Host 
Microbe 2019;25(5):719—729.e4. https://doi.org/10.1016/j. 
chom.2019.04.001.

[37] Cadwell K, Wang D. Editorial overview: the virome in health and disease. 
Curr Opin Virol 2021;49:139—41. https://doi.org/10.1016/j.coviro.2021. 
06.001.

[38] Dallari S, Heaney T, Rosas-Villegas A, Neil JA, Wong S-Y, Brown JJ, et al. 
Enteric viruses evoke broad host immune responses resembling those eli-
cited by the bacterial microbiome. Cell Host Microbe 2021;29(6): 
1014—1029.e8. https://doi.org/10.1016/j.chom.2021.03.015.

[39] Haak BW, Argelaguet R, Kinsella CM, Kullberg RFJ, Lankelma JM, Deijs M, 
et al. Integrative transkingdom analysis of the gut microbiome in antibiotic 
perturbation and critical illness. mSystems 2021;6(2). https://doi.org/ 
10.1128/msystems.01148—20.

[40] Kusakabe T, Lin W-Y, Cheong J-G, Singh G, Ravishankar A, Yeung ST, et al. 
Fungal microbiota sustains lasting immune activation of neutrophils and 
their progenitors in severe COVID-19. Nat Immunol 2023;24(11):1879—89. 
https://doi.org/10.1038/s41590-023-01637-4.

[41] The national institutes of health human microbiome project. In: Proctor LM, 
editor. Seminars in Fetal and Neonatal Medicine. Elsevier; 2016.

[42] Ruan W, Engevik MA, Spinler JK, Versalovic J. Healthy human gastrointes-
tinal microbiome: composition and function after a decade of exploration. 
Dig Dis Sci 2020;65:695—705.

[43] Huang YJ, Boushey HA. The microbiome in asthma. J Allergy Clin Immunol 
2015;135(1):25—30.

[44] Rivas MN, Crother TR, Arditi M. The microbiome in asthma. Curr Opin 
Pediatr 2016;28(6):764.

[45] Stokholm J, Blaser MJ, Thorsen J, Rasmussen MA, Waage J, Vinding RK, et al. 
Maturation of the gut microbiome and risk of asthma in childhood. Nature 
communications 2018;9(1):141.

[46] Dickerson F, Severance E, Yolken R. The microbiome, immunity, and 
schizophrenia and bipolar disorder. Brain Behavior Immunity 2017;62: 
46—52.

[47] Golofast B, Vales K. The connection between microbiome and schizo-
phrenia. Neurosci Biobehav Rev 2020;108:712—31.

[48] Szeligowski T, Yun AL, Lennox BR, Burnet PW. The gut microbiome and 
schizophrenia: the current state of the field and clinical applications. 
Frontiers in psychiatry 2020;11:156.

[49] Hill JM, Bhattacharjee S, Pogue AI, Lukiw WJ. The gastrointestinal tract micro-
biome and potential link to Alzheimer’s disease. Front Neurol 2014;5:43.

[50] MahmoudianDehkordi S, Arnold M, Nho K, Ahmad S, Jia W, Xie G, et al. 
Altered bile acid profile associates with cognitive impairment in Alz-
heimer's disease―an emerging role for gut microbiome. Alzheimer's De-
mentia 2019;15(1):76—92.

[51] Vogt NM, Kerby RL, Dill-McFarland KA, Harding SJ, Merluzzi AP, Johnson SC, 
et al. Gut microbiome alterations in Alzheimer’s disease. Scientific reports 
2017;7(1):13537.

[52] Tseng C-H, Wu C-Y. The gut microbiome in obesity. J Formosan Medi Assoc 
2019;118:S3—9. https://doi.org/10.1016/j.jfma.2018.07.009.

[53] Yang Y-J, Ni Y-H. Gut microbiota and pediatric obesity/non-alcoholic fatty 
liver disease. J Formosan Med Assoc 2019;118:S55—61. https://doi.org/ 
10.1016/j.jfma.2018.11.006.

