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Abstract
AIM
To determine the efficacy of rifaximin for hepatic ence-
phalopathy (HE) with the linkage of gut microbiome in 
decompensated cirrhotic patients.

METHODS
Twenty patients (12 men and 8 women; median age, 
66.8 years; range, 46-81 years) with decompensated 
cirrhosis (Child-pugh score > 7) underwent cognitive 
neuropsychological testing, endotoxin analysis, and 
fecal microbiome assessment at baseline and after 4 
wk of treatment with rifaximin 400 mg thrice a day. HE 
was determined by serum ammonia level and number 
connection test (NCT)-A. Changes in whole blood 
endotoxin activity (EA) was analyzed by endotoxin 
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activity assay. Fecal microbiome was assessed by 16S 
ribosome RNA (rRNA) gene sequencing.

RESULTS
Treatment with rifaximin for 4 wk improved hyper-
ammonemia (from 90.6 ± 23.9 μg/dL to 73.1 ± 33.1 
μg/dL; P  < 0.05) and time required for NCT (from 68.2 
± 17.4 s to 54.9 ± 20.3 s; P  < 0.05) in patients who 
had higher levels at baseline. Endotoxin activity was 
reduced (from 0.43 ± 0.03 to 0.32 ± 0.09; P  < 0.05) 
in direct correlation with decrease in serum ammonia 
levels (r  = 0.5886, P  < 0.05). No statistically significant 
differences were observed in the diversity estimator 
(Shannon diversity index) and major components of 
the gut microbiome between the baseline and after 
treatment groups (3.948 ± 0.548 at baseline vs  3.980 
± 0.968 after treatment; P  = 0.544), but the relative 
abundances of genus Veillonella  and Streptococcus  were 
lowered.

CONCLUSION
Rifaximin significantly improved cognition and reduced 
endotoxin activity without significantly affecting the 
composition of the gut microbiome in patients with 
decompensated cirrhosis.

Key words: gut microbiome; Hepatic encephalopathy; 
Liver cirrhosis; Endotoxin; Rifaximin
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Core tip: Hepatic encephalopathy (HE) is characterized 
by deficits in cognitive, psychiatric, and motor function 
and ranges in severity from minimal to overt HE and 
coma. Rifaximin is used for standard treatment of 
HE, targeting reduction of ammonia and gut bacterial 
translocation. This study demonstrates that rifaximin 
improves hyperammonemia and cognitive impairment 
with the linkage of decreased endotoxin activity in 
patients with decompensated cirrhosis. The diversity 
and major components of gut microbiome analyzed by 
16S rRNA gene sequencing are not altered by treatment 
with rifaximin. This is the first report of systemic and 
local effects of rifaximin in Japanese patients.

Kaji K, Takaya H, Saikawa S, Furukawa M, Sato S, Kawaratani 
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INTRODUCTION
Hepatic encephalopathy (HE) is a spectrum of neurop
sychiatric syndromes that form major complications 

in patients with acute or chronic liver disease[1]. It is 
characterized by a wide range of changes in the mental 
state from minimal signs of altered brain function to 
deep coma. Minimal HE is the earliest stage; it occurs 
in up to 80% of patients with cirrhosis and manif
ests as abnormalities in the central nervous system 
function[2,3]. Recent pathophysiological evidence sug
gests that alterations in the gut microbiome could be 
critical to bacterial translocation, hyperammonemia, 
and systemic inflammation, leading to the development 
of HE[47]. Bacterial overgrowth in the gut microbiome 
is closely associated with the severity of liver disease, 
and patients with overt HE reportedly reveal significant 
changes in the enteric microbiota compared with those 
with minimal HE[47]. Recent randomized clinical trial 
has reported that fecal microbiota transplantation, a 
newly developed microbiometargeted therapy, has 
the potential to improve HE[8].

