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INTRODUCTION 

Excessive alcohol consumption is a leading cause of chronic liver 

disease worldwide. Alcoholic liver disease (ALD) ranges from he-

patic steatosis to steatohepatitis, fibrosis, cirrhosis, and, poten-

tially, hepatocellular carcinoma (HCC). Fatty liver, known as ste-

atosis, is due to the accumulation of triglycerides in the cytoplasm 

of hepatocytes and is reversible after withdrawal of alcohol in-

take. However, it may progress towards inflammation in chronic 

drinkers.1 The inflammatory process progresses towards fibrosis 

and cirrhosis in approximately 20% of alcoholic patients and the 

incidence of HCC in cirrhotic livers is approximately 3 to 5% each 

year.2 Some ALD patients develop severe alcoholic hepatitis (sAH), 

characterized by acute hepatocellular insufficiency, severe histo-

logical liver injury, and a high mortality rate, as the one-month 

survival of such patients is between 50 and 65%. 

Treatment of ALD relies principally on alcohol withdrawal and 

there is no treatment that can prevent lesion progression towards 

cirrhosis in active drinkers. Patients with sAH  are treated with 

corticosteroids, although the most recent data showed no im-

provement in mortality at 90 days or one year.3 The use of pent-

oxifylline, a phosphodiesterase inhibitor or N-acetylcysteine 
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(NAC), a glutathione precursor, alone or in association with corti-

costeroids, is controversial, as they don’t improve survival. Enteral 

or parenteral nutritional supplementation may improve the prog-

nosis, as ALD is often associated with protein, vitamin, and min-

eral deficiencies, but its impact on survival is still unclear. Liver 

transplantation can be considered in selected patients with a first 

episode of sAH, despite  alcohol withdrawal, who do not respond 

to corticosteroids, but only after a thorough addictological assess-

ment.4 It can also be an option in patients with end-stage disease 

or complications of alcoholic cirrhosis, but generally only after six 

months of abstinence. Its use is limited, however, due to the 

shortage of organs. 

It has been suggested that factors other than the quantity of al-

cohol consumed may play a role in ALD, as not all chronic alcohol 

consumers develop liver injury. Genome-wide association studies 

have identified several risk loci in Patatin-like phospholipase do-

main-containing protein 3 (PNPLA3), transmembrane 6 superfam-

ily 2 human gene (TM6SF2), membrane-bound O-acyltransferase 

domain-containing protein 7 (MBOAT7), and sodium-coupled 

neutral amino acid transporter 4 (SLC38A4) genes that were as-

sociated with alcohol-related cirrhosis and sAH.5,6 However, the 

heritability of alcohol-related cirrhosis risk appears to be modulat-

ed through polygenic and complex inheritance in the presence of 

several environmental risk factors7 and cannot completely explain 

the difference between patients that develop ALD and those that 

do not. It has more recently been shown that the intestinal micro-

biota (IM) also contributes to ALD and could be a new therapeutic 

target for the treatment and cure of ALD patients.

THE IM, A NEW PLAYER IN ALD

In 1995, Adachi Y, et al. reported that antibiotics protected rats 

against alcohol-induced liver injury by lowering Kupffer cell acti-

vation, without linking its use to gut bacteria.8 ALD is also associ-

ated with elevated plasma endotoxin levels in alcoholic patients 

and rodent models of alcohol consumption.9-11 Endotoxemia re-

flects the level of lipopolysaccharides (LPS), a component of the 

bacterial cell wall of gram-negative bacteria. LPS binds to toll-like 

receptor (TLR)4 and TLR4 deficient mice exhibit less liver injury 

after alcohol intake than wildtype mice, demonstrating the role of 

bacterial products.12 Furthermore, increased endotoxemia also 

correlates with increased intestinal permeability.13 This is due to 

decreased expression of several proteins in the tight junctions in 

ALD models.14-16 Moreover, ethanol consumption modulates mucin 

glycosylation, which modifies the protective mucus layer and, po-

tentially, the adherent bacterial species.17 It was shown, using 

germ-free mice, that the alcohol-associated increase of intestinal 

permeability is not induced by alcohol, per se, but at least in part 

by acetaldehyde produced by bacterial ethanol metabolism.18 

These data do not exclude the possible involvement of other bac-

terial metabolites in the disruption of the gut barrier.19 Thus, the 

IM participates in the disruption of the gut barrier, which may im-

pair liver homeostasis by increasing the level of bacterial products 

or bacterial translocation into the blood and lymph nodes. Such 

translocation may be particularly deleterious in the case of dysbio-

sis. Indeed, dysbiosis has already been described in alcohol-fed 

rodents.20-22 Alcohol intake in rats was associated with a decrease 

in the abundance of lactic acid bacteria, especially those of the 

genera Lactobacillus, Pediococcus, Leuconostoc,  and Lactococ-
cus.22 An increase in the abundance of Proteobacteria and Actino-

