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ACLF & Microbiome
Introduction of the MICROB-PREDICT project

1. ACLF: setting the stage

2. Gut microbiome: a holistic view in relation to ACLF

3. Exploring ACLF & microbiome: MICROB-PREDICT-project



ACLF (Acute-on-Chronic Liver Failure):
Setting the stage
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EVOLVING CIRRHOSIS
setting the stage for ACLF
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Chronic liver                        
disease

Compensated                    
cirrhosis

Decompensated                      
cirrhosis

Death

Ascites Gastro-oesofageal 
bleeding

Encephalopathy 

Jaundice

Development of complications

DECOMPENSATION OF CIRRHOSIS
a decisive time point both in terms of medical management and prognosis 

Bacterial infections

This project hast received funding from the European Union’s Horizon 2020 research and innovation programme

under grant agreement No 825694.
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Median survival                 
~10 years

Median survival                 
~1,6 years

IMPACT OF DECOMPENSATION ON PROGNOSIS
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EVOLVING CIRRHOSIS
An ominous natural history…
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EVOLVING CIRRHOSIS
but it can get worse …
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Organ/system FAILURE

• Liver

• Coagulation

• Kidney

• Brain

• Circulation

• Lung

Acute-on-chronic Liver 

Failure
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(10 - 35 years)

Compensated

cirrhosis

(10 - 15 years)

Decompensated

cirrhosis

(1.5 years)

Precipitating event

(e.g. bacterial infection)

Acute on Chronic Liver Failure: a more distinct and 
aggressive form of acute decompensation 
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1. ACUTE DECOMPENSATION OF CIRRHOSIS (ASCITES,HEPATIC 
ENCEPHALOPATHY,  GI BLEEDING AND/OR BACTERIAL INFECTIONS)

2. ORGAN/SYSTEM FAILURE

3. HIGH RISK of SHORT-TERM MORTALITY (28-day-mortality)

Moreau R et al. CANONIC study Gastroenterology 2013
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CANONIC
Study



ACLF is relevant both in terms of prevalence as prognosis

Moreau R et al. CANONIC-trial. Gastroenterology 2013
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International-European, investigator-initiated, multicenter, prospective, 
observational study aiming to investigate

(1) the critical period prior to ACLF & find predictors of ACLF 

(2) mechanisms and pathophysiology in ACLF development

(3) precipitating events of ACLF

(4) serve as a hub for numerous ancilliary mechanistic studies like f.e.

This project hast received funding from the European Union’s Horizon 2020 research and innovation programme 
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Centers (54 centers) – recruitment closed 31-7-2019

Total 1314 patients
471 high risk patients (33% ACLF)

635 low-IM risk patients (5% ACLF)
208 ACLF at inclusion (pos cont)

This project hast received funding from the European Union’s Horizon 2020 research and innovation programme 

under grant agreement No 825694.



Gut microbiome:
A holistical view* in relation to ACLF

*the theory that whole entities have an existence greater than as the mere sum of their parts

This project hast received funding from the European Union’s Horizon 2020 research and innovation programme

under grant agreement No 825694.



Evolutionary tree of life:
Respect your elders

We are here…
They were already there…

4 billion years ago

This project hast received funding from the European Union’s Horizon 2020 research and innovation programme

under grant agreement No 825694.



An extended view of ourselves…
we are more microbes than we are human

Cani and Delzenne Pharmacology & Therapeutics 2011

99% microbes

1% Human cells

10 fold more microbial cells than human cells

This project hast received funding from the European Union’s Horizon 2020 research and innovation programme

under grant agreement No 825694.



An extended view of ourselves…
We form a superorganism with our microbes

Integration of complex transgenomic biochemical interactions between host and enteric 

microbiome symbionts in support of trophic, protective, and metabolic functions for the host

90% of the genes 

are bacterial 

genes!!!!

