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Abstract

BACKGROUND

Rifaximin has been shown to reduce the incidence of hepatic encephalopathy and
other complications in patients with cirrhosis. However, few studies have
investigated the effect of rifaximin in cirrhotic patients with refractory ascites.

AIM
To evaluate the effects of rifaximin in the treatment of refractory ascites and to
preliminarily explore its possible mechanism.

METHODS

A total of 75 cirrhotic patients with refractory ascites were enrolled in the study
(50 in a rifaximin and 25 in a control group). Patients in the rifaximin group were
divided into two subgroups according to the presence of spontaneous bacterial
peritonitis and treatment with or without other antibiotics (19 patients treated
with rifaximin and 31 patients treated with rifaximin plus intravenous
antibiotics). All patients received conventional treatment for refractory ascites,
while patients in the rifaximin group received oral rifaximin-a 200 mg four times
daily for at least 2 wk. The ascites grade, fasting weight, liver and kidney
function, and inflammatory factors in the plasma were evaluated before and after
treatment. In addition, the gut microbiota was determined by metagenomics
sequencing to analyse the changes in the characteristics of the gut microbiota
before and after rifaximin treatment. The patients were followed for 6 mo.

RESULTS

Compared with the control group, the fasting weight of patients significantly
decreased and the ascites significantly subsided after treatment with rifaximin (P
=0.011 and 0.009, respectively). The 6-mo survival rate of patients in the
rifaximin group was significantly higher than that in the control group (P =
0.048). The concentration of interferon-inducible protein 10 decreased
significantly in the rifaximin group compared with that in the control group (P =
0.024). The abundance of Roseburia, Haemophilus, and Prevotella was significantly
reduced after rifaximin treatment, while the abundance of
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Lachnospiraceae_noname, Subdoligranulum, and Dorea decreased and the abundance
of Coprobacillus increased after treatment with rifaximin plus intravenous
antibiotics. The gene expression of virulence factors was significantly reduced
after treatment in both subgroups treated with rifaximin or rifaximin plus
intravenous antibiotics.

CONCLUSION

Rifaximin mitigates ascites and improves survival of cirrhotic patients with
refractory ascites. A possible mechanism is that rifaximin regulates the structure
and function of intestinal bacteria, thus improving the systemic inflammatory
state.

Key words: Rifaximin; Cirrhosis; Refractory ascites; Inflammatory factors; Gut
microbiota; Metagenomics sequencing

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: This study showed that the unabsorbed antibiotics, rifaximin, mitigates ascites
and improves the survival of cirrhotic patients with refractory ascites and the possible
mechanism is that rifaximin regulates the structure and function of intestinal bacteria,
thus improving the systemic inflammatory state.
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INTRODUCTION

Patients with refractory ascites have a poor prognosis, with a 6-mo survival rate of
50%!. Current management methods include limited intake of sodium, adequate
diuretics plus albumin, large-volume paracentesis, and transjugular intrahepatic
portosystemic shunt. Liver transplantation (LT) is the only effective strategy to cure
cirrhosis and its complications. However, most patients cannot receive LT because of
its high cost, the shortage of the donated liver, and many other factors. The role of the
gut-liver axis in the occurrence and development of complications of cirrhosis has
aroused great attention. Microbiota, dysbiosis, and bacterial translocation (BT) have
been shown to be involved in the pathogenesis of cirrhosis. Bacteria and their
products are introduced into blood via the intestines and then increase the blood
levels of endotoxin and inflammatory factors, which, in turn, accelerate liver fibrosis
and stimulate the production of vasodilator substances. These events cause reduced
systemic vascular resistance and an activated sympathetic nervous system and renin-
angiotensin-aldosterone system (RAAS), eventually leading to hyperdynamic
circulation, which plays an important role in the pathogenesis of refractory ascites**.

Rifaximin, a non-absorbable rifamycin derivate, exhibits a high antibiotic activity
against both aerobic and anaerobic Gram-positive and -negative micro-organisms!’*l.
Furthermore, rifaximin is hardly absorbed by the intestines because of its pyridine
ring added to rifamycin; thus, high concentrations are present in the intestines,
making it difficult to induce drug-resistant strains®’l. Previous studies have shown
that rifaximin treatment can reduce the concentrations of interleukin (IL)-6, tumour
necrosis factor alpha (TNF-a), and endotoxin in blood, thus improving systemic
haemodynamics and decreasing the hepatic venous pressure gradient in patients with
cirrhosis!'*'?l. Rifaximin has been demonstrated to exert positive effects in the
prevention and treatment of hepatic encephalopathy (HE), and to prevent the
development of esophagogastric and gastric variceal bleeding, spontaneous bacterial
peritonitis (SBP), and hepatorenal syndrome (HRS)!"""*l. Hence, our study evaluated
the clinical efficacy of rifaximin and its effects on intestinal flora characteristics and
the systemic inflammatory state in cirrhotic patients with refractory ascites.
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MATERIALS AND METHODS

Ethical considerations

The study protocol conformed to the Declaration of Helsinki and was approved by
the Biomedical Research Ethics Committee of Peking University First Hospital (No.
2017[1367]). All participants provided written informed consent.

Patients and study design

A total of 143 cirrhotic patients with refractory ascites admitted to the Beijing You An
Hospital Affiliated to Capital Medical University were screened between November
2016 and May 2018 and, eventually, 75 patients were enrolled in this real-world study.
All the patients received routine treatment for refractory ascites according to Chinese
guidelines on the management of ascites and complications in cirrhosis in 2017 (1) Bed
rest, limited sodium intake (salt intake < 6 g/d), maintenance of the balance of water,
electrolytes, and acid-base; (2) Alcohol quitting or antiviral treatment; (3) Intravenous
infusion with reduced glutathione 1.2 g/d dissolved in 100 mL of 0.9% sodium
chloride injection; (4) Oral furosemide 80 mg/d + spironolactone 160 mg/d; (5)
Intravenous infusion with human albumin (Switzerland, CSL Behring) 10-20 g, once
per day; and (6) Corresponding antibiotics for patients who met the diagnostic criteria
for SBP. Additionally, patients in the rifaximin group received oral rifaximin a (Italy,
Alpha Wassermann) 200 mg, four times/d for 3 wk to 4 wk. A 6-mo follow-up was
performed after treatment to evaluate the survival once per month.

The primary endpoints were clinical efficacies, including changes in the fasting
weight, ascites regression, and survival rate, while the secondary endpoints were
changes in liver and kidney function. Ascites regression was evaluated according to
the change in the grade of ascites according to the Chinese guidelines on the management
of ascites and complications in cirrhosis in 20170'*"*): Markedly effective: Change from
grade 3 to grade 1 or from grade 3/2 to none; effective: Change from grade 3 to grade
2 or from grade 2 to grade 1; invalid: Increase or no change after the treatment.