bacteria and a decrease in that of Bacteroidetes and Firmicutes 

have been reported in alcohol-fed mice. Moreover, these modifi-

cations were accompanied by a decrease in bacterial diversity.20 

Dysbiosis of the colon IM in alcoholic patients has been associat-

ed with a decrease in the abundance of Bacteroidetes and an in-

crease in that of Enterobacteriaceae and Proteobacteria.23 These 

studies show that dysbiosis is associated with alcohol-induced liv-

er lesions, but a causal role for the IM was only been recently 

demonstrated. 

Patients with sAH harbor an IM that is different from that of al-

coholic patients without liver lesions (without AH).24 The propen-

sity of alcohol-induced inflammation was shown to be transmissi-

ble from patients to mice via the transplantation of the IM. Germ-

free mice that received the IM of an alcoholic patient with sAH 

developed more severe liver lesions than mice receiving the IM of 

an alcoholic patient without sAH. They also developed more pro-

nounced disruption of the intestinal barrier, associated with vis-

ceral inflammation. Efficient IM transplantation of a human stool 

sample from an alcoholic patient without sAH into conventional 

mice reverted the development of liver lesions in alcohol-fed mice 

that initially received the IM of an alcoholic patient with sAH.24 

Altogether, these findings show that individual susceptibility to 

ALD is dependent on the IM and provide strong evidence for a 

causal role of the IM in ALD.

The connections between the microbiota and their host in the 

development of ALD have been established, but the mechanisms 

which are involved in the deleterious role mediated by the IM are 

still unclear.25 However, metabolites produced by bacteria, such as 

short chain fatty acids (SCFA), and, more importantly, volatile or-



102 http://www.e-cmh.org

Clin Mol Hepatol
Volume_24  Number_2  June 2018

https://doi.org/10.3350/cmh.2017.0067

ganic compounds (VOC) and bile acids (BA), appear to be key 

players in ALD. 

Chen P, et al.  showed in an animal model of ALD that alcohol-

fed mice exhibited decreased expression of cecal microbiota bac-

terial genes involved in the biosynthesis of saturated fatty acids 

and decreased levels of saturated long-chain fatty acids (LCFAs).26 

Furthermore, dietary supplementation with saturated LCFAs re-

stored eubiosis and the intestinal gut barrier, leading to an im-

provement of the liver injury. The authors confirmed these results 

in alcohol abuse patients and positively correlated LCFA levels 

with those of Lactobacilli  in fecal samples, as saturated LCFAs are 

metabolized by commensal Lactobacillus and promote their 

growth. The composition of dietary fat also has an impact on the 

IM and liver injury.  A diet enriched in unsaturated fats was shown 

to exacerbate ALD and induce dysbiosis (reduction in the abun-

dance of Bacteroidetes and increase in that of Proteobacteria and 

Actinobacteria) and metabolomic changes (decreased levels of 

several LCFAs, medium-chain fatty acids (MCFAs), and SCFAs) in 

mice.27 These results suggest that dietary lipids may also play an 

etiological role in ALD by altering IM composition and function. 

Analysis of the fecal metabolome from alcohol-fed mice has 

also highlighted the involvement of BA in ALD.24 Mice transplant-

ed with the IM of a patient with sAH developed more severe liver 

lesions than those transplanted with the IM of an alcoholic pa-

tient without liver disease (without AH). Comparison of the fecal 

metabolites allowed the identification of 13 biomarkers related to 

alcohol-induced liver toxicity. The most discriminating molecules 

were BA derivatives and hydroxygenated/oxygenated fatty acids. 

Higher concentrations of the primary bile acid, chenodeoxycholic 

acid (CDCA), were found in fecal samples of mice without liver le-

sions than those of mice with alcohol-induced liver lesions. The 

secondary bile acid, ursodesoxycholic acid (UDCA), was more 

abundant in the fecal metabolome of mice that received the MI of 

the alcoholic patient without liver disease than of those that re-

ceived the MI of the patient with ALD. More than 95% of the BA 

secreted in bile are reabsorbed by the distal ileum and return to 

the liver, taking part in the entero-hepatic cycle. The main func-

tion of BA is to assist the absorption of dietary lipids and lipid-sol-

uble nutrients. However, they are also signaling molecules that 

act through the activation of receptors, such as the farnesoid X 

receptor (FXR) or G protein-coupled receptor (TGR5). Thus, they 

may modulate the inflammatory response, and lipid, glucose, en-

ergy, and drug metabolism, as well as their own biosynthesis by a 

negative feed-back loop following FXR activation.28 The primary 

bile acid, CDCA, is the most potent, whereas secondary BA  acti-

vate the FXR and TGR5 to a much lesser extent. The metabolism 

of the IM may thus modulate FXR and TGR5 activation and subse-

quently ALD susceptibility. 

