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Abstract

BACKGROUND

Hepatic encephalopathy (HE) can be considered a result of dysregulated gut-
liver-brain axis function, where cognitive impairment can be reversed or
prevented by the beneficial effects induced by "gut-centric" therapies, such as the
administration of nonabsorbable disaccharides, nonabsorbable antibiotics,
probiotics and prebiotics.

AIM
To assess the short-term efficacy and safety of the probiotic Escherichia coli Nissle

(EcN) 1917 strain compared to lactulose and rifaximin in patients with
minimal/mild HE.

METHODS

From January 2017 to March 2020, a total of 45 patients with HE were enrolled in
this prospective, single-centre, open-label, randomized study. Participants were
randomly assigned at a ratio of 1:1:1 to one of the treatment groups: The EcN
group (n = 15), lactulose group (n = 15) or rifaximin group (n = 15) for a 1 mo
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intervention period. The main primary outcomes of the study were changes in serum ammonia
and Stroop test score. The secondary outcomes were markers of a chronic systemic inflammatory
response (IL-6, IL-8, and IFN-y) and bacteriology of the stool flora evaluated by specialized
nonculture techniques after a 1 mo intervention period.

RESULTS

Patients who were given rifaximin or EcN showed a more significant reduction in serum ammonia
and normalization of Bifidobacteria and Lactobacilli abundance compared to the lactulose group.
However, the most pronounced restoration of the symbiotic microflora was associated with EcN
administration and characterized by the absence of E. coli with altered properties and pathogenic
enterobacteria in patient faeces. In the primary outcome analysis, improvements in the Stroop test
parameters in all intervention groups were observed. Moreover, EcN-treated patients performed
15% faster on the Stroop test than the lactulose group patients (P = 0.017). Both EcN and rifaximin
produced similar significant reductions in the proinflammatory cytokines INF-y, IL-6 and IL-8.
EcN was more efficient than lactulose in reducing proinflammatory cytokine levels.

CONCLUSION

The use of the probiotic EcN strain was safe and quite efficient for HE treatment. The probiotic
reduced the ammonia content and the level of serum proinflammatory cytokines, normalized the
gut microbiota composition and improved the cognitive function of patients with HE. The
application of the EcN strain was more effective than lactulose treatment.

Key Words: Hepatic encephalopathy; Chronic liver disease; cirrhosis; Gut microbiota; E. coli Nissle 1917,
Cognitive functions; Stroop test; Rifaximin; Lactulose

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In a prospective, single-centre, open-label, randomized study, the short-term efficacy and safety
of Escherichia coli Nissle (EcN) 1917 compared to that of lactulose and rifaximin in patients with hepatic
encephalopathy were evaluated. The probiotic reduced the ammonia content and the level of serum
proinflammatory cytokines, normalized the gut microbiota composition and improved the cognitive
functions of patients with hepatic encephalopathy. The application of the EcN strain was more effective
than lactulose treatment.
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INTRODUCTION

Non-alcoholic steatohepatitis is a major cause of liver cirrhosis and hepatocellular carcinoma; both
primary indications for liver transplantation[1,2]. End-stage liver cirrhosis can lead to recurrent hepatic
encephalopathy (HE). HE is a brain disorder caused by hepatocellular insufficiency and/or
portosystemic shunting that manifests itself in a wide range of neurological or psychiatric disorders
ranging from subclinical changes to comal[3]. HE, a challenging complication of advanced liver disease,
occurs in approximately 30%-45% of patients with cirrhosis[4]. HE is classified using the West Haven
criteria: Minimal (MHE), covert HE (grade I) or overt HE (OHE, grades II-IV)[5]. Numerous pathogenic
factors contribute to the development of this disease[6].

