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Aims: Rifaximin (RFX), a non-systemic antibiotic, improves
liver/neuropsychological functions in patients with hepatic en-
cephalopathy (HE).Weaimed to investigate the clinical profiles as-
sociated with gut bacterial loads using exploratory data analysis
and the effects of RFX on the gut microbiota of patients with HE.

Methods: We analyzed the data from 17 patients with HE who
underwent fecal microbiota examination in phase II/III trials in
Japan. Profiles associated with genera Streptococcus,
Veillonella, and Lactobacillus loads were analyzed using classifi-
cation and regression trees (CART). Changes in gut microbial
consortia of seven patients with HEwere then assessed 2 weeks
after RFX treatment by principal component analysis.

Results: In the CART, the first and second divergence variables
for each higher bacterial load were as follows: (i) in Streptococ-
cus, the number connection test-A ≥39.55 s and presence of
portal-systemic shunt; (ii) in Veillonella, serum potassium levels

<4.75 mEq/L and total cholesterol level<129.5 mg/dL; and (iii)
in Lactobacillus, white blood cell counts ≥3.4 × 103/μL and aspar-
tate aminotransferase level ≥44.5 U/L. There was no significant
change in total bacterial load before and after RFX treatment;
however, there was a decrease in Streptococcus, Veillonella,
and Lactobacillus counts after RFX treatment.

Conclusion: We report clinical profiles associated with gut
bacterial loads in patients with HE, and showed that RFX
altered gut microbiota components associated with liver/
neuropsychological functions. Thus, RFX could improve
liver/neuropsychological functions through the regulation of
the gut microbial consortia in patients with HE.
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INTRODUCTION

THE GUT MICROBIOTA plays a crucial role in disease
progression in patients with liver cirrhosis.1 Veillonella,

Streptococcus, Clostridium, and Prevotella have been found to
be enriched in feces from patients with liver cirrhosis, and
patients with high loads of these bacteria show higher
Child–Pugh scores.2 In addition, the bacterial loads of
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Veillonella and Streptococcus negatively correlate with cogni-
tive function in patients with liver cirrhosis.3Moreover, the
colonic mucosal microbiota is enriched for Enterococcus,

Veillonella, Megasphaera, and Burkholderia in cirrhotic pa-
tients with hepatic encephalopathy (HE).4 Thus, accumu-
lating evidence suggests that changes in the gut
microbiota are associated with liver/neuropsychological
function in patients with liver cirrhosis. However, the gut
microbiota may be altered by environmental factors, in-
cluding diet.5 Associations between enriched bacterial
loads and liver/neuropsychological functions remain un-
clear in cirrhotic patients with HE in Japan.
Exploratory data analysis (EDA) is a statistical approach

proposed by Tukey, which is able to discover meaningful
hypotheses (or models) or productive knowledge through
the use of a graphical approach.6 Exploratory data analysis
has previously been utilized in the field of computer
learning, and is now applied in the medical field.7 Classi-
fication and regression tree (CART), random forest (RF),
and principle component analysis (PCA) are useful tools
for EDA. Classification and regression tree is a statistical
method that uses a constructed model to repeatedly recur-
sively divide the explanatory variable involved in the re-
sponse. The factorial structure of the underlying data is

Table 1 Characteristics of patients with hepatic encephalopathy
(HE) included in analysis 1

Characteristic

n 17
Age, years 64.4 (8.6)
Sex, male/female; n (%) 4 (23.5)/13 (76.5)
Body weight, kg 62.6 (11.7)
Onset of HE, new onset/recurrent; n (%) 7 (41.2)/10 (58.8)
HE grade I/II; n (%) 13 (76.5)/4 (23.5)
Asterixis score, 0/1/2; n (%) 9 (52.9)/7 (41.2)/1 (5.9)
PSE index 0.34 (0.09)
Neuropsychological tests
NCT-A, s 49.9 (16.2)†
NCT-B, s 94.2 (44.5)‡
Digit symbol test, count 10.4 (4.3)