Considering the pathogenesis of microbebased HE, 
endotoxemia is known to play a potentially cardinal 
role in the development of systemic inflammation 
and neuroinflammation. In patients with advanced 
cirrhosis, endotoxin increases the permeability of the 
bloodbrain barrier and enhances astrocyte swelling 
via nitric oxide and prostanoid production in the 
brain microglia[911]. Clinical evidence suggests that 
endotoxemia is correlated with the severity of HE and 
increased incidence of overt HE[1012]. Furthermore, 
accumulating evidences have revealed that microbiota
targeted therapies, such as probiotics, prebiotics, 
synbiotics, and antibiotics, may cause at least partial 
improvement of endotoxemia[1316].

Rifaximin, an oral antibiotic with broadspectrum 
activity against aerobic and anaerobic Grampositive 
and Gramnegative bacteria, is widely used for the 
prevention of HE and is proposed to have beneficial 
effects on overt HE and survival. It could exert 
antimicrobial activity against ammoniaproducing 
enteric bacteria including (1) Grampositive aerobic 
bacteria such as Streptococcus and Bacillus; (2) Gram
negative facultative anaerobic bacteria such as E. coli, 
Klebsiella, Citrobacter, Enterobacter, and Proteus; 
(3) Grampositive obligatory anaerobic bacteria such 
as Clostridium; and (4) Gramnegative obligatory 
anaerobic bacteria such as Bacteroides[17]. However, in 
Japan, it has only been recently available for patients 
with HE[18]. Several studies of cirrhotic patients in 
the Western countries have reported the possible 
mechanisms of action of rifaximin, suggesting that it 
could decrease endotoxin levels without altering the 
relative abundance of pathogenic bacteria[1921]. To the 
best of our knowledge, the effects of rifaximin on the 
gut microbiome in patients from the Eastern countries 
have not been assessed. Moreover, the relationship 
between the endotoxin activity and microbial alteration 
at the gene level has not been elucidated. 

The present study aimed to evaluate the impact 
of rifaximin on the endotoxin activity and gut microb
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iota identified by 16S ribosome RNA (rRNA) gene 
sequencing in patients with decompensated cirrhosis.

MATERIALS AND METHODS
Patients and study design
The study was conducted from January to May 2017 
at the Third Department of Internal Medicine of Nara 
Medical University. The subjects were patients with 
decompensated cirrhosis (ChildPugh score > 7) due to 
several causes, aged 18 years or older, who had been 
diagnosed by clinical, biochemical, and ultrasound 
findings (n = 45). The exclusion criteria were cardiac 
and/or respiratory failure or invasive cancer within the 
past 5 years; renal failure with serum creatinine > 200 
μmol/L; clinical or biochemical signs of infection 28 d 
prior to inclusion; concomitant inflammatory bowel 
diseases and/or irritable bowel syndrome; previous 
history of gastrectomy, enterectomy, and/or liver 
transplantation; and developed portosystemic shunt. 
Patients who consumed nonabsorbable disaccharides, 
probiotics, prebiotics, synbiotics, or other antibiotics 
28 d prior to inclusion were also excluded. Finally, 20 
patients except for the patients to meet the exclusion 
criteria (n = 17) and decline to participate (n = 8) 
were finally analyzed.

All subjects were treated with rifaximin 400 mg 
thrice a day for 4 wk, and the complete investigational 
program was performed at baseline and after 4 wk 
of treatment. The program comprised general labo
ratory tests, measurement of serum ammonia levels, 
neuropsychological testing, measurement of whole 
blood endotoxin activity, and analysis of fecal microbiota 
(Figure 1). 

The study protocols conformed to the principles 
outlined in the 1964 Declaration of Helsinki and its 
later amendments and were approved by the Ethics 
Committee of Nara Medical University (approval 
number 994) and were registered at UMIN000029127. 
All subjects provided written informed consent prior to 
their inclusion in the study. 

