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The gut microbiota is a complex ecosystem encompass-
ing all bacteria, fungi, archaea, viruses, and protozoa that
colonize the intestinal tract, reaching in healthy humans
an estimated total of 3.10'> microorganisms that roughly
equals the number of host cells [1]. Bacterial commensals
are divided up into seven main phyla that are physiologi-
cally dominated by Firmicutes and Bacteroidetes (Fig. 1),
although their richness and diversity may exhibit sub-
stantial inter- as intra-individual variations depending on
genetic, dietary, and environmental factors [2]. Several
host-benefic functions have been linked to a “normal” gut
microbiota and its symbiotic relationship with the intesti-
nal mucosa, including contributions to hormonal homeo-
stasis, carbohydrate and biliary acid metabolism, vitamin
synthesis, anti-inflammatory pathways, and immune reg-
ulation [3]. Of note, most enteric bacteria are uncultur-
able or exclusively grow under strict anaerobic conditions
that are very demanding to achieve in experimental labo-
ratories, which justifies the need for non-culture-based
assays and bioinformatics to investigate the composi-
tion of this microbial community. Two main methods
based on nucleic acid sequencing are currently available.
The first one is 16S profiling, which relies on PCR-based
amplification and sequencing of a fraction of the bacterial
ubiquitous 16S rRNA-encoding gene. This approach is
simple and cheap—Iless than 100 USD per sample; how-
ever, bacterial identifications are often limited to high
taxonomic levels. The second one, referred to as shot-
gun metagenomics, consists in sequencing the whole
DNA of a given sample without prior amplification. This
method allows more accurate taxonomic assignments
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(down to species level, including for non-bacterial com-
ponents of the microbiota) while providing information
on resistance or virulence genes content. Yet, associated
costs—more than 300 USD per sample—and the complex
data analyses that it requires hamper the use of shotgun
metagenomics in large clinical studies.

Intestinal dysbiosis could be defined as an altered dia-
logue between enteric bacteria and the host’s cells due to
disrupted microbiota diversity, usually associated with
the dominance of a given taxon. Over the past decade,
convincing evidence has emerged to support a promot-
ing role for intestinal dysbiosis in the pathogenesis of
diverse conditions such as metabolic diseases, autoim-
munity, inflammatory bowel diseases, neurocognitive
impairment, or neoplasms [3]. More recently, several
studies have shed light on the functions and architectural
shifts of this ecosystem in the specific context of critical
illness. Indeed, a variety of both exogenous and patient-
related factors may lead to ICU-acquired dysbiosis, with
antimicrobial exposure, use of proton pump inhibitors or
depressors of gastrointestinal transit (e.g., opioids), arti-
ficial nutrition, sepsis, shock, or bowel ischemia being
examples among others [4]. These, along with differ-
ences in baseline features, imply that two patients can-
not harbor the same microbiota at a given time of their
ICU stay. Overall, loss of diversity is commonly observed
and may combine a deep depletion or even the complete
disappearance of potential “health-promoting” com-
mensal genus (e.g., Faecalibacterium, Ruminococcus, or
Pseudobutyrivibrio) and the overgrowth of a pathogenic
and normally sub-dominant taxon (e.g., Enterococcus or
Enterobacteriaceae) [5-7]. Still, whether intestinal dysbi-
osis is an independent predictor of poor outcome rather
than a mere surrogate marker of severity or prolonged
stay remains somewhat speculative owing to inter-study
discrepancies in terms of case-mix, prior antimicrobial
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Firmicutes: Clostridium, Lactobacillus, Enterococcus, Streptococcus
Bacteroidetes: Bacteroides, Prevotella

Proteobacteria: Enterobacteriaceae, Pseudomonas, Acinetobacter
Actinobacteria: Corynebacterium, Actinomyces, Bifidobacterium

Verrucomicrobia: Akkermansia

Euryarcheota: not bacteria but Archeae .

