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Take-home message

This systematic review provides the first comprehensive synthesis of longitudinal sequencing studies that describe how the gut microbiome changes during critical illness, showing
a loss of diversity and an expansion of pathogenic taxa, such as Enterococcus and Klebsiella. These dysbiotic changes are associated with higher mortality and underscore the need
for standardized microbiome research to guide future intensive care unit interventions and improve outcomes.

ABSTRACT

Objective: Critical illness profoundly alters the gut
microbiome, yet its temporal evolution and clinical relevance
remain unclear. This systematic review aimed to synthesize
evidence from longitudinal sequencing studies describing gut
microbiome changes in critically ill adults and their association
with clinical outcomes.

Methods: We systematically searched MEDLINE?®, Scopus,
and Cochrane CENTRAL from inception to May 2025 for
longitudinal observational studies analyzing gastrointestinal
samples by sequencing in adult critically ill patients at
> 2 times points. Extracted data included study and
patient characteristics, as well as microbiome outcomes,
including alpha and beta diversity metrics and taxonomic
abundance profiles. Due to heterogeneity, we undertook
a structured descriptive synthesis: alpha diversity results
were grouped by trajectory and compared across intensive
care unit populations; beta diversity findings were tabulated
and narratively synthesized; and reported associations with
mortality and multidrug-resistant organism colonization

were summarized narratively. Risk of bias was assessed with
RoBANS 2, and certainty of evidence with GRADE.

Results: Thirty-six studies comprising 2,067 critically ill
adults were included. Most used 16S rRNA sequencing

targeting the V4 region. A decline in alpha diversity was
reported in 18 out of 31 studies, while 8 found no change
and 4 mixed patterns. Beta diversity shifts over time were
reported in 11 studies. Taxonomic analyses consistently
revealed the expansion of opportunistic taxa such as
Enterococcus, Klebsiella, and other Enterobacteriaceae,
alongside the depletion of obligate anaerobes, including
Blautia, Coprococcus, and Faecalibacterium. Early low
diversity and pathogen-dominated microbiomes were
associated with increased mortality. Associations with
multidrug-resistant organism colonization were inconsistent.
Certainty of evidence (GRADE) for all outcomes was rated
very low due to heterogeneity and imprecision.

Conclusion: Longitudinal sequencing studies demonstrate
progressive loss of microbial diversity and enrichment
of pathogenic taxa during critical illness. These shifts,
particularly Enterococcus and Klebsiella overgrowth,
correlate with adverse outcomes and may reflect the
combined effects of antibiotics, disease severity, and critical
care interventions. Standardized sampling, sequencing, and
reporting protocols are needed to enable meta-analytic
synthesis and guide microbiome-targeted interventions in
the intensive care unit.
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INTRODUCTION

Critical illness exerts multiple pressures on the gut
microbiome; antibiotics, altered nutrition, reduced motility,
and immune dysfunction drive microbial shifts."¥ The gut
ecosystem is disrupted, leading to dysbiosis, characterized by
loss of microbial diversity, expansion of pathobionts* and
increased clinical risk. The gut microbiome normally prevents
overgrowth of antibiotic-resistant organisms.” When its barrier
is lost, the gastrointestinal tract can become a reservoir
of potential pathogens, including multidrug-resistant
Enterococcus and Klebsiella. These organisms translocate
across the compromised gut barrier or seed distant sites,
thereby increasing the risk of nosocomial infections.”®
Antibiotic use, while life-saving, may accelerate loss of
diversity and promote selective expansion of resistant taxa,
creating a cycle of dysbiosis and infection risk within the
intensive care unit (ICU) environment.®'?

Recent research has supported the notion that temporal loss of
microbial diversity may be associated with nosocomial infections,
sepsis, and mortality.*'>'% Previous reviews"'® have summarized
cross-sectional or mixed designs, but none have systematically
assessed changes across multiple time points. Traditional
culture methods fail to capture the full extent of temporal shifts
because many gut microbes are predominantly anaerobic and
unculturable."” Sequencing-based approaches, particularly 16S
rRNA gene and shotgun metagenomics, have enabled a deeper
understanding of gut microbial dynamics in the ICU setting.*5!?
With this review, we attempt to address this gap by focusing
exclusively on longitudinal sequencing studies.