Etiology of HE, n (%)
Hepatitis C virus 8 (47.1)
Alcohol 3 (17.6)
Autoimmune hepatitis 2 (11.8)
Primary biliary cholangitis 1 (5.9)
Non-alcoholic steatohepatitis 2 (11.8)
Idiopathic portal hypertension 1 (5.9)
Child–Pugh classification, A/B/C 1 (5.9)/7 (41.2)/9 (52.9)
BCAA supplementation, yes/no 6 (35.3)/11 (64.7)
Presence of portal systemic shunt 11 (64.7)
Presence of esophageal varix 9 (52.9)
Presence of ascites 7 (41.2)

Biochemical examinations
Blood ammonia concentration, μg/dL 129.9 (38.3)
BTR 2.44 (0.99)
Platelet count, ×104/μL 8.86 (4.01)
Total protein, g/dL 6.7 (0.9)
Albumin, g/dL 2.8 (0.5)
Total bilirubin, mg/dL 2.4 (1.1)
PT-INR 1.38 (0.18)
AST, U/L 55.1 (24.2)
ALT, U/L 35.5 (18.4)
ALP, U/L 426.9 (121.7)
γ-GTP, U/L 43.1 (39.6)
Creatinine, mg/dL 0.73 (0.21)

†n = 16.
‡n = 15.
Data are expressed asmean (standard deviation) or n (%), as indicated.
γ-GTP, γ-glutamyl transpeptidase; ALP, alkaline phosphatase; ALT, al-
anine aminotransferase; AST, aspartate aminotransferase; BCAA,
branched-chain amino acid; BTR, BCAA-to-tyrosine ratio; NCT, num-
ber connection test; PSE, portal systemic encephalopathy index; PT-
INR, prothrombin time – international normalized ratio.

Table 2 Fecal microbiome constituents in patients with hepatic
encephalopathy (n= 17)

Name

Log/g feces

Median Range

Lactobacillus 8.90 6.00–9.98
Streptococcus 7.78 2.00–9.72
Veillonella 8.15 2.00–9.92
Bifidobacterium 10.30 8.08–11.08
Bacteroides 10.26 2.00–10.68
Eubacterium 9.20 2.00–10.15
Peptostreptococcus 8.90 2.00–10.08
Enterobacteriaceae 8.73 5.15–10.08
Enterococcus 8.64 2.00–10.60
Clostridium 8.04 3.60–9.30
Staphylococcus 3.82 2.00–6.40
Yeast 3.51 2.00–6.00
Bacillus 2.30 2.00–6.15
Fusobacterium 2.00 2.00–8.78
Glucose non-fermentative
Gram-negative rods

2.00 –

Corynebacterium 2.00 –

Megasphaera 2.00 –

Clostridium difficile 2.00 2.00–7.60
Total 10.78 9.53–11.18

Values are expressed as median (range) in decreasing order of magni-
tude. Data below the lower limit of quantification was interpreted as
2.00 Log/g.
–, not applicable.
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visually represented by a “tree”.8 Random forest is useful
technique for prediction problems. Random forest is ap-
plied bootstrap samples and random feature selection to
individual CART for prediction. This analysis provides a
high level of predictive accuracy and can be used to esti-
mate the relative importance of each factor.9 Principal
component analysis is a method that provides a
primarily graphical representation of 2-Dordinates based
on linear transformation of several variables. Although

EDA is useful for revealing the pathological role of micro-
biota components, to date it has never been used to
investigate associations between bacterial load and
liver/neuropsychological functions in patients with HE.
Rifaximin (RFX) is a non-systemic antibiotic that reduces

the risk of HE recurrence and HE-related hospitalization.10

Rifaximin also reduces the risk of spontaneous bacterial
peritonitis and variceal bleeding, and prolongs overall sur-
vival in patients with HE.11,12 As RFX inhibits ammonia-

a

Figure 1 Classification and regression tree for clinical profiles associated with high bacterial load of (a) Streptococcus, (b) Veillonella, and
(c) Lactobacillus in 17 Japanese patients with hepatic encephalopathy. AST, aspartate aminotransferase; NCT-A, number connection test-
A; WBC, white blood cell count.
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producing bacterial genera such as Clostridium and Strepto-
coccus,13 it is thought to exert beneficial effects by modulat-
ing the bacterial composition of the gut microbiota.10

