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ABSTRACT

Background/Aims: This prospective longitudinal study described changes in gut microbiota in patients with alcoholic hepatitis 
(AH) and alcoholic cirrhosis (AC) and the relationship with clinical parameters. 

Methods: Included patients had histologically confirmed AH or AC with a 6-month follow-up (FU). Data were collected at baseline, 
3 and 6 months: fecal microbiota, alcohol intake, MELD score and blood tests, body composition, nutritional intake and energy 
expenditure. Changes in non-metagenomics data over time were assessed using multiple linear regression. PERMANOVA, DESeq2 
and Wilcoxon tests were used for metagenomic comparisons, and DISTLM for correlations between clinical and metagenomic data. 

Results: We included 10 AH patients and 12 AC patients. During FU, 6 AH and 4 AC patients became alcohol abstinent. Compared 
to AH, AC patients had decreased C-reactive protein (p = 0.009) and serum bilirubin levels (p = 0.002) and MELD score (p = 0.006), 
and increased albumin levels (p = 0.002). Overall microbiota profiles differed between groups at baseline (p < 0.001). While only 
few taxa changed in abundance in AC patients, AH patients demonstrated a decrease of 20 oral bacteria and an increase of 10 short-
chain fatty acid-producing bacteria. The relationship between abundance of gut microbiota and body weight and muscle mass at 
baseline and at 6 months in AC was no more significant after correction for multiple testing.

Conclusion: Baseline microbiota profile differs in AH and AC. Gut dysbiosis changes are limited to AH, without significant 
correlation with clinical parameters nor with alcohol intake. Larger studies are needed.

KEYWORDS: Alcoholic liver disease; Alcoholic cirrhosis; Alcoholic hepatitis; Gut microbiota; Longitudinal study; Body 
composition; Muscle mass; Metagenomics; Clinical study; Liver biopsy
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LAY SUMMARY

Cross-sectional studies have demonstrated gut dysbiosis in 
patients with alcoholic liver disease, but changes in fecal microbiota 
and possible relationship with clinical parameters have not been 
explored so far. In this prospective longitudinal study, we observe 
that the overall gut microbiota profile at baseline differs between 
patients with alcoholic hepatitis and patients with alcoholic 
cirrhosis. In addition, repeated measurements at 3 and 6 months 
of follow-up demonstrate that gut dysbiosis changes are limited 
to patients with AH without significant correlation with clinical 
parameters nor with alcohol intake.

INTRODUCTION

Alcoholic liver disease (ALD) is the most common cause of 
chronic liver disease worldwide. ALD refers to a clinical and 
histologic spectrum including steatosis, cirrhosis (AC) and 
alcoholic hepatitis (AH). Alcoholic cirrhosis develops in a minority 
of alcohol drinkers, under the influence of cofactors including 
obesity, female sex and genetic polymorphisms. Patients with 
AC may have few symptoms of liver disease, a clinical situation 
under the name of compensated cirrhosis. Over time and mostly 
in association with continuous alcohol intoxication, the majority of 
patients with AC develop manifestations of liver insufficiency and 
portal hypertension including ascites and variceal bleeding, which 
corresponds to the state of decompensated cirrhosis. Alcoholic 
hepatitis (AH) is a clinical entity which is part of the spectrum of 
ALD and may present with varying degree of severity. Patients with 
severe AH come to medical attention with jaundice of recent onset 
in association with signs of liver insufficiency in the setting of heavy 
alcohol intake [1]. 

As AC often coexist with AH, at least in the Western world, both 
acute inflammatory liver disease and complications of cirrhosis 
contribute to the poor outcome of these patients. Alterations in 
gut microbiota (or gut dysbiosis) is reported in cirrhosis [2]and 
in ALD in particular [3]. Reduced intestinal levels of Akkermansia 
muciniphila and Faecalibacterium prausnitzii, and higher levels of 
Enterobacteriaceae are reported in patients with heavy alcohol 
consumption as compared to healthy controls [4]. Cross-sectional 
studies described alterations of fecal microbiota in patients 
with ALD as compared to heavy drinkers without ALD [5]. The 
relationship between alcohol consumption, gut dysbiosis and 
mechanisms contributing to emergence of ALD has been recently 
reviewed [3,6]. Recently, attention has also focused on the role of 
gut microbiota as a cofactor on the risk to develop ALD [7] as well 
as a modulator of intestinal wall integrity and permeability during 
exposition to alcohol [8]. A relationship between gut microbiota 
and nutritional status (body weight and composition) has been 
described in non- liver related clinical setting [9], but not in patients 
with chronic liver diseases. In addition, whether any changes occur 
in gut dysbiosis and nutritional status during follow-up has not 
been explored so far in ALD. Thus, this prospective longitudinal 
study over 6 months aimed at describing 1) the evolution of clinical, 
laboratory and nutritional parameters in patients with ALD, and 2) 
the possible changes of fecal microbiota in patients with ALD, and 
the correlations with the clinical parameters. Provided that patients 
with AH and AC differed clinically and biologically at baseline, we 
speculated that the evolution over time would be different between 
groups and may translate into different changes in gut microbiota.

MATERIALS AND METHODS

Study Population

This prospective longitudinal study considered for inclusion all 

adults referred to the University Hospital of Geneva for a liver biopsy 
in the context of a suspected or proven ALD, between January 2014 
and March 2018. All patients were hospitalized with a suspected 
diagnosis of AH or AC based on well accepted clinical signs and 
liver histology. The patients were excluded if they presented one of 
the following conditions: viral hepatitis, HIV infection, pregnancy, 
history of liver transplantation, hepatocellular or any other active 
cancer, cholestatic liver disease, inflammatory bowel disease, 
hepatic encephalopathy precluding an informed consent, recent (<4 
weeks) gastro-intestinal bleeding, sepsis, exposure to antibiotics in 
the previous 4 weeks, and age > 75 years. The study was approved 
by the local Ethics Committee (Projet N°PB_2016-02017, Protocole 
d’Etude Clinique 13-097, Commission Cantonale d’éthique de la 
Recherche de Genève) and all patients signed an informed consent.

DATA COLLECTION

The patients were followed for 6 months after inclusion and 
underwent 3 study visits altogether, i.e. at baseline (before the liver 
biopsy, T0), and at month 3 (T3) and 6 (T6). The data collected at each 
visit are shown in Supplemental Table 1. The following data were 
obtained: age, sex, medical history (hyperlipidemia, pancreatitis, 
smoking status), drugs, daily alcohol consumption, clinical signs 
of liver failure (ascites, jaundice), blood tests (C-reactive protein, 
albumin, and total bilirubin), ultrasound-assessed ascites and 
spleen size, and hepatic venous pressure gradient (HVPG) measured 
during transjugular liver biopsy, as reported [10]. The severity of 
the liver disease and of the alcohol dependence were assessed by 
scores and questionnaires, as detailed below. The data collected 
for the purpose of this research included also body composition, 
dietary intake and resting energy expenditure, and analyses of 
the fecal microbiota composition. Patients with biopsy confirmed 
severe AH and a Maddrey score > 32 at baseline were treated with 
corticosteroids. Corticosteroids were discontinued at day 7 in non-
responders, as assessed by the Lille score [11].

Scores and Questionnaires

The severity of the liver disease was assessed by the MELD 
score [12]. The Alcohol Use Disorders Identification Test (AUDIT) 
was carried out to determine the quantity and pattern of alcohol 
consumption [13]. The total score ranges from 0 to 40 and a score ≥ 
8 indicates an alcohol use disorder.