Inclusion and exclusion criteria

The inclusion criteria were as follows: (1) Age ranging 18-80 years; (2) Gender was not
limited; (3) Diagnosed with cirrhosis based on cirrhosis imaging findings or
endoscopic findings of oesophageal varices; and (4) In line with a cirrhotic refractory
ascites diagnosis according to Chinese guidelines on the management of ascites and
complications in cirrhosis in 2017""1: (1) Lack of a response (defined as a mean fasting
weight loss < 0.8 kg over 4 d) to 1-wk treatment with a diuretic (furosemide 80 mg/d
or spironolactone 160 mg/d) and a diuretic plus antibiotic (SBP), or the reappearance
of grade 2/3 ascites within 4 wk of therapy with large-volume paracentesis combined
with a human serum albumin level of 10-20 g/d; or (2) The appearance of diuretic-
related complications such as HE, serum creatinine > 2.0 mg/dL, serum sodium < 125
mmol/L, or serum potassium > 6.0 mmol/L. The exclusion criteria were as follows:
(1) HE grades 2-4 according to the West Haven diagnostic criterial’’l; (2) Upper
gastrointestinal bleeding within 1 wk before enrolment; (3) Combined with other gut
diseases; (4) Continued abuse of alcohol and/or symptoms of withdrawal; (5)
Combined with invasive tumours; and (6) Combined with other serious diseases.

Clinical and laboratory data

The data concerning demographics, clinical history, aetiology and complications of
cirrhosis, and comorbidities were collected. The fasting weight (kg) was recorded. The
grades of ascites were defined as follows according to the patient's symptoms, signs,
and colour Doppler ultrasound: Grade 1: No abdominal distension, shifting dullness
(-), ascites (detected by ultrasound) located in multiple gaps with a depth <3 cm;
grade 2: Moderate symmetric abdominal distension, shifting dullness (+), and a depth
of 3-10 cm; and grade 3: Significant abdominal distension, or even abdominal
distension leading to umbilical hernia, shifting dullness (+), and a depth of > 10
Cm[l M"‘].

Laboratory indicators were collected on day 0 (d0) and day 15 (d15) and included
the WBC, HGB, PLT, ALT, AST, TBil, Alb, BUN, Scr, serum K+, Na+, prothrombin
activity, and INR. The MDRD formula was used to calculate the estimate glomerular
filtration rate (eGFR).

The diagnostic criteria for SBP and acute kidney injury (AKI) were as follows!* "
Patients with one or more of the following symptoms, signs, or laboratory
abnormalities could be diagnosed with SBP: (1) Abdominal pain, abdominal
tenderness or rebound tenderness, and an increase in abdominal muscular tension; (2)
Systemic inflammatory response syndrome: Fever or normothermia, chills,
tachycardia, and tachypnoea; (3) Deterioration of liver function without an
underlying cause; (4) Sudden absence of a response to diuretics or renal failure; (5)
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Polymorphonuclear cell count in ascites > 0.25 x 10°/L; (6) Positive ascites bacterial
culture; (7) Serum procalcitonin concentration > 0.5 ng/mL; and (8) Exclusion of
infection in other sites. AKI was diagnosed in case of patients with acute renal failure,
manifesting as an acute and significant decrease in GFR and Scr > 133 pmol/L.

Measurement of inflammation and endotoxin markers

The concentrations of IL-6, IL-8, TNF-a, monocyte chemoattractant protein-1,
interferon-inducible protein 10 (IP-10), and lipopolysaccharide-binding protein (LBP)
were determined with Luminex (Magnetic Luminex Assay; R&D Systems Europe,
Ltd., Abingdon OX14 3NB, United Kingdom) in fasting venous plasma samples,
which were collected into 10-mL EDTA tubes on d0 and d15 and were quickly
separated and then stored in a freezer at -80 °C after centrifugation at 3000 r/ min for
15 min.

Analysis of composition of gut microbiota

Fresh faeces were collected in the rifaximin group at d0 and d15 and were stored in a
freezer at -80 °C within 2 h. The DNA of the faecal flora was analysed by
metagenomics sequencing (Illumina HiSeq), and the gene structure was predicted
with Meta Gene Mark, followed by bioinformatics analysis.

Statistical analysis

The statistical review of this study was performed by biomedical statisticians. The
Student’s t-test (including independent sample and paired sample), ¥* test, Fisher’s
exact test, Mann-Whitney U test, and PERMANOVA test were selected according to
different types of variables. The cumulative incidence was used to describe the rate of
death and competing risk model (Gray’s test) was used to test the difference of
survival rates between the two groups. Data processing was performed using BMI
SPSS 22.0, GraphPad Prism 6, and Stata 14.0 software. The biological information of
intestinal microbiota was analysed with R Statistical software. P values < 0.05 (two-
tail) were considered statistically significant.

RESULTS

Patient characteristics

One hundred and forty-three patients were assessed for eligibility, and 75 patients
who fulfilled the inclusion criteria were finally enrolled in the study (Figure 1). No
significant differences were found in the clinical data, including age, gender
distribution, aetiology, Child-Pugh grade, model for end-stage liver disease (MELD)
score, ascites grade, dosage of diuretic, and proportion of patients with SBP and AKI
between the rifaximin group (1 = 50; 19 patients treated with rifaximin and 31 patients
treated with rifaximin plus intravenous antibiotics therapy) and the control group (n
= 25) (Table 1).

Rifaximin reduces the body weight significantly and mitigates ascites in cirrhotic
patients with refractory ascites

After the 2-wk treatment, the weight of the patients in the rifaximin group (median:
70.00 kg vs 69.00 kg) decreased more significantly than that in the control group
(median: 70.00 kg vs 69.00 kg) (P = 0.011). The ascites subsided significantly in the
rifaximin group (18 markedly effective, 21 effective, and 11 invalid) compared with
that in the control group (9 markedly effective, 3 effective, and 13 invalid) (P = 0.009).

Rifaximin treatment improves the 6-month survival in cirrhotic patients with
refractory ascites

Nine patients in the rifaximin group died within 6 mo, two patients underwent LT,
and one underwent transjugular intrahepatic portosystemic shunt during the follow-
up. However, nine patients died within 6 mo and one patient was lost to follow-up in
the control group (Figure 1). The cumulative survival rate at 6 mo was significantly
higher in the rifaximin group than in the control group (subdistribution hazard ratio =
2.53, 95%CI: 1.01-6.38, P = 0.048) (Figure 2).

Two weeks of treatment with rifaximin has no significant effect on liver and kidney
function in cirrhotic patients with refractory ascites

After 2 wk of treatment, the Child-Pugh scores of patients decreased significantly in
both the rifaximin and control groups (P < 0.001 and 0.015, respectively), while no
significant change was noted in the MELD scores (P = 0.202 and 0.189, respectively).
No significant difference was noted in the Child-Pugh and MELD scores between the
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Table 1 Baseline characteristics of patients, n (%)

Characteristic Rifaximin group (n = 50) Control group (n = 25) P value
Age 54.60 +9.05 59.04 +£10.01 0.057
Sex (male/female) 42/8 18/7 0.221
Etiology

HBV 14 (28) 9 (36) 0.479
HCV 3(6) 0(0) 0.546
Alcohol 22 (44) 7 (28) 0.180
HBV/alcohol 7 (14) 3(12) 1.000
NASH 1(2) 3(12) 0.105
ATH 12 0(0) 1.000
PBC 0(0) 1(4) 0.333
Cryptogenic 2(4) 2(8) 0.597
Child-Pugh grade (B/C) 21/29 16/9 0.072
MELD score 10 (6-13) 8 (6-10) 0.094
Furosemide (mg/d) 80 (40-80) 80 (40-80) 0.246
Spironolactone (mg/d) 160 (80-160) 160 (100-160) 0.315
Ascites (grade 1/2) 38/12 20/5 0.978
AKI 3 (6) 2(8) 1.000
SBP 19 (38) 9 (36) 0.866
Hypertension 7 (14) 5 (20) 0.738
Diabetes mellitus 19 (38) 9 (36) 0.866
Biochemistry