This systematic review aims to synthesize evidence from
longitudinal sequencing studies describing gut microbiome
changes in critically ill adults and their association with
clinical outcomes.

METHODS

Search strategy

This systematic review was prospectively registered
with a publicly available protocol in PROSPERO
(CRD420251044457) and conducted according to
Preferred Reporting Items for Systematic reviews and
Meta-Analyses (PRISMA) guidelines.?” A search was conducted
across MEDLINE®/PubMed”, Scopus, and the Cochrane Central
Register of Controlled Trials (CENTRAL) up to 26th May
2025. The search included combinations of keywords related to
gut microbiome, critical illness, and sequencing methods. Full
search strategjes are detailed in table 1S (Supplementary Material).
Reference lists in full-text reports were also screened.
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Inclusion criteria

— Population: studies recruiting adult patients (> 18 years)
admitted to intensive care units were included.

— Study design: longitudinal, observational,
non-randomized studies were included.

— Methods: only studies using sequencing methods
in gastrointestinal samples (stool, rectal swabs, or
gastric aspirates) were included.

— Sampling: studies with multiple successive sampling
timepoints (> 2) during ICU stay were included.

— Language restrictions: only studies published in languages
understood by the review team (English, French, German,
Spanish, Italian, Dutch, Greek) were included.

Exclusion criteria

— Population: studies with pediatric and perioperative
patients with no defined ICU stay were excluded.

— Study design and type: studies without microbiome
data, studies not using sequencing methods to assess
the gut microbiome, and cross-sectional studies (studies
with only one time point during the ICU stay) were
excluded. Interventional studies, reviews, editorials,
case reports, animal studies, 77 vitro studies, abstract-
only studies, and conference abstracts were excluded.

— Sample size: studies with five patients or fewer were
excluded.

Screening, risk of bias, and data extraction

The “PICO Portal” platform was used for removing
duplicates, screening abstracts, and full-text records.®”
Two reviewers independently screened abstracts and
full-text reports, while differences were resolved through
consensus. Two reviewers independently performed data
extraction and risk-of-bias assessment. Discrepancies
were resolved by discussion. We extracted study
characteristics (country, design, sample type, number
and timing of samples, sequencing platform and target
region, bioinformatic pipeline, diversity metrics), patient
characteristics (age, ICU population, illness severity),
baseline patient factors (antibiotic exposure, enteral nutrition,
immunocompromised status, gastrointestinal comorbidities)
and microbiome outcomes, including changes in alpha
and beta diversity, shifts in taxonomic composition, and
associations with mortality and multidrug-resistant organism

(MDRO) colonization.


http://criticalcarescience.org.br/content/imagebank/pdf/2965-2774-ccsci-38-e20260392-Mat-suppl.pdf
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We used the “RoBANS 2 tool” @ for non-randomized
studies to assess risk of bias across eight domains related to gut
microbiome changes in diversity and pathogen abundance.
Two reviewers independently evaluated the certainty of
evidence using the Grading of Recommendations Assessment,
Development and Evaluation (GRADE).* Because all studies
were observational cohorts, certainty ratings started at low.

Analysis

A meta-analysis was not planned due to expected
heterogeneity in study methods. We undertook a structured
descriptive synthesis, tabulating study and patient
characteristics, and outcomes. Alpha diversity results
were grouped by trajectory and compared across ICU
populations. Beta diversity findings were tabulated and
narratively synthesized. Changes in abundances and reported
associations with mortality and MDRO colonization were
summarized narratively. An exploratory analysis compared
study sizes across alpha-diversity trajectory groups.

Results are presented as mean + standard deviation
(SD) or median (interquartile range [IQR]), as appropriate.
Statistical analyses were performed in IBM Statistical

Package for the Social Sciences (SPSS) 26, with a level
of significance at p < 0.05. Visualizations were created
in Python, except for the phylogenetic tree, which was
generated using the JavaScript library D3.js.