Weight and Body Composition

We measured body weight in light clothes without shoes on a 
calibrated electronic scale, and body height with a height gauge. 
We estimated the volume of ascites by ultrasound on the same day 
to obtain the dry body weight. Mid-arm circumference of the non-
dominant arm was measured with a flexible non-extensible plastic 
tape to the nearest 0.1 cm. We assessed thrice the tricipital skinfold 
thickness of the non-dominant arm and recorded the average 
value. Brachial muscle circumference (BMC) was calculated with 
the following formula: BMC (mm) = mid-arm circumference (mm) 
– (3.14*tricipital skin fold thickness (mm)). We assessed the whole-
body composition by tetrapolar bioelectrical impedance analysis 
(BIA; Nutriguard®, Datainput GmbH) as described elsewhere [14]. 
We recorded resistance and reactance which allowed to calculate 
fat-free mass by the Geneva formula [15]. The fat mass was obtained 
by subtracting the fat-free mass from the body weight. The fat-free 
and fat masses were divided by height in order to obtain the fat-free 
mass index and the fat mass index, which allows the comparisons 
of patients with different statures. We also recorded phase angle, a 
raw BIA parameter which reflects the cell size and cell membrane 
integrity [16]. A low phase angle has been associated with mortality 
in patients with liver cirrhosis [17].
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Dietary Intake and Energy Expenditure

A senior dietician (V.L.K., V.V.) assessed the total calorie, protein, 
carbohydrate and fiber intake by a 24-hour dietary recall, without 
taking into account alcohol intake. Nutritional advice and support 
were given when necessary as part of routine care. The interview 
with the patient took place several days after hospital admission 
while the patient was in a stable condition. We measured resting 
energy expenditure by indirect calorimetry (Deltatrac®, Datex, 
Finland) according to the manufacturer’s procedure. Measurements 
(V.L.K., V.V.) were performed over 20 to 25 minutes after an 
overnight fast and at least 15 minutes bedrest. For each patient, we 
reported mean VO2, VCO2, the respiratory quotient (VCO2/VO2) and 
the energy expenditure.

Metagenomics Sampling and Analysis

Stool sample collection: The patient collected a nut-sized 
section of feces in a 30-mL polypropylene container, at baseline, 
month 3 and month 6. If the patient was hospitalized, the sample 
was immediately transported to the lab. If the patient was at home, 
it was transported within 2 hours to the lab. In the lab, the stool 
samples were frozen and stored at –80°C until processing.

DNA extraction from stool samples and sequencing: 
DNA was extracted from 100 mg stool samples using Quick-DNA 
Fecal/Soil Microbe Miniprep Kit (Zymo Research) according to 
the manufacturer’s recommendations. In this protocol, cells were 
disrupted by a 20-min bead beating at maximum speed on a 
Vortex-Genie 2 (Scientific Industries) with horizontal tube folder 
and eluted in 55 µL of H2O. Three negative extraction controls 
were performed by extracting DNA using the same procedure 
but omitting the addition of a stool sample, which was replaced 
by 100 µL of BashingBead buffer. Purified DNA was quantified by 
Qubit dsDNA BR Assay Kit (Thermo Fisher Scientific) and stored 
at – 20 °C. DNA libraries were prepared with the NextSeq 500 High 
Output v2 Kit (Illumina) and sequenced (2×150) on a NextSeq 500 
(Illumina) at LGC Genomics GmbH (Berlin, Germany).

Pre-processing, taxonomic classification and relative 
abundance computation: The overall quality of raw reads was 
inspected with the FastQC tool (http://www.bioinformatics.
babraham.ac.uk/projects/fastqc/). Raw reads were adapter-
trimmed and quality-filtered with Trimmomatic v0.36 [18] 
(SLIDINGWINDOW:20:28 MINLEN:100 LEADING:11 TRAILING:11). 
Replicate reads were removed with in-house perl scripts (https://
github.com/GRL-HUG/duplicates v.2) and dereplicated reads 
were mapped against human genome assembly (GRCh38.p13) 
using CLARK v.1.2.6.1 (- m 0 -P) [19]. Host-depleted reads were 
assigned to microorganisms (bacteria, archaea, viruses and micro-
eukaryotes) by MetaPhlAn 3 (v.3.0.1) [20] with default parameters. 
For detection of fungi and viruses, we also performed k-mer-based 
read classification using Kraken 2 (--paired --confidence 0.1) [21], 
which has higher sensitivity than MetaPhlAn3 read mapping to 
taxonomic markers. For that purpose, from the host-depleted 
sequence dataset, we removed low-complexity reads using 
Komplexity (--threshold 0.5 --filter) [22] and classified remaining 
read pairs sequentially against three custom databases built from 
Latest RefSeq assemblies (downloaded on 17 February 2022). The 
reads that remained unclassified after performing one round of 
the Kraken 2 analysis were used as input for the next round. The 
custom databases were respectively built of: (i) bacterial reference, 
representative, completely sequenced and Bacteria Candidate 

Phyla genomes (n = 33000); (ii) archaeal reference, representative 
and completely sequenced genomes (n = 599); fungal genomes (n = 
420); genomes of human protozoan parasites (n = 21; names were 
compiled from https://wikipedia.org/wiki/List_of_parasites_of_
humans); and genomes of DNA viruses from the genera that infect 
humans (names of which were compiled from viralzone.expasy.
org) (n = 652); (iii) genomes of DNA prokaryotic viruses (names 
of which were compiled from viralzone.expasy.org) (n = 4588). 
From the Kraken 2 output, we reestimated taxa abundance using 
Bracken [23]. Viral and fungal read counts were normalized per 
million prokaryote- assigned reads. To profile microbial metabolic 
pathways, we used HUMAnN 3 (v 3.0) [24] with default parameters 
and UniRef 90 database, starting from pooled forward and reverse 
reads of host-depleted read pairs. From the pathabundance output 
table we normalized gene copies per million reads (CPM) using the 
human_renorm_table tool.

Statistical analyses: For the statistical analyses, only the 
patients who achieved the 6 months follow-up and had complete 
data on fecal microbiota were included in the analyses.

Non metagenomic data: Non metagenomic data were analyzed 
with Stata Release 16.1. The normality of the data distribution 
was tested with Shapiro–Wilks tests. Categorical variables were 
expressed as numbers (percentages), and continuous variables 
as median (interquartile range) since they were not normally 
distributed. Comparisons between groups at baseline were 
performed by the Mann– Whitney U test for continuous variables, 
and Fisher’s exact test for categorical variables. Correction for 
multiple testing was performed using the Benjamini–Hochberg 
procedure. The evolution of the continuous data over the 6 months 
was analyzed by multiple mixed linear regression models and we 
reported for each model the coefficient, the 95% confidence interval 
(CI) and the associated p-value. The evolution of binary variable 
was assessed with multilevel mixed-effects logistic regression. 
The models evaluated whether the changes of the measured 
parameters could be predicted by disease (AC vs. AH) and the study 
visit number, without and with interactions. The impact of alcohol 
abstinence could not be analyzed in AC and AH patients separately 
in view of the low sample size.