However, recent studies reported that treatment with RFX
has only minor effects on intestinal bacterial composition
in patients with decompensated liver cirrhosis and non-

alcoholic steatohepatitis.14–16 Thus, the effects of RFX on
gut microbiota composition remain unclear.
The aims of this study were to investigate: (i) the clinical

profiles associated with bacterial loads using EDA; and (ii)
the effects of RFX on gut microbiota composition in cir-
rhotic patients with HE.

b

Figure 1 Continued.
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METHODS

Study design and ethics

WE UNDERTOOK A stratification analysis of phase
II/III clinical studies of RFX 17 to analyze associa-

tions betweenbacterial load (generaStreptococcus,Veillonella,
and Lactobacillus) and liver/neuropsychological function,
and changes in the gut microbiota 2 weeks after RFX treat-
ment. Our protocols conformed to the ethical guidelines
of the 1975Declaration of Helsinki, as reflected by the prior
approval of each institution’s review board.

Subjects
Subjects who participated in this study underwent periodic
nutritional consultations with a dietitian. The nutritional
consultation recommended 30–35 kcal with 1.0–1.5 g

protein per kg ideal body weight/day, according to the
guideline of the Japanese Nutritional Study Group for
Liver Cirrhosis 2012.17

Patients with liver cirrhosis or idiopathic portosystemic
shunting patients who met the following three inclusion
criteria were enrolled: (i) 20–74 years old; (ii) grade I or
II HE according to the criteria of the Inuyama Sympo-
sium in Japan;18 and (iii) hyperammonemia (peripheral
venous blood ammonia concentration≥80 μg/dL). Pa-
tients who met any of the following exclusion criteria
were excluded: (i) grade III or more HE; (ii) psychiatric
comorbidities; (iii) biochemical examinations (total bili-
rubin ≥5.0 mg/dL, hemoglobin ≤8 g/dL, serum potas-
sium ≤2.5 mEq/L, blood urea nitrogen ≥25 mg/dL, and
serum creatinine ≥2.0 mg/dL); and (iv) any comorbidity
or medical history of acute hepatitis, acute liver failure,
or acute exacerbation of chronic hepatitis.

Figure 1 Continued.
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In analysis 1, we analyzed 17 patients with HE from five
medical institutions in Japan, who had undergone fecal
microbiota examination before RFX treatment in phase
II/III clinical studies of RFX between 2013 and 2015. In
analysis 2, we analyzed seven patients from analysis 1,
who had undergone fecal microbiota examinations both
before and 2 weeks after RFX treatment.

Data collection
The following variables were recorded at the start of the
clinical trial: age, sex, body weight, white blood cell count
(WBC), platelet count, prothrombin time/international
normalized ratio, and serum levels of aspartate amino-
transferase (AST), alanine aminotransferase, alkaline phos-
phatase, γ-glutamyl transpeptidase, total protein, albumin,
total bilirubin, and creatinine, and branched-chain amino
acids-to-tyrosine ratio (BTR). Presence of portal systemic

shunt, esophageal varix, and ascites was evaluated by ab-
dominal images including ultrasonography, computed to-
mography, magnetic resonance imaging, and endoscopy.
Asterixis score was determined as previously described:17

score 0, no asterixis observed; score 1, no spontaneous
asterixis observed, with slight occurrence when the subject
is in a tremor-producing posture; score 2, no spontaneous
asterixis observed, but it occurs easily when the subject is
in a tremor-producing posture; score 3, asterixis occurs
without the subject being in a tremor-producing posture;
and score 4, asterixis occurs almost continuously without
the subject being in a tremor-producing posture.