ALT (U/L) 24.85 (13.75-42.58) 20.50 (16.40-34.95) 0.673
Alb (g/L) 28.40 £ 5.30 27.68 +3.79 0.526
TBil (umol/L) 43.80 (25.88-93.78) 24.70 (18.75-55.55) 0.039
Scr (pmol/L) 70.20 (57.00-93.53) 64.20 (53.10-74.35) 0.256
Urea (mmol/L) 7.17 £4.70 6.68 +3.32 0.641
eGFR (mL/min 1.73 m?) 95.49 (76.17-114.81) 98.80 (86.80-109.37) 0.897
Coagulation

PTA (%) 54.00 (45.00-68.50) 64.00 (56.50-74.50) 0.030
INR 1.53+0.39 1.37+0.26 0.074
Routine blood test

WBC (10°/L) 4.38 (3.41-6.04) 3.87 (3.26-6.78) 0.955
HGB (g/L) 101.22 + 2591 98.36 + 23.03 0.642
PLT (10°/L) 77 (54-102) 101 (56-172) 0.069
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Values are given as the mean * SD if they follow a normal distribution, otherwise given as medians
(interquartile range). HBV: Hepatitis B virus; HCV: Hepatitis C virus; NASH: Nonalcoholic steatohepatitis;
AIH: Autoimmune hepatitis; PBC: Primary biliary cirrhosis; AKI: Acute kidney injury; SBP: Spontaneous
bacterial peritonitis; eGFR: Estimate glomerular filtration rate; PTA: Prothrombin activity; MELD: Model for
end-stage liver disease.

rifaximin and control groups (P = 0.666 and 0.688, respectively). The concentrations of
Scr in the rifaximin and control groups were significantly increased after treatment (P
= 0.002 and < 0.001, respectively), but no significant difference was found in the
change of Scr between the groups (P = 0.258) (Table 2). Analysis of patients with
abnormal renal function at baseline (eGFR < 90 mL/min 1.73 m?) (20 patients in the
rifaximin group and 7 patients in the control group) showed that the concentration of
Scr in the rifaximin group was slightly lower than that before treatment (P = 0.370),
but there was a significant increase in the control group (P = 0.028); no significant
difference was noted in the change of Scr between the two groups (P = 0.268) (Figure
3).

Rifaximin improves the systemic inflammatory state of cirrhotic patients with

refractory ascites
Finally, 39 patients (26 in the rifaximin group and 13 in the control group) were tested
for the markers of inflammation and endotoxin before and after treatment. The
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Assessed for eligibility (7 = 143)

(1) Age > 80 yr = 6;
(2) Combined with other serious diseases = 9;
Exclude (3) HE grade 2-4 = 19;

n =68 (4) Upper gastrointestinal bleeding within 1
week before the enrolment = 21;
(5) Continued abuse of alcohol = 13

Rifaximin group

l

n =50
(number of patients with SBP = 19)

Control group

l

n=25
(number of patients with SBP = 9)

Follow up for 6 mo

|

Rifaximin group
Death =9; LT=2; TIPS=1

|

Control group
Death = 9; Lost to follow up = 1

Figure 1 Flow chart for patient selection. SBP: Spontaneous bacterial peritonitis; TIPS: Transjugular intrahepatic portosystemic shunt; LT: Liver transplantation.

concentration of IP-10 decreased significantly in the rifaximin group (187.83 + 180.08
at baseline vs 150.35 + 126.22 at follow-up) compared with that in the control group
(98.53 £ 57.02 at baseline vs 228.25 + 232.65 at follow-up) (P = 0.02). Changes in the
concentrations of IL-6, IL-8, TNF-a, monocyte chemoattractant protein-1, and LBP
were also analysed, and no differences were observed in these markers after treatment
(Table 3). However, Figure 4 shows that the concentrations of TNF-a and LBP in
patients treated with rifaximin decreased after treatment but increased in the control

group.

Rifaximin affects the characteristics and function of gut microbiota in cirrhotic

patients with refractory ascites

A total of 40 stool samples from 20 patients (12 patients treated with rifaximin and 8
patients treated with rifaximin plus intravenous antibiotics) were subjected to
bioinformatics analysis after metagenomics sequencing. The diversity Shannon index
was calculated using function diversity, the differences before and after treatment
were tested using the Wilcoxon test, and the beta diversity was analysed using the
non-metric multidimensional scale. Lefse analysis and the Wilcoxon signed-rank test
were applied to analyse the changes in the gut microbiota after treatment. The
analysis of virulence was performed on all predicted genes using the Virulence
Factors Database.

Analysis of composition of gut microbiota: The bacteria in the stools of patients
before and after treatment were mainly classified into Firmicutes, Proteobacteria,
Bacteroidetes, and Actinobacteria at the phylum level, of which the most dominant
phylum was Firmicutes (41.55% before vs 47.16% after treatment). At the genus level,
they were mainly classified into Escherichia, Bacteroides, Bifidobacterium, and
Faecalibacterium (Figure 5).

Analysis of diversity: The Shannon index (P = 0.11 and 0.36), richness (P = 0.055 and
0.11, respectively), and beta diversity (P = 0.824 and 0.455, respectively) of faecal
microbiota did not change significantly after treatment with rifaximin and rifaximin
plus intravenous antibiotics (Figures 6 and 7).

Analysis of different microbiota in faecal samples: Lefse analysis showed that, at the
phylum, class, order, family, and genus levels, no significant change was found in the
faecal flora in patients treated with rifaximin. However, in patients treated with
rifaximin plus intravenous antibiotics, the abundance of Verrucomicrobia,
Verrucomicrobiae, Verrucomicrobiales, Verrucomicrobiaceae, and Akkermansia significantly
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Figure 2 Gray'’s test showed that the cumulative survival was significantly higher in the rifaximin group than
in the control group.?P < 0.05 vs control group.

decreased, and the abundance of Actinomycetaceae, Enterococcaceae, Actinomyces,
Enterococcus, and Coprobacillus significantly increased. At the species level, the
abundance of Clostridium_ramosum was significantly increased and that of
Eggerthella_lenta, Roseburia_hominis, and Eubacterium_hallii significantly decreased
after treatment with rifaximin. However, Clostrium_nexile, Eubacterium_hallii,
Lachnospiraceae-bacterium4_1_37FAA, Lachnospiraceae-bacterium9_1_43BFAA,
Actinomyces-odontolyticus, Lachnospiraceae-bacterium2_1_58FAA, Lachnospiraceae-
bacterium6_1_63FAA, Bifidobacterium-Dentium, Alistipes-Onderdonkii, Roseburia_hominis,
Escherichia coli, Veillonella_dispar, and Leuconostoc_pseudomesenteroides decreased
significantly and the abundance of Clostridium_ramosum, Enterococcus_faecium, and
Coprobacillus_unclassified was significantly increased after treatment with rifaximin
plus intravenous antibiotics (Figure 8).