Alcohol consumption is also associated with a specific mixture 

of VOC in feces.29 Amongst these, the SCFAs propionate and iso-

butyrate, involved in intestinal epithelial cell homeostasis and gut 

barrier integrity, are less abundant in the feces of alcoholics than 

that of non-alcoholic healthy individuals. 

Disruption of the gut barrier is a prerequisite for ALD, resulting 

in bacterial translocation.30 The integrity of the gut epithelium is 

dependent on the balance between the IM, mucosal immunity, 

and mucus and antimicrobial peptide production and their altera-

tion is associated with ALD. Furthermore, the production of mucin 

by goblet cells, which decreases in mice with alcohol-induced liver 

lesions, depends on the IM.24 Surprisingly, mice deficient for mu-

cin production have been shown to be protected against alcohol-

induced liver lesions. This deficiency was associated with a large 

increase in defensin production, as well as that of lectins regener-

ating islet-derived protein 3 beta (Reg3β) and regenerating islet-

derived protein 3 gamma (Reg3γ), which led to increased destruc-

tion of commensal bacteria and prevented bacterial overgrowth.31 

Moreover, defensin, Reg3β, and Reg3γ levels decreased in mice 

fed alcohol22 and mice deficient for Reg3β and Reg3γ showed an 

increased abundance of adherent bacteria and a high level of 

bacterial translocation, promoting alcohol-induced liver lesions.32 

Conversely, mice that overexpressed Reg3γ were protected from 

alcohol-induced hepatic toxicity, associated with a decreased 

abundance of adherent bacteria and a low level of bacterial trans-

location. Moreover, mice harboring a specific IM that protected 

them from the hepatic toxicity of alcohol also expressed high lev-

els of defensins.33 These data suggest that the control of bacterial 

overgrowth and the abundance of adherent bacteria are essential 

for the protective mechanisms against alcohol-induced liver toxic-

ity.

Recent data have also emphasized the role played by the IM in 

sensing nutrients and hormones via the gastrointestinal nervous 

system.34-36 The increase in intestinal permeability and dysbiosis in 

alcoholic patients has been associated with higher scores of de-

pression, anxiety, and alcohol craving.37 Alcoholic patients with 

elevated gut permeability had a lower abundance of genera be-

longing to the Ruminococcaceae family (Ruminococcus , Faecali-
bacterium, Subdoligranulum, Oscillibacter, and Anaerofilum), as 

well as Clostridia, than patients with less gut permeability. Con-

versely, the abundance of Dorea (Lachnospiraceae), Blautia , and 

Megasphaera was higher in these patients. Furthermore, the lev-
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els of VOCs (especially indole and phenol species) produced by 

these bacteria were altered in alcoholic patients. This suggests 

that metabolites produced by the IM are involved not only in cell 

dysfunction and liver disease, but also the psychological symp-

toms of alcohol dependence.37

ALD AND FUNGAL DYSBIOSIS

Recent studies have also shown the importance of changes in 

the composition of intestinal fungi, called the mycobiome, and 

their association with other diseases.38 An increase in mycobiota 

populations and translocation of fungal β-glucan into systemic 

circulation have been recently shown in an animal model of ALD. 

Moreover, antifungal treatment resulted in an improvement in al-

cohol-induced liver injuries. This effect was mediated by β-glucan, 

a fungal cell wall polysaccharide, which induces liver inflammation 

via the C-type lectin–like receptor (CLEC7A) on Kupffer cells.39

In humans, chronic alcohol consumption is associated with de-

creased fungal diversity, Candida overgrowth, and the transloca-

tion of fungal products, as suggested by an increase in the levels 

of anti-Saccharomyces cerevisiae IgG antibodies (ASCA).39 More-

over, ASCA levels correlated with the mortality of patients with 

alcoholic cirrhosis in this study. Another study reported fungal 

dysbiosis associated with cirrhosis and the authors proposed a 

combined bacterial–fungal dysbiosis metric, the Bacteroidetes/

Ascomycota ratio, which could independently predict 90-day hos-

pitalizations in cirrhotic patients. However, only a small subset of 

patients in this study had alcoholic cirrhosis and these results are 

yet to be confirmed in a large cohort of alcoholic cirrhotic pa-

tients.40 

PREBIOTICS, PROBIOTICS, OR FECAL MICRO-
BIOTA TRANSFER (FMT) TO TREAT ALD

Several probiotics have been tested in rodent models and sever-

al human trials to slow the progression of ALD. The first use of 

probiotics in ALD was performed in a rodent alcohol intake model 

using Lactobacillus GG, which improved gut leakiness and liver 

inflammation.41-43 The addition of oat fiber or a supernatant of 
Lactobacillus GG induced similar results, suggesting that bacterial 