Ammonia and mercaptans play a dominant role in the development of HE. Ammonia is formed from
the nitrogen of nutrients in the intestine, primarily by the destruction of urea by urease, which is present
in the colonial microflora[7]. Under normal conditions, ammonia is metabolized by the liver to urea, but
under conditions of liver damage, urea can enter the systemic bloodstream and provoke nitrooxidative
stress in the brain[8]. This process is accompanied by neurotransmission and cognitive function decline.
Ammonia enhances the permeability of the blood-brain barrier by increasing the concentration of
aromatic amino acids in brain tissues, in particular tryptophan, which leads to the synthesis of false
neurotransmitters that replace real neurotransmitters (dopamine and norepinephrine) and thus interfere
with normal neurotransmitters[9]. Decreased synthesis of physiological dopamine and norepinephrine
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leads to inadequate neurotransmission and HE development[10]. False neurotransmitters not only can
be synthesized in the central nervous system (CNS) the intestinal microflora is also a source[11]. When
liver function is impaired or if there are portosystemic shunts, neurotransmitters enter the CNS, causing
HE. Subsequent studies have provided some convincing evidence of the association of HE with
intestinal dysbiosis. Thus, intraperitoneal administration of liposaccharides (LPS) in a mouse model of
cirrhosis was associated with induction of precoma and worsening of cytotoxic cerebral oedemal[12].
Moreover, small intestinal bacterial overgrowth (SIBO) is a common and increasingly recognized
disorder in cirrhosis (30% to 73%)[13,14]. One of the most important predisposing factors of SIBO is
small bowel dysmotility[15]. Multiple studies have shown that the presence of SIBO is strongly linked to
the pathogenesis of HE[16,17]. Therefore, HE can be considered a result of dysregulated gut-liver-brain
axis function, where cognitive impairment can be reversed or prevented by the beneficial effects
induced by "gut-centric" therapies such as nonabsorbable disaccharides, nonabsorbable antibiotics,
probiotics, prebiotics, and faecal microbiota transplantation (FMT)[18].

The treatment of choice is nonabsorbable disaccharides, such as lactulose and lactitol, which
presumably acidify the stool and eradicate toxic metabolites[19]. However, treatment with lactulose is
associated with nonserious (mainly gastrointestinal) adverse events such as diarrhoea[20], and one-third
of these patients with HE do not respond to this standard treatment and have refractory HE[21]. Hence,
newer drugs with effective improvement in HE and better side effect profiles are still being tested.

Regarding this aspect, probiotics modulating gut microbiota, and specifically those increasing urease-
free strains to target ammonia production and absorption, may be considered important therapeutic
options for HE patients, particularly in scenarios of noncompliance or intolerance to lactulose[22].
Probiotics are defined as live microorganisms promoted with claims that they provide health benefits
when consumed in adequate amounts[23-25]. They are considered generally safe and may bring the
health benefits claimed for them[26,27]. An early meta-analysis of the effects of pre-, pro-, or synbiotics
that modulate the gut microbiota showed a significant improvement in MHE[22]. However, most of the
assessed probiotics were limited to Lactobacillus or Bifidobacterium strains. The probiotic strain Escherichia
coli Nissle 1917 (EcN), in contrast to a number of Lactobacillus or Bifidobacterium strains, stimulates the
production of the anti-inflammatory cytokine interleukin (IL)-10[28]. Given certain metabolic processes
of normal microflora and the features of the EcN strain, including short-chain fatty acid (SCFA)
generation, bile acid metabolism, an increase in anti-inflammatory cytokines and a decrease in
proinflammatory cytokines[29], their use may be effective for the treatment of HE in cirrhotic patients.

The aim of the present study was to assess the short-term efficacy and safety of probiotic EcN strains
compared to lactulose and rifaximin in patients with mild (Stage 1-2) or MHE.

MATERIALS AND METHODS

Patient selection

This study was conducted at Bogomolets National Medical University between January 2017 and March
2020. A total of 45 patients with HE were enrolled in this prospective, single-centre, open-label,
randomized study. The inclusion criteria were as follows: adult patients (age: 18-65 years) with cirrhosis
diagnosed on the basis of liver biopsy, liver stiffness measurement or radiological study and the
presence of minimal or mild (Grade 1-2) HE as defined by West Haven criteria; two or more
documented episodes of HE in the last 6 mo, in addition to at least one episode in the last 3 mo; and a
signed informed consent form. Patients were excluded if they had received L-ornithine-L-aspartate,
zinc, metronidazole, neomycin, antibiotics, probiotics and yogurt consumption in the previous six
weeks or if they had a history of allergy or intolerance to lactulose and/ or rifaximin. The other exclusion
criteria were neurologic diseases such as Alzheimer's disease, Parkinson's disease or nonhepatic
metabolic encephalopathies, severe current disease (hepatic, renal, respiratory, or cardiovascular),
pregnancy, any condition thought to be associated with poor compliance (e.g., alcoholism or drug
addiction) or any condition or circumstance that would, in the opinion of the investigator, prevent
completion of the study or interfere with analysis of study results.

Study design
This prospective, open-label, single-centre, randomized clinical study compared probiotic EcN strains
with lactulose and rifaximin treatment for 1 mo in patients with mild (Stage 1-2) or MHE. The 45
participants were randomly assigned at a ratio of 1:1:1 to one of the treatment groups using a computer-
generated numeric sequence. The EcN group (n = 15) received probiotics (2,5-25-10°colony forming
units - CFU/g) according to the scheme for the first 4 days, 1 capsule (QD), and then twice daily (BID)
for 1 mo. Participants in the lactulose group (n = 15) received 30-60 mL in 2 or 3 divided doses so that
the patient passed 2-3 semisoft stools per day for 1 month of the intervention period. The third group
(rifaximin group, n = 15) was prescribed oral rifaximin 500 mg two times per day.

