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SUMMARY

Background
Probiotics may correct intestinal dysbiosis and proinflammatory conditions
in patients with liver cirrhosis.

Aim
To test the effects of a multispecies probiotic on innate immune function,
bacterial translocation and gut permeability.

Methods
In a randomised, double blind, placebo-controlled study, stable cirrhotic
out-patients either received a daily dose of a probiotic powder containing
eight different bacterial strains (Ecologic Barrier, Winclove, Amsterdam,
The Netherlands) (n = 44) or a placebo (n = 36) for 6 months and were
followed up for another 6 months.

Results
We found a significant but subclinical increase in neutrophil resting burst
(2.6–3.2%, P = 0.0134) and neopterin levels (7.7–8.4 nmol/L, P = 0.001)
with probiotics but not with placebo. Probiotic supplementation did not have
a significant influence on neutrophil phagocytosis, endotoxin load, gut per-
meability or inflammatory markers. Ten severe infections occurred in total;
one during intervention in the placebo group, and five and four after the
intervention has ended in the probiotic and placebo group, respectively. Liver
function showed some improvement with probiotics but not with placebo.

Conclusions
Probiotic supplementation significantly increased serum neopterin levels and
the production of reactive oxygen species by neutrophils. These findings might
explain the beneficial effects of probiotics on immune function. Furthermore,
probiotic supplementation may be a well-tolerated method to maintain or
even improve liver function in stable cirrhosis. However, its influence on gut
barrier function and bacterial translocation in cirrhotic patients is minimal.
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INTRODUCTION
Liver cirrhosis is the 9th biggest burden of disease in
Europe and the 11th most common cause of death in
the US.1, 2 Bacterial infections are common complica-
tions of cirrhosis resulting from significantly impaired
immune responses. Among others, oxidative burst,
phagocytosis and migration of neutrophils are dysfunc-
tional in these patients3–7 and have been linked to ele-
vated infection rates and poor survival.8, 9

A proposed hypothesis for the origin of neutrophil
dysfunction in cirrhosis assumes a disrupted intestinal
barrier through which luminal, microflora-derived endo-
toxin can enter the portal blood stream. Limited filter
capacities of the cirrhotic liver and formation of por-
tosystemic shunts cause an endotoxin overflow into the
systemic blood.10 Endotoxin acts as a potent priming
agent for neutrophils and leads to production of small
amounts of reactive oxygen species as an anti-microbial
strategy.11 Additionally, the presence of endotoxin in the
blood stream increases bacterial clearance.12 However,
chronic over-stimulation might lead to exhaustion, leav-
ing the neutrophils disabled to react to pathogens. Con-
sequently, phagocytic capacity and oxidative burst would
be reduced and infection rates increased.

Probiotic supplementation is already recommended for
several gut-related diseases and allergies.13 Clinical trials
show probiotic preparations to improve liver function in
different stages of alcoholic liver disease.14–17 Additionally,
potential beneficial effects of probiotics on neutrophil
phagocytosis have been attested for alcoholic cirrhosis in a
short-term, open-label study.18 Therefore, we hypothesised
that the administration of a multispecies probiotic over
6 months decreases intestinal permeability, reduces bacte-
rial translocation and consequently restores and maintains
neutrophil function in stable cirrhosis of different aetiolo-
gies. To test this hypothesis, we designed and conducted
this randomised, double blind, placebo-controlled trial
testing the effects of Ecologic Barrier (Winclove, Amster-
dam, The Netherlands) in patients with liver cirrhosis.