Portal systemic encephalopathy (PSE) index
The PSE index was calculated before and 2 weeks after
treatment of RFX using the following formula as previ-
ously described:17 PSE index= (3×HE coma score+blood

Figure 2 Random forest analysis for factors
distinguishing between high and low (a)
Streptococcus, (b) Veillonella, and (c) Lactoba-
cillus bacterial load in 17 Japanese patients
with hepatic encephalopathy (HE). γ-GTP,
γ-glutamyl transpeptidase; ALP, alkaline
phosphatase; ALT, alanine aminotransfer-
ase; AST, aspartate aminotransferase; BTR,
branched-chain amino acid-to-tyrosine ra-
tio; BUN, blood urea nitrogen; LDH, lactate
dehydrogenase; PSE, portal systemic en-
cephalopathy index; PT-INR, prothrombin
time – international normalized ratio;
WBC, white blood cell count.

a
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ammonia score+ asterixis score+number connection test
A [NCT-A] score)/24.

Neuropsychological functions
Neuropsychological functions were evaluated both before
and 2 weeks after RFX treatment by means of NCT-A and
NCT-B and the digit symbol test (DST) using neuropsy-
chological test system software.19 The software is distrib-
uted by the Japan Society of Hepatology. The hardware
consists of a touch screen tablet, such as an iPad (Apple,
Cupertino, CA, USA).

Fecal collection procedure
The whole feces were collected by the subject before and
2 weeks after treatment with RFX. The feces were immedi-
ately placed in a specialized container. The fecal specimens
were kept in a refrigerator (4°C) until analysis.

Gut microbiota component
Components of the fecal gut microbiota were evaluated
using a culture method carried out at LSI Medience
(Tokyo, Japan).20 The following microbes were analyzed:
aerobes (Enterobacteriaceae, glucose non-fermentative

b

Figure 2 Continued.
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Gram-negative rods (NFR), Staphylococcus, Streptococcus,
Enterococcus, Bacillus, Corynebacterium, and yeast) and an-
aerobes (Bacteroides, Fusobacterium, Clostridium, Clostridium
difficile, Veillonella, Megasphaera, Bifidobacterium, Eubacte-
rium, Peptostreptococcus, and Lactobacillus).

Statistics
Data are expressed as number, mean ± standard deviation,
andmedian (range). Differences between groups were esti-
mated using their mean difference and two-sided 95%
confidence intervals, as previously described.21 Associa-
tions between bacterial load and liver/neuropsychological
function were evaluated by EDA. The statistical methods
are described in detail below. Statistical analysis was

carried out using the R software package (http://www.R-
project.org/).9

Classification and regression trees
Classification and regression trees was constructed to re-
veal profiles associated with the fecal load of Streptococcus,
Veillonella, and Lactobacillus (analysis 1), and changes in
NCT-A 2 weeks after RFX treatment (analysis 2), as previ-
ously described.8,9 The tree plot was visualized with a re-
gression tree model for each fecal load and the box plot
shows the distribution of observations for nodes and
leaves. The preconditions for splitting with CART were as
follows: the complexity parameter set to 0.001, with eight
and three observations as the minimum number per node
for analyses 1 and 2, respectively.

c

Figure 2 Continued.
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Random forest analysis
Exploratory data analysis can identify factors theoretically
associated with an objective variable, and can then gener-
ate hypotheses for future confirmatory study. An RF analy-
sis was used to identify factors that distinguished between
high and low Streptococcus, Veillonella, and Lactobacillus
load on an ordinal scale, as previously described.8,9 The
variable importance value, which reflects the relative con-
tribution of each variable to the model, was measured
from increases in mean squared error following random
permutation of explanatory variables and recalculating
the predictive accuracy of the model. The analysis also in-
cluded all effects arising from interaction of the variables.

Principal component analysis
The PCA was generated in accordance with the Euclidean
distancematrix calculated from each sample, as previously
described.22 The PCA results were represented as principle
component scores in a biplot for each sample, which indi-
cated first and second principle components. The rate of
contribution for each of the principle components was
also calculated.

RESULTS

Analysis 1

Patient characteristics

Patient characteristics are summarized in Table 1. Briefly,
the mean age of the subjects was 64.4 years, 58.8% of sub-
jects suffered recurrenceofHE,76.5%of subjectsdeveloped
HE grade I, and the mean PSE index was 0.34. The mean
NCT-A, NCT-B, and DST were 49.9 s, 94.2 s, and 10.4
counts, respectively. Themean blood ammonia concentra-
tion and BTR were 129.9 μg/dL and 2.44, respectively.