Patient compliance was evaluated by remnant pill counting and direct questions from an investigator
after completion of the treatment. Compliance was defined as good when less than 15% of the pills were
unconsumed at remnant pill counting. If it was found that a participant had missed > 15% of the
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suggested doses, the subject data were excluded from the final results. At the same time, all of the
patients were asked about adverse events (AEs). In case of minor AEs, the participants had an
opportunity either to continue or to cease taking the medication but nevertheless were asked to
complete further visits. Patients who reported serious AEs caused by the intervention, such as
diarrhoea, nausea/vomiting or sepsis; who underwent changes in previous therapy; or who had taken
antibiotics other than rifaximin were not included in the final analysis.

The study protocol was approved by the Ethics Committee at Bogomolets National Medical
University (protocol number: 106/2017) and was registered in the Clinical Trial.gov database under
entry number NCT04787276.

Outcome measures and study procedures
After informed consent was signed, the patients provided samples of their blood serum in a fasting
state, which were immediately frozen at -20 °C. Corresponding clinical and demographic data were
gathered for each patient.

The main primary outcomes of the study were changes in serum ammonia and the Stroop test after a
1 mo intervention period. Cognitive functions were determined by the Stroop test[30] using the mobile
application Encephal AppStroop. Each patient took the test on a smartphone twice (before and after
treatment), and all results were recorded. The test consisted of two stages: without the Stroop-off effect
and with the Stroop-on effect. At each stage, patients were presented with stimuli coloured red, blue, or
green, and they were required to accurately label the colour. It was necessary to identify 10 stimuli in
each stage of the test, and there were 5 total iterations in each stage. Before each stage, the program
issued 2 training iterations. If the patient made a mistake, (i.e., pressed the wrong colour), the iteration
was stopped and rebooted from the beginning, and the patient had to complete 5 iterations without
error. In the Stroop-off stage, patients saw a neutral stimulus "###" on the screen in one of three colours
and had to set the colour correctly. At the Stroop stage, patients saw the text stimuli, "RED", "BLUE",
and "GREEN” on the screen, and each inscription could be in three possible colours (red, blue, or green),
producing a total of 9 possible combinations. The patient had to evaluate the colour of the text without
errors despite the written name of the colour. The stage with the Stroop effect is more complicated
because there are more errors, and more time is needed to respond when the colour is not indicated by
its name (for example, the word "red" is printed in blue-coloured font instead of red-coloured font). At
the end of the test, the total time(s) required to complete the Stroop-off and Stroop-on stages was
estimated.

The secondary outcomes of the study that were considered for investigating the efficiency of the
intervention were markers of a chronic systemic inflammatory response (IL-6, IL-8, and IFN-y) and
bacteriology measured in the stool flora by specialized nonculture techniques.
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All patients underwent bacteriological examination of faeces for dysbiosis. The percentage of patients
in each group characterized by a decrease below the normal content of symbiotic bacteria Bifidobacterium
(less than 107°CFU/g), Lactobacilli (less than 10’CFU/d), E. coli with normal properties (less than 10°
CFU/d) and increase in the content of E. coli with altered properties (more than 10°CFU/g), pathogenic
enterobacteria (not normally detected) and Candida (more than 10*CFU/d) was determined. Given that
some patients were characterized by changes in one component of the microflora and others were
within normal limits, we also determined the percentage of patients characterized by changes in the
content of at least one of the representatives of microbiocenosis.

The serum levels of ammonia and cytokines were determined following a 12-h fasting period by the
hospital clinical laboratory. Cytokine levels were determined (IL-6, IL-8, and IFNYy) using ELISA kits
from Vector Best (Novosibirsk, Russia). The concentration of cytokines was calculated according to the
calibration schedule and expressed in pg/mL.

Statistical analyses

Statistical analysis was performed using the standard software SPSS version 20.0 (SPSS, Inc., Chicago,
Illinois) and GraphPad Prism, version 6.0 (GraphPad Software, Inc., La Jolla, CA, USA). Quantitative
changes are presented as the mean and standard error (M * SE), and qualitative changes are presented
as percentages. To prove the normal distribution hypothesis, the Kolmogorov-Smirnov one-sample test
was used. Data distribution was analysed using the Kolmogorov-Smirnov normality test. Variables with
a parametric distribution were then analysed using one-way analysis of variance (ANOVA), and if the
results were significant, a Tukey post hoc test was performed. Data with a nonparametric distribution
were analysed using the Kruskal-Wallis test. To compare the data in the same patients before and after
treatment, Student's t-test for dependent samples was employed. The x-square test was used to assess
differences between categorical data. Differences between groups were considered significant at a value
of P <0.05.