A. Ghosh et al. / Critical Care and Resuscitation 27 (2025) 100132 13

https://doi.org/10.1186/s13613%2D021%2D00976%2D5
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref2
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref2
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref3
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref3
https://doi.org/10.1038/nrurol.2014.361
https://doi.org/10.1038/s41467%2D024%2D48819%2D8
https://doi.org/10.1038/s41467%2D024%2D48819%2D8
https://doi.org/10.1038/s41591%2D023%2D02617%2D9
https://doi.org/10.1038/s41591%2D023%2D02617%2D9
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref7
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref7
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref7
https://doi.org/10.1093/nar/gkl923
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref9
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref9
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref9
https://doi.org/10.1371/journal.pcbi.1002808
https://doi.org/10.1371/journal.pcbi.1002808
https://doi.org/10.1002/j.1538%2D7305.1948.tb01338.x
https://doi.org/10.1080/19490976.2024.2351478
https://doi.org/10.3389/fmicb.2021.796025
https://doi.org/10.1111/oik.07202
https://doi.org/10.1128/AEM.71.12.8228%2D8235.2005
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref17
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref17
https://doi.org/10.1016/j.clinmicnews.2021.04.003
https://doi.org/10.21037/jtd%2D20%2D930
https://doi.org/10.21037/jtd%2D20%2D930
https://doi.org/10.1016/j.humimm.2021.02.012
https://doi.org/10.1016/j.humimm.2021.02.012
https://doi.org/10.1038/s41576%2D020%2D0236%2Dx
https://doi.org/10.1038/s41576%2D020%2D0236%2Dx
https://doi.org/10.1038/s41592%2D022%2D01730%2Dw
https://doi.org/10.1128/AEM.00626%2D21
https://doi.org/10.1038/nrgastro.2017.97
https://doi.org/10.1038/nrgastro.2017.97
https://doi.org/10.1038/s41579%2D018%2D0029%2D9
https://doi.org/10.1016/j.trsl.2015.01.004
https://doi.org/10.3389/fvets.2022.686902
https://doi.org/10.3389/fvets.2022.686902
https://doi.org/10.1111/j.1753%2D4887.2012.00493.x
https://doi.org/10.1111/j.1753%2D4887.2012.00493.x
https://doi.org/10.1080/14767058.2018.1506760
https://doi.org/10.1007/s10482%2D020%2D01474%2D7
https://doi.org/10.1007/s10482%2D020%2D01474%2D7
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref31
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref31
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref31
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref32
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref32
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref32
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref33
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref33
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref33
https://doi.org/10.1016/s1473%2D3099%2815%2900293%2D5
https://doi.org/10.1016/s1473%2D3099%2815%2900293%2D5
https://doi.org/10.1042/bcj20160510
https://doi.org/10.1016/j.chom.2019.04.001
https://doi.org/10.1016/j.chom.2019.04.001
https://doi.org/10.1016/j.coviro.2021.06.001
https://doi.org/10.1016/j.coviro.2021.06.001
https://doi.org/10.1016/j.chom.2021.03.015
https://doi.org/10.1128/msystems.01148%26amp;ndash%3B20
https://doi.org/10.1128/msystems.01148%26amp;ndash%3B20
https://doi.org/10.1038/s41590%2D023%2D01637%2D4
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref41
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref41
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref42
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref42
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref42
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref43
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref43
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref44
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref44
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref45
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref45
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref45
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref46
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref46
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref46
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref47
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref47
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref48
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref48
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref48
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref49
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref49
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref50
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref50
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref50
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref50
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref51
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref51
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref51
https://doi.org/10.1016/j.jfma.2018.07.009
https://doi.org/10.1016/j.jfma.2018.11.006
https://doi.org/10.1016/j.jfma.2018.11.006


[54] Baothman OA, Zamzami MA, Taher I, Abubaker J, Abu-Farha M. The role of 
gut microbiota in the development of obesity and diabetes. Lipids Health 
Dis 2016;15(1):1—8.

[55] Abdellatif AM, Sarvetnick NE. Current understanding of the role of gut 
dysbiosis in type 1 diabetes. J Diabet.11(8):632—644. PubMed PMID: 
30864231.

[56] Han H, Li Y, Fang J, Liu G, Yin J, Li T, et al. Gut microbiota and Type 1 dia-
betes. Int J Mol Sci 2018;19(4):27. PubMed PMID: 29584630.

[57] Zhou H, Sun L, Zhang S, Zhao X, Gang X, Wang G. Evaluating the causal role 
of gut microbiota in Type 1 diabetes and its possible pathogenic mecha-
nisms. Front Endocrinol.11:125. PubMed PMID: 32265832.

[58] Gala AAD, Kumar H, Sedani S, Openshaw-Lawrence N, Verkuijl JM, Glo-
gowski N, et al. Alterations in the stool microbiome in newborns under-
going mild therapeutic hypothermia after hypoxic-ischemic 
encephalopathy. Dev Neurosci.44(4-5):373—383. PubMed PMID: 35139510.

[59] Panelli S, Corbella M, Gazzola A, Piralla A, Girello A, Rampelli S, et al. 
Tracking over time the developing gut microbiota in newborns admitted to 
a neonatal intensive care unit during an outbreak caused by ESBL-producing 
Klebsiella pneumoniae. New Microbiol.43(4):186—190. PubMed PMID: 
33135084.

[60] Roze JC, Ancel PY, Marchand-Martin L, Rousseau C, Montassier E, Monot C, 
et al. Assessment of neonatal intensive care unit practices and preterm 

newborn gut microbiota and 2-year neurodevelopmental outcomes. JAMA 
Network Open 2020;3(9). PubMed PMID: 632938622.

[61] Walker WA. Chapter 25 - Dysbiosis. In: Floch MH, Ringel Y, Allan Walker W, 
editors. The Microbiota in Gastrointestinal Pathophysiology. Boston: Aca-
demic Press; 2017. p. 227—32.

[62] Dickson RP. The microbiome and critical illness. Lancet Resp Med 2016;4 
(1):59—72. PubMed PMID: 26700442.

[63] Evans T, Ali U, Anderton R, Raby E, Manning L, Litton E. Lower gut dysbiosis 
and mortality in acute critical illness: a systematic review and meta-anal-
ysis. Intensive Care Med Exp. 2023;11(1):6. https://doi.org/10.1186/s40635-
022-00486-z. Epub 20230203 PubMed PMID: 36732439; PubMed Central 
PMCID: PMC9895325.