Wilcoxon test showed that, at the genus level, the abundance of Roseburia,
Haemophilus, and Prevotella was significantly reduced after treatment with rifaximin,
while the abundance of Lachnospiraceae_noname, Subdoligranulum, and Dorea decreased
and the abundance of Coprobacillus increased significantly after treatment with
rifaximin plus intravenous antibiotics (Figure 9). At the species level, the abundance
of Roseburia_intestinalis, Bacteroides_uniformis, Eggerthella_lenta, and
Haemophilus_parainfluenzae was significantly reduced, and the relative abundance of
Bacteroidetes_vulgatus was significantly increased after treatment with rifaximin.
Additionally, the abundance of Bacteroides_dorei was significantly reduced after
treatment with rifaximin plus intravenous antibiotics (Figure 9). The abundance of
Bifidobacterium and Lactobacillus in the intestinal flora, as well as the abundance of
Faecalibacterium_prausnitzii, decreased after both treatments, although the changes
were not significant (Table 4).

Analysis of bacterial virulence: The obtained non-redundant reference gene set was
compared with the Virulence Factors Database using DIAMOND (v0.7.9.58), and
virulence analysis was performed on all predicted genes. The results are shown in
Figure 10. The total expression of virulence factor genes of the intestinal flora in both
groups was significantly reduced after treatment.

The ratio of virulence factor gene expression after treatment and before treatment is
taken as log2 (fold change), which is calculated as log2 (mean value after
treatment/ mean value before treatment), and log2 (fold change) < 0 indicated that the
virulence factor gene expression was decreased significantly after treatment.

DISCUSSION

The gut microbiota is an important component of the intestinal micro-environment
that is involved in the metabolism of various substances, the composition of the
mucosal barrier, and the development and maturation of the immune system!"’l. There
is increasing evidence that a significant difference exists in the gut microbiota between
patients with cirrhosis and healthy people!'*'’l. Based on the assumption that bacterial
overgrowth and translocation cause the systemic inflammatory state, which
aggravates the dysfunction of stellate cells and hyperdynamic circulation in patients
with cirrhosis, this study suggests that rifaximin can be used to interfere with the
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Table 2 Changes in clinical data of patients after treatment in the two groups

Rifaximin group (n = 50) Control group (n = 25) P value
do d15 mean delta d0 d15 Mean delta
Weight (kg) 70.00 (60.00-78.75)  69.00 (58.00-74.00)  -3.30 62.00 (55.00-71.25)  59.5 (54.88-59.5)  -1.20 0.011
Cr (pmol/L) 70.20 (57.00-93.53)  78.25 (63.10-92.68)  11.82 9 (8.00-11.00) 73.0 (63.35-95.65)  13.54 0.777
Urea (mmol/L) 7.17+4.70 9.07+6.71 1.90 8 (5.50-10.00) 7.63+3.31 0.95 0.258
eGFR (mL/min 1.73 m? 95.49 (76.17-114.81)  93.11 (71.92-108.00) ~ -5.20 98.80 (86.80-109.37)  92.0 (61.59-99.54)  -9.68 0.136
Child-Pugh score 10 (8.00-11.25) 9 (8.00-10.25) -0.90 9 (8.00-11.00) 8 (7.50-10.50) -0.76 0.666
MELD score 10 (6.00-13.00) 11.5 (6.75-15.25) 0.60 8 (5.50-10.00) 8 (6.50-10.00) 0.92 0.688

Delta was defined as the value after treatment minus the value before treatment. eGFR: Estimate glomerular filtration rate; MELD: Model for end-stage

liver disease.

process above and improve the haemodynamics by targeting the gut microbiota.

Our study showed that treatment with rifaximin mitigated ascites and improved
the survival in cirrhotic patients with refractory ascites. However, 2-wk treatment
with rifaximin revealed no significant effect on liver and kidney function. This study
also analysed the changes in the concentrations of IL-6, TNF-a, and other
inflammatory factors, as well as LBP, in the plasma of cirrhotic patients with
refractory ascites. No significant change was noted in the inflammatory factors other
than IP-10 after treatment with rifaximin, although the concentrations of TNF-a and
LBP showed a declining trend, which is consistent with the results of a previous
randomized controlled trial®!. Previous studies have shown that rifaximin inhibits
activation of the NF-«B signalling transduction pathway and downregulates the
expression of cytokines and chemokines!**. Studies have also shown that rifaximin
can reduce the concentrations of IL-6, TNF-a, and endotoxin in patients with
decompensated cirrhosis, thereby exercising the effects of reducing portal pressure
and improving haemodynamics!''**!. However, these studies and their follow-up did
not set up a controlled trial. Although a case-control study showed that long-term
treatment with rifaximin reduced the incidence of esophagogastric and gastric
variceal bleeding, SBP, and HRS in patients with decompensated alcoholic cirrhosis
and improved their survival rate!"”], rifaximin treatment in patients had already been
confirmed to be effective before enrolment; thus, there may exist a selection bias. A
randomized, double-blind, controlled trial revealed that 4 wk of treatment with
rifaximin did not affect the hepatic venous pressure gradient, systemic
haemodynamics, GFR, or levels of vasoactive hormones and had no impact on the
inflammatory state and only minor effects on BT and intestinal bacterial composition
in stable, decompensated cirrhosis***l. Considering the mechanism of action of
rifaximin, it may exert effects on patients with poor liver function and severely
disordered haemodynamics; hence, a randomized controlled trial performed on a
subgroup analysis of patients with Child-Pugh C liver function and elevated LBP at
baseline still showed no significant difference® . Our study performed subgroup
analysis in patients with lower eGFR than normal at baseline, and the results suggest
a trend of decline in the levels of Scr after treatment with rifaximin but a trend of
elevation in patients in the control group, suggesting that rifaximin can show
advantages in patients with severely disordered haemodynamics and a high
inflammatory state. Regrettably, this study did not assess the effect of long-term
treatment with rifaximin on these indicators and did not collect haemodynamic-
related data. Thus, further research is needed to assess the effect of long-term
treatment with rifaximin on the prognosis of cirrhotic patients with severely
disordered haemodynamics and a high inflammatory state.

Studies on irritable bowel syndrome (IBS) have found that rifaximin can inhibit the
growth of Escherichia coli, Enterococcus faecalis, Staphylococcus aureus, Klebsiella,
Enterobacterium, and other non-Enterobacterium-Gram-negative enterobacteria in vitro*!
and increase the abundance of Lactobacilli and reduce the number of Bacillus
filiformis®*). Thus, rifaximin is considered to inhibit the growth of pathogenic bacteria
without affecting the normal composition of gut microbiota. In recent years, rifaximin
has been increasingly studied in the prevention and treatment of cirrhosis
complications such as SBP and HRS, but the effect of rifaximin in patients with
decompensated cirrhosis remains controversial. Studies have shown that rifaximin
has minor effects on bacterial composition, inflammation, and BT in stable,
decompensated cirrhosis®*l. Other studies have shown no significant microbial
change besides a modest decrease in Veillonellaceae and Streptococcus, and an increase
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Figure 3 Changes in the concentration of Scr after treatment in patients with renal dysfunction. A: A downtrend in the rifaximin group; B: An uptrend in the

control group.

