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Abstract

The human intestine is colonized by a variety of microbes 
that influence the metabolic responses, the immune system and 
the nervous system. Dietary patterns are important factors that 
shape the composition of the gut microbiota. Many animal models 
of alcohol exposure have highlighted the key role of the alcohol-
induced gut microbiota alterations, leaky gut and translocation of 
microbial products in the development of alcoholic liver disease 
(ALD). However, in humans, there is no clear picture defining an 
“alcoholic microbiome”, and the link between intestinal dysbiosis 
and ALD development is far from being understood. Although we 
do not comprehend all the mechanistic insights, clinical studies 
aiming at modulating the gut microbiota of alcoholic patients 
have shown some beneficial effects. Here we review the potential 
therapeutic effects of probiotics in ALD and give some clinical 
perspectives on the role of prebiotics and the use of fecal microbiota 
transplantation. (Acta gastroenterol. belg., 2020, 83, 616-621).

Key words : gut microbiota, alcoholic liver disease, probiotics, 
prebiotics, fecal microbiota transplantation, metabolomics.

The gut microbiota

The human intestine is colonized by a variety of 
microbes (bacteria, viruses, fungi and archeae) (1,2). The 
number of bacterial cells in the gut is approximatively 
similar to the number of human cells in the body, but 
the human microbiome contains over 3 million genes, 
compared with 23.000 genes in the human genome (3). 
Most of the intestinal bacteria belong to 2 phyla, the 
Firmicutes (gram positive) and the Bacteroidetes (gram 
negative), while the rest belongs to Actinobacteria, 
Fusobacteria, Proteobacteria and Verrucomicrobia. 
Each phyla is then divided into class, order, family, 
genus, species of bacteria. The human gut microbiota is 
constituted by 500-1000 bacterial species which maintain 
a symbiotic relationship with the host, and play crucial 
role in metabolic, immune and neurobiological responses 
(4). It also helps in the maintenance of the intestinal 
barrier function, which limits pathogen invasion, syn- 
thesizes a variety of metabolites, vitamins and neuro-
transmitters, metabolizes bile acids and influences drugs 
metabolism. The presence and abundance of intestinal 
bacteria are mostly shaped by dietary patterns (5,6). 
However, external factors like the use of antibiotics, 
other medications (proton-pump inhibitors, metformin, 
laxatives, antidepressants such as selective serotonin 

reuptake inhibitors (SSRI)) and other life style 
perturbations such as stress can profoundly influence the 
composition of the human microbiome (4,7).

The gut microbiome and metabolome in patients 
with alcohol use disorders

The gut microbiota composition can be assessed 
through different techniques, ranking from stool culture 
to next-generation 16S rDNA gene sequencing or shotgun 
metagenomics approaches (8). Several studies have 
interrogated the gut microbiota of alcohol use disorder 
(AUD) patients with or without alcoholic liver disease 
(ALD). They led to conflicting results (see review (9)) 
and no clear picture defining an “alcoholic microbiome” 
has emerged from those efforts probably due to the high 
heterogeneity of patients, the drinking status (actively 
drinking vs. short-term or long-term abstinence), the 
stage of liver disease (steatosis, fibrosis, steatohepatitis, 
cirrhosis), different dietary patterns, medications used, 
the biological material (stool samples vs duodenal or 
colonic biopsies), and the different techniques and 
bioinformatics pipelines used to analyze the bacterial 
composition (Figure 1). Furthermore, to identify potential 
bacteria involved in ALD development, the reference 
to a healthy control group without a history of alcohol 
abuse and ALD is needed but the microbial features of 
a “healthy microbiota” are still a matter of debate (10). 
Authors usually refer to the term “dysbiosis’ to describe 
imbalance or alterations of the microbiota that can have 
unfavorable effects on the host. Common features of 
dysbiotic microbiota of alcoholic patients include lower 
Bacteroidetes, lower Ruminococcaceae including the 
anti-inflammatory bacterium Faecalibacterium praus- 
nitzii, higher Proteobacteria, Lachnospiraceae and Entero-
bacteriaceae, changes in Lactobacillus, Bifidobacterium, 
Akkermansia (11-16). Interestingly, recent studies showed 
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associated microbiota - but not fecal microbiota-, were 
associated with liver disease progression (16).