RESULTS

Patient characteristics

Recruitment started in January 2017 and continued until January 2020. For enrolment, the patient
database of the Gastroenterology Department was used. For primary analysis, 112 patients were
selected. After careful consideration for compliance with the inclusion/exclusion criteria, 15 patients
were not eligible. The main reasons were the previous use of agents that can impact gut microbiota
composition and overt HE (grades III-IV) as defined by West Haven criteria. A face-to-face conversation
was held with all other potential participants explaining the main study criteria, purpose and
methodology. After consideration of the proposal, 52 patients refused to give their informed consent. At
the end of the enrolment period, with possible bias adjustment, 45 patients with HE were chosen to be
included in the study. All patients were equally distributed in a random order to take the intervention
for 1 mo. A CONSORT flow chart with a general protocol schedule is shown in Figure 1.

Of the 45 patients, 43 (95.5%) completed their allocated regimens. The remaining 2 patients (4.5%)
were excluded from the study analysis. One patient from the lactulose group permanently discontinued
participation because of diarrhoea. After AE onset, the lactulose dosage was lowered to 10 mL following
5 mL two times a day, but the event did not resolve and led to the patient’s discontinuation. Another
patient from the rifaximin group had been treated with antibiotics. One patient from the EcN group was
excluded from the analysis due to noncompliance, as this participant received less than 85% of the
prescribed intervention. Therefore, the data from 42 (93.3%) study participants were included in the
final per-protocol analysis (Figure 1).

The average patient age was 48.95 + 6.51 years, and the HE duration ranged from 5 to 12 years. Of
these patients, 33.3% of patients exhibited grade I, 26.2% exhibited grade II and 40.5% exhibited MHE
according to the West Haven criteria. The baseline demographic and clinical characteristics of the
enrolled patients did not significantly differ between groups (Table 1).

Primary outcome analysis

After treatment with lactulose, the concentration of ammonia decreased by 11.8% (P < 0.05) (Figure 1).
Patients who were given rifaximin or the EcN probiotic strain showed a more significant reduction in
ammonia than after lactulose. In the rifaximin group, the ammonia content decreased by 35.9% (P <
0.05) after treatment and by 21.5% (P < 0.05) compared to the level of ammonia in patients receiving
lactulose (Figure 2). The rate of ammonia reduction in the EcN group was 38.5% (P < 0.05). Moreover,
the obtained data indicate that the therapeutic use of ECN was almost 30% more effective than lactulose
Figure 2).

( éognit)ive impairment in terms of primary outcome analysis was assessed separately in patients with
HE according to the Stroop test, which was divided into two stages. In the first and simpler stage
(Stroop off), the mobile application was presented to patients with a text stimulus "###" in one of three
possible colours (red, blue, or green), and the patient had to accurately assess the colour. The total time
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Table 1 Baseline clinical parameters in examined patients (mean * SE or %)

Lactulose group Rifaximin group EcN group P value'
Age, yr 48.92+1.64 49.07 £1.76 48.85+1.93 0.996
Male, % (1) 78.6 (11) 78.6 (11) 71.4 (10) 0.877
Etiology of cirrhosis
HCV, % (n) 57.1(8) 42.9 (6) 50.0 (7) 0.940
Alcoholism, % (1) 21.4 (3) 35.7 (5) 28.6 (4)
Mixed, % (n) 21.4 (3) 21.4 (3) 21.4 (3)
Cirrhosis duration, years 8.14 £ 0.61 8.00 £ 0.61 8.07 £ 0.60 0.986
Time to progression from hepatitis to cirrhosis, years ~ 4.00 + 0.41 3.42+0.38 3.56 +0.32 0.468
Child-pugh score
A, % (n) 35.7 (5) 42.9 (6) 28.6 (4) 0.733
B, % (1) 64.3 (9) 57.1(8) 71.4 (10)
HE grade
MHE, % (n) 429 (6) 35.7 (5) 429 (6) 0.979
Grade 1, % (1) 35.7 (5) 35.7 (5) 28.6 (4)
Grade 2, % (1) 21.4 (3) 28.6 (4) 28.6 (4)