METHODS

Patients and study design
Between July 2012 and September 2013, patients from the
out-patient clinic at the Department of Gastroenterology
and Hepatology or the Department of Transplantation
Surgery, both University Hospital Graz, with cirrhosis of
any aetiology between the age of 18 and 80 years were eli-
gible for the study if none of the following conditions
applied: Child–Pugh score 12 or higher, alcohol abuse

within 2 weeks prior to inclusion, active infection at
screening, antibiotic therapy except for permanent pro-
phylaxis, simultaneous intake of pro-/pre-/symbiotic, gas-
trointestinal haemorrhage within 2 weeks prior to
inclusion, immunomodulation drugs, hepatic
encephalopathy stage two or higher, renal failure (crea-
tinine over 1.7 mg/dL), pancreatitis, other severe diseases
unrelated to cirrhosis, malignancy, suspected noncompli-
ance, pregnancy. Diagnosis of cirrhosis was based on liver
histology or characteristic clinical and radiological fea-
tures. After giving written informed consent, eligible
patients were randomised in a 1:1 ratio to one of two par-
allel groups (permutated blocks, Randomizer software,
Institute of Medical Informatics, Medical University of
Graz) and stratified for aetiology and permanent antibiotic
use. Patients were included in the study for 12 months. In
the first 6 months, they received either a daily dose of a
multispecies probiotic (6 g, 2.5 9 109 CFU/g) or a pla-
cebo. Patients were clinically observed for another
6 months. Detailed assessments were performed after
3 months of intervention, after 6 months of intervention
(end of intervention) and after further 6 months of obser-
vation (end of observation). The a priori primary end
point was the change in phagocytic capacity of neutrophils
between baseline and 6 months, and secondary endpoints
were numbers of clinically relevant infections, neutrophil
oxidative burst, endotoxin levels, inflammatory responses
and gut permeability. Infections were considered as mild
when patients did not need hospitalisation, whereas severe
infections required hospitalisation.

The probiotic consisted of Bifidobacterium bifidum
W23, Bifidobacterium lactis W52, Lactobacillus aci-
dophilus W37, Lactobacillus brevis W63, Lactobacillus
casei W56, Lactobacillus salivarius W24, Lactococcus lac-
tis W19 and Lactococcus lactis W58 and is marketed as
Ecologic Barrier in The Netherlands and as Omnibiotic
Hetox in Austria, Germany and Switzerland. The pro-
duct was chosen based on in vitro properties and rela-
tively high amount of bacteria.19 Patients, caregivers,
investigators and outcome assessors were blinded to the
allocation. The study medication was concealed in blank
sachets identified by consecutive numbers. An allocation
list was kept by an independent trial pharmacist and dis-
closed after the last patient has finished the study.
Adherence to study medication was measured by count-
ing empty and remaining sachets the patients returned
to the study nurse. During regular phone calls, patients
were asked whether they take the study medication and
were encouraged to adhere to the protocol. Sample size
calculation was based on improvement of phagocytic
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capacity (pre-specified primary outcome) as assessed in a
preceding study (percentage of healthy control values of
geometric mean fluorescence intensity of fluorescein
isothiocyanate-positive cells).18 According to these data,
an improvement of 25 percentage points in phagocytic
capacity was anticipated. With an alpha of 0.05 and a
beta of 0.2, assuming a 20% dropout rate, 92 patients
were needed for the study (46 in each arm). In addition,
healthy controls (n = 51) were included in the study.
The study protocol was approved by the regional ethics
committee in Graz (23-096 ex 10/11), registered at clini-
caltrials.gov (NCT01607528), and performed according
to the Declaration of Helsinki.

Phagocytosis and burst function was assessed by Pha-
gotest/Bursttest (Glycotope, Heidelberg, Germany).
Neopterin, a marker for macrophage activation and
modulator of neutrophil function,20 was assessed by
enzyme-linked immunosorbent assay. Gut permeability
was assessed by a panel of markers: Zonulin and calpro-
tectin in stool, diamine oxidase in serum, sucrose recov-
ery and lactulose–mannitol ratio. Differential sugar
absorption test was analysed by nuclear magnetic reso-
nance spectroscopy. Serum and stool markers were mea-
sured by enzyme-linked immunosorbent assay, and
endotoxin was determined with adapted HEK-Blue LPS
Detection Kit (Invivogen, San Diego, CA, USA). For fur-
ther information, see Supporting information.