[64] Lamarche D, Johnstone J, Zytaruk N, Clarke F, Hand L, Loukov D, et al. Mi-
crobial dysbiosis and mortality during mechanical ventilation: a prospective 
observational study. Resp Res 2018;19(1):245. PubMed PMID: 30526610.

[65] Yeh A, Rogers MB, Firek B, Neal MD, Zuckerbraun BS, Morowitz MJ. Dys-
biosis across multiple body sites in critically ill adult surgical patients. 
Shock 2016;46(6):649—54. PubMed PMID: 27454385.

[66] Alverdy JC, Chang EB. The re-emerging role of the intestinal microflora in 
critical illness and inflammation: why the gut hypothesis of sepsis syn-
drome will not go away. J Leukocyte Biol 2008;83(3):461—6. PubMed PMID: 
18160538.

[67] Alverdy JC, Krezalek MA. Collapse of the microbiome, emergence of the 
pathobiome, and the immunopathology of sepsis. Crit Care Med 2017;45 
(2):337—47. PubMed PMID: 28098630.

[68] Alverdy JC, Laughlin RS, Wu L. Influence of the critically ill state on host-
pathogen interactions within the intestine: Gut-derived sepsis redefined. 
Crit Care Med 2003;31(2):598—607.

[69] Kamada N, Seo SU, Chen GY, Nú ~ nez G. Role of the gut microbiota in im-
munity and inflammatory disease. Nat Rev Immunol 2013;13(5):321—35. 
https://doi.org/10.1038/nri3430. PubMed PMID: 23618829.

[70] Taur Y, Coyte K, Schluter J, Robilotti E, Figueroa C, Gjonbalaj M, et al. 
Reconstitution of the gut microbiota of antibiotic-treated patients by 
autologous fecal microbiota transplant. Sci Transl Med 2018;10(460). 
https://doi.org/10.1126/scitranslmed.aap9489. PubMed PMID: 30257956; 
PubMed Central PMCID: PMC6468978.

[71] Schluter J, Peled JU, Taylor BP, et al. The gut microbiota is associated with 
immune cell dynamics in humans. Nature 2020;588:303—7. https://doi.org/ 
10.1038/s41586-020-2971-8.

[72] ter Horst R, Jaeger M, Smeekens SP, Oosting M, Swertz MA, Li Y, et al. Host 
and Environmental Factors Influencing Individual Human Cytokine Re-
sponses. Cell 2016;167(4):1111—1124.e13. https://doi.org/10.1016/j. 
cell.2016.10.018.

[73] Schirmer M, Smeekens SP, Vlamakis H, Jaeger M, Oosting M, Franzosa EA, 
et al. Linking the human gut microbiome to inflammatory cytokine pro-
duction capacity. Cell 2016;167(4):1125—1136.e8. https://doi.org/10.1016/ 
j.cell.2016.10.020.

[74] Schlechte J, Zucoloto AZ, Yu I-l, Doig CJ, Dunbar MJ, McCoy KD, et al. Dys-
biosis of a microbiota—immune metasystem in critical illness is associated 
with nosocomial infections. Nat Med 2023;29(4):1017—27. https://doi.org/ 
10.1038/s41591-023-02243-5.

[75] Taur Y, Xavier JB, Lipuma L, Ubeda C, Goldberg J, Gobourne A, et al. Intestinal 
domination and the risk of bacteremia in patients undergoing allogeneic 
hematopoietic stem cell transplantation. Clin Infect Dis : Off Publ Infect Dis 
Soc Am 2012;55(7):905—14. https://doi.org/10.1093/cid/cis580. Epub 
20120620 PubMed PMID: 22718773; PubMed Central PMCID: 
PMC3657523.

[76] Stoma I, Littmann ER, Peled JU, Giralt S, van den Brink MRM, Pamer EG, et al. 
Compositional flux within the intestinal microbiota and risk for blood-
stream infection with gram-negative bacteria. Clin Infect Dis: Off Publ Infect 
Dis Soc Am 2021;73(11):e4627—35. https://doi.org/10.1093/cid/ciaa068. 
PubMed PMID: 31976518; PubMed Central PMCID: PMC8662789.

[77] Bernard-Raichon L, Venzon M, Klein J, Axelrad JE, Zhang C, Sullivan AP, et al.
Gut microbiome dysbiosis in antibiotic-treated COVID-19 patients is asso-
ciated with microbial translocation and bacteremia. Nat Commun 2022;13 
(1):5926. https://doi.org/10.1038/s41467-022-33395-6. Epub 20221101 
PubMed PMID: 36319618; PubMed Central PMCID: PMC9626559.

[78] Zhai B, Ola M, Rolling T, Tosini NL, Joshowitz S, Littmann ER, et al. High-
resolution mycobiota analysis reveals dynamic intestinal translocation 
preceding invasive candidiasis. Nat Med 2020;26(1):59—64. https://doi.org/ 
10.1038/s41591-019-0709-7. Epub 20200106 PubMed PMID: 31907459; 
PubMed Central PMCID: PMC7005909.