Microbiome in feces of patients with HE

The microbiome in the feces of 17 patients with HE is
shown in Table 2. The total bacterial count was 10.78
(9.53–11.18) log/g. Genus Bifidobacterium was the most
abundant. Corynebacterium, NFR, and Megasphaera were
below the lower limit of quantitation in all patients.

Classification and regression trees for clinical profiles
associated with high bacterial load of Streptococcus,
Veillonella, and Lactobacillus

Streptococcus: In all patients, Streptococcus load was
7.78 (2.00–9.72) log/g feces. The NCT-A was selected as
the variable for the initial split, and Streptococcus load was
8.80 (7.26–9.72) log/g feces in patients with NCT-
A≥39.55 s (Fig. 1a). In patients with NCT-A≥39.55 s,

portal systemic shunt was selected as the variable for the
second split; Streptococcus load was 9.15 (8.78–9.72)
log/g feces in patients with portal systemic shunt.

Veillonella: In all patients, Veillonella load was 8.15
(2.00–9.92) log/g feces. Potassium level was selected as
the variable for the initial split, and Veillonella load
was 8.69 (4.34–9.92) log/g feces in patients with potas-
sium <4.75 mEq/L (Fig.1b). In patients with potassium
<4.75 mEq/L, total cholesterol was selected as the vari-
able for the second split; Veillonella load was 9.28
(7.76–9.92) log/g feces in patients with total cholesterol
<129.5 mg/dL.

Lactobacillus: In all patients, Lactobacillus load was
8.90 (6.00–9.98) log/g of feces. WBC was selected as the
variable for the initial split, and Lactobacillus load was
9.26 (8.23–9.98) log/g of feces in patients with
WBC≥3350/μL (Fig. 1c). In patients with
WBC≥3350/μL, AST level was selected as the variable for
the second split; Lactobacillus load was 9.36 (9.08–9.98)
log/g of feces in patients with AST≥44.5 U/L.

Random forest analysis for factors that distinguished
between high and low gut bacterial load

Streptococcus: The results of RF analysis are summa-
rized in rank order in Figure 2(a). The analysis indicated
that NCT-A was the highest ranked variable for

Table 3 Characteristics of patients with hepatic encephalopathy
(HE) included in analysis 2, assessed before the 2 weeks after
rifaximin treatment

Characteristic Value

n 7
Age, years 64.3 (10.6)
Sex, male/female; n (%) 3 (42.9)/4 (57.1)
Body weight, kg 66.7 (14.7)
Onset of HE, new
onset/recurrent; n (%)

3 (42.9)/4 (57.1)

HE grade I/II; n (%) 3 (42.9)/4 (57.1)
Etiology of HE, n (%)
Hepatitis C virus 4 (57.1)
Alcohol 2 (28.6)
Non-alcoholic steatohepatitis 1 (14.3)
Child–Pugh classification, A/B/C 1 (14.3)/3 (42.9)/3 (42.9)
BCAA supplementation, yes/no 2 (28.6)/5 (71.4)
Presence of portal systemic shunt 3 (42.9)
Presence of esophageal varix 4 (57.1)
Presence of ascites 3 (42.9)

Data are expressed as mean (standard deviation) or n (%), as
indicated.
BCAA, branched-chain amino acid.

412 T. Kawaguchi et al. Hepatology Research 2019; 49: 404–418

© 2018 The Authors.
Hepatology Research published by John Wiley & Sons Australia, Ltd on behalf of The Japan Society of Hepatology



distinguishing between the high and low Streptococcus load
groups. This was followed by DST and NCT-B (Fig. 2a).

Veillonella: The results of the RF analysis are summa-
rized in rank order in Figure 2(b). The analysis indicated
that serum potassium level was the highest ranked variable
for distinguishing between the high and low Veillonella
load groups. This was followed by total bilirubin level
and creatinine level (Fig. 2b).