Statistical analysis
Statistical per protocol analysis was performed with SPSS

21 (IBM Germany GmbH, Ehningen, Germany).
Between-group differences of categorical variables were
assessed by chi-squared test/Fisher’s exact test. Between-
group differences of continuous variables were assessed
by Mann–Whitney/Wilcoxon signed rank tests and
Kruskal–Wallis/Friedman tests for unpaired/paired data
to compare two or more groups respectively. Multiple
comparisons with Bonferroni correction were used as
post hoc tests. All tests were performed on a 5% signifi-
cance level. As intention-to-treat analysis gave the same
significant changes (neopterin and neutrophil oxidative
burst) within the groups as per protocol analysis, we
decided to show per protocol analysis in the presented
study (see also Supporting information).

RESULTS

Patients’ and baseline characteristics
Between July 2012 and September 2013 in total 101
patients were screened for eligibility, 92 were included

and 80 finished the study (Figure 1). For baseline char-
acteristics, see Tables 1 and S1. Patients in the two study
groups were comparable regarding age, sex, aetiology
and severity of liver disease. However, after exclusion of
dropouts, liver function was significantly worse in the
probiotic compared to the placebo group (Child–Pugh
score P = 0.02 and MELD score P = 0.05) at baseline.
Two patients received antibiotic prophylaxis; one was
randomised into the probiotic group and one into the
placebo group. Albumin levels remained constant over
the intervention period and decreased slightly at the end
of observation (P = 0.007). There were no changes in
the placebo group. Mild ascites, hepatic encephalopathy,
alanine aminotransferase (ALT), aspartate aminotrans-
ferase (AST), creatinine, bilirubin, gamma glutamyl
transferase, triglycerides, prothrombin time international
normalised ratio, neutrophil and monocyte count
remained unchanged in both groups (Tables 1 and S1).

Excellent compliance and unremarkable adverse
event profile
Compliance to the study was excellent. There were sig-
nificantly less dropouts in the probiotic group than
expected and considered in the sample size calculation
(1 vs. 9, P = 0.007) and significantly less compared to
the placebo group (1 and 11, P = 0.003). Dropout rate
in the placebo group was within the expected range. Ten
out of 12 dropouts left the study before the end of treat-
ment. Reasons for dropout were in the probiotic group
withdrawal of consent (n = 1), in the placebo group
withdrawal of consent (n = 6), accident-related death
(n = 1), liver transplantation (n = 2) and suspected
adverse events (n = 2, epistaxis with pre-existing arterial
hypertension and nausea/flatulence). Adherence to the
study medication was remarkable (176 and 179 of 180
scheduled doses of probiotic and placebo respectively).
Adverse events possibly related to the study product
were flatulence, gastric pain, diarrhoea and nausea, and
affected 41% of patients in the probiotic group and 33%
in the placebo group (P = 0.48) during the initial phase
of intervention. Dietary habits did not change through-
out the study in both groups.

Neutrophil phagocytosis decreased over time
irrespective of intervention
Baseline neutrophil phagocytosis in both groups was
comparable to controls. Probiotics had no effect on neu-
trophil phagocytosis (primary endpoint). In both groups,
phagocytic capacity decreased significantly over time
(P < 0.001), while the population of inactive neutrophils
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stayed on a high but constant level. The phagocytic
capacity of monocytes was not impaired at baseline but
a slight increase could be found after 3 months of probi-
otics; placebo showed no effect. Monocyte inactivity
decreased significantly in both groups during the study,
possibly to balance neutrophil dysfunction (Figures 2
and S1).