While it is almost impossible to identify microbial 
taxa responsible for the development of ALD in human 
pathology, it might be more relevant to interrogate the 
metabolome - which represents the large catalogue of 
metabolites produced or to some extent influenced by 
the gut microbiota. Untargeted metabolomics analysis 
of stools, urine or blood, using mass spectrometry or 
nuclear magnetic resonance spectroscopy approaches, are 
useful to gain pathophysiological insight into the disease 
process by identifying potential key metabolites involved 
in ALD. Among them, altered levels of short chain 
fatty acids (SCFAs), long chain fatty acids, bile acids, 
dimethyl sulfide, dimethyl trisulfide, indole compounds, 
phenol, cytolysin - an exotoxin secreted by Enterococcus 
feacalis-, fungal β-glucan and candidalysin - a toxin 
secreted by Candida albicans - have been observed in 
animal models and AUD patients with different degrees 
of liver diseases ((11,19-21) and for review see (22)). 
Hence, not only bacterial but also fungal metabolites 
related to the intestinal mycobiome could be involved in 
the development of ALD. Recently, a decrease in fungal 
diversity and an overgrowth of Candida species have 
been observed in AUD patients (23).

Consequently, innovative approaches that can reduce 
the extent of alcohol-induced injury by restoring the 
gut microbiome, the gut mycobiome, the associated 
metabolic pathways or nutritional interventions might be 
promising (24). Here we review the potential therapeutic 
effects of probiotics in ALD and give some clinical 
perspectives on the role of prebiotics and the use of fecal 
microbiota transplantation.

Probiotics definitions and action mechanisms in 
ALD

The scientific definition of the term ‘probiotic’ was 
proposed in 2001 by a joint report of the FAO/WHO, 
and confirmed in 2013 by an expert panel of ISAPP 

overrepresentation of microbial species originating from 
the oral microbiota in the stool or duodenal biopsies of 
ALD patients such as Streptococcus, Shuttleworthia and 
Rothia (13,16) (see Table 1).

Many animal models of alcohol exposure have 
highlighted the key role of the alcohol-induced leaky gut 
and translocation of microbial products with potent pro-
inflammatory agents (e.g. lipopolysaccharides, pepti-
doglycans) in the development of ALD (17). However, 
the observations made in mice and rats cannot easily be 
extrapolated to human alcoholic pathology likely due to 
multiple factors such as the natural aversion of rodents 
for alcohol, the differences in immune systems and in 
the higher metabolism of ethanol in rodents (18). Indeed, 
several studies have shown an increased intestinal 
permeability and alterations of the fecal or colonic 
mucosal microbiota only in a subset of AUD patients 
and those alterations where independent of the degree of 
liver disease (11,12,16). Interestingly, we demonstrated 
for the first time that alterations in the duodenal mucosa-

Figure 1.

Microbial taxa over-represented in AUD 
patients

Microbial taxa under-represented in AUD patients Microbial taxa with controversial results

Proteobacteria (12) Bacteroidetes (12) Bifidobacterium (11,13,14)
Lachnospiraceae (11) Ruminococcaceae (11) Akkermansia (13,15,16)
Streptococcus (13,14,16) Alistipes (13)
Enterobacteria (14) Coprococcus (13)
Klebsiella (13) Paraprevotella (13)
Lactococcus (13) Prevotella (13)
Lactobacillus (13) Faecalibacterium praustnizii (11,13)
Shuttleworthia (16)
Rothia (16) 
Gemella (16)
Actinomyces (16)
Desulfovibrio (16)
Candida albicans (23) 
Candida dubliniensis (23)

Table 1. — Non-exhaustive list of gut microbiota alterations in AUD patients

AUD : alcohol use disorder
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level of the nutritional marker transthyretin, secreted 
by hepatocytes and involved in retinoid metabolism 
occurring in hepatic stellate cells (HSCs), was increased 
in the probiotic group, and that could be beneficial to 
reduce the progression of liver fibrosis by inactivating 
HSCs. Probiotic therapy also decreased the serum levels 
of hsCRP and modified fecal levels of some bacterial 
taxa (Clostridum coccoides, Eubacterium cylindroides, 
Enterobacteriaceae). Finally, Han et al showed in 
a multicenter, randomized, double blind, placebo 
controlled study that a 7-day supplementation with 
cultured Lactobacillus subtilis/Streptococcus faecium 
reduced serum TNFα and LPS in alcoholic hepatitis 
patients (33).