Lactobacillus: The results of the RF analysis are sum-
marized in rank order in Figure 2(c). The analysis indicated
that serum WBC was the highest ranked variable for
distinguishing between the high and low Lactobacillus load
groups. This was followed by urine specific gravity and lac-
tate dehydrogenase level (Fig. 2c).

Analysis 2

Patient characteristics

Patient characteristics are summarized in Table 3. Briefly,
the mean age of the subjects was 64.3 years, 57.1% of

subjects suffered recurrence of HE, and 42.9% of subjects
developed HE grade I.

Effects of RFX on liver/neuropsychological functions in
patients with HE

Two weeks after RFX treatment, improvement was seen in
NCT-A, DST, and PSE index (Table 4).

Changes in gut microbiota 2 weeks after RFX
treatment in patients with HE

No significant change in total fecal bacterial load before
(10.78 [9.6–11.1] log/g) and after (10.00 [9.3–10.4]
log/g) treatment with RFX was seen. However, changes to
the gut microbiota 2 weeks after RFX treatment in each
case of HE is displayed in Figure 3. Streptococcus, Veillonella,
and Lactobacillus populations were reduced 2 weeks after,
compared to those before RFX treatment (Fig. 3).
Changes to the gut microbiota were also assessed by

PCA. The cumulative contribution rate of the first and sec-
ond principal components was 52.0%. The PCA showed

Table 4 Effects of rifaximin (RFX) on liver/neuropsychological functions in patients with hepatic encephalopathy

Parameter Baseline Two weeks after RFX treatment Mean difference (95% CI)

n 7 7
NCT-A, s 49.7 (19.5) 35.3 (11.3) �14.4 (�23.67,�5.08)†
NCT-B, s 104.3 (56.7) 77.0 (52.6)‡ �14.7 (�35.321, 6.021)
Digit symbol test, counts 10.1 (3.8) 13.1 (4.7) 3.0 (0.80, 5.20)†
Asterixis score, 0/1/2 3 (42.9%)/ 6 (85.7%)/

3 (42.9%)/ 1 (14.3%)/
1 (14.3%) 0 (0.0%)

PSE index 0.37 (0.12.) 0.26 (0.06) �0.1 (�0.210,�0.007)†
MELD score 9.6 (4.04) 10.7 (4.27) 1.14 (�2.39, 0.10)
PT-INR 1.39 (0.26) 1.45 (0.29) 0.1 (0.001, 0.119)†
Platelet count, ×104/μL 9.33 (4.29) 8.40 (3.99) �0.93 (�0.683, 2.54)
Blood ammonia concentration, μg/dL 119.7 (34.6) 132.1 (35.0) 12.4 (�34.54, 59.39)
Total protein, g/dL 6.9 (1.2) 6.8 (0.8) �0.1 (�0.54, 0.40)
Albumin, g/dL 3.0 (0.6) 3.1 (0.5) 0.1 (�0.19, 0.36)
Total bilirubin, mg/dL 2.1 (1.1) 2.1 (1.5) 0.0 (�0.75, 0.69)
AST, U/L 51.9 (33.2) 55.7 (37.8) 3.9 (�3.59, 11.30)
ALT, U/L 34.0 (24.4) 34.7 (25.7) 0.7 (�3.71, 5.14)
ALP, U/L 387.0 (111.6) 359.9 (96.7) �27.1 (�94.97, 40.68)
γ-GTP, U/L 48.9 (53.8) 43.6 (46.7) �5.3 (�12.54, 1.97)
Creatinine, mg/dL 0.79 (0.25) 0.86 (0.27) 0.07 (�0.12,�0.02)†
BCAA to tyrosine ratio 2.69 (1.04) 2.38 (0.66) �0.3 (�1.029, 0.403)

Data are expressed as mean (standard deviation or rate of subjects).
†95% confidence interval (CI) does not include zero.
‡n = 6.
γ-GTP, γ-glutamyl transpeptidase; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BCAA, branched-
chain amino acid; MELD, Model for End-stage Liver Disease; NCT, number connection test; PSE, portal systemic encephalopathy; PT-INR, pro-
thrombin time – international normalized ratio.
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that the component consisting of aerobic bacteria, includ-
ing Streptococcus, Veillonella, and Lactobacillus, was de-
creased whereas the anaerobic bacteria component,
including Bacteroides and Enterobacteriaceae, was increased
2 weeks after RFX treatment (Fig. 4).

