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Preface

Like a tropical rainforest thenicroflora of the intestine comprises thousands of known and
unknown species that thrive on biodiversity and symbiosisselfregulative organshey both
facilitatelife within and beyond their borderndowever, they are sensitive to external confounders,
whether it is deforestation in the rainforest or poor lifestyle decisions (e.g.) for the micrOfima
biodiversity is destroyedan irreplaceable treasure has bdest. In cirrhosis some of the
consequences of an altered microflora can be subdued by antibiotics. However, the use of
antibiotics has severe consequences jtéaifexample the rise of resistant pathogens. This study

represents an approach to restbeernicroflora of cirrhotic p@ents by probiotic modulation.

For more convenient reading the thesis is split ihree partsThe first part of the thesis describes
the influence of probiotics othe microbiome, bacterial translocation and the innate imemu
system. The second part discusses interestiRgrducts of the study and preliminary data for

future indepth analysisThe third part deals with methodological problems and their sokuition
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Abstract

Cirrhosis is associated witlysbiosis and bacterial translocation. #rtammatory conditions and

the overflow of endotoxin into the systemic circulation are major factors in the acquired
immunodeficiency common in cirrhosis. Probiotics have beneficial effects on the gut badrier an
inflammation. Therefore we hypothesized that the administratiannatiltispecies probiotieould
restore the gut barrier of cirrhotic patients and thereby ameliorate bacterial translocation and innate
immune dysfunctionTo test this hypothesis a randiazed, doubleblind, placebo controlledtudy

was conducted. Patients either received EcoBbgRARRIER (Winclove, Amsterdam, The
Netherlands) for six months (n=44) or a placebo (n=36). After six months of intervention patients
were observed for another sinonths. During the intervention the abundanckaaftobacilluswas
significantly increasedral the invasion ol eillonellafrom the oral cavity into the intestinended

to decrease. We found that the administration of the probiotic increased neugsiiing burst and
serum neopterin levels in the probiotic group and boosted serum killing capacity of alcoholic
cirrhotics.Furthermore, probiotics increased the conversion of phenylalanine to tyrosine which was
reflected in an increase quality of life and thereforen abetter adherence to the study protocol in
the probiotic group. Probiotics tended to improve liver function. Placebo did not show any affects.
Probiotics did not influence gut permeability, endotoxemia, neutrophtjquytosis, or cytokine
levels.

In conclusion, probiotic administration was well tolerated and increased innate immune responses.
It improved the general welileing of the patients and had a beneficial effect on liver function,
although the influence on gut permeability, endaemia and cytokine expressiomas not

detectable.

Zusammenfassung

Zirrhose wird begleitet von typischen Anderungen im Mikrobiom. Eine schwache Darmbarriere
und die damit einhergehende Inflammation und Endo#owie verursachen eine erworbene
Immunschwach, die haufig zu schweren Infektionen fuhrt. Prdk&éo haben einen positiven
Effekt auf die Darmbarriere und inflammatorische Prozesse. Deshalb wurde die Verabreichung
eines Multispezie®robiotikumsauf ihre Wirkung auf die Darmbarriere, bakterielle Tstokation

und angeborene Immunreaktionen bei Zirrhose getestet. In einer randomisierten, doppelblinden,
Plazebekontrollierten Studie wurden Zirrhotikern entweder Ecol@giBARRIER (Winclove,
Amsterdam, Niederlande) sechs Monate lang verabreicht (n=4dgiodelazebo (n=36). Nach der
Intervention wurden die Patienten noch weitere sechs Monate klinisch beobachtet. Die Intervention

mit Probiotika erhéhte die Pravalenz vdaaktobazillenund drangte einevermutlich aus der

1



Mundhdhleeinwanderndé/eillonellaSpezies zuriick. Probiotika verstarkten auch die Produktion
von reaktiven Sauerstoffspezies in Neutrophilen und die Konzentration von Neopte3grum.
Weiters verbesserte die Einnahme von Probiotika die Lebensqualitéat der Patienten und die
Produktion von Tyrosin, was sich in wesentlich niedrigeren DropRaten niederschlug.
Probiotika zeigten auch einen positiven Effekt auf die Leberfunktion. Plazebos hatten keinen
Einfluss auf diese Parameter. Darmpermeabilitét, Enddioxe, Phagozytose von Neutrophile

und Zytokinkonzentrationen blieben von detehvention weitgehen unberuhrt.

