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Microbial diversity ( Microbioma , Virioma , Micobioma )  

1.5 kg of bacteria

• 10^13 bacterial cells in the gut (>10x total ensemble of human cells) 
• 3-4 million genes (150x human genome) 

• >1,000 bacterial species ,395 phylotypes , 8 bacteria phyla 
• 1-3 % total body mass

• Generally non pathogenic  &  symbiotic with  host

“ Ecological community of commensal , symbiotic and pathogenic microorganisms within a
body space or other environment “  Lederberg & Mc Gray , 2001 

Conceptual origin of commensal organisms is old
“ Animal Parasites and Messmates “ , Pierre Van Beneden , 1875 



The 6 major phyla of human microbiota and 
their predominant species

Bliss E.  , Whiteside E.  , Front Physiol , 2018

• Batteri Gram –
• Gruppo piu’diversificato degli 

Eubatteri
• E Coli modello fondamentale

tra i Procarioti 

• Batteri Gram –
• Anaerobi obbligati 
• Funzioni metaboliche ( BSH ) 

e immunologiche 

60 – 80 %

20 – 40 %



Multiple functions



Eubiosis & Dysbiosis



Background : 
liver diseases inherently linked to microbiome

• Patients with cirrhosis have increased bacteremia , blood LPS levels and 
intestinal permeability

• Patients with cirrhosis have bacterial overgrowth in the small intestine

• Selective intestinale decontamination with antibiotics is beneficial for
patients with decompensated cirrhosis :  

* Empiric ceftriaxone in patients presenting with suspected variceal bleeding

* PBS clinical evidence of bacterial translocation leading to increased mortality

* Floroquinolones for secondary and then primary prevention of PBS

* Rifaximin for the treatment of hepatic encephalopathy

* Infections and sepsis are the leading cause of mortality in liver failure

• TLRs for bacterial ligands are present on liver cell

• In experimental models,several TLRs make mice sensitive to liver fibrosis



Liver disease is a Gut Microbiota disease





The Microbial Road to NAFLD

• Diet
• FXR
• Translocation
• Ethanol



SCFAs & NAFLD
SCFAs, such as acetic, propionic and butyric acid, are the major

products of carbohydrate fermentation by gut microorganisms.

SCFAs synthesized in the gut are changed by the amount of

carbohydrate consumed and by dysbiosis.

Arslan N et al. W J Gastroenterol 2014



Blaut, Proceedings of the Nutrition Society 2015

SCFAs production

SIGNALING MOLECULES

ENERGY HARVEST

Recupero 
di energia  
dalle Fibre 



FXR and BA 
( common language of communication along the gut liver axis )  





Diagnostic accuracy of gut-microbiome signatures for
detecting NAFLD cirrhosis

EASL 2019

Random Forest Classifier , panel of 30 features including : 
27 bacterial features , Age , Sex and BMI 



Human ALD is characterized by a profound dysbiosis

• Impaired intestinal epithelial barrier is
early event in many experimental
models of alcoholic liver injury even
preceding intestinal dysbiosis

• A profoundly altered intestinal
microbiome has been reported in 
several human ALD studies

• Disease transfer via FMT from patients
with severe AH  to mice has been
reported

• The Gut’s microbiota reflects a major 
driving force in ALD 





Fungal & bacterial dysbiosis in ALD 



Microbiota nella cirrosi epatica 

• La cirrosi epatica è associata a una profonda alterazione del microbiota
( disbiosi )

• Bacteroidetes sono ridotti , Proteobacteriaceae sono altamente aumentati

• Batteri del cavo orale sono altamente rappresentati nell’intestino 

• La cirrosi e il successivo  scompenso sono caratterizzati  : dal   
peggioramento della disbiosi , dalla disfunzione della barriera intestinale , 
dalla aumentata permeabilità intestinale ,  dalla traslocazione di batteri , 
metaboliti e mediatori microbici , da infiammazione locale e sistemica

• La progressione della cirrosi , la sarcopenia , le infezioni e gli eventi di  
scompenso  ( da EPS ad ACLF ) sono “ Gut-Liver-Brain Axis Driven “  

• L’alterazione di Gut-Liver-Brain Axis costituisce un nuovo  “ target  
terapeutico ” nella cirrosi epatica                                   