Neuropsychological test system
To objectively evaluate cognitive performance, we 
used the number connection test (NCT)A distributed 
by the Japan Society of Hepatology, as previously 
described[22,23]. The hardware consisted of a touch 
screen tablet such as iPad (Apple, Cupertino, CA, 
United States).

Measurement of endotoxin activity
Whole blood endotoxin activity was assessed with the 
commercially available Endotoxin Activity Assay (EAA) 
kit (Spectral Diagnostics, Toronto, Canada), which uses 
a luminol chemiluminescence method. In brief, the 
EAA is based on the principle that endotoxin binds to 
antiendotoxin antibodies and is delivered to neutrophils 

by complement receptors. In the presence of βglucan 
and luminol, the neutrophils undergo a respiratory 
burst accompanied by light emission. The light 
produced is quantified by a chemiluminometer, and its 
intensity is proportional to the amount of endotoxin 
present in the sample[24].

Analysis of fecal microbiota composition
Fecal samples were collected before and 4 wk after 
rifaximin administration and placed in 1.5mL tubes, 
snapfrozen on dry ice, and stored at 80 ℃. 16S 
rRNA analysis of fecal samples was performed at 
Takara Bio (Shiga, Japan). DNA was extracted with 
the MoBio Powerlyzer Powersoil DNA Isolation Kit 
(MoBio Laboratories, Carlsbad, CA, United States). 
The V4 hypervariable region of the bacterial 16S 
rRNA gene was amplified from the fecal DNA extracts 
using the modified universal bacterial primer pairs 
341F (5′-TCGTCGGCAGCGTCAGATGTGTATAAGA 
GACAGCCTACGGGNGGCWGCAG-3′) and 806R 
(5′-GTCTCGTGGGCTCGGAGATGTGTATAAGAGA 
CAGGGACTACHVGGGTWTCTAAT-3′) with Illumina 
adaptor overhang sequences. Amplicons were gen
erated, cleaned, indexed, and sequenced according 
to the Illumina MiSeq 16S Metagenomic Sequencing 
Library Preparation protocol (http://support.illumina.
com/downloads/16s_metagenomic_sequencing_library_ 
preparation.html), with brief modifications.

Sequencing data were combined and sample 
identification was assigned to multiplexed reads using 
the MOTHUR software environment[25]. The data were 
denoised; lowquality sequences, pyrosequencing 
errors, and chimeras were removed; and then the 
sequences were clustered into operational taxonomic 
units (OTUs) at 97% identity using the CDHITOTU 
pipeline (available from http://eeizhonglab.ucsd.
edu/cdhitotu)[26]. OTUs containing fewer than four 
reads per individual diet/animal combination were 
excluded due to the likelihood of a sequencing artifact. 
The samples were normalized by random resampling 
sequences used to the lowest number of sequences 
per sample (each diet/animal combination) using 
Daisychopper (http://www.festinalente.me/ bioinf/). 
Taxonomic classification of OTUs was done with the 
Ribosomal Database Project Classifier[27].

Statistical analysis
Differences between the paired groups were analyzed 
by the MannWhitney U test. Correlations were 
calculated with the Spearman rank test. The data 
are expressed as means ± SD. A twotailed pvalue 
less than 0.05 was considered to indicate statistical 
significance. Analyses were performed with EZR 
(Saitama Medical Center, Jichi Medical University), 
which is a graphical user interface for R (The R Foun
dation for Statistical Computing, version 2.13.0). 
Specifically, EZR is a modified version of R comman-
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Effect of rifaximin on hepatic encephalopathy
The mean levels of serum ammonia among all patients 
remain unaltered after 4 wk of treatment with rifaximin 
as compared with baseline (66.7 ± 29.8 μg/dL at 
baseline vs 62.7 ± 27.6 μg/dL after treatment, P = 
0.440; Figure 2A), although the mean levels among the 
patients who revealed high levels of serum ammonia 
(> 70 μg/dL) at baseline were significantly decreased 
after treatment (90.6 ± 23.9 μg/dL at baseline vs 
73.1 ± 33.1 μg/dL after treatment, P < 0.05; Figure 
2B). In coincidence with serum ammonia levels, the 
mean time required for NCT among all patients did not 
differ from baseline after treatment (51.7 ± 18.7 s at 
baseline vs 45.0 ± 18.4 s after treatment, P = 0.267; 
Figure 3A), whereas the mean time required for NCT 
among patients who revealed prolongation of NCT 
(> 50 s) at baseline was significantly shortened after 
treatment (68.2 ± 17.4 s at baseline vs 54.9 ± 20.3 s 
after treatment, P < 0.05; Figure 3B).