10 fold more microbial cells than human cells

This project hast received funding from the European Union’s Horizon 2020 research and innovation programme
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Gut microbiota        
Tummy Buddy vs Tummy Baddy

Normal microbiota prohibitive for pathogen colonization by

- Direct interaction between commensals & pathogens
• altering host environmental conditions (e.g. pH)
• consumption of nutrients required  by pathogens
• production of specific metabolites which affect pathogen virulence (e.g. SCFA butyrate)
• alter conditions required for virulence activity (e.g. ambient oxygen)

- Indirect control via activation of host immunity

Δ in composition 

Δ modified metabolic activities

Δ local distribution of its members
Imbalanced intestinal microbial 

community 

DYSBIOSIS

Changes in gut microbiota accompany cirrhosis and become more severe with decompensation

This project hast received funding from the European Union’s Horizon 2020 research and innovation programme

under grant agreement No 825694.



Trebicka J, Macnaughtan J, Schnabl B, Shawcross D, Bajaj J. J Hepatol 2021

Microbiome and hepatic decompensation
Changes in the gut microbiome accompany cirrhosis and
become more severe in the setting of decompensation

This project hast received funding from the European Union’s Horizon 2020 research and innovation programme

under grant agreement No 825694.



Changes in gut microbiota parallel evolving cirrhosis and 
become more severe with progressive decompensation

Bajaj Nature 2015
Qin Nature 2014

Bajaj et al Hepatology 2018

Decreased faecal microbial gene richness, microbial richness and species diversity

Sole et al Gastroenterology 2021



→ Changes in bile acids

→ Intestinal inflammation

→ Defective intestinal immune function

→ Gut barrier dysfunction

Intestinal dysbiosis and small intestinal 

bacterial overgrowth 

Linking the gut microbiome to hepatic 
decompensation

This project hast received funding from the European Union’s Horizon 2020 research and innovation programme

under grant agreement No 825694.



Linking the gut microbiome to hepatic 
decompensation
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Linking the gut microbiome to hepatic 
decompensation
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Linking the gut microbiome to hepatic 
decompensation
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Extent of systemic inflammation in cirrhosis

Trebicka J et al. Front Immunol 2019
Moreau R et al. CANONIC. Gastroenterology 2013

This project hast received funding from the European Union’s Horizon 2020 research and innovation programme

under grant agreement No 825694.



Circulating microbiome associated with
systemic inflammation

Schierwagen et al. Gut 2018
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Engelmann C et al. J Hepatol 2021

The current pathophysiological paradigm of decompensated cirrhosis integrates 
the microbiome & systemic inflammation as major disease modulators

Trebicka J, Macnaughtan J, Schnabl B, Shawcross D, Bajaj J. J Hepatol 2021

This project hast received funding from the European Union’s Horizon 2020 research and innovation programme
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Exploring ACLF & microbiome: 
MICROB-PREDICT-project
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The MICROB-PREDICT community/family
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• Collaborative team of microbiome-, technology-, and clinical experts  from 22 institutions spread over 10 European countries 
• Support of leading European patient organisations (ELPA) and research associations (EASL, EF-CLIF). 

This project hast received funding from the European Union’s Horizon 2020 research and innovation programme

under grant agreement No 825694.

https://microb-predict.eu/partner/european-liver-patients-association/
https://microb-predict.eu/partner/european-association-for-the-study-of-the-liver/


MICROB-PREDICT aims: 

❑ To identify major taxonomic and functional microbial traits and their 
interaction with the host suffering from decompensated cirrhosis and 
(progression to) ACLF.

❑ To understand in depth and to better explain the interaction of 
human microbiome with host , as well as their exact contribution to 
the development of acute decompensation and ACLF, and thereby 
to provide important foundations for the development of future 
prevention and treatment strategies modifying the microbiome and 
host co-factors.

❑ To develop prognostic tools, biomarkers and novel microbiome-
based nano-biosensors to allow better stratification tools of cirrhotic 
patients enabling microbiome-based intelligent and personalized 
allocation to treatment, and ultimately prevent ACLF and reduce 
mortality

This project hast received funding from the European Union’s Horizon 2020 research and innovation programme

under grant agreement No 825694.



❑ To use these tools in the clinical trial of MICROB-PREDICT to 
personalize treatments, improve the treatment response to 
approaches modifying the microbiome and host co-factors

❑ To decrease the individual, social and healthcare burden caused by 
decompensated cirrhosis and ACLF.