in Eubacteriaceae was observed after rifaximin treatment in patients with HEF-1.
Considering that rifaximin reduces endotoxaemia but has no significant effect on
intestinal flora, it is preferred that rifaximin is more likely to exert pharmacological
effects through the following pathways: (1) Altering bacterial function and virulence;
(2) Improving intestinal barrier function; and (3) Inducing resistance to some floral*"l.
Studies have confirmed that rifaximin inhibits the adhesion and translocation of
bacteria, reduces the virulence of bacteria, and regulates the metabolism of gut
microbiotal””l. Using metagenomic sequencing, this study evaluated the changes in
the intestinal flora in cirrhotic patients with refractory ascites after treatment with
rifaximin and rifaximin plus intravenous antibiotics. Previously, it was generally
believed that the diversity of gut microbiota was decreased in disease conditions,
particularly in patients with intestinal diseases, and increased after the disease was
relieved™!. Our study suggested a decline in the richness of gut microbiota in cirrhotic
patients with refractory ascites after treatment with rifaximin, probably related to the
premise of treatment with antibiotics in this study. In this study, patients with
refractory ascites and severely disordered haemodynamics were selected as the
research subjects, and the changes in the gut microbiota after treatment with rifaximin
are not consistent with the results of previous studies with rifaximin in the
complications of cirrhosis such as HE and ascites.

We compared our results with the differences between the structure of gut
microbiota in cirrhotic patients and healthy people reported by Qin et al'”:: (1) At the
genus level, an increase in the abundance of Haemophilus and Prevotella and a decrease
in the abundance of Roseburia, Subdoligranulum, and Dorea were found in patients with
cirrhosis by Qin et al'); we found a decrease in the abundance of Haemophilus,
Prevotella, and Roseburia after treatment with rifaximin but a decrease in
Subdoligranulum and Dorea after treatment with rifaximin plus intravenous antibiotics
in cirrhotic patients with refractory ascites; and (2) At the species level, a decrease in
the abundance of Haemophilus_parainfluenzae, Roseburia_intestinalis, and
Bacteroides_uniformis was found in patients with cirrhosis by Qin et all'! as well as in
cirrhotic patients with refractory ascites after treatment with rifaximin in our study.

Studies have shown an increase in the concentration of Bifidobacterium in the stool
of patients with inflammatory bowel disease after rifaximin treatment?”>”*l. The
abundance of Lactobacilli in faecal samples increased one month after treatment with
rifaximin in patients with different gastrointestinal diseases such as IBS, inflammatory
bowel disease and diverticulosis, but the composition of the gut microbiota did not
show any significant changel”). Another study suggested that the abundance of
Faecalibacterium_prausnitzii is increased at the end of rifaximin treatment in non-
constipation IBS, and the composition of the gut microbiota did not change
significantly™. Bifidobacterium has an intestinal and systemic anti-inflammatory
effectt™); butyrate production by Faecalibacterium_prausnitzii was involved in the
regulation of proliferation, apoptosis, and differentiation of gastrointestinal epithelial
cells, exercising an immunomodulatory effect!**; Lactobacillus has anti-inflammatory,
immunomodulatory, anti-oxidative, anti-bacterial, and anti-viral properties”*. Our
results suggest that the abundance of Bifidobacterium and Lactobacillus in the gut
microbiota is increased after treatment with rifaximin and rifaximin plus intravenous
antibiotics in cirrhotic patients with refractory ascites, while the abundance of
Faecalibacterium_prausnitzii had a slight decrease.
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Table 3 Changes in the cytokine and lipopolysaccharide-binding protein levels in patients after treatment in the two groups

Rifaximin group (n = 26) Control group (n =13)
Pvalue

do d15 do d15
IL-6 (pg/mL) 29.73 +101.82 8.93+6.13 27.05 + 45.70 18.75 +39.11 0.644
IL-8 (pg/mL) 4512+ 91.71 117.47 +359.77 31.51 +90.82 42,92 +128.15 0.557
TNF-a (pg/mL)  3.62+2.22 3.23 +1.31 2.79+0.72 3.07+0.83 0.356
MCP-1 (pg/mL)  93.32 +49.00 98.41 + 61.21 86.71 + 44.14 79.61 +39.87 0.481
IP-10 (pg/mL) 187.83 + 180.08 150.35 + 126.22 98.53 + 57.02 228.25 + 232.65 0.024
LBP (pg/mL) 6140682.77 + 3478004.74 5828915.42 + 3761441.65 5784964.46 + 2841716.75 9792449.77 + 8492517.57 0.071

The data are given as the mean * SD. Interleukin-6, interleukin-8, tumour necrosis factor alpha, and monocyte chemoattractant protein-1 suggest an
inflammatory response; interferon-inducible protein 10 activates inflammatory cells and probably affects hepatic stellate cells and cirrhosis; and
lipopolysaccharide-binding protein reflects the degree of the inflammatory response caused by endotoxin. IL-6: Interleukin-6; IL-8: Interleukin-8; TNF-a:
Tumour necrosis factor alpha; MCP-1: Monocyte chemoattractant protein-1; LBP: Lipopolysaccharide-binding protein. IP-10: Interferon-inducible protein
10.

In conclusion, this study evaluated the effects of rifaximin in cirrhotic patients with
refractory ascites with regard to clinical efficacy, plasma inflammatory factors, and
changes in the gut microbiota. We concluded that rifaximin may affect the structure
and function of the gut microbiota and improve the systemic inflammatory response,
thereby improving the clinical symptoms and survival rate in cirrhotic patients with
refractory ascites. Studies with a large sample size are still needed to verify our
conclusions, and the role of these flora remains to be further explored, since the
changes in the gut microbiota in cirrhotic patients with refractory ascites remain
unavailable.
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Table 4 Changes in the abundance of beneficial bacteria after treatment

for treatment of refractory ascites

Rifaximin Rifaximin + antibiotics
Classification
Before After P value Before After P value
g_Lactobacillus 1.924 3.903 0.791 0.581 2.535 0.547
g_Bifidobacterium 12.567 21.949 0.301 5.036 9.524 0.641
s_Faecalibacterium_prausnitzii 10.448 8.193 0.910 6.590 3.206 0.148
Rifaximin group Control group Rifaximin group Control group
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Figure 4 Changes in inflammatory factors and lipopolysaccharide-binding protein after treatment in the two groups. The concentrations of interferon-
inducible protein 10, tumour necrosis factor alpha, and lipopolysaccharide-binding protein showed a downtrend in the rifaximin group but uptrend in the control group,
and interferon-inducible protein 10 decreased significantly in the rifaximin compared with the control group (Table 3). IL-6: Interleukin-6; IL-8: Interleukin-8; TNF-a:
Tumour necrosis factor alpha; MCP-1: Monocyte chemoattractant protein-1; LBP: Lipopolysaccharide-binding protein; IP-10: Interferon-inducible protein 10.
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Figure 5 Abundance of the microbiota before and after treatment at the phylum and genus levels. A and B: Phylum level; C and D: Genus level.
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Figure 6 Changes in the Shannon index and Richness in patients of the two groups before and after treatment. A: Changes in the Shannon index in patients
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Figure 7 Change in the beta diversity of patients in the two groups before and after treatment.
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Figure 8 Cladogram and Linear discriminant analysis score of Lefse analysis of patients in the subgroup of rifaximin and rifaximin plus intravenous
antibiotics. A and B: Subgroup of rifaximin; C and D: Rifaximin plus intravenous antibiotics. The taxonomic levels are shown in the cladograms, represented by rings
with kingdoms at the innermost ring and genera at the outermost ring, the small circles at each classification level represent different classifications at that level, and
the diameters represent the relative abundance. Yellow represents no significant difference while blue and red represent significantly different microbiota before and
after treatment, respectively. The Linear discriminant analysis score shows significant differences at > 2.0; red and blue represent before and after treatment,
respectively, and the length represents the Linear discriminant analysis score, which is the degree of significant difference. LDA: Linear discriminant analysis.
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Figure 9 Abundance of microbiota with significant changes at the genus and species levels. A-G: Abundance of microbiota with significant changes at the
genus level; H-M: Abundance of microbiota with significant changes at the species level.
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A