RESULTS

Study characteristics

The screening process is shown in the PRISMA
flowchart (Figure 1). One study®? retrospectively included
the cohort from an earlier study;? therefore, the two
were treated as a single dataset. Another study®’
excluded because, despite its longitudinal design, only
one sample was clearly obtained during the ICU stay. A
study® was excluded because fewer than five cases had
undergone sequencing at multiple time points. Two studies,
registered under the same European Nucleotide Archive
(ENA) protocol, were included as separate entries due to
distinct populations, different research centers, and non-
overlapping time periods.“*® One study was a retrospective
study.?” We included 36 studies, encompassing 2,067
ICU patients (Table 1). The median study size was 39.5
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Figure 1 - PRISMA flow diagram.
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Table 1 - Characteristics of longitudinal studies on gut microbiome changes in critically ill patients

Study Country Centers S(l:)e :::::ZI:: Population Population subgroups po:-::;‘?n)
McDonald et al." itz Sk, 4 115 230 Critically ill No subgroup 2
Canada
Park et al.®! United States 1 90 340 Sepsis VRE positive/VRE negative 5
Agudelo-Ochoa et al.¥ Colombia 5 155 250 Critically ill Sepsis/no sepsis 3
Ravi et al."% United Kingdom 1 24 236 Long stay critically ill No subgroup > 2
Livanos et al." United States 5 93 184 Critically il No subgroup 2
Wozniak et al."? Switzerland 1 96 192 Cri;icggyoill gvAig}SAZPAg 8HE Survivors/non-survivors 2
Saikrishna et al.!"”) India 1 35 86 E;gf::g;lg\;vétzszgﬁ Iflezdi%g Prabiotics/no probiotics 3
Jaillier-Ramirez et al.® Colombia 3 28 56 Sepsis No subgroup 2
Liuetal.?” China 1 14 40 Sepsis Sepsis non-severe/sepsis severe 3
Kritikos et al.?® Switzerland 1 38 93 Critically ill Pneumonia/other infection/not infected 5
Cuenca et al.” Spain 1 98 169 Critically il COVID-19/other 3
Nielsen et al. 2% Denmark 1 34 78 Neurocritically ill Broad antibiotics/narrow antibiotics 2
Wang et al. " China 1 29 42 Critically ill Clostridioides difficile positive/ negative >2
Wang et al. 2 China 1 7 42 Severe burns No subgroup
Zhou et al.®¥ China 1 10 20 Sepsis No subgroup 2
Magnan et al.®* France 1 60 120 Septic shock No subgroup 2
Ojima et al.®® Japan 1 7 238 Critically ill No subgroup >4
Ojima et al.®® Japan 1 12 48 Critically ill No subgroup 4
Xu et al.®” China 1 24 48 Sepsis Enteral:ﬁttrriittii;)r:] i;zl;;argﬁi/eenteral 2
Xu et al.®® China 1 98 206 Neurocritically ill No subgroup 10
Long et al.® China 1 23 109 Critically ill Sepsis/ No sepsis 3
Howard et al.! United States 1 12 24 Critically ill trauma No subgroup 3
Kitsios et al.®" United States 1 216 349 Acute respiratory failure No subgroup 3
Zhou et al.*? China 1 62 124 iyl vvi'thogt pulmonary o Survivors/non-survivors 2
abdominal infection
Luan et al.®) China 2 M 70 Sepsis Survivors/non-survivors 2
Mu et al.“ China 1 77 312 Critically ill Sepsis/no sepsis 2
Yang et al.®) China 1 20 49 Critically ill Sepsis/no sepsis 3
Pettigrew et al."d United States 1 109 218 Critically ill CRP:ﬂ:%‘;:;E?;‘ZT% Ccﬂﬁ)r;iizzzttii%?]/ No > 2
Fontaine et al.*”! France 1 31 48 Critically il No subgroup > 2
Patrier et al.“® France 1 95 379 COVID-19 critically ill No subgroup > 2
Garcia et al.“d Spain 1 62 172 Li;’;;gijgif:éi\fr No subgroup > 2
Schlechte et al.® Canada 1 51 124 Critically il No subgroup 3
Bansal et al.® Canada 1 9 70 Critically ill No subgroup 7
Kuo et al 5 United States ! 78 156 Critcally il BRIy Ss‘ﬂlffaattz/ BRI 2
Chernevskaya et al.®” Russia 2 18 94 Critically il Acute critically ill/ chronically critically ill 3
Yeh et al.®® United States 1 32 79 Critically ill trauma No subgroup 3