Cirrhotic patients have a 
different fecal microbiota composition



Dysbiosis in liver cirrhosis
A Chinese Study



Species enriched in cirrhotics’ fecal samples belong to Veillonella or 

Streptococcus taxa, which usually derive from the mouth or the small intestine

Qin N et al. Nature 2014; 513: 59-64

Unbalance between potentially pathogenic and beneficial bacteria

The fingerprint of gut microbiota
in liver cirrhosis

Invasion of the Gut from the Mouth in cirrhosis



The fingerprint of gut microbiota in liver cirrhosis





< Bifidobacterium & Akkermansia



GUT Microbiome & HCC



Gut Microbiome in acute or chronic
non cirrhotic hepatitis B/C 

• HBV acute and chronic

• HCV chronic

• ACLF



HBV infection & Gut Microbiota

• Analysis of dynamics alterations of gut
microbiota following HBV infection

• Hydrodynamic injection mouse model, 
mimicking acute or chronic HBV 
infection in humans with comparable
virological and immunological features
was used

• The composition of gut microbiota in the 
control mice and mice with acute or 
chronic infection was analyzed at 
different time points using the Illumina 
MiSeq platform

• Expression of immune molecules in the 
colon was detected by real-time PCR



HBV infection & Gut Microbiota
Results

Dynamic changes in the overall abundance
and diverisity of gut microbiota

Phylum level dynamic changes in gut microbiota



HBV infection & Gut Microbiota
Results

Family level dynamic changes Genus level dynamic changes



HBV infection & Gut Microbiota
Results

Pathological and immunological changes in the colon  



HBV & Gut Microbiota : Conclusions

• Gut microbiota in the control mice changed remarkably by day 14 
based on total observed OTU and Shannon-Weaver Index , while this
was delayed in mice with HBV infection

• Abundance of Bacteroidetes decreased and that of Firmicutes
increased by day 14 in mice with acute or chronic infection

• Bacteroidetes is critical for production of Butyrate an SCF inducing
extrathymic T-reg differentiation

• Firmicutes can absorb and consume more calories and HBV specific
immune response requires increasing energy consumption

• Firmicutes/Bacteroidetes ratio help to shape the HBV immune specific
response via fatty acids metabolism and energy consumption

• Firmicutes / Bacteroidetes ratio decrease after 49 day
• The dynamic changing pattern in the abundance of Lactobacillus and 

Bifidobacterium differs in mice with acute vs chronic infection and is
related to IFN-g mediated immune response

• The expression of IFN-g and PDL1 in the colon was up-regulated in mice
with acute HBV infection vs chronic at day 14 and  PD-L1  was up-
regulated in mice with HBV chronic infection vs control



Clinical Infectious Diseases, Volume 67, Issue 6, 15 September 2018, Pages 869–877, https://doi.org/10.1093/cid/ciy205
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GUT Bacterial Community in Healthy Individuals 
and  Chronic Hepatitis C 

https://doi.org/10.1093/cid/ciy205


Clinical Infectious Diseases, Volume 67, Issue 6, 15 September 2018, Pages 869–877, https://doi.org/10.1093/cid/ciy205
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Decreased Microbial Diversity in Progression 
of HCV Chronic  Disease 

https://doi.org/10.1093/cid/ciy205


Clinical Infectious Diseases, Volume 67, Issue 6, 15 September 2018, Pages 869–877, https://doi.org/10.1093/cid/ciy205
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Phylogenetic Skew in Gut Bacterial Community 
Associated with Chronic Hepatitis C 

https://doi.org/10.1093/cid/ciy205


Clinical Infectious Diseases, Volume 67, Issue 6, 15 September 2018, Pages 869–877, https://doi.org/10.1093/cid/ciy205
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Genus composition of fecal samples from healthy 
individuals and chronic hepatitis C patients

https://doi.org/10.1093/cid/ciy205


• SCFA  decreases bacterial traslocation in cell models and modify
expression of the tight junction proteins claudin-1 and claudin-2  

• SCFA released by microbiota are absorbed in the colon and filtered
intrahepatically were modulate the immune response, via the 
promotion of survival of CD8+T cells

• SCFAs modulate oncogenesis and are involved in  epigenetic of liver
pathogens through HDAC inhibition and transcriptional changes

• As HDAC inhibitors , SCFAs decrease HBV replication , mediate HCV 
replication , impede liver necrosis and prevent HCC