Endotoxin activity
The mean endotoxin activity among all patients remained 
unaltered after 4 weeks of treatment compared with 
baseline (0.27 ± 0.14 at baseline vs 0.29 ± 0.15 after 
treatment, P = 0.641; Figure 4A). The mean endotoxin 
activity among patients who reported high levels of 
endotoxin activity (> 0.4) at baseline was significantly 
decreased after treatment (0.43 ± 0.03 at baseline 
vs 0.32 ± 0.09 after treatment, P < 0.05; Figure 4B). 
Univariate correlation analysis demonstrated that the 
decrease in the endotoxin activity level after 4 weeks of 
treatment (Δ EA) correlated directly with the decrease 
in the serum ammonia level (Δ NH3; r = 0.5886, P < 
0.05; Figure 4C).

Microbiota composition of the feces
For gut microbiome analysis using 16S rRNA gene 
sequencing, fecal samples were collected before and 
after 4 wk of treatment with rifaximin from the 20 
patients. In total, 33222538 raw reads were obtained 
from all 40 fecal samples. After filtering, 17958952 
highquality sequences were produced, with an 
average of 448473 ± 64690 reads per sample. No 
statistically significant differences were observed in 
the diversity estimator (Shannon diversity index) 
between the baseline and treatment groups (3.948 ± 
0.548 at baseline vs 3.980 ± 0.968 after treatment, 
P = 0.544; Figure 5A). UniFrac principal coordinate 
analysis (PCoA) also revealed no significant clustering 
between the microbiota composition before and after 
rifaximin treatment (Figure 5B). The overall microbiota 
composition and average relative abundances for each 
group at the phylum, class, and order levels are shown 
in Figure 4CE. There were 7 phyla, 12 classes, and 18 
orders in the fecal samples. The dominant phyla of both 
groups were Firmicutes, Actinobacteria, Bacteroides, 
and Proteobacteria; the dominant classes of both 

der (version 1.63) that includes statistical functions 
frequently used in biostatistics[28].

RESULTS
Characteristic features of patients
The demographic and baseline clinical characteristics of 
the patients are presented in Table 1. Twenty patients 
with decompensated cirrhosis (12 men and 8 women; 
median age, 66.8 years; range, 4681 years) were 
included in the study. The etiology of cirrhosis was 
identified as alcohol (40%), hepatitis B virus (HBV) 
(20%), hepatitis C virus (HCV) (20%), nonalcoholic 
steatohepatitis (NASH) (10%), alcohol and HBV 
(5%), and alcohol and HCV (5%). The majority of the 
patients (90%) were classified as ChildPugh B, and 
the others (10%) were classified as ChildPugh C; 
the median Model of Endstage Liver Disease (MELD) 
score was 8.6 (range, 2.615.0). Administration of 
rifaximin did not have any adverse effects, including 
hepatotoxicity and nephrotoxicity (Supplementary 
Figure 1), on any patient during the research period. 
Also, no significant changes were observed in MELD 
score, serum albumin, total bilirubin, prothrombin 
time, Creactive protein (CRP), white blood cells (WBC), 
platelet and branched chain amino acid & tyrosine ratio 
(BTR) after 4 wk treatment of rifaximin (Table 1). The 
numbers of patient with the high endotoxin activity/
delayed NCT/high ammonia are 11/10/16. All of the 
patients with high endotoxin activity were included in 
the high ammonia group. Seven patients with delayed 
NCT were included in the high ammonia group.