MICROB-PREDICT aims (2): 

This project hast received funding from the European Union’s Horizon 2020 research and innovation programme

under grant agreement No 825694.
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Work package leaders
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trial & error
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Stratification of cirrhotic patients driving 
microbiome-based intelligent treatment

This project hast received funding from the European Union’s Horizon 2020 research and innovation programme

under grant agreement No 825694.



Biomarker-based stratification of cirrhotic patients 
enabling microbiome-based intelligent treatment

This project hast received funding from the European Union’s Horizon 2020 research and innovation programme

under grant agreement No 825694.



Conclusions

Gut microbiota

Liver Health
ACLF represents the most severe form of acute 
decompensation of cirrhosis and is characterized by 
high-short-term mortality and organ failure

Evolving gut microbiota fuel systemic inflammation in 
driving the liver towards acute decompensation and 
ACLF

Individualizing and stratifiying care of cirrhotic patients 
enabling microbiome-based intelligent treatment are 
urgently needed …. 

MICROB-PREDICT to the rescue !!!!!!

This project hast received funding from the European Union’s Horizon 2020 research and innovation programme

under grant agreement No 825694.



“Doctors are men who prescribe medicine 
about which they know little, to cure diseases 
of which they know less, in human beings of 

whom they know nothing”

(Voltaire, 1694-1778)
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Biomarker-based stratification of cirrhotic patients 
enabling microbiome-based intelligent treatment: 
The ALB-trial



Biomarker-based stratification of cirrhotic patients 
enabling microbiome-based intelligent treatment: 
The ALB-trial



APASL. Sarin SK et al. Hepatol Int 2009 + AARC 2019

NACSELD Bajaj J et al Hepatology 2014

Acute on Chronic Liver Failure (ACLF)
- 3 main used definitions -

EASL-CLIF. Moreau R et al. Gastroenterology 2014

“acute hepatic insult manifesting as jaundice [serum bilirubin > 5mg%) and coagulopathy (INR > 1.5) complicated 
within 4 wk by clinical ascites and/or encephalopathy in a patient with previously diagnosed or undiagnosed chronic 

liver disease or cirrhosis and is associated with a high 28-day mortality ””

“ ….a syndrome that occurs in patients with acute decompensation (ascites,HE, GI bleeding and/or bacterial infections) 
of cirrhosis, often elicited by a precipitating event, characterized by rapid deterioration of the underlying liver disease

associated with organ failures and a high risk of short-term death …”

“Two or more extrahepatic organ failures in cirrhotic patients hospitalized with infection. 
These organ failures are easy to assess and include cardiovascular (shock), brain (grade III/IV, hepatic encephalopathy), 

renal (need for dialysis), and respiratory (mechanical ventilation)”



APASL. Sarin SK et al. Hepatol Int 2009 + AARC 2019

NACSELD Bajaj J et al Hepatology 2014

Acute on Chronic Liver Failure (ACLF)
- 3 main used definitions -

EASL-CLIF. Moreau R et al. Gastroenterology 2014

cirrhosis

Prior & acute 

decompensation

Organ failure

Short term 

mortality

Precipitating event

“acute hepatic insult manifesting as jaundice [serum bilirubin > 5mg%) and 
coagulopathy (INR > 1.5) complicated within 4 wk by clinical ascites and/or 

encephalopathy in a patient with previously diagnosed or undiagnosed 
chronic liver disease or cirrhosis and is associated with a high 28-day 

mortality ”

“ ….a syndrome that occurs in patients with acute decompensation
(ascites,HE, GI bleeding and/or bacterial infections) of cirrhosis, often

elicited by a precipitating event, characterized by rapid deterioration of the
underlying liver disease associated with organ failures and a high risk of 

short-term death …”

“Two or more extrahepatic organ failures in cirrhotic patients hospitalized 
with infection. 

These organ failures are easy to assess and include cardiovascular (shock), 
brain (grade III/IV, hepatic encephalopathy), renal (need for dialysis), and 

respiratory (mechanical ventilation)”

Non cirrhotic CLD