Zusammenfassend verstarkten die Probiotika die angeborenen Immunreaktionen, verbesserten die
Lebensqualitat und zeigten positive Effekte auf die Leberfunktion, obwohl sie Keiniuss auf

die Darmbarriere, Endotimémie oder Zytokine zeigten.



A. Probiotics in cirrhotics

Introduction

Gut microbiome and liver disease

The symbiotic relationship between humans and microorganisms located on and in the human body
exertsmany bendicial functions for the host. This incled for example accesmd storageof
nutrients extracted by microflofd) activation andeducation of the immune systg®) or growth
inhibition of pathogenienicroorganismg3) Each person is colonized with an early microbiome at
birth, whichis develomd and shapedhroughout te p e r s o n(4) Bhe Heneficialtrelationship
depends on a delicate balance of various spebDigsbiosisof the gut microbiomecan cause
diseases including various livémjuries - or vice versd5) Disease spefit alterations of the
intestinalmicrobiome can persist even when the primary cause (e.g. viral hejd#itison) has

been eradicate(®)

Liver cirrhosis is the common end gea of different liver diseaseLulture free sequencing
approaches to characterize tgat microbiome revealed systematic alterasiocaused by(or
causing cirrhosis Reduced richness of specigaired withsmall intestinal bacterial overgrowth,
increased abundance Birmicutes, Proteolzderia and Fusobacteria bdécreased abundance of
Bacteriodetesvith an invasionof the intestineby bacteria from the oral cavity (e.geillonella,
Strepcococcyshave been described in cirrhotic patigffisThe ratio between autochthonous and

pathogenic taxa (Cirrhosis Dysbio$tatio) is associated with endotoxemia and infect{8is.

Gut permeability in liver cirrhosis

Between theyut microbiome and the hosies a multilayer barrierthat prohibits thetranslocation
of baderiainto the circulationand thereforghe certain death of the ho@) The expression and
regulation of tight junction proteins in the gbtrrier protects the bodyagainst permeating
pathogendoy forming sealng cell-cell-connections At the same timét allows the paraellular
transport ofsmall uncharged solutes aiwhs (pore pathway) as well agmall amounts ofager
molecules includindipopolysaccharides, also referred to as endot@eiak pathway)10) Tight
junction opeing or sealing can be regulated by myosin light chain kinase (MLCK) and is
associated with the increased permeation of the intestinal b@iet2)A low level of endotoxin
leakage into the portal vein has bewrserved in healthy as well as diseased peaptecan be
balanced by the phagocytic activity of the reticuloendothelial system (RBBSAn excessive
amount ofthesebacterial product translocating through anthged intestinal barriem the other

hand can lead to inflammatio(il4, 15) The disruption of tight junctionfunction aloneis not



enough to provoke disease; however, it can predispose the individual for thamhgeogression

of disease in th presence of another stimulds$, 17)

In the case of liver disease these stimuli can be manifold. Alcohol is one of the most discussed
triggers of intestinal hypepermeability ad bacterial translocatiofiL8-21) Also, patients with
chronic viral hepatitiB and Cinfections show increased levels of endotoxin, inflammation and
enterocyte deatf22) Alterations in gut barrier functionincreasewith the severity of liver
diseas€22, 23)In fact, systemicendotoxemia is a wetlecognized condition in cirrhos{¢3, 24)

and ncreased intestinal permeability and bacterial translocatiairrimosishave been verified in
severaktudieg(23, 2528)

The role of endotoxin in alcoholic liver cirrhosis

Endotoxin has been identified asmajor factor in the pathogenesis and progressiaicoholic

liver diseasg€21) Endotoxin is goressure and heatable, pyrogenic component of the cell wall of