The difference between all study groups calculated using one-way ANOVA or y* test for categorical data. HE: Hepatic encephalopathy; MHE: Minimal
HE; EcN: Escherichia coli Nissle.
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Figure 2 Serum ammonia concentration in patients with hepatic encephalopathy receiving treatment with lactulose, rifaximin and

probiotics E.coli Nissle 1917 (n = 14 in each group).2P < 0.05 as compared to pre-treatment levels; °P < 0.05 as compared to the lactulose treatment. E.
coli: Escherichia coli.

of correct determination of 10 presented stimuli was recorded over five iterations (i.e., the total number
of responses was 50). It has been shown that the test time for patients with HE exceeded the test time of
healthy people by almost 2 times, so if a healthy person correctly determined the colour of 10 text
characters in an average of less than 20 s, most patients with HE needed more than 20-30 s to pass the
test (the time for 5 test solutions was 160 * 10 s, respectively).

HE treatment significantly improved patients' cognitive abilities. Under the conditions of lactulose
administration, the time required to resolve the Stroop-off test was reduced by 14.9% (P = 0.028), after
treatment with rifaximin by 19.0% (P = 0.001), and in EcN by 28.7% (P < 0.001). The efficiency of
probiotics in restoring mental performance was higher than that of lactulose (Figure 3A).

WJH | https://www.wjgnet.com 639 March 27,2022 | Volume14 | Issue3 |

Jaishideng®



Manzhalii E et al. E. coli Nissle 1917 on hepatic encephalopathy treatment

A
200

150

100

Seconds

50 -

Stroop-off B Stroop-on
250
a 200 -
1 a a
i ab a b
T v 150 e il G
g
5]
9 100
50
0 1 mo 0 1 mo 0 1 mo 0 1mo 0 1 mo 0 1 mo
Lactulose Rifaximin E. coli Nissle Lactulose Rifaximin E. coli Nissle

DOI: 10.4254/wjh.v14.i3.634 Copyright The Author(s) 2022.

Figure 3 The total time of evaluation of stimuli in Stroop test in patients with hepatic encephalopathy receiving treatment with lactulose,
rifaximin and probiotics E.coli Nissle 1917 (n = 14 in each group). A: Stroop-off; B: Stroop-on. 2P < 0.05 as compared to pre-treatment levels; °P < 0.05
as compared to the lactulose treatment. E. coli: Escherichia coli.
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In the second stage (Stroop on, with the Stroop effect), the program presented one of the three
possible text stimuli "RED", "BLUE", "GREEN" in three possible colours (red, blue, or green), i.e., there
were a total of 9 possible combinations, and the patient had to accurately assess the colour of the text
regardless of its signage. The difficulty of this stage lies in the need to match the colour correctly while
ignoring the name of the colour, so the total time to pass this test was slightly longer than that of the
Stroop-off stage.

Patients with HE had a correct response rate 2 times lower than that of healthy people. The rate of
Stroop’s test was increased in all intervention groups: For lactulose from 203.71 + 5.33 to 166.07 £ 5.39 (P
< 0.001), for rifaximin from 198.93 + 4.43 to 146.86 £ 7.09% (P < 0.001) and for EcN from 196.43 £ 6.25 to
140.71 + 6.07% (P < 0.001) seconds after treatment (Figure 3B). However, complete recovery of cognitive
function was not recorded for all patients. It should be noted that the efficacy of the probiotic compared
to lactulose was noted according to the results of the second stage. Patients who were prescribed EcN
completed the test 15% faster (P = 0.017) than the lactulose group (Figure 3B).

Secondary outcome analysis

Along with liver dysfunction, patients were diagnosed with gut dysbiotic disorders. More than 85% of
patients in all groups were characterized by changes in at least one group of normoflora (Table 1). The
content of Bifidobacteria and Lactobacilli was less than 10 CFU/g in more than 70% and 57% of patients,
respectively (Table 1). Approximately 30% of patients had a reduced content of Escherichia coli with
normal properties and an increased content of bacteria with altered properties. Pathogenic
enterobacteria were detected in 35.7% of each group of patients with HE, and Candida were found in
almost half of the patients (Table 2).

With lactulose application, the percentage of patients with dysbiotic disorders of Bifidobacteria and
Lactobacilli significantly decreased. Significant improvement of other microflora indicators in this group
was not registered. In the rifaximin group, normalization of Bifidobacteria and Lactobacilli was observed
in 28.6% (P < 0.05) and 21.4% (P < 0.05), respectively. There was also a decrease in the number of
patients with increased levels of Escherichia coli, pathogenic enterobacteria and Candida. The most
pronounced restoration of the symbiotic microflora was found in the EcN group. Normalization of
Bifidobacteria abundance was registered in 57.1% (P < 0.05) of patients, and Lactobacilli was registered in
35.7% (P < 0.05). After EcN treatment, E. coli with altered properties or pathogenic enterobacteria was
not detected in any of the patients, and only one patient exhibited an increase in the content of yeast-like
fungi (Table 2).

