In-depth shotgun metagenomic analysis of the oral and gut microbiome
identifies striking overlaps in microbial community structure, virulence factors
and antimicrobial resistance based on severity and stage of cirrhosis
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1 Introduction
There is an up to 20% mortality associated with any hospital admission with liver
cirrhosis, many being triggered and/or complicated subsequently by bacterial
infections1. Antibiotic therapy forms the cornerstone of treatment when patients are
admitted to hospital but is mired with challenges due to diagnostic delays and
uncertainties, and high frequency of multi-drug resistance organisms (MDRO)2. High
levels of antimicrobial resistance (AMR) deleteriously affects the outcome of treatment
with antibacterial agents is causing increasing concern worldwide3. This is particularly
worrying in patients with liver cirrhosis who have a depressed immune system and
heightened susceptibility to infection4. Alterations in the gut microbiome in
decompensated cirrhosis (DC) and acute-on-chronic liver failure (ACLF) – which is
characterised by organ failure, critical illness and very high short-term mortality - are
recognised as being pivotal in influencing clinical outcomes5 and causally linked to
MDRO infections, due to gut barrier dysfunction and increased translocation of
bacteria and their products6. Knowledge of the oral microbiome is evolving and is
increasingly recognised as predisposing to hepatic decompensation7.
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simultaneously the gut and oral microbiome by shotgun
metagenomic sequencing of faecal and saliva samples, respectively, in cirrhosis of
varying severities, with healthy and positive disease controls. Amongst our objectives
were assessing (2) the degree of overlap between the oral and gut microbiome
community structures, (3) alterations in virulence factors and (4) antimicrobial
resistance gene carriage, and crucially how these alter as cirrhosis severity progresses.
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Method
18 healthy controls (HC), 20 stable cirrhotics (SC), 50 DC, 18 ACLF and 15 with non-liver
sepsis (NLS) i.e. severe infection but without cirrhosis were prospectively recruited.
DNA extractions were undertaken from saliva (S) and faecal (F) samples and Illumina
sequenced on a NovaSeq 6000 to a minimum depth of 20 million reads. Filtered and
trimmed reads were aligned to a human microbiome integrated gene catalogues.
‘Salivatypes’ and ‘enterotypes’8 were calculated by scaling genus profile abundance and
clustering by Dirichlet multinomial mixture models. Comprehensive Antimicrobial
Resistance Gene (ARG) and KEGG Orthology databases were used to evaluate ARGs and
functional annotations, respectively. The gut resistome encapsulates intestinal
microbiota and their reservoir of antibiotic resistance determinants (ARDs) which can
potentially be transferred to bacterial pathogens via mobile genetic elements. This was
assessed across the different cirrhosis severities by principal coordinate analysis (PCA)
of ARG profiles for both oral and gut niches. Unsupervised clustering enabled the
identification of distinct resistotypes9 in both niches as well as degree of overlap and
sharing between the two.

4 Results

There was a striking decrement in Shannon diversity in the DC and ACLF cohorts vs HC
and NLS for both oral and gut communities (A & D). Specific saliva- and enterotypes
were identified based on clustering of genera (B & E), with a greater proportion of
pathobionts and simultaneous reduction in autochthonous genera detected in specific
clusters as cirrhosis severity progressed (C & F). The degree of overlap between oral
and gut microbiome communities (independent of antimicrobial, beta-blockers and
acid suppressant therapies) and functional changes specific to virulence factor overexpression were significantly higher in DC and ACLF vs SC and HCs (data not shown).
Substantial total numbers of ARGs (1,218 and 672] were detected in the oral and gut
microbiome samples, respectively (G). 575 of ARGs were common to both sites, but a
greater proportion of these were harboured in the gut (>85%) compared to the oral
niche (47%), with overall ARG frequency incrementing with worsening cirrhosis.
Notably, total ARG abundances in both oral and gut microbiome increased as cirrhosis
severity and hepatic decompensation worsened, with this pattern more pronounced
for the gut ARGs (H & I).
The resistome of cirrhotic patients was significantly different to that of the HCs. We
identified three and four resistotypes for the oral and gut microbiome, respectively (J &
K). Of the gut resistotypes, Gut1 and to a lesser extent Gut3 were enriched amongst
the HC and SC cohorts. Gut2 and Gut4 were enriched in patients with DC and ACLF and
to a lesser extent in NLS (M). For the oral resistotypes, Oral2 was specific to HCs whilst
Oral1 was most enriched in SC and then DC and Oral3 was most enriched in ACLF and
NLS and then in DC (L).
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Conclusions
Oral and gut microbiome profiles differ significantly according to severity and stage
of cirrhosis, with specific saliva- and enterotype clusters reflecting dominance by
pathobionts and loss of commensals. The degree of microbial community overlap
between sites, frequency of virulence factors and presence of ARGs all increment
significantly with worsening disease severity.
These microbiome alterations that predispose to higher infection risk, poorer
response to antimicrobial therapy and worsening hepatic decompensation form the
rationale for non-antibiotic-dependant microbiome-modulating targeted therapies.
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