Anti-microbial activity improved during probiotic
intervention
During intervention, neutrophil resting burst increased
significantly in the probiotic group (2.6–3.2% after
6 months, P = 0.0134) but not in the placebo group
(Figure 2). Otherwise oxidative burst profile was com-
parable between groups (Figure S1). Neopterin has
been shown to induce the production of reactive

species in neutrophils.20 Serum neopterin levels were
significantly increased in the probiotic group compared
to controls at baseline. It further increased at the end
of intervention in the probiotic group (P = 0.004) and
decreased to baseline values at the end of observation
(P = 0.004). No significant changes were found in the
placebo group (Figure 2). Other anti-microbial mole-
cules and acute phase proteins were unaffected
(Table S2).

As both reactive oxygen species and neopterin have
anti-microbial properties, we tested the bactericidal abil-
ity of serum, which was significantly impaired in both
patient groups compared to controls. No improvement
could be detected during probiotic intervention or pla-
cebo in the whole study cohort (Table S2). However, in
the subgroup of alcoholic cirrhosis, 6 months of

Assessed for eligibility
(n = 101)

Excluded (n = 9)
- Not meeting inclusion criteria (n = 1)

- Other reasons (n = 2)

Randomized (n = 92)

- Received allocated intervention (n = 45) - Received allocated intervention (n = 47)

Discontinued intervention (consent
withdrawn n = 6; death n = 1: liver
transplantation n = 2; side effects n = 2) total n = 11

Allocated to probiotic (n = 45)

Discontinued intervention (consent
withdrawn n = 1) 

Allocated to placebo (n = 47)

- Declined to participate (n = 6)

Enrollment

Allocation

Follow-up

Analysis

Analyzed (n = 36) Analyzed (n = 44) 

Figure 1 | CONSORT flow diagram.
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probiotics tended to improve serum killing capacity com-
pared to baseline. There was no change in the placebo
group (Figure S1).

Low infection rates in both study groups
Infection rates were exceptionally low in both groups.
We observed a numerical trend towards lower frequency
of mild infections in the probiotic group compared to
the placebo group (15 vs. 28 during intervention, 6 vs.
11 in the observation period). Severe infections, defined
by hospitalisation of the patient, were rare. During inter-
vention, no severe infection occurred in the probiotic
group but one in the placebo group. During observation,
severe infections increased to five in the probiotic and
four in the placebo group. The occurrence of severe

infection coincided with the deterioration of phagocytic
capacity of neutrophils.

Impaired gut barrier integrity was not restored by
probiotic treatment
Gut barrier integrity was significantly impaired in the
test groups compared to healthy controls at baseline (lac-
tulose–mannitol ratio, diamine oxidase and calprotectin).
Probiotic intervention showed no significant effect on
those markers. In the probiotic group, mannitol recovery
was stable throughout the intervention, while in the pla-
cebo group, mannitol recovery decreased significantly
during intervention and further during the observation
period. However, these changes did not impact on lactu-
lose–mannitol ratio. Zonulin and sucrose recovery did

Table 1 | Patients’ characteristics and routine laboratory measurements for liver cirrhosis before, during and after
intervention with a multispecies probiotic for the probiotic and placebo group compared to healthy controls

Group

Patients: probiotics (n = 44) and placebo (n = 36)

Controls
(n = 51)Baseline

3 months of
intervention

End of intervention
(6 months)

End of observation
(12 months)

Age (years) Probiotics 60 (54; 64)* – – – 53 (44; 60)
Placebo 56 (50; 63) – – –

Sex (M/F) Probiotics 32/12* – – – 22/29
Placebo 26/10* – – –

Aetiology
(Alc/HCV/
others)

Probiotics 24/8/12 – – – –

Placebo 20/5/11 – – –
CPG (A/B+C) Probiotics 28/16† 31/13†,§ 29/15†,§ 24/20† –

Placebo 33/3†,§ 33/3†,§ 33/3†,§ 33/3†,§
CPS Probiotics 6 (5; 7)† 5 (5; 7)† 6 (5; 7)† 7 (5; 7)† –