Prebiotics and fecal microbiota transplantation 
in ALD

The new definition of prebiotics is “a substrate that 
is selectively utilized by host microorganisms conferring 
a health benefit” (34). The previous definitions only 
included carbohydrates-based substrates such as fruc-
tooligosaccharide, galactoolisaccharide and inulin but 
in 2016, the definition of prebiotic has been extended 
to include other substances such as polyphenols and 
polyunsaturated fatty acids. Furthermore, it is recognized 
today that the prebiotic effect probably extends beyond 
Bifidobacterium and Lactobacillus since the growth of 
other beneficial bacterial taxa, such as Faecalibacterium, 
Roseburia, Eubacterium can also be promoted.

In a mouse model of alcohol-induced liver disease, 
treatment with fructooligosaccharides partially restored 
the antimicrobial Reg3g protein levels, reduced bacterial 
overgrowth, and lessened alcoholic steatohepatitis (35). 
More recently, the prebiotic pectin treatment in mice 
prevented alcohol induced-steatosis, liver inflammation, 
and restored gut homeostasis (36). The first clinical 
trial assessing the impact of prebiotics supplementation 
on gastrointestinal tolerance and on the gut-liver-brain 
axis modulation of AUD patients undergoing alcohol 
detoxification is currently ongoing at St-Luc academic 
Hospital (NCT03803709).

In the past few years, the fecal microbiota trans-
plantation (FMT) has been considered an option in the 
treatment of human diseases, with an impressive track 
record of success curing Clostridium difficile infections 
(37) and better clinical remission rate in ulcerative colitis 
(38). In preclinical models, investigators found that fecal 
microbiota transfer from human AUD patients to mice 
led to transmissibility of alcohol-related liver disease, 
as well as alcohol-related behavioral alterations. Indeed, 
Llopis et al. showed that mice transplanted with the fecal 
microbiota of patient with severe alcoholic hepatitis 
developed more severe liver inflammation and necrosis, 
greater intestinal permeability and bacterial translocation 
compared to mice transplanted with the fecal microbiota 
of alcoholic patient without hepatitis (14). In addition, 
we showed for the first time that mice harboring a 

(25). The currently accepted definition of probiotics 
is : “live microorganisms that, when administered in 
adequate amounts, confer a health benefit on the host”. 
While mechanisms of action of probiotics have sometime 
been described extensively, in most cases, despite a well 
demonstrated health benefit, those mechanisms are still 
unknown. A common misconception is that probiotics 
need to change the gut microbiota composition in order 
to be effective. Actually, probiotics are not known to 
take up permanent residency in the gut, and they rapidly 
disappear after treatment cessation (26).

Most probiotics contain Lactobacillus and Bifido-
bacterium which are saccharolytic bacteria that can 
ferment carbohydrates and produce SCFAs including 
acetate, propionate and butyrate. These SCFAs are known 
to inhibit the growth of pathogens, reinforce the gut 
barrier function, exert anti-inflammatory actions (27). In 
the context of ALD, some potential mechanisms of action 
of probiotics were identified thanks to animal studies. 
Rats exposed to alcohol for 10 weeks and treated with 
L. rhamnosus GG exhibited less severe hepatic damage, 
lower intestinal permeability, lower oxidative stress and 
inflammation in both intestine and liver compared to 
rats treated with alcohol and the vehicle (28). In mice, 
L. rhamnosus GG culture supernatant was effective in 
the prevention of chronic alcohol exposure-induced 
hepatic steatosis and injury through the modulation of 
liver AMPK phosphorylation and Bax/Bcl-2-mediated 
apoptosis (29). Finally, Akkermansia muciniphila 
administration prevented neutrophil infiltration and 
lowered hepatic steatosis and injury in a mouse model of 
alcohol-related liver disease (15).