Along with liver damage, the intensification of inflammatory processes was recorded for all patients.
This indicator was confirmed by an increase in the concentration of proinflammatory cytokines in the
blood: IL-6, IL-8 and INF-y were observed at frequencies 2-10 times higher than normal. For the group
of patients treated with lactulose, the contents of proinflammatory INF-y and IL-8 did not change
significantly after treatment, but there was a decrease in the level of IL-6 from 9.63 + 1.12 to 7.02 £ 1.09 (
P =0.019) pg/mL compared to the baseline level (Figure 4).

The use of rifaximin led to a significant reduction in the concentrations of serum INF-y (11.74 + 1.68 vs
8.86 + 0.71 pg/mL; p=0.049), IL-6 (8.9 £ 0.98 vs 4.28 + 0.59 pg/mL; P < 0.001) and IL-8 (82.95 + 7.6 vs
63.02 = 5.03 pg/mL; p=0.026) after treatment (Figure 4). For patients treated with probiotics, the
reduction in inflammatory processes did not differ significantly from the effects of rifaximin. Thus,
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Table 2 The percentage of patients with hepatic encephalopathy and concomitant changes in the microflora under treatment with

lactulose, rifaximin and EcN (n = 14 in each group)

Percentage of patients with dysbiotic disorders, %

R Lactulose group Rifaximin group EcN group
Before After Before After Before After
treatment treatment treatment treatment treatment treatment
Bifidobacteria 78.6 57.1° 714 429 85.7 28.6"
Lactobacilli 64.3 429 57.1 35.7° 57.1 2140
E.coli with normal properties 28.6 28.6 35.7 28.6 35.7 7.1%
E.coli with altered properties 28.6 214 28.6 14.3" 28.6 0.0""
Pathogenic enterobacteria 35.7 28.6 35.7 21.4" 35.7 0.0°°
Candida 429 35.7 50.0 28.6° 50.0 7.1
A change in at least one group of microor-  85.7 714" 929 64.3" 929 28.6™"

ganisms was revealed

2P < 0.05 as compared to pre-treatment levels.

PP < 0,05 as compared to the lactulose treatment.
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Figure 4 Serum cytokine levels in patients with HE receiving treatment with lactulose, rifaximin and probiotics E.coli Nissle 1917 (n =14
in each group). A: INF-y; B: IL-6; C: IL-8. 2P < 0.05 as compared to pre-treatment levels; °P < 0.05 as compared to the lactulose treatment. E. coli: Escherichia coll.

Jaishideng®

along with EcN use, the level of INF-y decreased by 51.0% (P = 0.005), IL-6 decreased by 52.3% (P =
0.001) and IL-8 decreased by 29.6% (P = 0.007) compared to the baseline value (Figure 4). By comparing
the efficacy of EcN and lactulose in the treatment of HE, one can affirm the stronger anti-inflammatory
properties of the probiotic, which is 20% more efficient compared to lactulose in reducing the level of
the studied proinflammatory cytokines.

Adverse events

There were no reported adverse events or side effects derived from the intervention across patient
included to final per protocol analysis, this was evidenced by the fact that there were no changes in
biochemical tests at the end of the intervention in either group.

DISCUSSION

Microbiota dysbiosis and chronic systemic inflammation are among the risk factors for the onset and
progression of pathologies such as obesity, nonalcoholic fatty liver disease and liver cirrhosis[31], but
changes in the intestinal microflora and inflammation in patients with HE have not been adequately
studied[32]. As a result, there is an evident need to determine the impact of chronic inflammation and
microflora on the epithelium of the intestinal wall, which can also affect the development of HE in
people with liver disease[33]. The reduced detoxification function of the microbiota in intestinal
dysbiosis increases the load on the enzymatic systems of the liver, which aggravates its metabolic and
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structural changes[34]. In addition, patients with liver cirrhosis showed a positive correlation between
Porphyromonadaceae and Alcaligenaceae as well as low expressiveness of cognitive tests. These
observations serve as additional confirmation that the increase in ammonia concentration is associated
not only with liver dysfunction. Bajaj et al showed an increase in the content of ammonia-producing
bacteria Alcaligenaceae in the intestine under HE conditions[35]. Successful recovery of the microflora
can significantly reduce the activity of bacterial urease, absorption of ammonia in the intestine and the
intensity of inflammatory processes and endotoxaemia, which is due to reduced absorption of toxins,
including indoles, oxindoles, phenols and mercaptans[34]. Therefore, current strategies of HE treatment
must also affect the intestinal microbiota.