Placebo 5 (5; 6) 5 (5; 6) 5 (5; 6) 5 (5; 6)
MELD Probiotics 12 (9; 15)† 11 (9; 14)† 11 (9; 15)† 12 (9; 14)† –

Placebo 9 (8; 13) 9 (8; 11) 9 (8; 12) 8 (7; 11)
ALT (U/L) Probiotics 36.5 (27.0; 51.25)* 34.5 (27.5; 48.5) 38.5 (25.8; 52.3) 36.0 (26.0; 53.5) 21.0 (16.5; 27.5)

Placebo 32.5 (20.75; 46.25)* 30.0 (22.0; 43.3) 29.5 (22.0; 49.8) 30.0 (22.0; 42.5)
AST (U/L) Probiotics 49.0 (37.75; 69.5)* 44.5 (36.0; 59.0) 53.5 (36.8; 70.0)† 49.5 (37.5; 68.3) 22.0 (19.0; 27.0)

Placebo 42.5 (32.5; 56.5)* 40.5 (31.5; 58.0) 37.5 (30.8; 59.0) 45.0 (29.8; 63.3)
Crea (mg/dL) Probiotics 0.85 (0.73; 0.96) 0.83 (0.73; 0.94) 0.85 (0.74; 1.01) 0.85 (0.75; 0.98) 0.86 (0.77; 1.0)

Placebo 0.81 (0.72; 0.94) 0.78 (0.70; 0.98) 0.80 (0.70; 0.88) 0.83 (0.71; 0.92)
Alb (g/dL) Probiotics 4.0 (3.3; 4.5)*,‡ 4.0 (3.4; 4.5)† 4.0 (3.4; 4.5)† 3.9 (3.3; 4.4)† 4.5 (4.4; 4.8)

Placebo 4.3 (4.1; 4.7) 4.4 (4.0; 4.6) 4.3 (4.0; 4.4) 4.3 (3.9; 4.5)
Bili (mg/dL) Probiotics 1.38 (0.78; 2.41)* 1.29 (0.74; 2.25) 1.32 (0.77; 2.69) 1.46 (0.88; 2.41)† 0.50 (0.38; 0.61)

Placebo 1.11 (0.63; 1.42)* 0.97 (0.74; 1.38) 0.95 (0.68; 1.48) 1.00 (0.64; 1.59)
INR Probiotics 1.27 (1.14; 1.43)* 1.27 (1.18; 1.39)† 1.28 (1.16; 1.48)† 1.30 (1.14; 1.45)† 1.01 (0.98; 1.05)

Placebo 1.20 (1.12; 1.27)* 1.18 (1.09; 1.32) 1.18 (1.11; 1.25) 1.14 (1.09; 1.25)

Alc, alcoholic cirrhosis; HCV, hepatitis C virus-associated cirrhosis; CPG, Child–Pugh grade; CPS, Child–Pugh score; MELD, model
of end-stage liver disease; ALT, alanine aminotransferase, AST, aspartate transaminase; Crea, creatinine; Alb, albumin; Bili, total
bilirubin; INR, prothrombin time international normalised ratio.

Data are given in median (Q1; Q3).

*Significant difference compared to control group; †significant difference between test groups; ‡significant change over time;
§to expected distribution; significance level 0.05.
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not differ between groups, compared to controls or over
time (Figure S2 and Table S3).

Probiotics did not change endotoxin load, endotoxin-
related proteins and serum cytokine levels
Endotoxin load was significantly higher in patients com-
pared to controls (P < 0.001). In both groups, endotoxin
levels decreased slightly over time (P = 0.29 and
P = 0.05, probiotic and placebo respectively) (Figure S2).
A correlation between endotoxin levels and neutrophils
phagocytic capacity could not be found (r = 0.06;
P = 0.57). Endotoxin-related proteins, soluble cluster of
differentiation 14 and LPS-binding protein were slightly

elevated in patients compared to controls. No changes
over time could be observed (Table S3). Interleukin-8
and -10, but not tumour necrosis factor a, interleukin-1b
or -6, were significantly increased in patients compared
to controls. Probiotics had no effect on any cytokine
tested (data not shown).