VRE - vancomycin-resistant Enterococcus; APACHE - Acute Physiology and Chronic Health Evaluation; SAPS - Simplified Acute Physiology Score; CRPA - carbapenem-resistant
Pseudomonas aeruginosa.
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patients (IQR 23.5 - 91.5), and the median number
of samples analyzed was 114.5 (IQR 52.5 - 212).
Patient cohorts mostly reported mean or median ages in
the sixth to seventh decades, although age varied across
clinical populations (Table 2S - Supplementary Material).
Reporting of baseline host factors according to study
criteria also varied (Table 3S - Supplementary Material).
Patients with prior antibiotic exposure were excluded

from eight studies. Nutrition exposure was reported in
12 studies, but enteral feeding was an inclusion criterion
in 3 of them. Immunocompromised patients were
excluded from 8 studies; 17 studies excluded patients with
gastrointestinal comorbidities.

Characteristics of sequencing methodologies are
summarized in table 2. Among 16S rRNA sequencing
studies, the V4 region was most frequently targeted

Table 2 - Characteristics of sequencing methods

Sequencing . Region Sequences Sequem_:ing
Study Sample type . Sequencing platform e T clustering  Reference database
method
McDonald et al." Stool 16S rRNA [llumina MiSeq V4 Yes 0TU Greengenes
Park et al.® Rectal swab 16S rRNA lllumina MiSeq V3-v4 Yes NA SILVA
Agudelo-Ochoa et al.¥ Perirectal swab 16S rRNA [llumina MiSeq V3-V4 Yes ot SILVA
Ravi et al."? Stool me?:s;?]lgr]nic lllumina NextSeq NI Yes MAGs De novo
Livanos et al.™ Rectal swab 16S rRNA lllumina HiSeq V4 Yes 0TU Greengenes
Wozniak et al."? Stool 16S rRNA PacBio Sequel lle V19 Yes ASV EzBioCloud
Saikrishna et ol Stool 165 rANA ”'“m’imﬁeq' NA Yes ASV SILVA
Jaillier-Ramirez et al.”) Rectal swab 16S rRNA [llumina MiSeq V3-V4 Yes ASV SILVA
Liu et al.?” Rectal swab, Stool 16S rRNA [llumina MiSeq V3-V4 No 0oTuU NA
Kritikos et al.?®! Rectal swab 16S rRNA [llumina MiSeq V3-V4 Yes ASV EzBioCloud
Cuenca et al.® Rectal swab 16S rRNA [llumina MiSeq V4 Yes ASV Greengenes
Nielsen et al.®? Rectal swab me?gs;il:)%ic lllumina Novaseq NI Yes MGS CIinicaI}-ll\éI,i\slréJgiomics
Wang et al.®" Stool 16S rRNA lllumina MiSeq V3-v4 No oty SILVA
Wang et al.®? Stool 16S rRNA [llumina MiSeq V4 No 0oTU Greengenes
Zhou et al.®¥ Stool 16S rRNA [llumina MiSeq V3-V4 No 0TuU NA
Magnan et al.* Stool 16S rRNA lllumina MiSeq V3-v4 Yes ot Greengenes
Ojima et al.®® Rectal swab 16S rRNA [llumina MiSeq V1-V2 No 0TU Greengenes
Ojima et al.©® Rectal swab 16S rRNA lllumina HiSeq V4 No 0TuU Greengenes
Xu et al.®” Stool 16S rRNA lllumina MiSeq/HiSeq NA No ot NA
Xu et al.®® Stool 16S rRNA lllumina Hiseq V4 No 0TU Greengenes
Long et al.®? Stool 16S rRNA lllumina Novaseq V4-\/5 Yes oTu SILVA
Howard et al.*0 Stool 16S rRNA [llumina MiSeq V4 No 0Tu Greengenes
Kitsios et al.* Rectal swab, Stool 16S rRNA [llumina MiSeq V3-V4 Yes ASV Unite
Zhou et al.¥? Stool 16S rRNA lllumina MiSeq V3-va Yes oTu NA
Luan et al.® Rectal swab 16S rRNA [llumina MiSeq NA No ot NA
Mu et al “t Stool 165 ANA:  IlUmina M;?%q' fluming 3.4 Yes ot SH'S\F/,A(;:'S'&T;’;?)
Yang et al.® Stool 16S rRNA [llumina MiSeq V3-V4 Yes 0TU SILVA
Pettigrew et al.®! Perirectal swab 16S rRNA lllumina MiSeq 'z No oty NA
Continue...
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...continuation