Metagenomic data: Variations in microbiota structure 
between groups of patients and longitudinally within individuals 
of a given group were assessed based on Bray-Curtis dissimilarity 
matrix generated with the vegdist function of the vegan v2.5-
7 package in R v4.1.1 from square-root-transformed relative 
abundance of species. To visualize differences in microbiota profiles 
between different groups of samples, we used non-metric multi-
dimensional scaling (NMDS) generated with metaMDS function in 
vegan. The envfit function from the vegan package was used with 
9,999 permutations to fit the species relative abundance to overall 
bacterial community in NMDS. The differences of microbiota 
between AH and AC patients and between visits in each group were 
tested using PERMANOVA test implemented in the adonis function 
of the vegan package, with 9,999 permutations. Alpha-diversity 
variations were explored using Shannon diversity index calculated 
in vegan with the diversity function, and statistically tested with 
Wilcoxon signed- rank (paired) or Mann–Whitney U test. To 
calculate Shannon diversity index, the counts of species-level 
classified reads in the MetaPhlAn3 bowtie2 output were rarefied 
to the lowest number (n = 34,438) of any sample using linux 
command shuf. Rarefied data were input into MetaPhlAn3 again and 
resulting species relative abundances were used to calculate the 
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Shannon index. To assess the statistical significance of differences 
in the relative abundance of individual taxa (from MetaPhlAn3 
counts generated with the option –t rel_ab_w_read_stats) and 
metabolic pathways (from HUMAnN pathabundance output table) 
according to different factors (e.g. baseline disease or sampling 
point), we used DESeq2 [25] after filtering out taxa found in less 
than 25% of the compared samples. When comparing between 
different timepoints, models were adjusted considering patients. 
A Benjamini-Hochberg corrected p-value < 0.05 of the DESeq2 
output was considered significant. The significance of differences in 
fungal and viral reads (normalized to million bacterial reads) was 
assessed by Mann–Whitney U and Wilcoxon signed- rank tests. The 
association between microbiota and quantitative study parameters 
was tested using distance-based linear model (DISTLM), with 
9,999 permutations in PRIMER v7 (PRIMER-E Ltd, Plymouth, UK). 
p values obtained by Mann–Whitney U, Wilcoxon signed-rank and 
DISTLM tests were corrected for multiple comparisons using the 
Benjamini–Hochberg procedure with the p.adjust function from the 
stat package in R. Quality-filtered dereplicated non-human reads 
are available on European Nucleotide Archive Database under the 
study accession number PRJEB51056.

RESULTS

The flow chart of the study is shown in Supplemental Figure 
1. After exclusion of patients with missing fecal microbiota or 
non-interpretable samples due to recent exposure to antibiotics, 
twenty-five ALD patients completed the follow-up of 6 months, 
i.e three patients with alchohol steatosis, 10 patients with AH and 
12 patients with AC. The low number of patients with steatosis 
precluded any group comparison and they were therefore excluded 
from further analyses, to obtain a final number of 22 analyzable 
patients.

Non-Metagenomic Data

Baseline data and comparisons: The baseline comparisons 
of AC and AH patients are shown in Table 1. As compared to the 
AC patients, the AH patients had significantly higher levels of 
C-reactive protein and total bilirubin but lower levels of albumin, 
as well as a higher HVPG and MELD score. With regards to the 
nutritional state, one AC patient had a body mass index < 18.5 kg/
m2, and seven patients (3 AH and 4 AC patients) had a low muscle 
mass, defined as fat-free mass index < 17 kg/m2 in men and < 15 
kg/m2 in women [26].

Table 1: Baseline characteristics of patients with alcoholic hepatitis and alcoholic cirrhosis.

 Total patients 
(n=22)

Patients with 
Alcoholic Hepatitis 

(n=10)

Patients with 
Alcoholic Cirrhosis 

(n=12)
pc

 Age, yrs 55.5 (49.0–62.0) 54.0 (49.0–57.0) 57.5 (48.0–62.0) 0.39

 Male sex, n (%) 16.0 (72.7) 7.0 (70.0) 9.0 (75.0) 1

 Alcohol intake, g/day 100.0 (50.0–200.0) 125.0 (90.0–200.0) 75.0 (50.0–100.0) 0.183

Clinical Signs
Presence of jaundice, n (%) 6 (27.3%) 5 (50.0) 1 (8.3) 0.056

Presence of ascites, n (%) 13 (59.1%) 8 (80.0) 5 (41.7) 0.099

Blood Tests

C-reactive protein, mg/l 12.3 (3.0–20.7) 20.4 (14.0–27.7) 3.1 (1.2–11.9) 0.002*

Albumin, g/l 32.0 (27.0–38.0) 28.5 (23.5–32.5) 37.5 (31–44) 0.023*

Total bilirubin, µmol/l 34.0 (20.0–65.0) 70.5 (37–375) 24 (18–31.5) <0.001*

Ultrasound, 
Catheterization

Ascites, n (%) 13.0 (59.1) 8.0 (80.0) 5.0 (41.7) 0.099

Spleen size, mm 120.0 (110.0–130.0) 128.0 (112.0–135.0) 115 (95.0–120.0)b 0.191

HVPG, mmHg 15.5 (10.0–20.0) 19.0 (16.0–21.0) 11.0 (7.5–16.5) 0.019*

Clinical Scores
MELD score (6 to 40) 12.0 (9.0–15.0) 15 (12.0–22.0) 9.5 (8.0–12.0) 0.003*

Audit score (0 to 40) 13.5 (11.0–16.0) 12 (9.5–21)a 14.0 (12.5–15.0) 0.699

Weight, Body 
Composition

Dry body weight, kg 70.3 (62.0–82.7) 70.7 (63.3–79.4) 70.4 (59.9–82.8) 0.869

Body mass index, kg/m2 24.5 (21.7–27.6) 24.6 (23.6–25.9) 24.1 (21.3–27.7) 0.621

Triceps skin fold thickness, mm 14.3 (10.5–21.9) 14.9 (10.5–24.3) 13.9 (9.7–21.9) 0.742

Brachial muscle circumference, mm 246.0 (216.0–267.0) 246 (222–253) 250 (214–272) 0.895

Fat-free mass index, kg/m2 18.2 (15.0–20.0) 18.1 (16.3–19.8) 18.4 (14.6–20.3) 0.843

Fat mass index, kg/m2 6.8 (5.6–8.6) 6.5 (5.7–9.0) 7.1 (5.1–8.0) 0.644

Phase angle, degrees 4.6 (4.0–5.4) 4.1 (3.1–4.9) 4.7 (4.2–5.6) 0.146

Dietary Intake

Calorie, kcal/kg/d 20.5 (15.7–25.7) 19.3 (10.7–30.1) 21.4 (16.7–24.1) 0.843

Protein, g/kg/d 0.8 (0.5–1.0) 0.6 (0.3–0.9) 0.9 (0.6–1) 0.235

Carbohydrate, g/kg/d 2.5 (1.6–3.0) 2.7 (1.5–3.4) 2.1 (1.6–2.8) 0.552

Fiber, g/d 8.5 (6.0–12.0) 8.5 (12.0–22.0) 8.5 (7.0–12.0) 0.716

Indirect 
Calorimetry Resting energy expenditure, kcal/day 1493.0 (1345.0–1665.0) 1571.5 (1345.0–1665.0) 1466.0 (1328.0–1667.0)b 0.805

Note: Data expressed as median (interquartile range) or number (percentage); HVPG: hepatic venous pressure gradient; 
MELD: Model for end-stage liver disease 
an=8; bn=11; cMann–Whitney U test for continuous variables, and Fisher’s exact test for categorical variables * significant p 
value after correction for multiple testing by Benjamini–Hochberg.
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Longitudinal data and changes: Five out of 10 AH patients 
received steroids and 3 of them qualified as responders. During 
follow-up, 3 patients, all with AH, received oral nutritional 
supplements. Six AH patients and 4 AC patients became completely 
abstinent of alcohol. The study parameters at months 3 and 6 visits 
are shown in the Supplemental Table 2. 

Compared to the patients who continued drinking alcohol, the 
AH patients who became abstinent were younger (49.0 (40.0–53.0) 
vs. 59.9 (56.5–63.0) yrs, p=0.010), and, at baseline, had a higher 
baseline calorie (27.9 (19.8–31.2) vs. 9.6 (6.5-14.8) kcal/kg/d, 
p=0.019), protein (0.9 (0.7–1.3) vs. 0.2 (0.1–0.3) g/kg/d, p=0.011) 
and fiber (11.5 (9.0–16.0) vs. 2.0 (0–5.0 g/d, p=0.010) intake as well 
as a higher phase angle value (p=0.013). 

The AC patients who became abstinent had a lower baseline 
body weight (56.0 (47.9– 65.8) vs. 80.3 (66.5–83.5) kg, p=0.033), 
body mass index (21.4 (19.1–23.4) vs. 27.4 (22.4–27.9) kg/m2, 
p=0.008) and resting energy expenditure (p=0.038) than the non-
abstinent AC patients. 