Improvement of liver function during probiotic
intervention
Of the 16 patients in the probiotic group with a Child–
Pugh score of 7 or higher, six improved after initiation
of probiotics, seven did not change and three deterio-
rated. In the placebo group, only three patients had a
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Figure 2 | Effects of a multispecies probiotic on innate immune function before, during and after intervention for test
groups compared to healthy controls. (a) Oxidative resting burst of neutrophils; (b) serum levels of neopterin; (c)
Phagocytic capacity of neutrophils; (d) Inactive monocytes. *Significant differences to healthy controls; #significant
differences to according baseline. ^Significant changes between indicated groups; significance level 0.05.
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Child–Pugh score of 7 or higher; one stayed unchanged,
one improved, one deteriorated (four patients dropped
out) (Figure S3). These results are reflected in a slight
improvement in MELD score in the probiotic group
(P = 0.09). No change in liver function was found in the
placebo group (Table 1). However, due to the higher
dropout rate in the placebo group, a representative com-
parison was not possible.

DISCUSSION
We tested a multispecies probiotic in a cohort of stable
cirrhotics to investigate its effect on innate immunity
and gut permeability. Although the primary endpoint
could not be achieved, we found that administration of
the probiotic for 6 months significantly improved anti-
microbial activity and slightly improved liver function.

The importance of humoral anti-microbial responses
has long been recognised and gained more significance
in the light of emerging antibiotic resistance problems.21–
24 Neopterin is a marker for macrophage activation. It is
produced by macrophages upon stimulation and has
anti-microbial and antioxidant properties.25 The increase
in neopterin levels in our study cohort was minimal and
well below the levels reported for malignancies.26 Never-
theless, given the regulatory properties of this molecule,
a subclinical elevation of macrophage activity during
probiotic intervention might indicate a potentially benefi-
cial activation of the immune system, e.g., neopterin was
found to amplify the generation of anti-microbial reac-
tive species in cultured granulocytes.20 This was reflected
in a significant increase in neutrophil resting burst in
our study. This increase induced by probiotics was small
and well below the level of resting burst seen in decom-
pensated cirrhosis or alcoholic hepatitis.8 Active infection
was excluded as cause for the activation because of nor-
mal levels of acute phase proteins as well as temperature,
heart rate and respiratory rate (data not shown) during
the study. A moderate activation of immune cells in rest-
ing conditions might give a clearance benefit in early
stages of active infections. Activated or primed phago-
cytes have been shown to clear pathogens more effec-
tively from the blood stream than resting cells.12 We
found that especially the subgroup of alcoholic cirrhotics
might benefit from probiotic supplementation in regard
to improved serum killing incapacity. Furthermore, cyto-
kine levels, acute phase proteins, liver transaminases and
the beneficial effect on liver function do not suggest
harmful effects. However, more specialised studies are
needed to acquire conclusive evidence and to elucidate
the full physiological spectrum of neopterin in liver

disease. To date, the clinical significance of the improve-
ment in neopterin and neutrophil resting burst is not
clear and therefore has to be evaluated in further studies.

Cirrhotic patients suffer from a high risk of bacterial
infection (4–54%) including spontaneous bacterial peri-
tonitis, pneumonia, urinary tract infections and bacter-
aemia.27–30 Probiotics were shown to decrease infection
rates in liver transplant recipients in a placebo-controlled,
double blind study.31 In our study, infection rates during
intervention were exceptionally low in both the probiotic
and placebo group. Only one patient in the placebo group
was hospitalised because of a bacterial infection. In the
observation period, severe infections occurred more often
(7% of all patients); however, infection rates were still low
compared to the literature.27 This might be due to rela-
tively stable cirrhosis states as patients were recruited
from our out-patient clinic. Regarding mild infections, we
found a tendency to a reduced occurrence in the probiotic
group. However, the documentation of mild infections
relayed on self-reporting and was therefore prone to bias.