Fusobacteria: Fusobacterium

Fig. 1 Box plot representation of the seven most abundant bacterial and archeal phyla (with examples of genera) of
the human intestinal microbiota: subjects without recent antibiotic exposure and ICU patients. Data from subjects
without recent antibiotic exposure were extracted from the genus profile table accessible at http://meta.genom
ics.cn/meta/dataTools (1267 samples from Danish, Spanish, American, and Chinese subjects) [2]. Data from ICU
patients were obtained from Lankelma et al. [5]. Relative abundance refers to the ratio between the number of
reads assigned to the phylum and the total number of reads obtained after sequencing. The y-axis scale is log10-

scaled for clarity

ICU patients (n=34)

exposure in enrolled patients, timing of stool sampling
during the ICU stay, and analytical methods. That most
of studies were conducted in ICUs implementing rou-
tine selective digestive decontamination further compli-
cates the interpretation of available data. Nonetheless,
dysbiosis could impair gut barrier functions and worsen
post-aggressive immunosuppression, thereby easing the
occurrence of ICU-acquired sepsis and protracted multi-
organ failure [4]. Also, experimental models suggest that
the composition of the gut ecosystem might modulate
the risk of complications such as acute respiratory dis-
tress syndrome [8], ischemia/reperfusion-related acute
kidney injury [9], or sepsis-induced muscle wasting [10].
Another key point is that resident anaerobes have the
capacity to prevent intestinal colonization with exog-
enous microorganisms via indirect mechanisms such as

competition for nutrient intake or induction of a targeted
immune response [11]. Interestingly, certain commen-
sals may exert species-specific colonization resistance:
Clostridium bolteae and Blautia producta act synergisti-
cally to prevent the acquisition of vancomycin-resistant
enterococci (VRE) [12]; colonization with Clostridium
scindens appears to protect from Clostridium difficile
infection [13]; while members of the Desulfovibrio, Oscil-
lospira, Parabacteroides, or Coprococcus genera have
been associated with the absence of carriage of extended-
spectrum beta-lactamase-producing Escherichia coli
[14]. Of note, both 16S profiling and shotgun metagen-
omics only address the dominant fraction of the micro-
biota and, therefore, do not detect pathogens unless their
relative fecal abundance increases sharply, most often
following antimicrobial exposure. Whether the intestinal
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dominance of a given pathogen predisposes to subse-
quent infections due to the same bacteria is likely but had
not been previously investigated in ICU patients [15].

The paper by Freedberg et al. [16] in this issue of Inten-
sive Care Medicine provides novel insights to appraise
how the characteristics of the gut microbiota upon ICU
admission may predict death or subsequent infection in
critically ill patients. A total of 301 patients were prospec-
tively included in this single-ICU study. Rectal swabs were
collected at admission, selectively cultured for VRE, and
exploited for microbiota analyses through 16S profiling.
Patients were followed for 30 days for death or culture-
proven bacterial infection, these events occurring in 25%
and 41% of patients, respectively. Pneumonia and blood-
stream infections accounted for most of the ICU-acquired
infections. After adjustment on illness severity, VRE colo-
nization and Enterococcus dominance (30% and 15% of
patients, respectively) were both associated with death or
all-cause infection [adjusted hazard ratio (aHR) 1.46, 95%
confidence interval (CI) CI 1.06-2.00, and aHR 1.47, 95%
CI 1.00-2.19, respectively]. Among those without VRE
colonization, Enterococcus domination was also associated
with excess risk of death or infection (aHR 2.13, 95% CI
1.05-4.29). Similar results were observed when address-
ing death and all-cause infections separately. Imported
carriage of pathogens such as E. coli, Pseudomonas spp.,
Klebsiella spp., and C. difficile was predictive of sub-
sequent infection due to the same bacteria (as already
demonstrated in culture-based studies), while VRE coloni-
zation—but not Enterococcus dominance—was associated
with subsequent Enterococcus infection. It is noteworthy
that overall diversity and richness of the gut microbiota at
admission were not predictive of negative outcomes.

An important limitation of Freedberg’s work is that
analyses were restrained to rectal samples obtained
at admission. Further studies should assess temporal
changes in microbiome composition during the ICU
stay and their impact on mortality or the risk of health-
care-associated infections. The lack of data regard-
ing antibiotic exposure prior to ICU admission and the
adjustment limited to baseline characteristics represent
other significant limitations for interpretation of find-
ings. This study, however, further supports the potential
link between intestinal traits and outcomes. Although
high-throughput sequencing tools will not be available
at the bedside for the fine-tuning of empirical therapy
in the near future, whether pathogen dominance may
predict subsequent healthcare-associated infection war-
rants further investigations in critical care environments
with different ecological issues (e.g., multidrug-resistant
Gram-negative bacteria). Overall, these new-generation
approaches open a wide field for future research focused
on interventions that could harm (e.g., antimicrobials

with biliary excretion and/or anti-anaerobe activity, or
selective digestive decontamination), protect (e.g., anti-
microbial stewardship initiatives or orally administered
antimicrobial-adsorbing charcoals), or restore (e.g., pro-
biotics or fecal microbiota transplantation) the gut eco-
system during critical illnesses [17-19].
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