Lactulose (4-O-B-galactopyranosyl-D-fructose) is widely used in the treatment of HE. It reduces pH
levels in the intestine as a result of SCFA formation, creating conditions for the growth of acid-resistant
Lactobacteria and Bifidobacteria that do not express the enzyme urease[7,36]. The literature regarding the
effects of lactulose on the composition of microflora is quite contradictory. In contrast to reports on the
restoration of indigenous microflora (Lactobacillaceae) under the influence of lactulose, Bajaj et al (2014)
demonstrated intestinal dysbiosis and a decrease in the ratio between autochthonous and non-autoch-
thonous bacteria with a high content of gram-positive bacteria Enterobacteriaceae and Bacteroidaceae
despite treatment with lactulose[37].

Rifaximin is an antibiotic that is not absorbed in the gut and causes a mild change in the intestinal
microflora, increasing the presence of beneficial species but without affecting the overall ratio of bacteria
[38]. This modulating effect on the composition of the intestinal flora partly explains the clinical efficacy
of rifaximin in reducing endotoxaemia and inflammatory markers that contribute to HE progression
[39].

The data obtained in the current study show that the efficacy of lactulose as a gut microbiota recovery
agent is not high enough, which is consistent with other works in which the efficacy of lactulose was not
detected[40,41]. In contrast, treatment with rifaximin or EcN led to normalization of Bifidobacteria and
Lactobacilli abundance. However, the most pronounced restoration of the symbiotic microflora was
associated with EcN administration and characterized by the absence of E. coli with altered properties
and pathogenic enterobacteria in patient features.

To our knowledge, the current study represents the first comparative analysis of the short-term
efficacy of probiotic EcN strains to lactulose and rifaximin in patients with HE. One of the early RCTs
failed to improve several combination tests, which showed extended reaction times in patients with
MHE after treatment with EcN compared to placebo[42]. However, EcN treatment significantly
improved intestinal colonization (P < 0.001) and tended to reduce endotoxin levels significantly on day
42 (P = 0.07)[42]. In contrast, our study showed the improvement of Stroop test parameters in all
intervention groups after treatment. However, complete recovery of cognitive function was not
recorded for all patients. Moreover, parallel with the positive shift in gut microbiota composition,
patients who were prescribed EcN compared to the lactulose group completed the Stroop test 15% faster
(P=0.017).

Systemic inflammation also plays an important role in the pathogenesis of HE. Today, accumulated
data suggest that the level of cytokines is not only an indicator of inflammation in chronic liver disease
and PE but is a separate aetiological factor of this pathology. Systemic inflammation and neuroinflam-
mation are communicated by peripheral tissues, which transmit signals to the brain through the
activation of afferent fibres of the vagus and vascular endothelium. The blood-brain barrier (BBB)
transmits signals to the brain through the formation of secondary mediators (NO and prostanoids) in
response to cytokine stimulation. Cytokines increase the permeability of the BBB and directly penetrate
the brain in areas of BBB disorders, where they cause the activation of microglia and the expression of
proinflammatory mediator genes[43,44].

Probiotics increase anti-inflammatory cytokines and decrease proinflammatory cytokines in the blood
[45]. Bacterial products have a significant effect on the intestinal-liver-brain axis as well as local and
systemic immunity. Immunomodulatory activity is also indicated for SCFAs formed by the bacterial
fermentation of polysaccharides. Most lactic acid bacteria in the human body are members of the genera
Lactobacillus, Bifidobacterium, Propionobacterium, Streptococcus, and obligate or facultative anaerobes.
These types of bacteria process carbohydrates in the intestinal lumen with the formation of SCFAs:
acetic, propionic, dairy, oily, y-oxy-oily and valerian. SCFAs play a leading role in the physiology of the
large intestine, representing the main pool of anions in its lumen. SCFAs activate nerve cells by
interacting with receptors associated with the G-proteins GPR41 and GPR43[46]. As recently
demonstrated, SCFAs regulate the synthesis of serotonin, which is formed by enterochromaffin cells of
the intestine and constitutes 95% of the body's serotonin[47]. Today, a reliable link between serotonin of
intestinal origin and brain function, in particular in HE[48], may be another mechanism of
communication between modulation of the microflora and disease progression.

Strain E. coli Nissle 1917, with the help of special adhesive organelles (type F-1A, F-1C and shaped
fimbriae), has the ability to join the mucous membrane of the large intestine and organize microcolonies,
forming biofilms[49]. They are also mobile because of the presence of flagella, which gives them the
advantage of colonizing the colon. Thus, these bacteria have also been shown to enhance the mucosal
barrier by interacting with immunomodulatory and anti-inflammatory mechanisms[49]. E. coli Nissle
inhibits the growth of gram-negative anaerobic bacteria by secreting antimicrobial substances
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(microcins) and siderophores, which capture iron and thus prevent the growth of a certain pathological
bacterial strain[28].