A substantial amount of bacterial infections in cirrho-
sis result from the translocation of intestinal bacteria.
Bacterial translocation through a damaged intestinal bar-
rier was reported for decompensated cirrhotic patients.32

In our study, we also confirmed increased gut permeabil-
ity in stable cirrhosis. The alterations point to an
increased permeability and inflammation in the small
intestine but not in the gastroduodenal part of the gas-
trointestinal tract. The beneficial effect of probiotics on
gut permeability has been shown in vitro, in vivo and in
humans.19, 33, 34 We found that probiotics maintained
mannitol recovery, while it gradually decreased in the
placebo group. Reduced mannitol absorption might be
due to reduced intestinal surface in cirrhosis.35 There-
fore, probiotics might have a beneficial effect on the
intestinal epithelium. Elevated levels of zonulin in stool
were associated with increased gut permeability.36

Although patients in our study showed an increase in
various other permeability markers, zonulin remained
within normal range. Low levels of zonulin in patients
with high gut permeability might stem from the loss of
epithelial cells common in cirrhosis.

Probiotic administration was shown to decrease endo-
toxin levels in several studies.37 In our study, no treat-
ment-related changes in endotoxin load occurred. No
association between endotoxin levels and liver function,
gut permeability or endotoxin-related proteins could be
found. Upregulation of endotoxin-related proteins was
not observed in our study probably due to relatively low
levels of endotoxin and stable liver function.
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No beneficial effect on neutrophil phagocytosis could
be observed. To confirm the decrease of neutrophil phago-
cytosis over time, we conducted cross-incubation experi-
ments (data not shown) and similar changes in phagocytic
function could be observed when neutrophils of healthy
volunteers were incubated with serum of patients, espe-
cially in more advanced cirrhosis. Serum-facilitated neu-
trophil dysfunction has already been shown for alcoholic
hepatitis.7 Elevated endotoxin levels were proposed to be
the cause of impaired phagocytosis of neutrophils. How-
ever, we found no association between those parameters.
According to this study, the association between neu-
trophil dysfunction and endotoxin is not a driving force in
immune deficiency of stable cirrhotics. We found a strong
association between aetiology and neutrophil function but
not between aetiology and endotoxin levels. Cytokine
levels were unaffected by probiotic administration and
changes in cytokine levels that has been reported in other
publications could not be reproduced.18, 38

In our study, patients in the probiotic group with
Child–Pugh grades 7 or higher were more likely to
improve than to deteriorate in their Child–Pugh score.
The beneficial effects on liver function were in accor-
dance to an increasing body of literature.14–17 As thera-
peutic interventions to improve liver function in
cirrhosis are an unmet clinical need, probiotics are an
attractive and safe option to consider.

Compliance in our study was excellent in both groups
which was consistent with low rates of side effects. Side
effects were mild and most symptoms were gastrointesti-
nal complaints, as expected with probiotics. Most of the
side effects appeared in the first 2 weeks of the interven-
tion and subsided after that. High adherence to the study
protocol and significantly lower dropout rate in the pro-
biotic group suggest an improvement in the overall well-
being of patients by the probiotics.

Some safety concerns regarding the use of probiotics in
patients with increased gut permeability and/or compro-
mised immune system had been raised.39 However, to
date, no reports about severe side effects of probiotics in
cirrhosis have emerged.40 Data from our trial suggest that
a multispecies probiotic is safe to use in cirrhotic patients.
We did not observe any severe adverse events, no severe
infections and no increase in acute phase proteins during
the intervention with the probiotic. Also, the slightly
reduced rates of mild infections in the probiotic group did
not give any indication for safety concerns.