[79] Shimizu K, Ogura H, Asahara T, Nomoto K, Matsushima A, Hayakawa K, et al.
Gut microbiota and environment in patients with major burns - a pre-
liminary report. Burns 2015;41(3):e28—33. PubMed PMID: 25465986.

[80] Shimizu K, Ogura H, Asahara T, Nomoto K, Morotomi M, Nakahori Y, et al.
Gastrointestinal dysmotility is associated with altered gut flora and septic 
mortality in patients with severe systemic inflammatory response syn-
drome: a preliminary study. Neurogastroenterol Motil 2011;23(4):330—5. 
https://doi.org/10.1111/j.1365-2982.2010.01653.x. e157. Epub 20101229 
PubMed PMID: 21199173.

[81] Shimizu K, Ogura H, Goto M, Asahara T, Nomoto K, Morotomi M, et al.
Altered gut flora and environment in patients with severe SIRS. J Trauma 
2006;60(1):126—33. https://doi.org/10.1097/01.ta.0000197374.99755.fe. 
PubMed PMID: 16456446.

[82] Yamada T, Shimizu K, Ogura H, Asahara T, Nomoto K, Yamakawa K, et al.
Rapid and sustained long-term decrease of fecal short-chain fatty acids in 
critically ill patients with systemic inflammatory response syndrome. J 
Parenteral Enteral Nutr 2015;39(5):569—77. https://doi.org/10.1177/ 
0148607114529596.

[83] Agudelo-Ochoa GM, Valdes-Duque BE, Giraldo-Giraldo NA, Jaillier-
Ramirez AM, Giraldo-Villa A, Acevedo-Castano I, et al. Gut microbiota 
profiles in critically ill patients, potential biomarkers and risk variables for 
sepsis. Gut Microbes 2020;12(1):1707610. PubMed PMID: 31924126.

[84] Zaborin A, Smith D, Garfield K, Quensen J, Shakhsheer B, Kade M, et al.
Membership and behavior of ultra-low-diversity pathogen communities 
present in the gut of humans during prolonged critical illness. mBio 2014;5 
(5):e01361, 14. PubMed PMID: 25249279.

[85] Zhang F, Wan Y, Zuo T, Yeoh YK, Liu Q, Zhang L, et al. Prolonged Impairment
of short-chain fatty acid and L-isoleucine biosynthesis in gut microbiome in 
patients with COVID-19. Gastroenterology.162(2):548—61.e4. PubMed 
PMID: 34687739.

[86] Freedberg DE, Zhou MJ, Cohen ME, Annavajhala MK, Khan S, Moscoso DI,
et al. Pathogen colonization of the gastrointestinal microbiome at inten-
sive care unit admission and risk for subsequent death or infection. 
Intensive Care Med.44(8):1203—1211. PubMed PMID: 29936583.

[87] Lankelma JM, van Vught LA, Belzer C, Schultz MJ, van der Poll T, de Vos WM,
et al. Critically ill patients demonstrate large interpersonal variation in in-
testinal microbiota dysregulation: a pilot study. Intensive Care Med.43(1): 
59—68. PubMed PMID: 27837233.

[88] McDonald D, Ackermann G, Khailova L, Baird C, Heyland D, Kozar R, et al.
Extreme dysbiosis of the microbiome in critical illness. Msphere 2016;1(4). 
Jul—Aug. PubMed PMID: 27602409.

[89] Ojima M, Motooka D, Shimizu K, Gotoh K, Shintani A, Yoshiya K, et al.
Metagenomic analysis reveals dynamic changes of whole gut microbiota in 
the acute phase of intensive care unit patients. Digest Dis Sci 2016;61(6): 
1628—34. PubMed PMID: 26715502.

[90] Hayakawa M, Asahara T, Henzan N, Murakami H, Yamamoto H, Mukai N,
et al. Dramatic changes of the gut flora immediately after severe and sudden 
insults. Digest Dis Sci.56(8):2361—2365. PubMed PMID: 21384123.

[91] Cook D, Deane A, Lauzier F, Zytaruk N, Guyatt G, Saunders L, et al. Stress
ulcer prophylaxis during invasive mechanical ventilation. New Engl J Med 
2024;391(1):9—20. https://doi.org/10.1056/NEJMoa2404245. Epub 
20240614 PubMed PMID: 38875111.

[92] Hayakawa M, Asahara T, Henzan N, Murakami H, Yamamoto H, Mukai N,
et al. Dramatic changes of the gut flora immediately after severe and sudden 
insults. Digest Dis Sci 2011;56(8):2361—5. PubMed PMID: 51309598.

[93] Ravi A, Halstead FD, Bamford A, Casey A, Thomson NM, van Schaik W, et al.
Loss of microbial diversity and pathogen domination of the gut microbiota 
in critically ill patients. Microb Genom 2019;5(9). https://doi.org/10.1099/ 
mgen.0.000293. Epub 20190911 PubMed PMID: 31526447; PubMed Central 
PMCID: PMC6807385.

[94] Magnan C, Lancry T, Salipante F, Trusson R, Dunyach-Remy C, Roger C, et al.
Role of gut microbiota and bacterial translocation in acute intestinal injury 
and mortality in patients admitted in ICU for septic shock. Front Cell Infect 
Microbiol 2023;13:1330900. https://doi.org/10.3389/fcimb.2023.1330900. 
PubMed PMID: 38179421.