Table 1  Characteristic features of patients at baseline (n = 20)

Baseline Treatment P  value

Age 66.8 (46-81)
Sex (male/female) 12/8
Etiology
   Alcohol 4
   HBV 4
   HCV 8
   NASH 2
   Alcohol + HBV 1
   Alcohol + HCV 1
Child class (A/B/C) 0/18/2
MELD score 8.3 (2.6-15.0) 7.5 (1.2-15.0) 0.474
AST (U/L) 50 ± 22 53 ± 29 0.791
ALT (U/L) 32 ± 14 31 ± 14 0.755
Albumin (g/dL) 3.3 ± 0.6 3.3 ± 0.5 0.980
Total bilirubin (mg/dL) 1.8 ± 0.9 1.6 ± 0.8 0.545
Prothrombin time (INR) 1.28 ± 0.11 1.26 ± 0.11 0.630
CRP (mg/dL) 0.3 ± 0.6 0.2 ± 0.2 0.533
WBC (103/μL) 3.4 ± 1.1 3.5 ± 1.0 0.847
Platelet (104/μL) 8.1 ± 4.1 7.7 ± 3.5 0.710
BTR 3.7 ± 1.5 4.2 ± 3.7 0.601

Data of age and MELD score are given in median and total range. The 
other data are given in mean ± SD. BTR: Branched chain amino acid and 
tyrosine ratio; CRP: C-reactive protein; HBV: Hepatitis B virus; HCV: 
Hepatitis C virus; NASH: Nonalcoholic steatohepatitis.
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groups were Clostridia, Actinobacteria, Bacteroidia, 
Bacilli, and Coriobacteria; and the dominant orders 
of both groups were Bacillales, Actinomycetales, 
Bacteroidales, Coriobacteriales, and Bifidobacteriales. 
At the phylum level, no differences were observed in 
the average abundance in the patients from baseline to 
after treatment with rifaximin (Figure 5C). Likewise, we 
did not observe any changes in the average abundance 
at the class and order levels (Figure 5D and E).

Furthermore, we evaluated the changes in abund
ance of selected genera after treatment with rifaximin. 
We selected seven genera revealing elevation in the 
feces of cirrhotic patients compared with healthy 
controls, as previously described[29]. The relative 
abundances of Veillonella and Streptococcus were 
lower in the treatment group than in the baseline 

group (Figure 6A and B), whereas no significant 
differences were observed in the relative abundances 
of Lactobacillus, Prevotella, Haemophilus, Megaspaera, 
and Fusobacterium (Figure 6CG).

DISCUSSION
The results of this study demonstrate that rifaximin 
improves cognitive performance with reduced serum 
ammonia levels and endotoxin activity in patients with 
decompensated cirrhosis. The 16S rRNA gene analysis 
found no significant differences in the predominant 
organisms from before treatment to after treatment, 
indicating that rifaximin exerts its pharmacological 
actions independently of modification of the gut 
microbiota. Evidence reveals the effects of rifaximin on 

Cirrhotic patients (child-pugh score ≥ 7) (n  = 45)

who underwent treatment with rifaximin more than 4 wk
in our hospital between January and May 2015.