Classification and regression tree for bacterial profiles
associated with changes of NCT-A 2 weeks after RFX
treatment in patients with HE

Weundertook a CART analysis to identify bacterial profiles
associated with changes in NCT-A 2 weeks after RFX treat-
ment. Changes in the proportion of Enterobacteriaceae load
was selected as the variable for the initial split for changes
in NCT-A (Fig. 5). Patients with more than 2.399% of in-
crease in the proportion of Enterobacteriaceae load showed
marked improvement of NCT-A after 2 weeks of RFX
treatment.

DISCUSSION

IN THIS STUDY, we reported the clinical profiles associ-
ated with bacterial loads of the genera Streptococcus,

Veillonella, and Lactobacillus in patients with HE. We
also showed that RFX altered gut microbiota associated
with liver/neuropsychological functions. Thus, RFX could

ameliorate the decline in these functions through the regu-
lation of the gut microbial consortia in patients with HE.
Genus Bifidobacterium is reported to be one of main in-

testinal bacteria in healthy Japanese subjects.20 In addi-
tion, oral species such as Veillonella and Streptococcus are
reported to be detected in the feces of patients with cirrho-
sis in the USA and China.2,23 In our study, Bifidobacterium
was the most abundant genus in the feces of patients with
HE, and Veillonella and Streptococcus were also detected in
the feces of patients with HE in Japan. There were no
changes between healthy subjects and patients with HE
in terms of their main intestinal bacteria. In addition, oral
species were also detected in Japanese patients with HE.
In this study, CART and RF analyses were used. We

showed that an impairment of cognitive function was as-
sociated with fecal Streptococcus load. Previous research
showed that fecal Streptococcus load is higher in patients
with chronic liver disease.3 Thus, our findings are in good
agreement with the results of this report. Streptococcus
salivarius has urease activity, and fecal Streptococcus load is
positively correlated with ammonia accumulation in
cirrhotic patients with covert HE.3 Moreover, Inoue et al.
recently reported an increase in the urease gene mainly
encoded by viridans group streptococci during disease
progression in patients with chronic hepatitis C virus

Figure 3 Gut microbiota composition prior to, and 2 weeks after, rifaximin (RFX) treatment in seven Japanese patients with
hepatic encephalopathy. C., Clostridium; NFR, glucose non-fermentative Gram-negative rods. [Color figure can be viewed at
wileyonlinelibrary.com]
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infection.24 Taken together, Streptococcus could impair cog-
nitive function through upregulation of ammonia
production.
As with Streptococcus, fecal Veillonella load is reported to

be high in cirrhotic patients2 and correlated with cognitive
function in patients with HE.25 However, fecal Veillonella
load was not associated with neuropsychological parame-
ters such as NCT-A/B or DST in this study.Wewere the first
to show that fecal Veillonella load is associated with lower
serum potassium level in this study. Veillonella is known
to have a potassium uptake system, which is involved in
the maintenance of its cytoplasmic pH.26 This potassium
uptake system might be a possible mechanism explaining
the lower serum potassium level in our study. Moreover,
Zuccalà et al. reported that a low serum potassium level
is an independent factor associated with cognitive impair-
ment in patients with heart failure.27 Thus, Veillonella
might be associated with cognitive impairment through
modification of potassium levels.
In our study, fecal Lactobacillus load was associated with

higher WBC counts and AST levels. In general, Lactobacillus
species are commonly used as probiotics, and Lactobacillus

GG is reported to suppress endotoxemia and inflamma-
tion in patients with cirrhosis.28 In contrast to the genus’
beneficial functions, some Lactobacillus species are associ-
ated with the development of disease.29 Lactobacillus
fermentum is a known producer of ethanol through sugar
fermentation and is thought to be responsible for the
development of hepatic inflammation in patients with
non-alcoholic fatty liver disease.30 Although we did not
evaluate individual bacterial species in this study,
ethanol-producing Lactobacillus might be associated with
elevated WBC counts and AST levels.
Rifaximin is known to improve hyperammonemia;17

however, blood ammonia level was not significantly de-
creased 2 weeks after RFX treatment in analysis 2. The rea-
son for this discrepancy remains unclear. A possible reason
is that, although RFX inhibited ammonia-producing bacte-
rial genera such as Streptococcus in analysis 2, approxi-
mately 85% of subjects were classified as Child–Pugh
class B or C and BTR was significantly low, suggesting
that the detoxication ability for ammonia was insufficient
to decrease blood ammonia levels in patients enrolled
in analysis 2.