[95] Freedberg DE, Zhou MJ, Cohen ME, Annavajhala MK, Khan S, Moscoso DI,
et al. Pathogen colonization of the gastrointestinal microbiome at intensive 
care unit admission and risk for subsequent death or infection. Intensive 
Care Med 2018;44(8):1203—11. PubMed PMID: 29936583.

[96] Iapichino G, Callegari ML, Marzorati S, Cigada M, Corbella D, Ferrari S, et al.
Impact of antibiotics on the gut microbiota of critically ill patients. Journal 
of Medical Microbiology 2008;57(8):1007—14. PubMed PMID: 352230728.

[97] Aardema H, Lisotto P, Kurilshikov A, Diepeveen JRJ, Friedrich AW, Sinha B,
et al. Marked changes in gut microbiota in cardio-surgical intensive care

A. Ghosh et al. / Critical Care and Resuscitation 27 (2025) 10013214 

http://refhub.elsevier.com/S1441-2772(25)00036-5/sref54
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref54
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref54
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref56
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref56
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref60
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref60
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref60
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref60
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref61
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref61
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref61
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref62
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref62
https://doi.org/10.1186/s40635%2D022%2D00486%2Dz
https://doi.org/10.1186/s40635%2D022%2D00486%2Dz
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref64
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref64
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref64
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref65
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref65
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref65
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref66
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref66
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref66
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref66
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref67
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref67
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref67
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref68
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref68
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref68
https://doi.org/10.1038/nri3430
https://doi.org/10.1126/scitranslmed.aap9489
https://doi.org/10.1038/s41586%2D020%2D2971%2D8
https://doi.org/10.1038/s41586%2D020%2D2971%2D8
https://doi.org/10.1016/j.cell.2016.10.018
https://doi.org/10.1016/j.cell.2016.10.018
https://doi.org/10.1016/j.cell.2016.10.020
https://doi.org/10.1016/j.cell.2016.10.020
https://doi.org/10.1038/s41591%2D023%2D02243%2D5
https://doi.org/10.1038/s41591%2D023%2D02243%2D5
https://doi.org/10.1093/cid/cis580
https://doi.org/10.1093/cid/ciaa068
https://doi.org/10.1038/s41467%2D022%2D33395%2D6
https://doi.org/10.1038/s41591%2D019%2D0709%2D7
https://doi.org/10.1038/s41591%2D019%2D0709%2D7
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref79
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref79
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref79
https://doi.org/10.1111/j.1365%2D2982.2010.01653.x
https://doi.org/10.1097/01.ta.0000197374.99755.fe
https://doi.org/10.1177/0148607114529596
https://doi.org/10.1177/0148607114529596
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref83
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref83
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref83
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref83
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref84
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref84
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref84
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref84
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref88
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref88
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref88
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref89
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref89
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref89
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref89
https://doi.org/10.1056/NEJMoa2404245
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref92
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref92
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref92
https://doi.org/10.1099/mgen.0.000293
https://doi.org/10.1099/mgen.0.000293
https://doi.org/10.3389/fcimb.2023.1330900
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref95
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref95
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref95
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref95
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref96
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref96
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref96
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref97
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref97


patients: a longitudinal cohort study. Front Cell Infect Microbiol 2019;9: 
467. PubMed PMID: 32010644.

[98] Salameh TJ, Roth K, Schultz L, Ma Z, Bonavia AS, Broach JR, et al. Gut 
microbiome dynamics and associations with mortality in critically ill pa-
tients. Gut Pathogens 2023;15(1):66. https://doi.org/10.1186/s13099-023-
00567-8.

[99] Dalile B, Van Oudenhove L, Vervliet B, Verbeke K. The role of short-chain 
fatty acids in microbiota-gut-brain communication. Nature Rev Gastro-
enterol Hepatol 2019;16(8):461—78. https://doi.org/10.1038/s41575-019-
0157-3. PubMed PMID: 31123355.

[100] Priyadarshini M, Kotlo KU, Dudeja PK, Layden BT. Role of short chain fatty 
acid receptors in intestinal physiology and pathophysiology. Compr Physiol 
2018;8(3):1091—115. https://doi.org/10.1002/cphy.c170050. Epub 2018 
0618 PubMed PMID: 29978895; PubMed Central PMCID: PMC6058973.

[101] Deane AM, Chapman MJ, Fraser RJ, Summers MJ, Zaknic AV, Storey JP, et al. 
Effects of exogenous glucagon-like peptide-1 on gastric emptying and 
glucose absorption in the critically ill: relationship to glycemia. Crit Care 
Med 2010;38(5):1261—9. https://doi.org/10.1097/CCM.0b013e3181d9d87a. 
PubMed PMID: 20228679.

[102] Shimizu K, Yamada T, Ogura H, Mohri T, Kiguchi T, Fujimi S, et al. Syn-
biotics modulate gut microbiota and reduce enteritis and ventilator-
associated pneumonia in patients with sepsis: a randomized controlled 
trial. Crit Care (London, England) 2018;22(1):239. PubMed PMID: 
30261905.