In the multiple mixed linear regression models, after correction 
for multiple testing (Table 2), AC patients experienced a decrease 
of C-reactive protein and total bilirubin, HVPG, MELD score, and an 
increase of albumin levels, compared to AH patients. Interactions 
between group (AH vs. AC) and study visit number were significant 
for alcohol intake, C-reactive protein, albumin, total bilirubin, 
triceps skinfold, MELD score (Supplemental Figure 2), as well as for 
the presence of ultrasound-assessed ascites (month 3 vs. baseline: 
p=0.029). 

Table 2: Multiple mixed linear regression models adjusted for visit number, to predict changes in clinical, laboratory and 
nutritional parameters of patients with alcoholic liver cirrhosis (n=12) vs. hepatitis (n=10, reference group).

Coefficient 95%CI p (model) p (AH vs. AC)

Alcohol intake, g/day –9.41 (–53.87, 35.05) <0.001* 0.678

Clinical Signs

Jaundice, n %# –5.64 (–12.46, –1.16) 0.104 0.009

Ascites, %# –3.08 (–6.99, –0.83) 0.123 0.031

Blood Tests

C-reactive protein, mg/l –7.83 (–13.67, –1.98) <0.001* 0.009

Albumin, g/l 6.22 (2.26, 10.19) <0.001* 0.002

Total bilirubin, µmol/l –62.48 (–101.19, –23.77) <0.001* 0.002

Ultrasound and Catheterization

Spleen size, mm –7.31 (–19.59, 4.96) 0.283 0.243

HVPG, mmHg –6.02 (–9.33, –2.71) <0.001* <0.001

Clinical scores

MELD score –3.66 (–6.25, –1.07) <0.001* 0.006

Weight, Body Composition

Weight, kg 0.99 (–10.29, 12.59) 0.234 0.866

Body mass index, kg/m2 –1.10 (–4.39, 2.19) 0.201 0.512

Triceps skinfold thickness, mm –4.14 (–9.93, 1.65) 0.005* 0.161

Brachial muscle circumference, mm 2.88 (–18.1, 23.8) 0.215 0.787

Fat-free mass index, kg/m2 –0.59 (–2.69, 1.50) 0.617 0.576

Fat mass index, kg/m2 –0.49 (–2.60, 1.61) 0.085 0.647

Phase angle, degrees 0.69 (–0.03, 1.42) <0.001* 0.062

Dietary Intake

Calorie intake, kcal/kg/d 0.29 (–5.74, 6.32) 0.27 0.925

Protein intake, g/kg/d 0.03 (–0.23, 0.29) 0.058 0.814

Carbohydrate intake, g/d –20.97 (–65.57, 23.63) 0.593 0.357

Fiber intake, g/d 3 (–1.49, 7.57) 0.417 0.188

Indirect Calorimetry

Resting energy expenditure, kcal/day 9.79 (–187.39, 206.98) 0.345 0.922

Metatagenomic data: In total, we sequenced 65 samples from 
22 patients, i.e. 12 with AC and 10 with AH, with a mean number 
of 8.2 M (range 0.7–38.8 M) quality-filtered read pairs per sample. 
In total, 453 species (median 82, range 15–149 per sample) were 
identified in stool samples.

Overall microbiota similarity between and within AH and 
AC patients: At baseline, bacterial communities were markedly 
different between AH and AC patients (Figure 1A). The NMDS 
plot, based on the relative abundance of bacterial species, showed 

different baseline AC and AH microbiota, with only one AC sample 
found in the AH cluster and two AH samples located in the AC 
cluster. The PERMANOVA test confirmed the significant difference 
in bacterial communities at baseline (p<0.001). At months 3 and 6, 
the fecal microbiota was not significantly different between AH and 
AC patients (PERMANOVA test, p=0.142 and p=0.390, respectively) 
(Figure 1B, 1C). The Bray-Curtis dissimilarity index between AH 
and AC patients was significantly higher at T0 than T3 and T6 
(Figure 1D).
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Figure 1: NMDS of the microbiota bacterial communities of AH and AC samples at baseline (T0) (A), month 3 (B) and 
month 6 (C). Bray–Curtis dissimilarity between AH and AC microbial communities at each time point are represented 
in a boxplot (D) and differences were tested with a Wilcoxon signed-rank test (p values are reported in the figure). 
For easier visual distinction, the area formed by samples corresponding to each AH and AC are shadded. AC = 
Patients with alcoholic cirrhosis; AH = Patients with alcoholic hepatitis.

The fecal microbiota did not change significantly at month 3 and 
6 relative to baseline in AH (p=0.135 and p=0.101, respectively) and 
AC patients (p=0.999 and p=0.982, respectively), according to the 
PERMANOVA test. However, NMDS plots demonstrated relatively 
similar bacterial community shifts over time among AH but not 
among AC patients. These temporal changes were generally less 
pronounced in non-abstinent than in abstinent patients, whether 
considering AC or AH patients (Supplemental Figure 3).

Shannon species diversity decreased slightly but significantly 
over time in AC patients. The increase in median bacterial diversity 
observed during the follow-up in AH patients was not statistically 

significant (Supplemental Figure 4).

Taxa differences between AH and AC patients: At baseline, 
we observed an increased relative abundance of Proteobacteria and 
Fusobacteria phyla (Supplemental Table 3), and Enterobacteriaceae 
and Veillonellaceae families in AH patients compared to AC patients. 
Seventeen species typically found in the oral microbiome [27] were 
significantly higher, while 8 non-oral short-chain fatty acid (SCFA)-
producers were significantly lower in AH than in AC samples 
(Supplemental Table 4). Cumulative abundance of oral-like species 
in AH patients at baseline was significantly higher than that found 
at T3 as well as that of AC patients at baseline (Figure 2).

Figure 2: Cumulative abundance (%) of bacteria typically found in the human oral microbiota (A) or identified as 
short-chain fatty acid (SCFA) producers (B), at each time point. Oral-like species correspond to species listed in the 
HOMD and being more abundant at any oral site than in stools according to human microbiome profiles available 
at (https://www.ezbiocloud.net/resources/human_microbiome). P values were reported when significant (Mann–
Whitney U test or Wilcoxon signed-rank test). AC = Patients with alcoholic cirrhosis; AH = Patients with alcoholic 
hepatitis. 
T0; baseline; T3 = follow-up at month 3; T6 = follow-up at month 6.

Comparisons of follow-ups to baseline samples within 
individuals identified 51 differentially abundant species 
(Supplemental Table 4). In AH patients, 20 oral-like species 
significantly decreased in abundance during follow-up and only 
4 such species increased. In the same patients, 10 non-oral-like 

SCFA-producing bacteria increased in abundance at month 3 and/
or month 6 as compared to baseline levels. In contrast, very few 
species changed significantly with time in AC patients. MetaPhlAn3 
analysis reported only bacteria and archaea in 93% of samples. 
In the remaining 7% of samples, fungi were detected at <0.5%. 
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Therefore, we performed Kraken 2 [21] analysis to increase the 
sensitivity of the detection of viruses and fungi. Metagenomic reads 
corresponding to viruses and fungi had low counts as compared 
to bacterial ones. Among viruses, the most abundant were those 
infecting bacteria (bacteriophages). In AC patients at baseline, 
median abundances of Podoviridae and Myoviridae (supplemental 
Table 5) were, respectively, 50-fold and 6-fold those of AH patients. 
During the follow-up, the abundance of Myoviridae increased 
in AH patients but the significance of these changes disappeared 
after correction for multiple testings. No significant changes were 
observed in the abundance of fungal genera (Supplemental Table 
6) over time or between AH and AC groups.

Regarding the metabolic pathways, most of the significant 
differences between the AH and AC groups were observed at 

baseline (Supplemental Table 7). Ten pathways were enriched in 
the AH as compared to the AC microbiota and six of them were 
significantly reduced when AH T6 samples were compared to 
baseline [28]. Of these, two belonged to biosynthetic (vitamin and 
lipid) and four to degradation (glycol, L-arginine, sugar derivative, 
fatty acid) pathways.