Fontaine et al.*” Stool 16S rRNA lllumina MiSeq V4 Yes oTu NA
Patrier et al."*®! Rectal swab 16S rRNA lllumina MiSeq V3-va Yes oTu NA
Garcia et al.* Rectal swab 16S rRNA [llumina MiSeq V3-V4 No ASV SILVA
Schlechte et al.® Rectal swab 16S rRNA lllumina MiSeq V4 Yes ASV SILVA
Bansal et al.®® Rectal swab, Stool 16S rRNA lllumina MiSeq ' Yes ot RDP
Kuo et al.®® Rectal swab 16S rRNA [llumina MiSeq V4 No ASV Greengenes
Chernevskaya et al.®” Rectal swab 16S rRNA lon Torrent \\//26\\//[; Yes 0Tu Greengenes
Yeh et al.®® Rectal swab, Stool 16S rRNA lllumina HiSeq V4 No 0TU Greengenes

0TU - operational taxonomic unit; NA - not available; NI - not indicated; MAGs - metagenomic assembly genomes; ASV - amplicon sequence variant; MGS - Metagenomic Species, HGMGS -
human gut metagenomic species; RDP - ribosomal database project. * Applied to amplicon sequencing studies; T Mu et al. also performed whole genome sequencing for Klebsiella pneumoniae

and Enterococcus faecium.

(30 studies), followed by V3 (Figure 1S - Supplementary
Material). Choice and use of diversity metrics were
heterogeneous (Table 4S - Supplementary Material). Alpha
diversity was calculated in 34 studies, with the Shannon
index most frequently employed (27 studies), followed by
Chaol (15 studies) and the Simpson index (13 studies).
Beta diversity analysis was performed in 23 studies, with
Bray-Curtis dissimilarity (13 studies) and UniFrac distances
(13 studies) predominantly used.

Risk of bias

Risk of bias assessment across studies is presented
in figure 2. Study-specific risk of bias assessment is

shown in figure 2S (Supplementary Material). Overall,
methodological quality was acceptable across most
domains, except for assessor blinding, which was mostly
unclear but expected given the studies’ design.

Gut microbiome diversity

Alpha diversity metrics at different time points were
reported in 31 of 36 studies (Table 5S - Supplementary
Material). A decrease in alpha diversity during ICU stay
was observed in 18 studies. In a subgroup of patients
without infection who did not receive antibiotics, the
alpha diversity did not change over time.*® No change
in diversity was described in eight studies. Mixed patterns

Figure 2 - Summary of risk of bias assessment (RoBANS-2) in gut microbiome studies in critically ill patients.

Crit Care Sci.2026;38:220260392
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were reported in four studies. In a small study of patients
with severe burn, alpha diversity showed recovery after 5
weeks.®? Only one study® observed an increase in alpha
diversity in sepsis patients between admission and 72 hours.
When studies were grouped by clinical context (Table 6S
- Supplementary Material), alpha diversity decreased in
12 out of 22 general/mixed ICU cohorts and in 4 out
of 7 sepsis cohorts. The 8 studies reporting no change in
alpha diversity were distributed across general/mixed ICUs
(n = 4), trauma or burns (n = 2), and sepsis (n = 2)
populations, and were not restricted to a specific subgroup.

We examined whether study size varied by reported
alpha diversity changes. The single study that observed
an increase in alpha diversity was excluded. Among
the remaining 30 studies, the median study size was 74
(IQR 28 - 100.5] in studies reporting decreased diversity
(n=18),31.5 [IQR 22 - 38] in those reporting no change
(n=28),and 31.5 [IQR 26.5 - 66] in those reporting mixed
patterns (n = 4). A test comparing these three groups did
not reach statistical significance (p = 0.21).