The parameters of chronic systemic inflammation in the current study were assessed in secondary
outcome analysis. Both EcN and rifaximin showed similar significant reductions in the proinflammatory
cytokines INF-y, IL-6 and IL-8 compared to baseline levels. By comparing the efficacy of EcN and
lactulose in the treatment of HE, one can affirm the stronger anti-inflammatory properties of the
probiotic, which is 20% more efficacious than lactulose in reducing proinflammatory cytokine levels.

New research on the beneficial effects of gut microbiota modulation and related mechanisms of their
interaction with liver disease should be conducted to target better a wide variety of probiotic strains.
Moreover, one of the possible gut microbiota-based interventions that may be claimed in the nearest
future is FMT. Preliminary data on the possible beneficial effect of FMT find support in both animal[50]
and small clinical case series[51,52]. Additionally, several randomized clinical trials are actively
recruiting (NCT02862249, NCT03796598, and NCT03439982) patients with HE and cirrhosis to test the
efficacy of FMT.

CONCLUSION

To summarize the described results, it can be argued that the use of the probiotic EcN strain was safe
and quite efficacious for HE treatment. The probiotic reduced the ammonia content and the level of
serum proinflammatory cytokines, normalized the gut microbiota composition and improved the
cognitive function of patients with HE. The application of the EcN strain was more efficacious than
lactulose treatment.

ARTICLE HIGHLIGHTS

Research background

Hepatic encephalopathy (HE) can be considered a result of dysregulated gut-liver-brain axis function,
where cognitive impairment can be reversed or prevented by the beneficial effects induced by "gut-
centric" therapies, such as the administration of nonabsorbable disaccharides, nonabsorbable antibiotics,
probiotics and prebiotics.

Research motivation

The HE treatment of choice is non-absorbable disaccharides, such as lactulose and lactitol. Non-
absorbable disaccharides like lactulose are associated with non-serious (mainly gastrointestinal) adverse
events like diarrhea and bloating, hence, due to the side effect profile, newer drugs continue to be tested
for treatment of HE. Rifaximin is an antibiotic which modulating effect on the composition of the
intestinal flora partly explains the clinical efficacy in reducing endotoxaemia and inflammatory markers
that contribute to HE progression. Probiotics are effective in the treatment of minimal hepatic enceph-
alopathy. Various studies have shown some improvement in either the prevalence of minimal hepatic
encephalopathy or results in neuropsychological tests with the use of probiotics.

Research objectives
To assess the short-term efficacy and safety of the probiotic Escherichia coli Nissle 1917 (EcN) strain
compared to lactulose and rifaximin in patients with minimal/mild HE.

Research methods

In total, 45 patients with HE were enrolled in this prospective, single-centre, open-label, randomized
study. Participants were randomly assigned at a ratio of 1:1:1 to one of the treatment groups: the EcN
group (n = 15), lactulose group (n = 15) or rifaximin group (n = 15) for a 1 mo intervention period. The
main primary outcomes of the study were changes in serum ammonia and Stroop test score. The
secondary outcomes were markers of a chronic systemic inflammatory response (IL-6, IL-8, and IFN-y)
and bacteriology of the stool flora evaluated by specialized nonculture techniques after a 1 mo
intervention period.

Research results

Rifaximin or EcN showed a more significant reduction in serum ammonia and normalization of
Bifidobacteria and Lactobacilli abundance compared to the lactulose group. In the primary outcome
analysis, improvements in the Stroop test parameters in all intervention groups were observed.
Moreover, EcN-treated patients performed 15% faster on the Stroop test than the lactulose group
patients (P = 0.017). Both EcN and rifaximin produced similar significant reductions in the proinflam-
matory cytokines INF-y, IL-6 and IL-8.
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Research conclusions

Probiotic EcN strain was safe and quite efficient for HE treatment. The probiotic reduced the ammonia
content and the level of serum proinflammatory cytokines, normalized the gut microbiota composition
and improved the cognitive function of patients with HE. The application of the EcN strain was more
effective than lactulose treatment.

Research perspectives

New research on the beneficial effects of gut microbiota modulation and related mechanisms of their
interaction with liver disease should be conducted to target better a wide variety of probiotic strains.
Moreover, one of the possible gut microbiota-based interventions that may be claimed in the nearest
future is fecal microbiota transplantation.
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