Our study has some limitations: The study was per-
formed as a single centre study; however, we managed to
recruit a relatively large number of patients with different

aetiologies. Due to the higher dropout rate in the placebo
group and the fact that mainly patients with higher
Child–Pugh score terminated the study early, the liver
function in the probiotic group was worse compared to
the placebo group in the per protocol analysis. The effect
of the probiotic supplement on the gut microflora has not
been evaluated yet. Therefore, it is unclear at present
whether the intervention changed the microbiome per se.
Although the probiotic strains used in this study were
carefully selected based on their in vitro characteristics,
the primary endpoint of this study could not be achieved.
It is however possible that an improved product would
result in a different outcome. Measurement of gut
permeability in humans is always a matter of debate41;
therefore, we chose five different parameters. The mea-
surement of endotoxin in biological fluids also poses a
methodological problem. The standard method (Limulus
amoebocyte lysate assay) is not designed to detect endo-
toxin in serum samples. In addition, several other issues
have been raised with this test.42 Bound endotoxin
remains undetected, even if biologically active. The cell-
based method used in this study mimics bio-availability
of endotoxin more accurately than the limulus amoebo-
cyte lysate assay.43

In conclusion, probiotics were very well tolerated by
the patients and side effects were rare. Probiotic sup-
plementation significantly increased serum neopterin
levels and the production of reactive oxygen species by
neutrophils. These findings might explain the beneficial
effects of probiotics on immune function. Markers of
gut permeability and translocation of Gram-negative
bacteria assessed in this study showed no improvement
and neutrophil phagocytosis worsened irrespective of
the intervention over the course of 1 year to only 60%
of the baseline value. Liver function was slightly
improved during intervention and decreased without it.
Further randomised, controlled studies – ideally in a
multicentre setting – are necessary to confirm the ben-
eficial effect on anti-microbial activity and liver
function.

SUPPORTING INFORMATION
Additional Supporting Information may be found in the
online version of this article:
Data S1. Rationale for per protocol analysis and addi-

tional methods.
Table S1. Patients’ characteristics and routine labora-

tory measurements for liver cirrhosis before, during and
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after intervention with a multispecies probiotic for the
probiotic and placebo group compared to healthy con-
trols.
Table S2. Anti-microbial molecules, acute-phase pro-

teins and serum killing incapacity before, during and
after probiotic intervention for the probiotic and placebo
group compared to healthy controls.
Table S3. Parameters of endotoxin binding and gut

permeability before, during and after probiotic interven-
tion for the probiotic and placebo group compared to
healthy controls.
Figure S1. Effects of a multispecies probiotic on

innate immune function before, during and after inter-
vention for test groups compared to healthy controls.
A+B. Oxidative burst profile of neutrophils during probi-
otic or placebo administration; C. Phagocytic capacity of
monocytes; D. Inactive neutrophils; E. Serum killing
incapacity of alcoholic cirrhotics; F. Change in serum
killing incapacity of alcoholic cirrhotics after 6 months
of intervention. *Significant differences to healthy con-
trols; #significant differences to according baseline; sig-
nificance level 0.05.
Figure S2. Gut permeability and bacterial transloca-

tion before, during and after intervention for test groups
compared to healthy controls. A, B. Mannitol and lactu-
lose recovery in urine after triple sugar ingestion. C. Lac-
tulose–mannitol ratio. D. Calprotectin in stool. E.
Diamine oxidase in serum. F. Endotoxin in serum. *Sig-
nificant differences to healthy controls; #significant dif-
ferences to according baseline; ^significant changes
between indicated groups; significance level 0.05.

Figure S3. A. Formation of low and high phagocytic
neutrophil population as used to calculate phagocytic
capacity. B. Changes in Child–Pugh score from baseline
to end of treatment in probiotic and placebo group;
thickness of bars corresponds to number of patients with
respective changes.
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