Excluded (n = 25)
      Meeting exclusion criteria (n = 17)
      Declined to participate (n = 8)

Subjected to analysis (n = 20)

Enrollment

Analysis

   general laboratory tests
   Serum ammonia levels
   Neuropsychological tests
   Whole blood endotoxin activity
   Fecal microbiota

4 wK

Baseline Treatment

Figure 1  The selection of the study population and experimental design. 20 patients except for 25 patients to meet the exclusion criteria and decline to 
participate were finally analyzed.
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HE with the link between endotoxin and gut microbiota 
in patients from Western countries[1921]. Because the 
microbial taxa involved are slightly different in cirrhotic 
patients from Eastern and Western countries, we 
undertook this study to assess the effects of rifaximin 

on HE in cirrhotic patients from Eastern countries[30,31].
Rifaximin exerts its antibiotic actions via inhibition 

of bacterial RNA synthesis by binding to the βsubunit 
of bacterial DNAdependent RNA polymerase[32]. The 
activity of rifaximin is targeted to the gastrointestinal 
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tract due to its nonsystemic absorption; thus the use 
of rifaximin is a viable option as treatment for HE. A 
metaanalysis including 19 randomized, controlled trials 
of rifaximin for HE demonstrated that it lowered serum 
ammonia (mean difference, 7.10 μg/dL; 95%CI: 
12.29 to 1.91) and improved NCT (mean difference, 
5.29 s; 95%CI: 10.05 to 0.53)[33]. Consistent with 
this evidence, the present results indicate that 4 wk 
of administration of rifaximin significantly reduced 
the serum ammonia levels and shortened the time 
required for NCT in cirrhotic patients who had reported 
higher levels at baseline. Recent clinical trials suggest 
that these beneficial effects of rifaximin on HE are 
strongly associated with improved endotoxemia[19,21,34]. 
Basic in vivo studies revealed the mechanistic insight 
for the ability of rifaximin to lower plasma endotoxin 
levels. Kang et al[20]. reported that rifaximin improved 
endotoxemia induced by humanization with stools 
from patients with minimal HE in germfree mice[20]. 
Zhu et al[35] demonstrated that rifaximin attenuates 
liver fibrosis and portal hypertension by inhibiting 
the lipopolysaccharides (LPS)/tolllike receptor 
(TLR) 4 pathway in bile ductligation induced fibrotic 
mice. Unlike other studies, we assessed the plasma 
endotoxin activity by an EAA. Most quantitative limulus 
amebocyte lysate (LAL) tests, which are widely used 
to measure the endotoxin levels, are not endotoxin
specific, as these tests detect both endotoxin from 
Gramnegative bacteria and (13)βDglucan from 
fungus, which are microbial products translocated 
from the intestine. Therefore, these tests are unable 
to detect spillover endotoxemia in liver diseases due 
to the complexity of the measurement, difficulty in 
standardization, and low sensitivity. The EAA is a 
novel and simple method to assess blood levels of 
endotoxin with higher sensitivity as compared with 
these tests[24,36]. In fact, our results demonstrated 

that rifaximin significantly decreased the plasma EA 
levels, but not endotoxin concentration as detected by 
LAL tests, in patients with cirrhosis (data not shown). 
Additionally, our results reveal a direct correlation 
between Δ NH3 and Δ EA, indicating that a decrease in 
endotoxin activity is crucial in the effect of rifaximin on 
hyperammonemia. It has been reported that ammonia 
and LPS synergistically facilitate cytotoxic edema and 
precoma in cirrhotic rats[37]. Another report suggested 
that bacterial LPS inhibit the hepatic ammonia removal 
via glutamine synthesis[38]; however, a largescale 
prospective study would be required to elucidate 
the exact mechanism of interaction between the 
generation of ammonia and endotoxemia.