[103] Vald � es-Duque BE, Giraldo-Giraldo NA, Jaillier-Ramírez AM, Giraldo-Villa A,
Acevedo-Casta~ no I, Yepes-Molina MA, et al. Stool Short-Chain Fatty Acids in
Critically Ill Patients with Sepsis. J Am Coll Nutr 2020;39(8):706—12. 
https://doi.org/10.1080/07315724.2020.1727379. Epub 20200312 PubMed 
PMID: 32163012.

[104] Hay T, Bellomo R, Rechnitzer T, See E, Ali Abdelhamid Y, Deane AM. Con-
stipation, diarrhea, and prophylactic laxative bowel regimens in the criti-
cally ill: A systematic review and meta-analysis. J Crit Care 2019;52: 
242—50. https://doi.org/10.1016/j.jcrc.2019.01.004. Epub 20190110 
PubMed PMID: 30665795.

[105] Vogt JA, Wolever TM. Fecal acetate is inversely related to acetate absorption 
from the human rectum and distal colon. J Nutr 2003;133(10):3145—8. 
https://doi.org/10.1093/jn/133.10.3145. PubMed PMID: 14519799.

[106] Vinelli V, Biscotti P, Martini D, Del Bo C, Marino M, Merono T, et al. Effects of 
dietary fibers on short-chain fatty acids and gut microbiota composition in 
healthy adults: a systematic review. Nutrients 2022;14(13):21. PubMed 
PMID: 35807739.

[107] McClave SA, Omer E, Eisa M, Klosterbauer A, Lowen CC, Martindale RG. The 
importance of providing dietary fiber in medical and surgical critical care. 
Nutr Clin Pract 2024;39(3):546—56. https://doi.org/10.1002/ncp.11092. 
Epub 20231110 PubMed PMID: 37947011.

[108] Park H, Lynch E, Tillman A, Lewis K, Jin Z, Uhlemann AC, et al. A phase 2 
randomized, placebo-controlled trial of inulin for the prevention of gut 
pathogen colonization and infection among patients admitted to the 
intensive care unit for sepsis. Crit Care (London, England) 2025;29(1):21. 
PubMed PMID: 39806400.

[109] Kim SK, Guevarra RB, Kim YT, Kwon J, Kim H, Cho JH, et al. Role of probiotics 
in human gut microbiome-associated diseases. J Microbiol Biotechnol 
2019;29(9):1335—40. https://doi.org/10.4014/jmb.1906.06064. PubMed 
PMID: 31434172.

[110] Litton E, Anstey M, Broadhurst D, Chapman A, Currie A, Ferrier J, et al. Early 
and sustained Lactobacillus plantarum probiotic therapy in critical illness: 
the randomised, placebo-controlled, restoration of gut microflora in critical 
illness trial (ROCIT). Intensive Care Med 2021;47(3):307—15. https://doi. 
org/10.1007/s00134-020-06322-w. Epub 20210210 Epub 20210210 
PubMed PMID: 33566129; PubMed Central PMCID: PMC7873510.

[111] Swanson KS, Gibson GR, Hutkins R, Reimer RA, Reid G, Verbeke K, et al. The 
International Scientific Association for Probiotics and Prebiotics (ISAPP) 
consensus statement on the definition and scope of synbiotics. Nat Rev 
Gastroenterol Hepatol 2020;17(11):687—701. https://doi.org/10.1038/ 
s41575-020-0344-2. Epub 20200821 PubMed PMID: 32826966; PubMed 
Central PMCID: PMC7581511.

[112] Bengmark S. Pre-, pro- and synbiotics. Curr Opin Clin Nutr Metabo Care 
2001;4(6):571—9.

[113] Bengmark S. Gut microbial ecology in critical illness: Is there a role for 
prebiotics, probiotics, and synbiotics? Curr Opin Crit Care 2002;8(2): 
145—51. PubMed PMID: 36132685.

[114] Davison JM, Wischmeyer PE. Probiotic and synbiotic therapy in the critically 
ill: state of the art. Nutrition.59:29—36. PubMed PMID: 30415160.

[115] Vehreschild MJGT, Ducher A, Louie T, Cornely OA, Feger C, Dane A, et al. An 
open randomized multicentre Phase 2 trial to assess the safety of DAV132 
and its efficacy to protect gut microbiota diversity in hospitalized patients 
treated with fluoroquinolones. J Antimicrobial Chemotherapy 2022;77(4): 
1155—65. https://doi.org/10.1093/jac/dkab474.

[116] Ghosh AN, Walsh CJ, Maiden MJ, Stinear TP, Deane AM. Effect of dietary 
fibre on the gastrointestinal microbiota during critical illness: a scoping 
review. World J Crit Care Med 2025;14(1):98241. https://doi.org/10.5492/

wjccm.v14.i1.98241. Epub 20250309 PubMed PMID: 40060735; PubMed 
Central PMCID: PMC11671841.

[117] Quraishi MN, Widlak M, Bhala N, Moore D, Price M, Sharma N, et al. Sys-
tematic review with meta-analysis: the efficacy of faecal microbiota 
transplantation for the treatment of recurrent and refractory Clostridium 

difficile infection. Aliment Pharmacol Therapeut 2017;46(5):479—93. 
https://doi.org/10.1111/apt.14201.