products were partially involved in the protective mecha-

nisms.21,44,45 VSL#3, a mixture of eight probiotic strains (mainly 

Lactobacillus  and Bifidobacterium), also improved liver lesions in 

ALD in humans and rodents.46,47 Several other probiotic strains 

have been tested and also improved liver lesions in rodents. They 

are well summarized in a recent review.48 More recently, A. mu-
ciniphila  administration prevented hepatic injury, steatosis, and 

neutrophil infiltration in a mouse model of ALD.  These effects 

were due to an improvement in gut leakiness, enhanced mucus 

thickness, and increased expression of tight-junction proteins. 

Furthermore, A. muciniphila  treatment also improved hepatic in-

jury and neutrophil infiltration in already established ALD.49

Variability in the susceptibility to develop liver injury has also 

been observed in a mouse model of ALD. Sensitivity to alcohol-in-

duced liver lesions was associated with specific dysbiosis and a 

low level of Bacteroides. Modification of the IM in alcohol-sensi-

tive mice by FMT prevented alcohol-induced liver lesions. Among 

species associated with the resistance to alcohol, Lactobacillus , 

Bifidobacteria , and Roseburia  were identified as targets of inter-

est.33 Recently, a pilot trial that tested FMT in sAH patients ineligi-

ble for corticoid therapy showed promising results, suggesting im-

proved survival. However, the small sample size of the study and 

the use of historical controls limit its interpretation. A phase III tri-

al is ongoing in India (NCT03091010).

Prebiotic use has also been tested and showed that fructo-oli-

gosaccharides (FOS) improved rodent alcohol-induced liver dam-

age in a mouse model of ALD.22 The most recent data concern the 

preventive role of pectin in ALD, in which pectin treatment of al-

cohol-fed mice restored the level of Bacteroides  and completely 

prevented the development of liver injury.33

Altogether, these studies highlight the promise of controlling 

the IM by pre- or probiotic treatments. However, further studies 

are needed to understand the mechanisms involved in bacteria-

related gut and liver damage.

IM IN ADVANCED LIVER DISEASE

The analysis of the IM in fibrosis and cirrhosis during the course 

of ALD is scarce, as the analysis has been mostly performed inde-

pendently of the first cause of the disease. Patients with cirrhosis 

have distinct fecal microbial communities relative to healthy individ-

uals. The authors of a recent study using “shotgun” metagenomics 

to compare patients with alcoholic cirrhosis to healthy controls 

found a decrease in the abundance of Parabacteroides, Prevotella, 

Clostridium, and Bacteroides and an increase in that of Lactobacil-
lus and Bifidobacterium.50 Other studies also found a decrease in 

the abundance of Bacteroidetes in cirrhotic patients (24 HBV and 
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12 alcohol), whereas Proteobacteria and Fusobacteria were more 

abundant.51 Among cirrhotic patients, the abundance of Prevotel-
laceae was greater in alcoholic patients than those infected with 