ysaN type III secretion sytem protein [Yersinia enterocolitica subsp. enterocolitica 8081]
YpsIP31758_3832 putative sensor histidine kinase/response regulator EsrA [Yersinia pseudotuberculosis IP 31758]
YE105_C1176 WbcK protein [Yersinia enterocolitica subsp. palearctica 105.5R(r)]
YE105_C1175 translocase [Yersinia enterocolitica subsp. palearctica 105.5R(r)]
XcpV general secretion pathway protein I [Pseudomonas aeruginosa PAO1]
wlaN beta—1,3 galactosyltransferase [Campylobacter jejuni subsp. jejuni NCTC 11168]
wbpD probable acetyltransferase WbpD [Pseudomonas aeruginosa PAO1]
whbcG putative glycosyltransferase [Yersinia enterocolitica subsp. enterocolitica 8081
vuuB vulnibactin utilization protein [Vibrio vulnificus YJ016]
tssM hypothetical protein [Burkholderia mallei ATCC 23344]
trbE conjugal transfer protein trbE precursor [Legionella longbeachae NSW150]
tonB TonB protein [Neisseria meningitidis Z2491
tbpB transferrin—binding protein 2 precursor [Haemophilus influenzae PittGG]
sugC ABC transporter——like protein [Mycobacterium vanbaalenii PYR-1]
stgD StgD [Escherichia coli 078:K80:H9 chi7122] ]
SSU05_0581 CMP—N-acetylneuraminic acid synthetase [Streptococcus suis 05ZYH33]
SSP0067 putative glycosyl transferase [Staphylococcus saprophyticus subsp. saprophyticus ATCC 15305]
srtD sortase [Bacillus cereus ATCC 14579]
spa47 Spad7 [Shigella sonnei Ss046]
sagA SagA [Enterococcus faecium U0317]
rgpX3 polysaccharide biosynthesis protein, putative transporter [Streptococcus thermophilus LMG 18311]
rfpB putative galactosyltransferase [Yersinia enterocolitica subsp. enterocolitica 8081]
rfaC lipooligosaccharide alpha—1,5 heptosyltransferase I [Neisseria meningitidis 8013]
regA two—component regulator sensor kinase [Burkholderia pseudomallei K96243]
pVuA ferric vibrioferrin receptor [Vibrio parahaemolyticus RIMD 2210633]
Psyr_2626 Protein of unknown function DUF323 [Pseudomonas syringae pv. syringae B728a]
PSPTO_2875 ABC transporter, ATP—binding protein [Pseudomonas syringae pv. tomato str. DC3000]
PMI2341 autotransporter [Proteus mirabilis HI4320]
PMI0229 ABC transporter permease [Proteus mirabilis HI4320]
pic serine protease, autotransporter Pic [Shigella flexneri 2a str. 301]
phzG2 probable pyridoxamine 5'-phosphate oxidase [Pseudomonas aeruginosa UCBPP-PA14]
phuW hypothetical protein [Pseudomonas aeruginosa PAO1]
perC/bfpW transcriptional regulator BfpW [Escherichia coli B171] |
pce choline binding protein E [Streptococcus pneumoniae TIGR4] |
pbtG substrate—-binding protein [Proteus mirabilis HI4320] |
pbtC decarboxylase [Proteus mirabilis HI4320] ]
outK general secretion pathway protein K [Pectobacterium atrosepticum SCRI1043]
orbC putative iron transport—related ATP—binding protein [Burkholderia cenocepacia J2315] |
oppA oligopeptide ABC transporter substrate-binding protein [Listeria monocytogenes J016] |
OG1RF_12303 family 8 polysaccharide lyase [Enterococcus faecalis OGIRF] |
NMB1779 hemagglutinin/hemolysin—related protein [Neisseria meningitidis MC58] |
mrfB MrfB [Photorhabdus luminescens str. K122]
mps2 linear gramicidin synthetase subunit B [Mycobacterium intracellulare str. MOTT36Y]
mps1 fatty—acid—CoA ligase [Mycobacterium tuberculosis RGTB423]
mceSA Mammalian cell entry related domain protein [Mycobacterium gilvum PYR-GCK] |
MAP3760c hypothetical protein [Mycobacterium avium subsp. paratuberculosis K-10] |
M3Q_290 hypothetical protein [Acinetobacter baumannii TYTH-1]
lysA diaminopimelate decarboxylase [Mycobacterium abscessus subsp. bolletii 50594]
Ipg1062 TPR repeat protein [Legionella pneumophila subsp. pneumophila str. Philadelphia 1] |
Ipg0756 dTDP—-6—deoxy—D-glucose—-3,5-epimerase RmIC [Legionella pneumophila subsp. pneumophila str. Philadelphia 1] |
Ipg0754 acetyltransferase [Legionella pneumophila subsp. pneumophila str. Philadelphia 1] |
lisR two—component response regulator [Listeria monocytogenes EGD—e] |
lipR Putative acetyl-hydrolase/esterase LipR [Mycobacterium canettii CIPT 140070017]
It prolipoprotein diacylglyceryl transferase [Listeria welshimeri serovar 6b str. SLCC5334] ]
inIB internalin B [Listeria monocytogenes HCC23] h
hyl putative hyaluronidase [Streptococcus pyogenes MGAS315]
hurl heme uptake regulator [Bordetella pertussis Tohama I]
hrpY response regulator hrpY [Erwinia amylovora CFBP1430]
hdp1 Haemoglobin binding protein 1 [Listeria monocytogenes EGD—e]
hasE metalloprotease secretion protein [Pseudomonas aeruginosa PAO1]
hasD ABC transporter ATP—binding protein [Pseudomonas fluorescens Pf-5]
gspB platelet binding protein GspB [Streptococcus gordonii str. M99]
gInA1 glutamine synthetase [Mycobacterium tuberculosis RGTB327]
fimD pseudaminic acid biosynthesis—associated protein PseG [Aeromonas hydrophila MLO9-119]
exeG general secretion pathway protein G [Aeromonas hydrophila subsp. hydrophila ATCC 7966]
etfB fimbrial chaperon protein [Edwardsiella tarda str. KG8401]
esaA probable membrane protein [Staphylococcus aureus RF122]
enn M protein [Streptococcus pyogenes MGAS10750] ]
enhC enhanced entry protein EnhC [Legionella pneumophila str. Paris]
EFD32_0765 bacterial regulatory protein, Lacl family protein [Enterococcus faecalis D32]
EFAU004_00405 Lacl family transcriptional regulator [Enterococcus faecium Aus0004]
ECNA114_2870 hypothetical protein [Escherichia coli NA114]
EC958_4611 hypothetical protein [Escherichia coli 025b:H4-ST131]
EC55989_3325 hypothetical protein [Escherichia coli 55989]
EC55989_3324 hypothetical protein [Escherichia coli 55989]
EC55989_3322 hypothetical protein [Escherichia coli 55989]
devR/dosR Two component transcriptional regulatory protein [Mycobacterium intracellulare str. MOTT36Y] "
ctuA putative TonB—denpendent outer membrane receptor [Campylobacter jejuni subsp. jejuni NCTC 11168] "
csaN type III secretion system ATPase [Chromobacterium violaceum ATCC 12472]
cpsO glycosyl transferase CpsO(V) [Streptococcus agalactiae 2603V/R]
cps4L UDP—N-acetylglucosamine 2—epimerase [Streptococcus pneumoniae TIGR4]
cps4K capsular polysaccharide biosynthesis protein Cps4K [Streptococcus pneumoniae TIGR4]
cps2L glucose—1—phosphate thymidylyltransferase [Streptococcus pneumoniae D39]
clpV ATP—dependent Clp protease, ATP—binding subunit CIpB [Burkholderia thailandensis E264]
clpP ATP-dependent Clp protease proteolytic subunit [Listeria monocytogenes EGD—e]
C1381176_1416 class I glutamine amidotransferase, putative [Campylobacter jejuni subsp. jejuni 81-176]
CJE1280 lipooligosaccharide biosynthesis galactosyltransferase, putative [Campylobacter jejuni RM1221]
cheB-2 chemotaxis—specific methylesterase [Aeromonas salmonicida subsp. salmonicida A449]
CD1546 putative hemolysin—like membrane protein [Clostridium difficile 630]
Cbei_0023 channel protein, hemolysin III family [Clostridium beijerinckii NCIMB 8052]
cadF outer membrane fibronectin—binding protein [Campylobacter fetus subsp. fetus 82—40]
C8J_1332 hypothetical protein [Campylobacter jejuni subsp. jejuni 81116]
€8J_1079 hypothetical protein [Campylobacter jejuni subsp. jejuni 81116]
C8J_1077 hypothetical protein [Campylobacter jejuni subsp. jejuni 81116]
3400 hypothetical protein [Escherichia coli CFT073]
bscA subfamily M15C metalopeptidase [Burkholderia cenocepacia J2315]
bplG probable sugar transferase [Bordetella avium 197N]
BJAB0868_00098 Nucleoside—diphosphate—sugar pyrophosphorylase involved in lipopolysaccharide biosynthesis/translation
initiation factor 2B, gamma/epsilon subunits (eIF-2Bgamma/elF-2Bepsilon) [Acinetobacter baumannii BJAB0868] =
bhuT putative hemin binding protein [Bordetella pertussis Tohama I]
BC5268 Secreted polysaccharide polymerase [Bacillus cereus ATCC 14579]
ACICU_00073 periplasmic protein [Acinetobacter baumannii ACICU]
acfC accessory colonization factor AcfC [Vibrio cholerae O1 biovar El Tor str. N16961]
ABSDF0078 UDP—galactose phosphate transferase (WeeH) [Acinetobacter baumannii SDF]
A1S_0059 glycosyltransferase [Acinetobacter baumannii ATCC 17978]
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wehL ss—1,3-N—