[118] Keskey R, Cone JT, DeFazio JR, Alverdy JC. The use of fecal microbiota 
transplant in sepsis. Transl Res 2020;226:12—25. https://doi.org/10.1016/j. 
trsl.2020.07.002. Epub 20200707 PubMed PMID: 32649987; PubMed Cen-
tral PMCID: PMC7572598.

[119] McClave SA, Patel J, Bhutiani N. Should fecal microbial transplantation be 
used in the ICU? Curr Opin Crit Care 2018;24(2):105—11. https://doi.org/ 
10.1097/mcc.0000000000000489. PubMed PMID: 29432297.

[120] Manning L. Restoration of gut microbiota in Persistent Critical illness pa-
tients using Faecal Microbiota Transplantation (The ROCIT-FMT Trial): a 
pilot phase I/II trial 2024 [cited 2024 26 Nov]. Available from: https://www. 
anzctr.org.au/Trial/Registration/TrialReview.aspx?id=386383.

[121] Klingensmith NJ, Coopersmith CM. Fecal microbiota transplantation for 
multiple organ dysfunction syndrome. Crit Care (London, England) 2016;20 
(1):398. PubMed PMID: 27989233.

[122] Berg RD. The indigenous gastrointestinal microflora. Trends Microbiol 
1996;4(11):430—5. https://doi.org/10.1016/0966-842x(96)10057-3. 
PubMed PMID: 8950812.

[123] Savage DC. Microbial ecology of the gastrointestinal tract. Annu Rev 
Microbiol 1977;31:107—33. https://doi.org/10.1146/annurev. 
mi.31.100177.000543. PubMed PMID: 334036.

[124] Evans T, Litton E. Letter to the editor: “The human gut microbiome in 
critical illness: disruptions, consequences, and therapeutic frontiers”. 
Journal of critical care 2024;82:154768. https://doi.org/10.1016/j. 
jcrc.2024.154768.

[125] Hammond NE, Myburgh J, Seppelt I, Garside T, Vlok R, Mahendran S, et al. 
Association between selective decontamination of the digestive tract and 
in-hospital mortality in intensive care unit patients receiving mechanical 
ventilation: a systematic review and meta-analysis. JAMA: J Ame Med Assoc 
2022;328(19):1922—34. https://doi.org/10.1001/jama.2022.19709.

[126] Plantinga NL, de Smet AMGA, Oostdijk EAN, de Jonge E, Camus C, 
Krueger WA, et al. Selective digestive and oropharyngeal decontamination 
in medical and surgical ICU patients: individual patient data meta-analysis. 
Clin Microbiol Infect 2018;24(5):505—13. https://doi.org/10.1016/j. 
cmi.2017.08.019.

[127] Li C, Liu L, Gao Z, Zhang J, Chen H, Ma S, et al. Synbiotic therapy prevents 
nosocomial infection in critically ill adult patients: a systematic review and 
network meta-analysis of randomized controlled trials based on a bayesian 
framework. Front Med 2021;8. https://doi.org/10.3389/fmed.2021.693188.

[128] Lou J, Cui S, Huang N, Jin G, Chen C, Fan Y, et al. Efficacy of probiotics or 
synbiotics in critically ill patients: a systematic review and meta-analysis. 
Clin Nut ESPEN 2024;59:48—62. https://doi.org/10.1016/j.clnesp.2023. 
11.003.

[129] Wang K, Zeng Q, Li K-x, Wang Y, Wang L, Sun M-w, et al. Efficacy of pro-
biotics or synbiotics for critically ill adult patients: a systematic review and 
meta-analysis of randomized controlled trials. Burns Trauma 2022;10. 
https://doi.org/10.1093/burnst/tkac004.

[130] Li Q, Wang C, Tang C, He Q, Zhao X, Li N, et al. Therapeutic modulation and 
reestablishment of the intestinal microbiota with fecal microbiota trans-
plantation resolves sepsis and diarrhea in a patient. Am J Gastroenterol 
2014;109(11):1832—4. https://doi.org/10.1038/ajg.2014.299. PubMed 
PMID: 25373588.

[131] Li Q, Wang C, Tang C, He Q, Zhao X, Li N, et al. Successful treatment of severe 
sepsis and diarrhea after vagotomy utilizing fecal microbiota trans-
plantation: a case report. Crit Care 2015;19(1):37. https://doi.org/10.1186/ 
s13054-015-0738-7. Epub 20150209 PubMed PMID: 25881250; PubMed 
Central PMCID: PMC4346118.

[132] Limketkai BN, Hendler S, Ting P-s, Parian AM. Fecal microbiota trans-
plantation for the critically ill patient. Nutr Clin Pract 2019;34(1):73—9. 
https://doi.org/10.1002/ncp.10228.

[133] Wei Y, Yang J, Wang J, Yang Y, Huang J, Gong H, et al. Successful treatment with 
fecal microbiota transplantation in patients with multiple organ dysfunction 
syndrome and diarrhea following severe sepsis. Crit Care 2016;20(1):332. 
https://doi.org/10.1186/s13054-016-1491-2. Epub 20161018 PubMed PMID: 
27751177; PubMed Central PMCID: PMC5067912.