The associations of gut microbiota with quantitative clinical 
parameters are shown in Table 3. The AC microbiota was associated 
with body weight, body mass index, brachial muscle circumference, 
fat-free mass index, and resting energy expenditure at baseline and 
month 6, while the AH microbiota was associated with phase angle 
value at month 3 and 6 visits. After correction for multiple testing, 
microbiota was no more associated with any parameters.

Table 3: Associations between microbiota composition and study parameters at baseline (T0), month 3 (T3) and month 6 
(T6), assessed by distance-based linear model (DISTLM). 

Patients with Alcoholic Hepatitis (n=10) Patients with Alcoholic Cirrhosis (n=12)

T0 T3 T6 T0 T3 T6

Alcohol intake, g/day 0.4521 0.7532 0.0182 0.2589 0.2808 0.2163

Blood Tests

C-reactive protein, mg/l 0.798 0.418 0.708 0.966 0.913 0.869

Albumin, g/l 0.029 0.532 0.245 0.674 0.483 0.131

Total bilirubin, µmol/l 0.427 0.608 0.990 0.564 0.018 0.625

Clinical Scores

MELD score 0.470 0.673 0.987 0.892 0.643 0.690

Weight, Body Composition

Dry body weight, kg 0.699 0.041 0.311 0.033 0.376 0.011

Body mass index, kg/m2 0.890 0.055 0.182 0.039 0.202 0.001

Triceps skinfold thickness, mm 0.558 0.838 0.421 0.985 0.304 0.552

Brachial muscle circumference, mm 0.988 0.080 0.144 0.049 0.523 0.022

Fat-free mass index, kg/m2 0.558 0.028 0.191 0.011 0.199 0.045

Fat mass index, kg/m2 0.926 0.578 0.142 0.752 0.345 0.313

Phase angle, degrees 0.394 0.020 0.002 0.312 0.511 0.110

Dietary Intake

Calorie intake, kcal/kg/d 0.418 0.154 0.089 0.299 0.530 0.232

Protein intake, g/kg/d 0.091 0.125 0.254 0.312 0.116 0.154

Carbohydrate, g/kg/d 0.649 0.486 0.479 0.361 0.922 0.271

Fiber, g/d 0.337 0.710 0.407 0.485 0.949 0.146

Indirect Calorimetry

Resting energy expenditure, kcal/day 0.483 0.233 0.048 0.003

Note: No significant p value after correction for multiple testing by Benjamini–Hochberg.

DISCUSSION

This is the first study exploring in detail the changes in gut 
microbiota in patients with ALD during a follow-up period of 
6 months, together with a number of clinical parameters and 
markers of nutritional state. Few gut bacterial taxa changed with 
time in the AC group, but several oral and SCFA-producing species 
changed in abundance in AH patients. The gut microbiota profile 
was associated with body weight and markers of muscle mass at 
baseline and month 6 visit in AC patients, but the significance of 
this association disappeared after correction for multiple testing.

Non Metagenomic Data

As expected, AH patients had higher CRP and total bilirubin, but 

lower albumin compared to AC patients, at baseline. These values 
improved with time, likely in response to acute treatments of AH, 
such as corticosteroids.

At baseline, our patients had low nutritional intakes compared 
to recommandations of at least 35 kcal/d and 1.2–1.5 g protein/d in 
non-obese patients with ALD [29]. This confirms previous findings 
of low energy intake from fat and carbohydrate in heavy alcohol 
drinkers [30,31]. Poor intakes could be related to unbalanced 
diets rich in alcohol or digestive symptoms in relation with ascites 
[32]. It was previously reported that the calorie intake decreases 
as severity of liver disease increases [33]. In our study, the calorie 
intake over time did not change, but the severity of liver disease 
neither. Body weight and fat-free mass have been shown to be lower 
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in alcohol drinkers than control subjects [34]. A prospective study 
included 105 hospitalized alcoholics with an alcohol intake above 
150 g/d over 5 years [35]. During follow-up, those who continued 
drinking lost lean mass, while those who became abstinent gained 
lean mass. In our study, 32% of the patients had a low fat-free 
mass at inclusion, and body composition did not differ significantly 
between AH and AC patients during follow-up.

Metatagenomic Data

Several studies compared the gut microbiota composition 
between AC, AH or ALD patients, with or without ongoing alcohol 
consumption, and healthy controls but none of them compared 
specifically AH and AC patients [5]. We found higher levels of many 
typical oral bacteria at baseline in AH patients compared to AC 
patients. Our results are in line with other studies reporting an 
enrichment of oral-like bacteria in the gut of AC patients [36,37] or 
higher levels of Veillonella in AH patients than in controls or patients 
with less severe AH [38,39]. We also found an increased abundance 
of Proteobacteria and Fusobacteria phyla, and Enterobacteriaceae 
and Veillonellaceae families in AH compared to AC patients. As these 
taxa have been reported to be increased in cirrhotic patients [40], 
our data suggest further enrichment when cirrhosis is associated 
with AH. Puri et al. [41] showed that Fusobacteria were increased 
in the presence of alcohol consumption, independently of the 
presence or absence of liver disease. Translocation of oral bacteria 
into the intestinal tract may be due to altered production of bile 
acids, reduced intestinal motility, impaired mucosal immunity and 
decreased gastric acid secretion by medication [42].

The abundance of 8 non-oral-like SCFA-producing bacteria was 
lower in the AH than AC patients, at baseline. Low levels of SCFA 
producing bacteria as Lachnospiraceae or Ruminococcaceae, were 
described in AC patients with alcohol dependence [43] or infections 
[44], and in AH patients [45]. Interestingly, our AH patients had 
higher levels of C-reactive protein at baseline, which may suggest 
an inverse association between inflammation and SCFA- producing 
bacteria. The lower abundance of Akkermansia in AH than AC 
patients concurs with other studies comparing AH patients and 
healthy controls [39,46]. Grander et al. [46] highlighted ina murine 
model that ethanol feeding promotes the depletion of this bacteria 
and increases gut permeability which could be counteracted by A. 
muciniphila supplementation. 

The overall microbiota composition was not different at month 
3 and 6 visits between the AH and AC patients. Very few species 
changed with time in AC patients, as in another longitudinal study 
including patients with stable liver disease [44]. However, in AH 
patients, many oral species decreased including Fusobacterium 
nucleatum or Veillonella parvula, and 10 non-oral SCFA-producers 
increased, like Faecalibacterium prausnitzii. These changes could be 
influenced by factors including alcohol consumption. Accordingly, 
alcohol is a strong modulator of gut microbiota profiles [47] in 
patients with or without ALD [43,48]. In our study, we observed a 
smaller shift in bacterial community in non-abstinent vs. abstinent 
patients, especially in the AH group, suggesting an influence of 
alcohol abstinence on the gut microbiota. We did not find any 
worsening of liver disease in our study population, but Bajaj et 
al. [44] demonstrated an association between low levels of SCFA-
producing taxa and concomitant overgrowth of pathogens, as well 
as endotoxemia and disease progression.

In addition to changes in bacterial communities, the abundance 
of bacteriophages differed between AC and AH patients at baseline. 

A previous study showed a higher abundance of Candida species in 
alcohol-dependent patients as compared to healthy controls [49]. 
However, in our patients, fungal communities were similar in AH 
and AC groups. Compared to AC patients, fecal microbiota of our 
AH patients was enriched in diverse biosynthetic and degradation 
pathways, which presumably reflects changes in taxonomic 
structure. Compared to controls, Chen et al. [50] found alterations 
in genes involved in nutrient metabolism in AC patients, as for 
instance a depletion of genes involved in amino acids, bile salts and 
SCFA metabolism and an enrichment of xenobiotic degradation 
genes. Dubinkina et al. [36] described upregulations in pathways 
involved in alcohol metabolism and inflammation in AC patients 
compared to alcohol dependent patients. Differences in changes in 
functional potential of the microbiota associated with AC observed 
across studies may be due to methodological biases and differences 
in patients’ characteristics. In our population of AH and AC patients, 
no correlation could be made between clinical parameters and 
changes in gut microbiota after correction for multiple testing. 
Whether this relates to the small number of patients studies, or a 
relatively short follow-up period remains a possible hypothesis.