Beta diversity was evaluated in 23 studies, 11 of which
examined temporal change during ICU stay. Among these,
ten studies reported significant temporal changes in beta
diversity in longitudinal samples.(!426:28:2:32:3435.57.38) Qpe
study in neurocritically ill patients found no temporal
changes in beta diversity.®”

Taxonomic composition and abundance patterns

Temporal shifts in gut microbial taxonomic
composition were reported in 33 of 36 studies. A
phylogenetic tree illustrates the pattern of reported
increases, decreases, and mixed results for each taxonomic
level, by study majority consensus (Figure 3). An interactive
HTML version of the phylogenetic tree is available online
at osf.io/pndme. Detailed abundance changes are presented
in table 7S (Supplementary Material).

Increased abundance over time

An increase in the relative abundance of taxa was
reported in 17 of 33 studies that evaluated taxonomic
change. Enterococcus was among the most frequently
reported enriched taxa, with increasing abundance
during ICU stay in nine studies.(1%11:27:29:32,33,57,39,40)
Streptococcus"'73) and Staphylococcus™*V were also
enriched during ICU stay, in three and two studies,
respectively. Two studies reported an increase in Bacillota,
a change largely driven by expansion of Enterococcaceae
rather than a uniform rise across the phylum.®24?
Species from the Pseudomonadota phylum were

increased in five studies.(262937:43) An increase in the

abundance of Enterobacteriaceae, including Klebsiella,
Enterobacter, Escherichia, and Proteus, was reported in five
studies.1023344) Among them, Escherichia and Klebsiella
were the most frequently increased genera, with the latter
becoming the dominant genus in the first week of ICU
stay in one cohort.*?

Decreased abundance over time

A reduction in the relative abundance of taxa was
reported in 4 of 33 studies that investigated taxonomic
change. Members of the Bacillota, apart from Enterococcus,
Staphylococcus, and Streptococcus, showed reduced relative
abundance.'"¥ Decreased abundance was reported
for the genera Blautia, Coprococcus, and the majority of
Lachnospiraceae." "V Mixed results were reported for
Bacteroidota in three studies®®7#? and for Parabacteroides
and Coprobacter in one study."? Anaerobic-spectrum
antibiotic use was associated with progressive declines
in obligate anaerobes and a corresponding increase in
potentially pathogenic taxa, indicating antibiotic-driven
compositional shifts in one study.“?

Enterococcus abundance

Enterococcus abundance was examined in 11 studies.
Enterococcus was identified as dominant or expanding,
with levels peaking between days 3 and 7 of ICU stay in
six studies. 1172323440 Higher abundances were observed
in sepsis versus non-sepsis patients in one study,” and
in those receiving piperacillin-tazobactam in another.“”
Patients with sepsis who were colonized with vancomycin-
resistant Enterococcus (VRE) at ICU admission exhibited
persistently reduced alpha diversity and increased relative
abundance of Enterococcus, with further elevations observed
during vancomycin treatment.”® Similarly, colonization
with Enterococcus faecium was associated with decreased
microbial diversity.*” Elevated Enterococcus abundance
correlated with lower microbial diversity and a higher risk
of mortality.“?

Sepsis

Among studies recruiting patients with sepsis, a
decline in alpha diversity over time was reported in four
studies,®?***% while no change was observed in two®* and
an increase in one.®? The taxa most frequently reported as
(273337 and Pseudomonadota.?>374)
Increased abundances of Streptococcus® and
Enterobacteriaceae™ were also reported. Reductions in

Bacillota (excluding Enterococcus, Staphylococcus, and

enriched were Enterococcus

Crit Care Sci. 2026;38:20260392
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Figure 3 - Phylogenetic tree summarizing reported temporal shifts in abundance across studies at the phylum, family, and genus levels
(node color indicates study majority consensus on abundance: green for increased, red for decreased, orange for mixed results, node size is
proportional to the number of supporting studies, numbers next to nodes refer to number of studies).

Crit Care Sci.2026;38:220260392



Gut microbiome changes in critically ill adults 9

Streptococcus) were reported in one study,®® while mixed
changes in Bacteroidota were described in another.®”

Differences in gut microbiome composition between
sepsis and non-sepsis patients were reported in three
studies. Non-sepsis patients exhibited higher abundances
of Fuwbacterium, Anaerococcus, Peptostreptococcus,
Granulicatella, Streptococcus, Prevotella, and Megasphaera
elsdenii compared to those with sepsis in two studies.**
In one study, Enterococcus was more abundant in sepsis
patients.®> Furthermore, in sepsis, enrichment of
Stenotrophomonas, Pseudaminobacter, Pseudonocardia,
and Lactobacillus, and decreased Faecalibacterium,
Ruminococcus, Eubacterium, and Collinsella was reported
in one study.®”