yapE autotransporter protein YapE [Yersinia pestis C092]
wlaN beta-1,3 galactosyltransferase [Campylobacter jejuni subsp. jejuni NCTC 11168] =
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vgrG1 Rhs element Vgr protein [Aeromonas hydrophila subsp. hydrophila ATCC 7966]
tssM hypothetical protein [Burkholderia mallei ATCC 23344]
tnp IS1634AV transposase [Mycoplasma

¢
VIhA.5.04

Streptococcus iae CGSP14Jvih=
[Mycoplasma gallisepticum str. R(low)] <

mycoides subsp. mycoides SC str. PG1]

tipB membr

tipA membrane~bound chemoreceptor sensing arginine and bicarbonate [Helicobacter pylori 266951+
S5U98_0581 Membrane protein involved in the export of O-antigen and teichoic acid [Streptococcus suis 98HAH33]
$5U05_0565 Cps2B [Streptococcus suis 052YH33]
SSA_1514 Cell-wall biogenesis glycosyltransferase, putative [Streptococcus sanguinis SK36] <

fs fibronectin—binding protein Sfs [Streptococcus equi subsp. equi 4047] -
scl2/SclB collagen-—like surface protein [Streptococcus pyogenes MGAS6180] =

pvdD non-ribosomal siderophore peptide synthetase [Pseudomonas putida KT2440]

sensing pH and

sqrA cell wall anchored pi

SAN_1517 sortase family pr

SAK_1262 regulatory protein CpsX [Streptococcus agalactiae A909] <
SACOLO507 LysM domain~containing protein [Staphylococcus aureus subsp. aureus COL]

qbsH QbsH [f

[Helicobacter pylori 26695] <

rotein SgrA [Enterococcus faecium DO] o

rotein [Streptococcus agalactiae COH1] <

Pseudomonas fluorescens ATCC 17400]

purc

Psyr_2582 TonB~dependent siderophore receptor [Pseudomonas syringae pv. syringae B:
PSPTO_4713 alanyl tRNA synthetase-related protein [Pseudomonas syringae pv. tomato str. DC3000] <
PLES_19101 wbpP [Pseudomonas aeruginosa LESBS8] <

pilB2 secretion system protein E [Clostridium perfringens str. 13]

orfL putative group 1 glycosyl transferase [Pseudomonas aeruginosa UCBPP—PA14]-
OG1RF_10871 cell wall surface anchor family protein [Enterococcus faecalis OG1RF]
NTO1CX_1984 hemolysin A [Clostridium novyi NT]
neuC UDP-N-acetylglucosamine—2—epimerase NeuC [Streptococcus agalactiae 2603V/R]+
M3Q_294 type 1 secretion C~terminal target domain (VC_A0849 subclass) [Acinetobacter baumannii TYTH-1]+
M3Q_289 Sel1 repeat protein [Acinetobacter baumannii TYTH-1] <
IytA lytic amidase (N-acetylmuramoyl-L-alanine amidase) [Streptococcus pneumoniae Hungary19A-6]=

1irB Dot/Iem type IV secretion system effector LirB [Legionella i

o
E
5

2

fagA putative iron ABC transport system, permease protein [Corynebacterium jeikeium K411] <
espC serine protease [Escherichia coli 0127:H6 str. E2348/69]

esp
EFD32_0900 Endocarditis and Biofilm—

cps2K UDP—glucose

panD kinase [1

synthase [} ium sp. JLS]