Clinical trials using probiotics in ALD

The number of well-conducted clinical trials targeting 
patients with liver disease due to alcohol abuse is very 
limited and summarized in Table 2. The first human pilot 
study demonstrating a therapeutic role for probiotics in 
the short-term treatment of ALD has been conducted in 
2008 by Kirpich et al (30). The authors demonstrated that 
a 5-day probiotic therapy during alcohol detoxification 
was associated with a greater improvement in liver 
enzymes (serum transaminases) than abstinence alone in 
patients with mild ethanol-induced liver injury/alcoholic 
hepatitis. The improvement of liver function tests was 
associated with increased fecal level of Bifidobacterium 
and Lactobacillus. Another study showed that the 
phagocytic capacity of neutrophils was restored in 
patients with alcoholic cirrhosis receiving 1 month of 
probiotic therapy (31). In 2012, Koga et al. conducted 
a randomized, double blind, placebo controlled clinical 
trial to test the effects of Lactobacillus casei Shirota 
on liver function in patients hospitalized with alcoholic 
cirrhosis (32). The results of this study showed that 
the conventional liver function tests improved during 
the 4-week hospitalization but did not differ between 
the probiotic and placebo groups. However, the serum 



620 S. Leclercq et al.

Acta Gastro-Enterologica Belgica, Vol. 83, October-December 2020

References

1. CLEMENTE JC, URSELL LK, PARFREY LW, KNIGHT R. The Impact of 
the Gut Microbiota on Human Health : An Integrative View. Cell., 2012 Mar 
16, 148(6) : 1258-70.

2. NICHOLSON JK, HOLMES E, KINROSS J, BURCELIN R, GIBSON G, 
JIA W, et al. Host-gut microbiota metabolic interactions. Science, 2012, 336 : 
1262-7.

3. SENDER R, FUCHS S, MILO R. Are We Really Vastly Outnumbered? 
Revisiting the Ratio of Bacterial to Host Cells in Humans. Cell, 2016 Jan 28, 
164(3) : 337-40.

4. SCHROEDER BO, BÄCKHED F. Signals from the gut microbiota to distant 
organs in physiology and disease. Nat. Med., 2016 Oct, 22(10) : 1079-89.

5. DAVID LA, MAURICE CF, CARMODY RN, GOOTENBERG DB, 
BUTTON JE, WOLFE BE, et al. Diet rapidly and reproducibly alters the 
human gut microbiome. Nature, 2014 Jan, 505(7484) : 559-63.

6. FILIPPO CD, CAVALIERI D, PAOLA MD, RAMAZZOTTI M, POULLET 
JB, MASSART S, et al. Impact of diet in shaping gut microbiota revealed by a 
comparative study in children from Europe and rural Africa. Proc. Nat. Acad. 
Sci., 2010 Aug 17, 107(33) : 14691-6.

7. VICH VILA A, COLLIJ V, SANNA S, SINHA T, IMHANN F, BOURGONJE 
AR, et al. Impact of commonly used drugs on the composition and metabolic 
function of the gut microbiota. Nat. Commun., 2020 Jan 17, 11(1) : 1-11.

8. FRAHER MH, O’TOOLE PW, QUIGLEY EMM. Techniques used 
to characterize the gut microbiota : a guide for the clinician. Nat. Rev. 
Gastroenterol. Hepatol., 2012 Mar 27, 9(6) : 312-22.

9. BAJAJ JS. Alcohol, liver disease and the gut microbiota. Nat. Rev. 
Gastroenterol. Hepatol., 2019 Apr, 16(4) : 235.

10. BÄCKHED F, FRASER CM, RINGEL Y, SANDERS ME, SARTOR RB, 
SHERMAN PM, et al. Defining a Healthy Human Gut Microbiome : Current 
Concepts, Future Directions, and Clinical Applications. Cell Host Microbe, 
2012 Nov 15, 12(5) : 611-22.

11. LECLERCQ S, MATAMOROS S, CANI PD, NEYRINCK AM, JAMAR 
F, STÄRKEL P, et al. Intestinal permeability, gut-bacterial dysbiosis, and 
behavioral markers of alcohol-dependence severity. Proc. Natl. Acad. Sci. 
USA, 2014 Oct 21, 111(42) : E4485-93.

12. MUTLU EA, GILLEVET PM, RANGWALA H, SIKAROODI M, NAQVI 
A, ENGEN PA, et al. Colonic microbiome is altered in alcoholism. Am. J. 
Physiol. Gastrointest. Liver Physiol., 2012 May 1, 302 : G966-78.

13. DUBINKINA VB, TYAKHT AV, ODINTSOVA VY, YARYGIN KS, 
KOVARSKY BA, PAVLENKO AV, et al. Links of gut microbiota composition 
with alcohol dependence syndrome and alcoholic liver disease. Microbiome., 
2017 Oct 17, 5 : 141.