Gram negative bacteria. It passes thitotige intestinal barrier and triggers a signalling cascade
controlledby Toll like receptor (TLR) 4. TLR4 cannot directly bind endotoxin bus itrucial for

t he $Dresgponsé29) Endotoxin is bound by lipopolysaccharitéénding protein (LBP)and

transferred to its principalellular receptor cluster of differentiatio{(CD) 14(30, 31)CD14then

clusters with MD 2and TLR4, which sets intracellular signalling in motion. Myeloid
differentiation primary response gene (MyD) 88 dependent and MyD88 independent pathways
have been described, evokingstlynuclear factor(NFp B or i nterferon regul a
mediated transcription of pfiaflammatory cytokines, such as tumorame& osi s f act or (
interleukin (IL}1, IL-6 and type 1 i nt, asrweleasahemokings!likeNLtS &f/ b )
monocyte chemotactic proteiMCP)-1.(32, 33)

The crucial role of endotoxin and TLR4 signallimgalcoholic liver disease has been demonstrated
using TLR4 deficientad antibiotic treated animals: the use of antibiotics reduced blood endotoxin
levels in rats and reduced liver pathology scores and AST after alcohol exposure; additionally, the
knockoutof TLR4 in mice ameliorated the effect of chronic alcohol exposure on liver pathology
scores, ALT and TNB despite elevated endotoxin levéBst, 35)Gut-derived endotoximeaches

the liver via the portal vein and activat&upffer cells(36) In addition, the upregulation of
cytochrome P4502E1, an enzyme involved in alcohol metabolism, can sensitimpnages to
endotoxin enhancereactive oxygen specieRQS production and stabilize TNE mR (83 .
Treatment with antibioticsdecreass portal endotoxin levels but Isano effect on gut
permebility.(38) This suggests thatabterial overgrowth with Gram negative organisms pky

key role inalcoholicliver injury. On the other hand,@mplete terilization of the intestine, as it is

the case in gerffree mice, aggravatesvér damage secondary to alcal®®) as well asn other

types of experimental liveinjury.(40) This supports the hypothesis thateabidic microflora



protects the hdsfrom liver toxicity andthat the restoration of the microbionmight be a

physiological therapeutic approach in liver cirrhosis.

Other TLRs arealsoinvolved in alcoholic liver disease. TLR2 and TLR9 have been shown to be
pivotal for the induction of hegtic inflammaton and neutrophil infiltratiori41) On the other hand,
stimulation of TLR3 has been shown to be hepatoprotective in alcoholic liver {4Riry.

The role of endotoxin in non-alcoholic fatty liver disease (NAFLD)

The upregulation of hepatic TLR#éh NAFLD has beerdemonstratedn genetic(43) and diet
induced rodent mode(g4-46) and confirmed in human liver biopsy stud{ég-50) The
upregulation of the endotoxin binding machinery of the body (CD14, LBP, Nd3)increased
gut permeability(45, 51)andthe rescuefrom NAFLD phenotypein TLR4 knock out anima(g3)
suggest an endotoxin mediated genesis of NAFLD.addition, intestinal overgrowth with
endotoxin producing bacteria such E£oli, (49, 51)and amelioration of NAFLD after antibiotic
treatment in roden{45) also point tavards the leaky gut hypothesidowever, it has been shown
that the increased abundance of fi&tty acidsin the blood of NAFLD model organisms calso
activate TLR4 signalling and lead to inflanation and lipid accumulation in the liv@6, 52)High
dietarycholesterol levels doot only result in TLR4 mediated inflammatibat also inimpulsivity
and anxiety and depressiclike behaviour ofmice. Subgituting western style diet with regular
chow showed significant improvement in TLR4 signalling in the liver and the central nervous

system, as well as in behaural parameter&i4)

Pro-inflammatory conditions and dysfunctional neutrophils in liver cirrhosis

The activatio of the innate immune system tife liver also has major implications for the
systemic immune syster@irrhotic patients often suffer from bacterial infecti¢h8, 54)A wide
spectrum of dysregulated immune responses leen identified in these patierf&b, 56)
Overexpression of cytokine€TNFU, IFNo, MCP1, IL-6, IL-8, IL-10, IL-12, GCSF, MIPD ,
among othershave been repoed in liver cirrhotic patienté67-59) A mismatch in cytokine
expressionis likely to disturb leucocyte behavio(80, 61) Cirrhotic patientsexhibit impaired
neutrophil functionsuch agmpaired migratiot{(62) inadequate activatigf62-64) and phagocytic
dysfunction(62, 64) Neutrophil d/sfunction is linked to increased infection rates and poor
outcome(63, 65)Additionally, endotoxin can prompt cultured neutrophils to produce ROS and IL
8.(66) Furthermore neutrophil dysfunction is reversible in vitro by removing endotoxin from
pat i serum®3 Endotoxemia has also been linked to redugathgocytosis of the
reticuloendothelial systeli®.7) However, not all studieagree with this associatio68) In fact,
injections of endotoxin even enhance clearance of bacteraemi®o.(69) This suggests that
endotoxin is not a sole factor in neythil dysfunction. Reducetiver function also results in

insufficient expression of complement fact¢r®) Oxidized albuminfound in liver cirrhotic