Figure 4 Principal component (PC) analysis of components of the gutmicrobiota before and 2weeks after rifaximin (RFX) treatment in
seven Japanese patients with hepatic encephalopathy. var., variable. [Color figure can be viewed at wileyonlinelibrary.com]
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In this study, there was no significant difference in total
bacterial load before and after RFX treatment; however,
PCA showed a decrease in Streptococcus,Veillonella, and Lac-
tobacillus populations 2 weeks after RFX treatment. The
proportion of species of oral origin, such as Veillonella
and Streptococcus, is reported to be high in the feces of
cirrhotic patients.2,23 Rifaximin shows high antibacterial

activity against Veillonella (minimal inhibitory concentra-
tion 50, 2 μg/mL)31 and Streptococcus (minimal inhibitory
concentration 50, ≤0.03–0.12 μg/mL)32 and several stud-
ies have reported that RFX treatment decreases the relative
abundances of the genera Veillonella and Streptococ-
cus.13,14,23 Our findings on Streptococcus and Veillonella are
in good agreement with these previous reports. However,

Figure 5 Classification and regression tree for the proportion of bacterial load associated with number connection test-A (NCT-A) in
seven Japanese patients with hepatic encephalopathy.
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RFX treatment has also been reported to increase the pro-
portion of Lactobacillus in animal and human studies,33,34

which is at odds with the results of our study. Although
the reason for this discrepancy remains unclear, the propor-
tion of Lactobacillus salivarius, a species of oral origin, is in-
creased in the feces of cirrhotic patients.2 As RFX inhibits
bacterial translocation in animalmodels of colitis and acute
pancreatitis,35,36 RFX could be inhibiting the translocation
of oral origin Lactobacillus, consequently reducing the fecal
proportion of Lactobacillus in patients with HE. These mod-
ulatory effects of RFX on the composition of the gut micro-
biota might, in part, contribute to the improvement in
liver/neuropsychological functions in patients with HE.
In this study, patients with an increased proportion of

Enterobacteriaceae load showed marked improvement of
NCT-A after 2 weeks of RFX treatment. Unlike our results,
Enterobacteriaceae is reported to be associated with cogni-
tive impairment in patients withHE.25 Rifaximin possesses
potent activity against species of Staphylococcus, Streptococ-
cus, and Enterococcus but less activity against species of En-
terobacteriaceae.37 Thus, an increased proportion of
Enterobacteriaceae could be relative to a decreased propor-
tion of the ammonia-producing bacterial genera such as
Staphylococcus, Streptococcus, and Enterococcus.
There are limitations in this study. First, our data are

based on a small number of patients. Second, compo-
nents of the fecal gut microbiota were evaluated by genus
level and, therefore, no information is available for spe-
cies of the fecal gut microbiota. Finally, we did not eval-
uate fecal pH. Inoue et al. showed a high fecal pH level in
patients with chronic hepatitis C.24 As RFX is known to
inhibit urease production,38 RFX might reduce fecal pH
level. Thus, large sample size, measurement of fecal pH,
and evaluation of bacterial species using the real-time
quantitative polymerase chain reaction method are re-
quired in future studies.
In conclusion, we showed that fecal Streptococcus

load was associated with neuropsychological functions in
patients with HE. Moreover, we showed that RFX did
not reduce the total load of gut microbiota, but
altered gut microbiota components that are related to
liver/neuropsychological functions. Thus, RFX might im-
prove liver/neuropsychological functions by modulating
the gut microbiota in patients with HE.
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