Association between changes in microbiome and
multidrug-resistant organisms

Four studies investigated the relationship between gut
microbiome and the presence or dynamics of MDROs in
critically ill populations. In one study, loss of gut microbial
diversity and higher abundances of taxa now classified
within the family Peproniphilaceae (formerly referred to as
‘Clostridiales Family XI incertae sedis’) and Prevotellaceae
were associated with protection from MDROs, whereas
increased Enterobacteriaceae abundance was associated
with a higher risk of MDRO acquisition.*” In a study
with neurocritically ill patients, no significant differences
were found in the colonization of extended-spectrum
beta-lactamase-producing organisms, vancomycin-resistant
genes, or carbapenemase producers based on narrow or
broad antibiotic exposure.®” Another study found no link
between the intestinal relative abundance of multidrug-
resistant Gram-negative bacteria and microbial richness
or diversity.” A metagenomic analysis in long-stay ICU

Table 3 - Certainty of evidence in three outcomes (GRADE)

patients identified resistance gene carriage but did not
specify direct clinical associations.!”

Mortality

Nine studies investigated changes in the gut
microbiome and mortality.*!»34384243.4850 T gwer alpha
diversity early in ICU stay was associated with increased
risk of death.">*” Alterations in microbial composition
between survivors and non-survivors were observed,
including temporal shifts in community structure®?
and enrichment of taxa such as Christensenellaceae and
Erysipelotrichaceae in non-survivors.®® An increase in the
abundance of Enterobacteriaceae was associated with death
within 180 days in one study.®® Samples in deceased
patients were more likely to show increased abundances
of potentially pathogenic taxa, including Enterococcus,
Staphylococcus aureus, Pseudomonas, Clostridiaceae, and
Salmonella.*3**® Enterococcaceae were independently
associated with 28-day mortality in one study.“? Serial
increases in Enterococcus were linked to poor outcomes in
COVID-19 patients.“® Higher diversity and abundance of
Peptoniphilaceae and Prevotellaceae were associated with a
lower risk of death.“” Regarding mortality analyses in these
studies, adjustment for age was inconsistent. Only two
studies explicitly included age in multivariable models, %54
one study evaluated age during feature selection. However,
it did not retain it in the final model,*” and the remaining
studies did not adjust for age.

Certainty of evidence (GRADE)

Certainty ratings for three outcomes are summarized
in table 3. Evidence was rated very low due to inconsistent
effect direction and imprecision concerns. No upgrading
factors were applied to any outcome.

QOutcome Overall certainty Symbol

Progressive decline in gut-microbiome diversity during ICU stay Very low [10]0]®)
Higher mortality when there is early low diversity or microbiome is pathogen-dominated Very low [10]0]®)
Increased abundance of Enterococcus after ICU admission Very low (+100]0)

Crit Care Sci. 2026;38:20260392
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DISCUSSION

This systematic review has several strengths. To our
knowledge, it provides the largest synthesis of longitudinal
gut microbiome data in critically ill adults, incorporating
36 sequencing-based studies and 2,067 patients. By
focusing exclusively on longitudinal designs, it describes
how the gut microbiome shifts after ICU admission. While
only 16S rRNA and metagenomic sequencing studies are
included, detailed reporting of sample types, sequencing
platforms, and analytic pipelines provides context for
interpreting heterogeneity.

Across studies, two patterns emerged: a progressive loss
of microbial diversity and an overgrowth of opportunistic
taxa, especially Enterococcus and Enterobacteriaceae such
as Klebsiella. These shifts are clinically relevant and align
with adverse outcomes reported in critically ill populations,
including sepsis, multidrug-resistant colonization, and
mortality. Residual confounding by age, which affects both
mortality and gut microbial diversity,®" cannot be ruled
out when interpreting associations between changes in gut
microbiome and mortality.