HBV. In addition, the prevalence of potentially pathogenic bacteria, 

such as Enterobacteriaceae and Streptococcaceae, and the reduc-

tion of beneficial populations, such as Lachnospiraceae, in patients 

with cirrhosis, may affect the prognosis.51 Moreover, 54% of the IM 

bacteria in cirrhosis are of oral origin, suggesting an invasion of the 

gut from the mouth in liver cirrhosis.52 

Metabolic pathways have also been studied in cirrhosis by 

metagenomic profiling. The expression of IM genes involved in glu-

coneogenesis and lipid metabolism were found to be enriched in 

patients with cirrhosis, whereas that of genes involved in bile acid 

metabolism was decreased.53 Another study revealed specific clus-

ters representing cognate bacterial species: 28 enriched in cirrhotic 

patients and 38 in control individuals. Among bacterial genes, 

those involved in denitrification, nitrate assimilation or dissimila-

tion, GABA biosynthesis, heme biosynthesis, and phosphotransfer-

ase systems were associated with liver cirrhosis.52 Another study 

showed gene expression of the IM in ALD patients to be signifi-

cantly enriched in functions related to alcohol metabolism relative 

to healthy controls. Most of the genes belonged to the family of al-

cohol, aldehyde, and acetaldehyde dehydrogenases.50

Genetic and functional biomarkers specific for liver cirrhosis 

have been revealed by a comparison with biomarkers for type 2 

diabetes and inflammatory bowel disease. Fifteen biomarkers 

were specifically associated with cirrhosis. However, generaliza-

tion of these results is difficult, as the number of patients was low 

and the cause of cirrhosis was mainly restricted to hepatitis B vi-

rus infection.52 

The survival rate of cirrhotic patients depends on the associated 

complications, including episodes of hepatic encephalopathy (HE), 

ascites, or infections, which all appear to be associated with spe-

cific bacterial communities.54

HE and infectious complications have been shown to be associ-

ated with a high level of Enterobacteriaceae.55 Alcaligeneceae, 

bacteria specifically involved in urea metabolism, were also more 

abundant in HE patients. In a prospective clinical trial, VSL#3 effi-

ciently prevented HE in cirrhotic patients, suggesting that the dys-

biosis observed in HE may have a causative role.56 Conversely, this 

treatment did not affect portal pressure.57 Moreover, subjects in a 

recent open-label, randomized clinical trial that compared FMT to 

standard care in recurrent HE showed improved cognition, in-

creased diversity, and a higher abundance of beneficial taxa with 

FMT, leading to reduced hospitalizations.58 

Viable bacteria have been found in the ascites of patients with 

decompensated cirrhosis, including several species of Propiono-
bacterium, Pseudomonas , and Staphylococcus , which normally 

colonizes the skin.59 Thus, access to the peritoneal cavity is not 

limited to the translocation of bacteria from the gut. However, the 

quantity of bacteria in the ascites was not sufficient to induce 

spontaneous bacterial peritonitis, although there was a relation-

ship between the bacterial species and the severity of the dis-

ease.59

There is also a decrease in overall microbial diversity and rich-

ness in acute-on chronic liver failure (ACLF). These patients had a 

lower abundance of Bacteroidaceae, Ruminococcaceae, and 

Lanchnospiraceae, but a higher abundance of Pasteurellaceae, 

Streptococcaceae, and Enterecoccaceae. Moreover, the relative 

abundance of Pasteurellaceae was an independent predictor of 

mortality.60

A cirrhosis dysbiosis ratio (CDR) has been developed to evaluate 

the severity of the condition.54 Enterobacteriaceae is the most 

prevalent family modified in the CDR and is specifically associated 

with the complications of cirrhosis due to the production of po-

tent endotoxins. The level of fecal Bacteroidaceaeae and Clostridi-
ales XIV may predict the risk of hospitalization in patients with 

cirrhosis, independently of other classical clinical predictors, such 

as the model for end-stage disease (MELD) score, HE, or the in-

take of proton-pump inhibitors.61 However, these studies included 

patients with cirrhosis of various etiologies. Moreover, a random-

ized clinical trial using Lactobacillus GG in cirrhotic patients dem-

onstrated that altering the composition of the IM through the use 

of probiotics improved dysbiosis and endotoxemia.62

CONCLUSION

Recent advances in microbiota research have shown that intes-

tinal bacteria play a crucial role in liver pathology.  Changes in the 

structure, composition, and function of these bacteria are impor-

tant factors related to ALD. Our understanding of the clinical sig-

nificance of dysbiosis in ALD is starting to take shape. It will, 

however, be crucial to consider the possible association between 

host genetics and/or epigenetic factors that play a potential role 

in liver injury. Further studies are needed, combining metagenom-

ics, metatranscriptomics, and metabolomics with longitudinal 

studies, along with standardization of these techniques, to better 

understand the role of microbiota alterations in the development 

of ALD. 
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Many studies already suggest that targeting the IM through the 

use of pro-, pre-, or symbiotics or FMT may be an effective treat-

ment for ALD. There are several ongoing trials in ALD using these 

strategies: antibiotics (rifaximin, amoxicilline, ciprofloxacine), pro-

biotics (Lactobacillus GG), colostrum, and FMT (clinicaltrials.org). 

The use of prebiotics, specifically pectin, which can prevent liver 

injury in rodent models, appears to be promising, as it is a food 

product that can be easily and safely used in humans. 

Larger studies, incorporating liver biopsies, standardized dose 

administration and duration, and an analysis of the long-term im-

pact on the IM are clearly needed to validate these initial promis-

ing results. Indeed, “microbial hepatology” is a new and promis-

ing field of tremendous interest to scientists, physicians, and 

patients that will improve the management of ALD patients. 
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