As described in the previous reports, we focused 
on the modulation of gut microbiota as the major 
cause of the ability of rifaximin to lower plasma 
endotoxin activity levels in cirrhotic patients[1921,33,39]. 
Remarkably, although rifaximin exerts its effects 
on a wide spectrum of Grampositive and Gram
negative organisms, recent evidence suggests that its 
pharmacological action may involve the alteration of 
bacterial function and virulence rather than reduction 
of the bacterial population[39]. In a previous cohort 
study, Bajaj et al[40] assessed the modulation of the 
gut microbiome in cirrhotic patients with minimal HE 
and demonstrated that rifaximin affected neither the 
overall abundance of bacteria nor the bacterial load. 
They revealed that rifaximin’s clinical activity might 
be attributed to effects on metabolic function of the 
gut microbiota, rather than a change in the relative 
bacterial abundance[19,40]. Our results also reveal no 
significant changes in the relative abundances at 
the phylum, class, and order levels as well as in the 
overall diversity of fecal microbiota between baseline 
and followup samples. Furthermore, a previous 
quantitative metagenomic study reported that several 
genera of bacteria, including Veillonella, Streptococcus, 
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Figure 5  Effect of rifaximin on the diversity and major compositions of gut microbiome. A: Shannon diversity between baseline and treatment groups (mean 
index ± SD 3.948 ± 0.548 at baseline vs 3.980 ± 0.968 at treatment, P = 0.544). B: Pco analysis (PcoA) of gut microbiota. Baseline samples (blue) were clustered 
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Lactobacillus, Prevotella, Haemophilus, Megaspaera, 
and Fusobacterium, were more abundant in cirrhotic 
patients[29]; therefore, we next evaluated the effects 
of rifaximin on the levels of these organisms. Notably, 
present metagenomics revealed a marked decrease 
in Veillonella after treatment with rifaximin. Veillonella 
is an anaerobic Gramnegative coccus, and previous 
studies reported that its abundance increased in 
the colonic mucosa of cirrhotic patients with HE as 
compared with those without HE, and decreased less 
in patients treated with rifaximin and nonabsorbable 
disaccharide than in those receiving nonabsorbable 
disaccharide monotherapy[34]. These findings indicate 
that Veillonella may be a candidate fecal marker for 
the presence of HE. Veillonella primarily requires lactic 
acid for fermentation, and hence it has a symbiotic 
relationship with Streptococcus, which produces 

lactate metabolically[41]. Based on their symbiosis, we 
also observed a significant decrease in Streptococcus 
in parallel with Veillonella in the fecal samples from 
patients treated with rifaximin. 

In the present study, endotoxingenerating Gram
negative bacteria were unchanged by treatment with 
rifaximin. The role of rifaximin in lowering plasma 
endotoxin levels without modifying the overall com
position of the gut microbiome remains unclear. We 
suggest two possible mechanisms: first, the impact 
of metabolic modifications in the gut microbiota[19]; 
second, the possibility that rifaximin may contribute 
in improvement of the intestinal barrier function. A 
recent in vitro study using human intestinal epithelial 
cells reported that Clostridium difficile toxin Ainduced 
cell apoptosis and deprivation of tight junction proteins 
(TJPs) were suppressed by treatment with rifaximin 
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Figure 6  Alterations in abundances of selected genera by treatment with rifaximin. Relative abundances of (A) Veillonella, (B) Streptococcus, (C) Lactobacillus, 
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through the pregnane X receptordependent inhibition 
of theTLR4/MyD88/NFkB pathway[42]. Our previous 
report also demonstrated that antibiotics improved the 
intestinal permeability and enhanced TJP expression in 
the rat nonalcoholic steatohepatitis model[43]. A further 
basic analysis is needed to elucidate the association of 
these mechanisms.

A limitation of this study was the small sample 
size. Further studies are essential to evaluate the 
effects of rifaximin in a larger population and in other 
Asian countries, as well as the effects of its longterm 
administration. Additionally, assessment of proinfla
mmatory cytokines such as tumor necrosis factor-α 
and interleukin6 is currently in progress for deeper 
analysis of the interaction between endotoxemia and 
the development of HE.

In conclusion, rifaximin significantly improved cog-
nition and reduced endotoxin activity with minor modifi-
cation of the gut microbiome in patients with decom
pensated cirrhosis. This is the first report of systemic 
and local effects of rifaximin in Japanese patients.