[134] Wurm P, Spindelboeck W, Krause R, Plank J, Fuchs G, Bashir M, et al. 
Antibiotic-associated apoptotic enterocolitis in the absence of a defined 
pathogen: the role of intestinal microbiota depletion. Crit Care Med 
2017;45(6):e600—6. https://doi.org/10.1097/ccm.0000000000002310. 
PubMed PMID: 28333760; PubMed Central PMCID: PMC5432091.

[135] Bharucha T, Oeser C, Balloux F, Brown JR, Carbo EC, Charlett A, et al. 
STROBE-metagenomics: a STROBE extension statement to guide the 
reporting of metagenomics studies. Lancet Infect Dis 2020;20(10):e251—60. 
https://doi.org/10.1016/s1473-3099(20)30199-7. Epub 20200805 PubMed 
PMID: 32768390; PubMed Central PMCID: PMC7406238.

A. Ghosh et al. / Critical Care and Resuscitation 27 (2025) 100132 15

http://refhub.elsevier.com/S1441-2772(25)00036-5/sref97
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref97
https://doi.org/10.1186/s13099%2D023%2D00567%2D8
https://doi.org/10.1186/s13099%2D023%2D00567%2D8
https://doi.org/10.1038/s41575%2D019%2D0157%2D3
https://doi.org/10.1038/s41575%2D019%2D0157%2D3
https://doi.org/10.1002/cphy.c170050
https://doi.org/10.1097/CCM.0b013e3181d9d87a
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref102
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref102
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref102
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref102
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref102
https://doi.org/10.1080/07315724.2020.1727379
https://doi.org/10.1016/j.jcrc.2019.01.004
https://doi.org/10.1093/jn/133.10.3145
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref106
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref106
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref106
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref106
https://doi.org/10.1002/ncp.11092
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref108
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref108
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref108
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref108
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref108
https://doi.org/10.4014/jmb.1906.06064
https://doi.org/10.1007/s00134%2D020%2D06322%2Dw
https://doi.org/10.1007/s00134%2D020%2D06322%2Dw
https://doi.org/10.1038/s41575%2D020%2D0344%2D2
https://doi.org/10.1038/s41575%2D020%2D0344%2D2
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref112
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref112
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref113
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref113
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref113
https://doi.org/10.1093/jac/dkab474
https://doi.org/10.5492/wjccm.v14.i1.98241
https://doi.org/10.5492/wjccm.v14.i1.98241
https://doi.org/10.1111/apt.14201
https://doi.org/10.1016/j.trsl.2020.07.002
https://doi.org/10.1016/j.trsl.2020.07.002
https://doi.org/10.1097/mcc.0000000000000489
https://doi.org/10.1097/mcc.0000000000000489
https://www.anzctr.org.au/Trial/Registration/TrialReview.aspx?id=386383
https://www.anzctr.org.au/Trial/Registration/TrialReview.aspx?id=386383
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref121
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref121
http://refhub.elsevier.com/S1441-2772(25)00036-5/sref121
https://doi.org/10.1016/0966%2D842x%2896%2910057%2D3
https://doi.org/10.1146/annurev.mi.31.100177.000543
https://doi.org/10.1146/annurev.mi.31.100177.000543
https://doi.org/10.1016/j.jcrc.2024.154768
https://doi.org/10.1016/j.jcrc.2024.154768
https://doi.org/10.1001/jama.2022.19709
https://doi.org/10.1016/j.cmi.2017.08.019
https://doi.org/10.1016/j.cmi.2017.08.019
https://doi.org/10.3389/fmed.2021.693188
https://doi.org/10.1016/j.clnesp.2023.11.003
https://doi.org/10.1016/j.clnesp.2023.11.003
https://doi.org/10.1093/burnst/tkac004
https://doi.org/10.1038/ajg.2014.299
https://doi.org/10.1186/s13054%2D015%2D0738%2D7
https://doi.org/10.1186/s13054%2D015%2D0738%2D7
https://doi.org/10.1002/ncp.10228
https://doi.org/10.1186/s13054%2D016%2D1491%2D2
https://doi.org/10.1097/ccm.0000000000002310
https://doi.org/10.1016/s1473%2D3099%2820%2930199%2D7

	The gastrointestinal microbiome in critical illness: A Clinician's guide to mechanisms, emerging tools, and therapeutic que ...
	1. Introduction
	2. Methods
	3. Definitions
	4. Analysis of the microbiome
	5. The gastrointestinal microbiome in health
	6. The gastrointestinal microbiome in chronic diseases
	7. The gastrointestinal microbiome during critical illness
	7.1. Dysbiosis during critical illness
	7.2. Immune dysregulation associated with dysbiosis
	7.3. Importance of disease severity
	7.4. Loss of diversity and richness and pathogen enrichment
	7.5. Timing of samples
	7.6. Dysbiosis over time

	8. Relationship between GI microbial diversity, critical illness, and outcomes
	9. Relation between faecal short chain fatty acids and critical illness
	10. Therapies to modify the gastrointestinal microbiota during critical illness
	11. Future directions
	12. Conclusion
	aclink7
	flink13
	flink14
	flink15
	flink16
	flink17
	References