Strengths and Limitations

The strength of this study is the inclusion of a well characterized 
population of patients with different forms of ALD, who underwent 
a close follow-up during several months. This longitudinal study 
assessing changes in gut microbiota together with clinical, biological 
and nutritional parameters has not been performed previously. 
However, we acknowledge that the small number of patients 
precludes the analysis of the impact of alcohol per se, and the 
absence of a control group to compare gut microbiota with healthy 
subjects. In addition, we could not control for dynamic parameters 
that may influence gut microbiota including drugs, complications of 
ALD, nutritional intakes or nutritional state in details.

CONCLUSION

The microbiota profile is different between AH and AC patients 
at baseline. In AH patients, the abundance of several oral and SCFA-
producing bacteria decreased and increased over time, respectively, 
suggesting a reduction of dysbiosis. The changes in fecal microbiota 
were not significantly correlated to clinical parameters. Larger 
studies should confirm these differences while taking into account 
alcohol consumption and could possibly demonstrate a relationship 
between changes of gut microbiota and clinical outcome.
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Supplemental Table 1: Collected data at each visit.

Baseline Month 3 Month 6

Demographic data (age, gender) x   

Medical history and drugs x   

Alcohol intake x x x

Clinical signs of liver failure x x x

Plasma C-reactive protein, albumin x x x

Plasma liver tests x x x

Ultrasound: volume of ascites, spleen size x x x

Hepatic venous pressure gradient x x  

Trans jugular liver biopsy x   

AUDIT score x   

MELD score x x  

Dry body weight and body composition x x x

Dietary intake x x x

Resting energy expenditure x  x

Analyses of fecal microbiota x x x

Supplemental Table 2: Evolution of the study parameters of the patients with alcoholic hepatitis or cirrhosis.

Patients with Alcoholic Hepatitis (n=10) Patients with Alcoholic Cirrhosis (n=12)

 Month 3 (T3) Month 6 (T6) Month 3 (T3) Month 6 (T6)

Alcohol intake, g/day 0.0 (0.0–10.0) 0.0 (0.0–50.0) 45.0 (0.0–65.0) 35.0 (0.0–55.0)

Clinical Signs

Jaundice, n (%) 2.0 (20.0) 2.0 (20.0) 0 0

Ascites, n (%) 2.0 (20.0) 2.0 (20.0) 1 (8.3) 0

Blood Tests

C-reactive protein, mg/l 5.2 (3.7–6.9)c 4.3 (2.1–7.6) 1.5 (1.0–4.3) 1.6 (1.1–9.6)

Albumin, g/l 35.0 (31.0–37.0)c 36.0 (36.0–38.0)c 39.0 (36.0–43.0)a 41.5 (35.0–44.0)b

Total bilirubin, µ mol/l 36.0 (21.0–46.0) 32.5 (29.0–40.0) 15.0 (7.5–32.5) 16.0 (12.0–26.5)

Ultrasound and Hepatic Hemodynamics

Ascites, n (%) 2.0 (20.0) 1 (8.3) 3 (25) 0

Spleen size, mm 125.0 (120.0–130.0)c 122.5 (108.5–127.5)d 120.0 (110.0–120.0)b 119.0 (110.0–120.0)b

HVPG, mmHg 16.0 (14.0–17.0) – 10.0 (6.0–12.0)b –

Clinical Scores

MELD score 11.5 (8.0–13.0) 11.5 (9.0–12.0) 8.5 (7.0–13.0) 8.0 (6.5–11.0)

Weight, Body Composition

Dry body weight, kg 70.8 (67.0–79.8) 75.3 (69.9–79.2) 71.5 (63.2–84.5) 71.5 (67.8–83.9)

Body mass index, kg/m2 26.2 (22.2–27.0) 27.2 (23.9–28.1) 24.8 (22.1 –27.9) 26.1 (22.5–28.0)

Triceps skin fold thickness, mm 19.8 (12.1–25.5) 27.8 (16.0–30.9) 14.9 (11.2–21.9) 15.1 (10.3–22.0)

Brachial muscle circumference, mm 252.0 (226.0–275.0) 252.0 (238.0–257.0) 263.0 (237.0–278.0) 263 (242.0–274.0)

Fat-free mass index, kg/m2 17.8 (15.6–19.7) 18.6 (15.9–19.4) 18.2 (16.3–20.2) 18.0 (14.5–19.4)

Fat mass index, kg/m2 6.7 (5.5–10.6) 8.1 (6.0–10.8) 7.1 (5.6–8.4) 7.5 (5.9–9.4)

Phase angle, degrees 4.8 (4.1–5.9) 5.1 (4.6–5.6) 5.2 (4.8–6.2) 5.8 (5.3–6.2)

Dietary Intake

Calorie intake, kcal/kg/d 26.1 (18.4–35.3) 23.7 (12.1–26.2) 22.3 (18.9 –26.7) 19.7 (17.4–27.0)

Protein intake, g/kg/d 1.1 (0.9–1.4) 1.0 (0.4–1.2) 0.9 (0.7–1.1) 0.9 (0.8–1.2)

Carbohydrate, g/kg/d 2.8 (2.0–4.0) 2.8 (2.0–3.6) 2.6 (1.5–3.4) 2.1 (1.5–3.0)

Indirect Calorimetry

Resting energy expenditure, kcal/day – 1558.0 (1397.0–1666.0) – 1475.0 (1431.0–1683.0)

Note: Data expressed as median (interquartile range) or number (percentage); HVPG: hepatic venous pressure gradient; 
MELD: Model for end-stage liver disease.
an=11; bn=10; cn=9; dn=8



Laurent SpahrResearch Article

       2022 Open Access Journal of Biomedical Science  Open Acc J Bio Sci. September-October- 4(5): 2089-2109C

Research Article

2099

Supplemental Table 3: Heatmap of the relative abundance of bacterial taxa above the species level (median) for AC 
and AH samples at baseline (T0), month 3 (T3) and month 6 (T6). Only species with a significant abundance difference in 
at least one comparison, assessed by DESeq2, are displayed. The species relative abundance and fold change scales are 
given below the plot. AC = Patients with alcoholic cirrhosis; AH = Patients with alcoholic hepatitis.
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Supplemental Table 4: Heatmap of bacterial species adundance (median) for AC and AH samples at baseline (T0), 
month 3 (T3) and month 6 (T6). Only species with a significant abundance difference in at least one comparison, assessed 
by DESeq2, are displayed. The species relative abundance and fold change scales are given below the plot. HOMD, 
human oral microbiome database O, oral species listed in the HOMD, more abundant in at least one oral site than in stool 
(according to https://www.ezbiocloud.net/resources/human_microbiome); (O), oral species listed in the HOMD, more 
abundant in stool than at all oral sites; B, butyrate producer; P, propionate producer. Known and putative butyrate- and 
propionate-producing species were compiled from the following sources: 1–7. AC = Patients with alcoholic cirrhosis; AH 
= Patients with alcoholic hepatitis.
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Faecalibacterium prausnitzii B