14. LLOPIS M, CASSARD AM, WRZOSEK L, BOSCHAT L, BRUNEAU 
A, FERRERE G, et al. Intestinal microbiota contributes to individual 
susceptibility to alcoholic liver disease. Gut, 2016 May 1, 65(5) : 830-9.

15. GRANDER C, ADOLPH TE, WIESER V, LOWE P, WRZOSEK L, 
GYONGYOSI B, et al. Recovery of ethanol-induced Akkermansia mucini-
phila depletion ameliorates alcoholic liver disease. Gut, 2017 May 26.

16. MACCIONI L, GAO B, LECLERCQ S, PIRLOT B, HORSMANS Y, 
TIMARY PD, et al. Intestinal permeability, microbial translocation, changes 
in duodenal and fecal microbiota, and their associations with alcoholic liver 
disease progression in humans. Gut Microbes, 2020 Jun 26, 0(0) : 1-23.

17. RAO RK. Endotoxemia and Gut Barrier Dysfunction in Alcoholic Liver 
Disease. Hepatol. Baltim. Md., 2009 Aug, 50(2) : 638-44.

18. LECLERCQ S, DE TIMARY P, DELZENNE NM, STÄRKEL P. The 
link between inflammation, bugs, the intestine and the brain in alcohol 
dependence. Transl. Psychiatry, 2017 Feb 28, 7(2) : e1048.

19. COUCH RD, DAILEY A, ZAIDI F, NAVARRO K, FORSYTH CB, MUTLU 
E, et al. Alcohol Induced Alterations to the Human Fecal VOC Metabolome. 
PLOS ONE, 2015 Mar 9, 10(3) : e0119362.

20. XIE G, ZHONG W, ZHENG X, LI Q, QIU Y, LI H, et al. Chronic ethanol 
consumption alters mammalian gastrointestinal content metabolites. J. 
Proteome. Res., 2013, 12 : 3297-306.

21. WANG G, LIU Q, GUO L, ZENG H, DING C, ZHANG W, et al. Gut 
Microbiota and Relevant Metabolites Analysis in Alcohol Dependent Mice. 
Front Microbiol. [Internet]. 2018 Aug 15 [cited 2018 Aug 17], 9. Available 
from : https://www.frontiersin.org/article/10.3389/fmicb.2018.01874/full

22. GAO B, EMAMI A, NATH S, SCHNABL B. Microbial Products and 
Metabolites Contributing to Alcohol-Related Liver Disease. Mol. Nutr. Food 
Res., 2020 Jun 24, n/a(n/a) : 2000023.

23. YANG A-M, INAMINE T, HOCHRATH K, CHEN P, WANG L, LLORENTE 
C, et al. Intestinal fungi contribute to development of alcoholic liver disease. 
J. Clin. Invest., 2017 Jun 30, 127(7) : 2829-41.

24. LANTHIER N, STÄRKEL P. Treatment of severe alcoholic hepatitis : past, 
present and future. Eur. J. Clin. Invest., 2017, 47(7) : 531-9.

human dysbiotic alcoholic microbiota exhibited higher 
depression-like behavior and reduced social behavior 
compared to mice harboring a human healthy microbiota 
(39).

There are very limited FMT studies in ALD patients. 
Philipps et al. conducted a 1-year follow-up pilot 
FMT study on 8 patients with steroid-resistant severe 
alcoholic hepatitis and showed an overall improvement 
of liver function and survival rate of the recipient patients 
compared to patients who did not receive FMT (87.5% 
vs 33.3%) (40). Higher survival rate were also observed 
by the same investigators in another cohort of 16 patients 
receiving FMT who were compared to patients treated 
with current therapies (corticosteroids, nutritional 
support or pentoxifylline) (41). In 2020, the first double-
blind, placebo controlled, randomized clinical trial on 
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Conclusion and future directions

Numerous experimental models demonstrated that the 
gut microbiota is intricately involved in the development 
of alcoholic liver disease although convincing evidence 
in humans is lacking. Translational studies with focus 
on the upper-part of the intestine, rather than the colon, 
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seeking in AUD patients. Large and long-term clinical 
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microbiota transplantation represent a promising area 
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whom current therapeutic options are limited.
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