The observed loss of diversity and expansion of
opportunistic taxa likely reflect shared features of critical
illness and its management. Broad-spectrum antibiotic
exposure favors dominance of organisms such as
Enterococcus and Enterobacteriaceae, while physiological
stress, impaired gut barrier function, and altered host
immunity further destabilize microbial communities.®*%?
Disruption of enteral nutrition may also contribute to
unfavorable shifts in microbial community composition.®?
Together, these factors provide a plausible biological
context for the recurrent microbiome patterns reported
across studies. However, causal relationships cannot be
inferred from the available observational data, as different
studies employed variable inclusion and exclusion criteria.

A previous systematic review of 26 studies found no
clear association between decreased gut microbiome
diversity and mortality."> While their meta-analysis
using the Shannon index qualitatively as a binary factor
provides quantitative estimates, it was constrained by the
limited availability of extractable data from four studies.
Another systematic review of 13 studies reported variable
trajectory patterns of microbiome disruption in the ICU,
but only in patients with persistent critical illness."® The
researchers did not carry out the planned meta-analysis
due to the lack of available primary outcome data and
study heterogeneity. Likewise, we deliberately avoided
meta-analysis, as pooling across variable sequencing
platforms, time points, and diversity metrics would risk

Crit Care Sci.2026;38:e20260392

misleading conclusions. A descriptive synthesis more
accurately reflects the available evidence and highlights
where methodological standardization is most needed.

There are also methodological limitations specific to
this review that affect the certainty of the evidence. While
adhering to PRISMA guidelines, we performed only a
descriptive synthesis of the evidence. We did not extract
numeric data from plots using digitalization tools, which
may have led to the omission of otherwise usable but
unverified data. Lastly, although our decision to avoid
meta-analysis was methodologically sound, it limits the
ability to generate pooled effect estimates for diversity
change or mortality associations.

Several factors likely explain variability across studies.
First, heterogeneity can be attributed to inconsistent
use of population inclusion and exclusion criteria,
particularly antibiotic exposure, nutrition requirements,
immunocompromised status, and gastrointestinal
comorbidities. Second, sampling methods varied (stool,
rectal, or perirectal swabs), each with differing microbial
load yield and contamination risk.®® Moreover, most
studies used only two or three unequally spaced time
points, limiting insight into later phase dynamics or
recovery patterns. Furthermore, different sequencing
platforms exhibit distinct error profiles and read lengths,
which influence raw data quality and the accuracy of
taxonomic assignments. Differences in the hypervariable
regions used, as shown in table 2 and figure 1S
(Supplementary Material), present a key limitation, since
each region yields distinct taxonomic resolution and biases.

Finally, the use of heterogeneous diversity metrics
complicates interpretation. Alpha diversity indices
emphasize different properties of the microbial community:
Chaol reflects richness, Shannon combines richness and
evenness, and Simpson weights dominance by abundant
taxa. Consequently, microbiome changes characterized by
loss of evenness and overgrowth of dominant taxa may
be detected by Shannon or Simpson indices but not by
richness-based metrics. Similarly, differences in beta
diversity measures (e.g., Bray-Curtis versus UniFrac) further
limit cross-study comparability. Although a few consistent
biological signals emerged, the overall certainty of evidence
remains very low. Consequently, our findings should be
interpreted as hypothesis-generating rather than definitive.

Future longitudinal gut microbiome studies in critical
care research should adopt standardized sampling protocols,
concordant sequencing technologies, and transparent
reporting of analytic pipelines. They should harmonize
inclusion and exclusion criteria to assess antibiotic exposure
at inclusion when feasible (e.g., in antibiotic-naive cohorts)


http://criticalcarescience.org.br/content/imagebank/pdf/2965-2774-ccsci-38-e20260392-Mat-suppl.pdf
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and ensure explicit reporting of enteral nutrition and
immune status. This research field would benefit from the
development of a universal reporting guideline specifically
tailored to sequencing-based microbiome studies in
critical illness. Establishing this foundation would reduce
methodological heterogeneity, enhance reproducibility, and
strengthen future evidence synthesis. Standardizing the full
pipeline, from sample handling to phylogenetic placement,
will be critical.

CONCLUSION

Gut microbiome disruption is common in critical
illness, characterized by declining diversity and expansion
of taxa such as Enterococcus and Klebsiella. These changes
are associated with poor outcomes. While current evidence
remains heterogeneous, understanding and eventually
modulating the gut microbiome may offer new avenues to
improve outcomes in the intensive care unit.
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