 Anaerostipes hadrus B

 Flavonifractor plautii B

 Roseburia faecis B

 Eubacterium hallii B

 Roseburia inulinivorans BP

Coprococcus comes B

Ruminococcus torques P

 Roseburia intestinalis B

Alistipes putredinis BP

Intestinibacter bartlettii B

 Eubacterium ventriosum B

Akkermansia muciniphila P

Clostridium symbiosum B

Holdemanella biformis B

Anaerotruncus colihominis B

Phascolarctobacterium 
succinatutens P

Fusicatenibacter 
saccharivorans

Collinsella aerofaciens

Parabacteroides distasonis

Blautia wexlerae

Dorea formicigenerans

Ruminococcus bromii

Coprococcus catus

Agathobaculum 
butyriciproducens

 Bacteroides dorei

Eubacterium eligens

Ruminococcus bicirculans

Clostridium innocuum

Odoribacter splanchnicus

Gemmiger formicilis

Ruthenibacterium 
lactatiformans

Bacteroides 
thetaiotaomicron 

Bacteroides stercoris

Ruminococcus lactaris

Clostridium spiroforme

Clostridium bolteae

Eubacterium ramulus

Lachnospira pectinoschiza

Firmicutes bacterium CAG 83

Bacteroides faecis

Bacteroides fragilis

Gordonibacter pamelaeae

Clostridium clostridioforme

Paraprevotella xylaniphila

Asaccharobacter celatus

Lawsonibacter 
asaccharolyticus
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Eubacterium sp CAG 38

Collinsella stercoris

Firmicutes bacterium CAG 
145

Hungatella hathewayi

Bacteroides finegoldii

Adlercreutzia equolifaciens

Coprobacter fastidiosus 

Clostridium citroniae

Butyricimonas virosa 

Sellimonas intestinalis

Parasutterella 
excrementihominis 

Alistipes shahii

Alistipes indistinctus

Clostridium leptum

Anaeromassilibacillus sp 
An250  

Bacteroides massiliensis

Bacteroides salyersiae

Bacteroides sp CAG 144

Bacteroides xylanisolvens

Blautia sp CAG 257

Clostridium disporicum

Clostridium lavalense

Coprobacillus cateniformis

Eisenbergiella tayi

Eubacterium siraeum

 Eubacterium sp CAG 180

Intestinimonas 
butyriciproducens

Lactobacillus paragasseri
      

Supplemental Table 5: Heatmap of viral families for AC and AH patients at baseline (T0), month 3 (T3) and month 6 (T6). 
The abundance scale is below the plot. Black cells indicate undetected families. Samples from different patients are 
separated by white spaces. The statistical tests used were Mann–Whitney U (AC vs. AH) and Wilcoxon signed-rank (T3 vs. 
T0 and T6 vs. T0). AC = Patients with alcoholic cirrhosis; AH = Patients with alcoholic hepatitis.
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p p (adjusted)

AH AC AH vs AC AH AC AH vs AC

T3 vs. T0 T6 vs. T0 T3 vs. T0 T6 vs. T0 T0 T3 T6 T3 vs. 
T0 T6 vs. T0 T3 vs. T0 T6 vs. T0 T0 T3 T6

0.554 0.052 0.733 0.791 0.004 0.042 0.592 0.97 0.208 1 1 0.036 0.379 0.666

0.024 0.012 0.733 0.168 0.009 0.508 0.972 0.171 0.094 1 1 0.038 0.571 0.972

0.846 0.57 0.622 0.339 0.808 0.972 0.508 1 1 1 1 0.808 0.972 0.653

1 1 0.787 1 0.437 0.274 0.504 1 1 1 1 0.497 0.568 0.653

NA 1 1 NA NA 0.441 0.29 NA 1 1 NA NA 0.568 0.653

NA NA 1 1 0.441 0.441 0.441 NA NA 1 1 0.497 0.568 0.653

0.371 0.371 1 1 0.35 0.441 0.441 0.866 0.99 1 1 0.497 0.568 0.653

NA NA NA 1 NA NA 0.441 NA NA NA 1 NA NA 0.653

0.371 1 NA NA 0.29 NA 0.29 0.866 1 NA NA 0.497 NA 0.653

1 1 NA NA 0.29 0.29 NA 1 1 NA NA 0.497 0.568 NA

NA NA 1 1 0.441 NA NA NA NA 1 1 0.497 NA NA

Supplemental Table 6: Heatmap of fungal genera for AC and AH patients at baseline (T0), month 3 (T3) and month 6 (T6). 
Only genera with > 0.2 reads per million bacterial reads are shown. The abundance scale is below the plot. Black cells 
indicate undetected genera. Samples from different patients are separated by white spaces. The statistical tests used 
were Mann– Whitney U (AC vs. AH) and Wilcoxon signed-rank (T3 vs. T0 and T6 vs. T0). AC = Patients with alcoholic cirrhosis; 
AH = Patients with alcoholic hepatitis.
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p p (adjusted)
AH AC AH vs AC AH AC AH a AC

T3 vs. T0 T6 vs. T0 T3 vs. T0 T6 vs. T0 T0 T3 T6 T3 vs. T0 T6 vs. T0 T3 vs. T0 T6 vs. T0 T0 T3 T6

0.363 0.183 0.756 0.677 0.801 0.538 0.545 1.000 1.000 1.000 1.000 0.9174 0.845 0.856

0.675 0.8 0.142 0.441 0.694 0.056 0.437 1.000 1.000 1.000 0.97 0.917 0.436 0.856

0.789 1.000 1.000 1.000 0.834 0.109 0.274 1.000 1.000 1.000 1.000 0.917 0.436 0.856

0.584 0.675 0.529 0.022 0.755 0.704 0.912 1.000 1.000 1.000 0.242 0.917 0.845 0.912

0.423 1.000 1.000 1.000 0.944 0.109 0.796 1.000 1.000 1.000 1.000 0.944 0.436 0.912

0.584 1.000 0.789 1.000 0.536 0.796 0.484 1.000 1.000 1.000 1.000 0.917 0.868 0.856

0.813 0.82 0.339 0.197 0.27 0.694 0.829 1.000 1.000 1.000 0.722 0.917 0.845 0.912

0.107 0.363 0.407 0.059 0.377 0.609 0.153 1.000 1.000 1.000 0.325 0.917 0.845 0.856

1.000 NA NA NA NA 0.29 NA 1.000 NA NA NA NA 0.696 NA

1.000 0.371 1.000 1.000 0.441 0.29 0.414 1.000 1.000 1.000 1.000 0.917 0.696 0.856

0.423 1.000 0.584 1.000 0.5 0.35 0.441 1.000 1.000 1.000 1.000 0.917 0.7 0.856

1.000 1.000 1.000 0.371 0.29 0.944 0.876 1.000 1.000 1.000 0.97 0.917 0.944 0.912

Reads Per milion prokaryote-assigned reads
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Supplemental Table 7: Heatmap of metabolic pathways adundance (median) for alcoholic cirrhosis (AC) and alcoholic 
hepatitis (AH) samples at baseline, month 3 and month 6.

MetaCyo superolass (es ) BioCyo ID :MetaCyo 
Pathway 

Abudance Significant changes

AH AC AH vs AC AH AC

T0  T3  T6 T0  T3  T6 T0  T3  T6 T3 vs T0   
T6 vs T0

T3 vs T0   
T6 vs T0

Biosynthesis -Amine and Polyamine 
Biosynthesis /Superpathways 

POLYAMINSYNG -PWY: 
superpathway of Polyamine 

biosynthesis II

Biosynthesis -Amino Acid 
Biosynthesis -Other Amino Acid 

Biosynthesis -L -O

PWY -6922: L -N &delta 
-acetylornithine biosynthesis

Biosynthesis -Cell Structure 
Biosynthesis -Cell Wall Blosynthesis 

-Peptidoglycan

PWY -5265: peptidoglycan 
biosynthesis II (staphylococci)

Biosynthesis -Cell Structure 
Blosynthesis -Lipopolysaccharide 

Biosynthesis 

KDO -NAGLIPASYN -PWY : 
superpathways of (Kdo)2-lipid A 

biosynthesis

Biosynthesis -Cofactor ,Carrier 
,and Vitamin Biosynthesis -Carrier 

Biosynthesis 

PWY -7269 mitochondrial NADP 
productio (yeast)