ARTICLE HIGHLIGHTS
Research background
Hepatic encephalopathy (HE) is characterized by deficits in cognitive, 
psychiatric, and motor function and ranges in severity from minimal to overt HE 
and coma. Rifaximin is used for standard treatment of HE, targeting reduction 
of ammonia and gut bacterial translocation. Currently, rifaximin has been 
suggested to partially affect gut microbiome in the patients with HE.

Research motivation
The effects of rifaximin on the gut microbiome in patients from the Eastern 
countries have not been assessed. Moreover, the relationship between the 
endotoxin activity and microbial alteration at the gene level has not been 
elucidated. Recently, 16S rRNA gene sequencing has been established as 
a novel method to directly access the genetic content of entire communities 
of organisms. Some evidence reveals the effects of rifaximin on HE with the 
linkage of gut microbiota in patients from Western countries. Because the 
microbial taxa involved are slightly different in cirrhotic patients from Eastern 
and Western countries, we undertook this study to assess the effects of 
rifaximin on HE in cirrhotic patients from Eastern countries. Moreover, the 
relationship between the endotoxin activity and microbial alteration at the gene 
level. 

Research objectives
To determine the efficacy of rifaximin for hepatic encephalopathy (HE), 
evaluated with serum ammonia level, NCT and endotoxin activity, with the 
linkage of gut microbiome in decompensated cirrhotic patients.

Research methods
Twenty patients with decompensated cirrhosis were enrolled for this study. 
They were treated with rifaximin 400 mg three times a day for 4 wk. The 
measurement of serum ammonia level and number connection test (NCT)-A 
were performed to evaluate their status of hepatic encephalopathy before and 
after treatment of rifaximin. Endotoxemia was assessed by blood endotoxin 
activity assay (EAA). The 16S ribosome RNA gene sequencing was performed 
for analysis of fecal microbiome, and the diversity and compositions of gut 
microbiome were compared between before and after treatment of rifaximin.

Research results
This study demonstrates that rifaximin improves hyperammonemia and 
cognitive impairment with the linkage of decreased endotoxin activity in 

patients with decompensated cirrhosis. The diversity and major components 
of gut microbiome analyzed by 16S rRNA gene sequencing are not altered by 
treatment with rifaximin, although the relative abundances of genus Veillonella 
and Streptococcus were lowered.

Research conclusions
This study demonstrates that rifaximin significantly improves hepatic 
encephalopathy with minor modification of the gut microbiome in Japanese 
patients with decompensated cirrhosis. Rifaximin markedly improved cognition 
and reduced endotoxin activity without significantly affecting the composition 
of the gut microbiome indicating that the effect of rifaximin is independent of 
modification of gut microbial diversity. This effect of rifaximin on gut microbiome 
in Japanese cirrhotic patients is similar to the patients in the West. On the 
other hands, rifaximin modified minor compositions of gut microbiome such 
as decreased relative abundances of genus Veillonella and Streptococcus 
in current subjects. So far, the mechanism of decreased endotoxin activity 
by rifaximin is still obscure, but we speculate that it is possibly related to the 
pharmacological action of rifaximin to improve intestinal barrier function. In 
conclusion, rifaximin is an effective medical agent for the patients with hepatic 
encephalopathy.

Research perspectives
This study demonstrates that rifaximin improves hyperammonemia and 
cognitive impairment with the linkage of decreased endotoxin activity in patients 
with decompensated cirrhosis. These effects of rifaximin are independent of 
alteration of gut microbial diversity, indicating that rifaximin has a potential 
capacity to decrease ammonia and endotoxin level other than the effect on gut 
microbiome such as the improvement of intestinal barrier function. Therefore, 
we will examine the effect of rifaximin on intestinal tight junction protein in 
the clinical practice to elucidate above hypothesis in near future after the 
approval of ethical committee. We consider that the best method is to analyze 
the alteration of intestinal tight junction protein before and after treatment with 
rifaximin in the biopsy tissues from the patients with decompensated cirrhosis.
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