CCDC5079]

kasB synthase II

inlB internalin B [Listeria monocytogenes HCC23]<

iagB hypothetical protein [Escherichia coli 0157:H7 str. Sakai] 4
hrpF type IIT secretion system protein HrpB [Ralstonia solanacearum GMI1000] <
hmw2A HMW24, high molecular weight adhesin 2 [Haemophilus influenzae 86-028NP] =
hdp1 Haemoglobin binding protein 1 [Listeria monocytogenes EGD-€] -

qlf UDP—galactopyranose mutase [Campylobacter jejuni subsp. jejuni NCTC 11168] <
gbs0630 class C sortase [Streptococcus agalactiae NEM316]
GBAA1346 internalin, putative [Bacillus anthracis str. Ames Ancestor] -
fxbA Formyl transferase [Mycobacterium smegmatis str. MC2 155]<
flgG_2 FLAGELLAR BASAL-BODY ROD PROTEIN (DISTAL ROD PROTEIN) [Helicobacter pylori 1991

laG flagellar protein Fla
fetB minor pilin Fet

subsp. str. Philadelphia 1]+
[Mycobacterium tuberculosis RGTB327] =

G [Helicobacter hepaticus ATCC 51449]
8 [Streptococcus pyogenes MGAS5005] <

surface pr

rotein faecium 5]

Associated Pilus subunitB [Enterococcus faecalis D32] <
EC55989_3334 chaperone clpB [Escherichia coli 5989] 4
CTC00586 hemolysin 11T [Clostridium tetani E88]<

putative iae D39]4

cps2Bty

aur zinc

p

CLL_A2400 hemolysin A [Clostridium botulinum B str. Eklund 178] 4
CLD_2757 hemolysin A [Clostridium botulinum B1 str. Okra] =
CD1546 putative hemolysin-like membrane protein [Clostridium difficile 630+

cbsA 2,3~dihydro—2,3~dihydroxybenzoate dehydrogenase [Dickeya dadantii 3937]

Cbei_0023 channel protein, hemolysin 111 family [Clostridium beijerinckil NCIMB 8052] <

cap8D capsular polysaccharide synthesis enzyme Cap8D [Staphylococcus aureus subsp. aureus MW2] <
€8)_1343 hypothetical protein [Campylobacter jejuni subsp. jejuni 811161

BJABO715_01032 hypothetical protein [Adinetobacter baumannii BJAB0715] <

beel Beel [Enterococcus faecalis str. E99]
aut N-acetylmuramoyl~Lalanine amidase [Listeria monocytogenes SLCC2378] 4

CpsB iae D39] <

ACI49664 putative pilus—dedicated sortase [Enterococcus faecium str. E1165]

aureolysin

aureus subsp. aureus MW2]

5
&

Log,FC
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Figure 10 Expression of virulence factor genes before and after treatment with rifaximin and rifaximin plus intravenous antibiotics. A: Treatment with
rifaximin; B: Treatment with rifaximin plus intravenous antibiotics.
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Research background

Patients with refractory ascites have a poor prognosis and there is no effective treatment except
for liver transplantation. Rifaximin has been shown to reduce the incidence of hepatic
encephalopathy and other complications in patients with cirrhosis. However, few studies have
investigated the effect of rifaximin in cirrhotic patients with refractory ascites. And the
mechanism of rifaximin in cirrhotic patients with refractory ascites remains unclear.

Research motivation

Previous studies have shown that rifaximin treatment can reduce the concentrations of
interleukin-6, tumour necrosis factor alpha, and endotoxin in blood, thus improving systemic
haemodynamics and decreasing the hepatic venous pressure gradient in patients with cirrhosis.
Rifaximin has been demonstrated to exert positive effects in the prevention and treatment of
hepatic encephalopathy and to prevent the development of esophagogastric and gastric variceal
bleeding, spontaneous bacterial peritonitis, and hepatorenal syndrome. These provided ideas for
the study and treatment in cirrhotic patients with refractory ascites.

Research objectives

The role of the gut-liver axis in the occurrence and development of complications of cirrhosis has
aroused great attention. Microbiota dysbiosis and bacterial translocation have been shown to be
involved in the progression of cirrhosis. Bacteria and their products are introduced into blood via
the intestines and then increase the blood levels of endotoxin and inflammatory factors, which in
turn accelerate liver fibration and stimulate the production of vasodilator substances. These
events cause reduced systemic vascular resistance and an activated sympathetic nervous system
and renin-angiotensin-aldosterone system, eventually leading to hyperdynamic circulation,
which plays an important role in the pathogenesis of refractory ascites. Therefore,improving the
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gut microenvironment may benefit cirrhotic patients with refractory ascites. We conducted this
study to explore the effects of rifaximin in cirrhotic patients with refractory ascites.

Research methods

All patients received conventional treatment for refractory ascites, while patients in the rifaximin
group received oral rifaximin-a 200 mg four times daily for at least 2 wk. The ascites grade,
fasting weight, liver and kidney function, and the inflammatory factors in the plasma were
evaluated before and after treatment. In addition, the gut microbiota was determined by
metagenomics sequencing (Illumina HiSeq) to analyse the changes in the characteristics of the
gut microbiota before and after rifaximin treatment. The patients were followed for 6 mo. This
study evaluated the effects of rifaximin in cirrhotic patients with refractory ascites with regard to
clinical efficacy, laboratory indicators, inflammatory factors, and intestinal microbiota. The
concentrations of interleukin-6, interleukin-8, tumour necrosis factor alpha, monocyte
chemoattractant protein-1, interferon-inducible protein 10, and lipopolysaccharide-binding
protein were determined with Luminex (Magnetic Luminex Assay; R&D Systems Europe, Ltd.,
Abingdon OX14 3NB, United Kingdom), which was highly reliable. Intestinal microbiota can be
annotated to the level of species and the study of the intestinal microbiota can be deepened to the
level of genes and functions using metagenomic sequencing, compared to 165 rDNA sequencing.

Research results

Compared with the control group, the fasting weight of patients decreased and the ascites
significantly subsided after treatment with rifaximin. The 6-mo survival rate of patients in the
rifaximin group was significantly higher than that in the control group. The concentration of
interferon-inducible protein 10 decreased significantly in the rifaximin group compared with
that in the control group. The abundance of Roseburia, Haemophilus, and Prevotella was
significantly reduced after rifaximin treatment, while the abundance of Lachnospiraceae_noname,
Subdoligranulum, and Dorea decreased and the abundance of Coprobacillus increased after
treatment with rifaximin plus intravenous antibiotics. The gene expression of virulence factors
was significantly reduced after treatment in both subgroups treated with rifaximin or rifaximin
plus intravenous antibiotics. These findings provide new ideas for study in cirrhotic patients
with refractory ascites-targeting the gut microbiota. The functions of these changed intestinal
bacteria remain to be explored in the future.

Research conclusions

This study evaluated the clinical efficacy of rifaximin and its effects on intestinal flora
characteristics and the systemic inflammatory state in cirrhotic patients with refractory ascites,
targeting the gut microbiota. We concluded that rifaximin mitigates ascites and improves
survival of cirrhotic patients with refractory ascites, and a possible mechanism is that rifaximin
regulates the structure and functions of intestinal bacteria, thus improving the systemic
inflammatory state. These provide new ideas for clinical dealing with cirrhotic patients with
refractory ascites-targeting the gut microbiota.

Research perspectives

Further research is needed to assess the effect of long-term treatment with rifaximin on the
prognosis of cirrhotic patients with severely disordered haemodynamics and a high
inflammatory state. Randomized controlled studies with a large sample size are still needed to
verify our conclusions, and the role of these floras remains to be further explored, since the
changes in the gut microbiota in cirrhotic patients with refractory ascites remain unavailable.
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