Biosynthesis Amino -Acid 
-Biosynthesis IND -AMINO -ACID 

-SYNJUSOLEUCINE -SYN

PWY -5104: L -isoleucine 
biosynthesis IV

Biosynthesis -Cofactor, Carrier 
and Vitamin Biosynthesis -Carrier 

Biosynthesis 

PWY -5837:2-carboxy 
-1,4-naphthoquinol biosynthesis 

Biosynthesis -Cofactor, Carrier 
and Vitamin Biosynthesis -Carrier 

Biosynthesis 

PWY -5850: superpathway 
of demethylmenaquinol-6-

biosynthesis I

Biosynthesis -Cofactor, Carrier 
and Vitamin Biosynthesis -Carrier 

Biosynthesis 

PWY -5850: superpathway of 
menaquinol-6-biosynthesis

Biosynthesis -Cofactor, Carrier 
and Vitamin Biosynthesis -Carrier 

Biosynthesis 

PWY -5896: superpathway of 
menaquinol-10 biosynthesis

Biosynthesis -Cofactor, Carrier and 
Vitamin Biosynthesis -Enzyme 

Cofactor

HEME -BIOSYNTHESIS -II-1: heme 
b biosynthesis V (aerobic)

Biosynthesis -Cofactor, Carrier and 
Vitamin Biosynthesis -Enzyme 

Cofactor

PWYD -1415: supepathway 
of heme b biosynthesis from 

uroporphyri

Biosynthesis -Cofactor, Carrier and 
Vitamin Biosynthesis -Enzyme 

Cofactor

PWY -7204: pyridoxal 
5’-phosphate salvage II (plants)

Biosynthesis -Fatty Acid and Lipid 
Biosynthesis

PWY -6803: phosphatidylcholine 
acyl editing

Biosynthesis -Fatty Acid and Lipid 
Blosynthesis

FASYN -INITIAL -PWY: 
superpathway of fatty acid 

biosynthesis initial

Biosynthesis -Fatty Acid and Lipid 
Biosynthesis -Fatty Acid Biosynthesis PWY -7094: Fatty acid salvage

Biosynthesis -Fatty Acid and 
Lipid Biosynthesis -Fatty Acid 

Biosynthesis/Sup

PWY -6285: superpathway of fatty 
acids biosynthesis (E. coli)

Biosynthesis -Fatty Acid and 
Lipid Biosynthesis -Fatty Acid 

Biosynthesis/Pathway

PWY -5971: palmitate biosynthesis 
(type II fatty acid synthase)

Biosynthesis -Fatty Acid and Lipid 
Biosynthesis -Fatty Acid Biosynthesis

PWY -5367: petroselinate 
biosynthesis

Biosynthesis -Fatty Acid and Lipid 
Biosynthesis -Fatty Acid Biosynthesis

PWY -6284: superpathway 
of unsaturated fatty acids 

biosynthesis
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Biosynthesis -Fatty Acid and Lipid 
Biosynthesis -Fatty Acid Biosynthesis

PWY -7858: (52)-dodecanoate 
biosynthesis II

Biosynthesis -Nucleoside 
and Nucleotide Biosynthesis 

-2-’Deoxyribonucleotide

PWY0-166: superpathway of 
pyrimidine deoxyribonucleotide 

de novo

Biosynthesis -Nucleoside 
and Nucleotide Biosynthesis 

-2-’Deoxyribonucleotide

PWY -7187: pyrimidine 
deoxyribonucleotides de novo 

biosynthesis II

Biosynthesis -Nucleoside and 
Nucleotide Biosynthesis -Purine 

Nucleotide Biosynthesis

DENOVOPURINE2-PWY:  
superpathway of gylcol 

metabolism

Degradation /Utilization /
Assimilation -Alcohol Degradation /

Superpathways

GLYCOL-GLYOXDEG-PWY: 
superpathway of glycolmetabolism

Degradation /Utilization /
Assimilation Amines and Polyamines 

Degradation -4

PWY -5022: 4-aminobutanoat 
degradation V

Degradation /Utilization /
Assimilation -Amino Acid 

Degradation -Proteinogenic 

AST -PWY : L -arginine degradation 
II (AST pathway)

Degradation /Utilization /
Assimilation -Carbohydrate 

Degradation -Polysaccharides
PWY -7118: chitin deacetylation

Degradation /Utilization /
Assimilation -Carbohydrate 

Degradation -Sugar Degradation

PWY -6992: 1,5-anhydrofructose 
degradation

Degradation /Utilization /
Assimilation -Carbohydrate 

Degradation -Sugars Degradation

DARABCATK12-PWY: D-arabinose 
degradation I

Degradation /Utilization /
Assimilation -Carboxylate Degradtion 

-Sugar Acid Degradation

KETOGLUCONMET-PWY: 
ketogluconate metabolism

Degradation /Utilization /
Assimilation -Fatty Acid and Lipid 

Degradation-Fatty Acids

FAO-PWY: fattyacid beta-oxidation 
I (generic)

Degradation /Utilization /
Assimilation -Fatty Acid and Lipid 

Degradation-Fatty Acids
PWY -1337: oleate beta-oxidation

Degradation /Utilization /
Assimilation -Fatty Acid and Lipid 

Degradation-Fatty Acids

PWY -5138: fatty acid beta 
-oxidation IV (unsaturated, even 

number)

Degradation /Utilization /
Assimilation -Nucleoside and 

Nucleotide Degradation

PWY -7209: superpathway of 
pyrimidine ribonucleosides 

degradation

Generation of Precursor Metabolites 
and Energy

GLYOXYLATE -BYPASS: glyoxylate 
cycle

Generation of Precursor Metabolites 
and Energy PWY: 5723: Rubisco shunt

Generation of Precursor Metabolites 
and Energy/Superpathways

GLYCOLYSIS -TCA -GLYOX -BYPASS : 
superpathways of glycolysis

Generation of Precursor Metabolites 
and Energy -Fermentation 

-Fermentation

P122 -PWY: heterolactic 
fermentation

Generation of Precursor Metabolites 
and Energy -Fermentation 

-Fermentation

P108-PWY: pyruvate fermentation 
to propanoate I

Superpathways
PRPP -PWY: superpathway of 

histidine, purine and pyrimidine 
biosynthesis 
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Supplemental Figure 1: Flow chart of the study.

Supplemental Figure 2: Line plots showing the evolution of median values of selected parameters in AC (plain grey 
lines) and AH (dashed black lines) patients. These parameters were selected because the multiple mixed linear 
regression models predicting their change highlighted a significant interaction between group (AH vs. AC) and 
visit number. AC = Patients with alcoholic cirrhosis; AH = Patients with alcoholic hepatitis.
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Supplemental Figure 3: Intraindividual temporal changes in the gut bacterial communities along nMDS axes of AC 
(A: T3–T0; B: T6–T0) and AH (C: T3– T0; D: T6–T0) patients. The baseline microbiota profile (T0) of each patient is placed 
at the axes origin and connected to the T3 or T6 follow-up (T3 or T6) profile (circle). Each of the four panels were 
generated by selecting relevant samples from a common NMDS plot based on all samples. The top five vectors of 
correlation (R^2 > 0.44) between the relative abundance of bacterial species and NMDS axes are presented (grey 
arrows). Species names are indicated in panel A only. Patients who became alcohol abstinent over the follow-
up are shown in red and those who did not in blue (number 73 was abstinent from T0 to T3 but restarted drinking 
afterwards). Changes along axis 1 were significantly different between AH and AC for both T3–T0 and T6–T0 (p = 
0.0006 and 0.01839, respectively). AC = Patients with alcoholic cirrhosis; AH = Patients with alcoholic hepatitis.

Supplemental Figure 4: Shannon diversity index for AC and AH samples at each time points. Significant changes 
(Mann–Whitney U test or Wilcoxon signed-rank test) are shown. AC = Patients with alcoholic cirrhosis; AH = Patients 
with alcoholic hepatitis.
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