• Antibiotic-treated mice experienced an impaired adaptive immunity
against HBV 

• Only mice with maturation of gut microbiota can stimulate immunity
and can have a rapid HBV- Clearance

• Recently butyrate was shown regulate the expression of tumor
suppressive miRNAs through the bile acid nuclear receptor FXR while
also promote liver apoptosis

The Role of SCFA : common in viral infections



Hollister EB et al. Gastroenterology 2014

THE ANATOMO-MICROBIOLOGICAL GUT BARRIER

CuriosityZein.net

BIOTIC SURFACE

Gut Barrier Dysfunction & Microbial & 
their metabolites / mediators translocation



Mechanisms modulating bacterial translocation



Chemical and physical intestinal barrier :
first line of defense



PRRs ( Pattern Recognition Receptors ) recognise pathogens
associated molecular patterns ( PAMPS ) on microbes and leads to

microbial killing

Recettori Circolanti : 
PTX3

Recettori Citosolici :
Proteine Nods / RLRs



Disruption of intestinal barrier & 
consequences of Dysbiosis





Dysbiosis of microbiota associated with
immunological dysregulaion



Fig. 1 

Journal of Hepatology 2016 65, 1055-1056DOI: (10.1016/j.jhep.2016.07.002) 



Inflammasome in gut liver axis





Intestinal permeability in ACLF 



ACLF Pathogenesis : a still uncompleted history
Inducers of inflammation



ACLF : Inflammatory response



ACLF Pathogenesis



DISEASE 
PROGRESSION

DISEASE 
PROGRESSION

DISEASE 
PROGRESSION

Ge PS et al. NEJM 2016

TODAY…
GUT MICROBIOTA HAS A PROGNOSTIC VALUE 

IN LIVER CIRRHOSIS



Consequences of acute HCV infection



Disbiosi : sviluppo e progressione della malattia epatica 



Figure 3 

Journal of Hepatology DOI: (10.1016/j.jhep.2019.10.003) 

Copyright © 2019 European Association for the Study Albillos A, et al J Hepatol , 2019 

TARGETING THE GUT LIVER AXIS INTERVENTIONS 

http://www.elsevier.com/termsandconditions


Agenda Gut – Liver – Axis Interventions

• Avoid PPI 

• Prokinetic agent & NSBB

• Diet composition

• Intervention on immunity

• Poorly absorbable antibiotics

• Pre – Pro – Synbiotics

• FMT ( Fecal Microbiota Transplantation )

• Bile Acids and FXR

• Absorbents

• GLP-2 agonist



Functions of human serum albumin



The Answer study : summary of results



Rifaximin is broad-spectrum compound wich exerts endotoxin-
lowering and anti-inflammatory effects rather than changing

the composition of microbiota

RIFAXIMIN IS MORE THAN AN ANTIBIOTIC ! 



Probiotics :  Mode of Action

Some prebiotic food products , like pectin , have been shown to
prevent liver injury in   “ rodent models “ by restoring

the levels of Bacteroidetes

Prebiotics



Precision Medecine
Engineered microbes to restore microbial ecology



Lactobacillus Reuteri bio-engineered



Bacteriophages to selectively eliminate deleterious microbes



FMT for seroconversion HBeAg / antiHBe ? 



Fecal microbiota transplantation with Tenofovir is superior to Tenofovir alone in 
improving clinical outcomes in ACLF due to HBV reactivation.

An open label randomized controlled trial
Juned Ahmal et al .

EASL 2019



Bile acid receptor Farnesoid X (FXR) is central
to a multitude of pathways



Obeticholic acid reduces gut bacterial translocation , 
modifies dysbiosis , improves innate defense and reduce 

inflammation in the ileum of CCl4- cirrhotic rats



L’ Italia e gli italiani 

“ Per l’Italia non vedo un futuro .
Per gli Italiani ne vedo uno brillante “ 





Hypothesis of intercellular energy relocation triggered by Gut microbiota





Transmissibility of alcohol-related liver disease via FMT 



Fungal dysbiosis in patients with alcohol abuse



Enterecoccus faecalis cytolisin associates with mortality in patients
with alcoholic hepatitis , but not in patients with NAFLD







GUT Microbiome in chronic HBV infection

• Gut-liver axis

• Progressive evolution
of microecology



Mechanisms preventing bacterial translocation



Precision Medecine :
Approaches to restore Host Microbiome Homeostasis