5



patientsdoes not bind endotoxin as sufficiently as +ooxdized albumin(;71) and lipoproteins are
losing their anttinflammatory effects on monocytés2) Constant production of ROS by innate

immune cells contribute to low graddlammation and oxidative streés3, 74)

Monoamine synthesis in low grade inflammation

Low grade inflammation and oxidative stress have been implicated in the reduced production of
monoamines, such as serotonin a@pamine. Low grade inflammatory conditions in aging,
Alzhei mer 6s di sease, type 2 didacbeasedessrotonip pradgctioa h cy €
and mood disorder§75-80) Cirrhosis is a lowgrade inflammatory disease aisdassociated with
depressioff81) anxiety(82) and sleep disorder83) Quality of life and mood disorders are
negatively influenced by cirrhosis and fmesting conditionsuch as viral hepatitis C infections,
antiviral therapy and alcoholis(B84-86) Inflammatory conditions activate guanosinghosphate
cyclohydrolase (GTHH)-1 pathway that favours the production of neopterin dmanregulates

the production of tetrahydrobiopterin (BH4). Additionally, reactive oxygen species target BH4
whichis pivotal as cofactor for phenylalanihgdroxylase (PHA(B7) and tryptophashydroxylase
(TPH)(88) Therefore he conversion of phenylalanine to tyros{aad ultimately to dopamingas

well as the conversion dfyptophan to Eydroxytryptophan(and ultimately to serotonjnis
inhibited in lowgrade inflammation and oxidative stress conditions. In addition indioés2,3-
dioxygenase (IDO) degrades tryptophan to kynurenine, diverting tryptophan from the serotonin
pathway(75) Gut microbiota have been implicatedthe genesis of neuroinflammatory responses

in cirrhosis andTLR4 mediated inflammation in the brain has been linked to sickmssviour

and anxiety in NAFLD mic¢44, 89)However, h addition to oxidative stress and inflammation,

low quality of life in cirrhosis can alsbe triggered by gastrointestinal p#82) low economic
statug90, 91)and malnutrition(92)

Probiotic supplementationin cirrhosis

Probiotics are live naroorganisms thagxerthealth benefits for the host when applied in adequate
amountg93) The use of probioticss recommended irgastrointestinal diseases and for the
prevention ofallergies(94-96) Studies have shown that the administration of probiotics could also

be keneficial for liver cirrhotic patients because of their beneficial effect on liver function and

hepatic encephalopatli97-99) In addition, probiotic intervention improved neutrophil function in

alcoholic hepatitigpatient1000T he mechani sms by which probioti
are not fully understood yet. One possibility could be that the insertion of probiotic microorganism

into the intestinerestors the endgenous flora and therefore eveskés hepatoprotective
characteristic$40, 101)The main probiotic strains, Lactobacilli and Bifidobacteria, can proliferate

in the intestinal mucosa and compete for niches of pathio species likeE.coli or

Staphylococcud7, 98, 101)Especially Lactobacilli can inhibit the growth of anaerobic species



and prevent bacterial overgrowth by reducing the pH in the intestinal I(ir@&n.Another
possibilityof how probi otics aid the hostds health wol
barrier. The beneficial effects grobiotics on the intestinal barrier have been demonstrated in
vitro, in vivo, and in trained healthy megi103-106) Probiotics can also modulate the intestinal
immune systen(107) It is likely that more than one mechanism is employed in the beneficial
effects of probiotics. Accordingly, multispecies probiotics are more effective than monostrain
preparations in treating antibiotéssociated diarrhogandin promoting immunedefence4108)

The probiotic used ithe presented study is a multispecies preparatomainingBifidobacterum
bifidum, Bifidobacterium lactis, Lactobacillus acidophilus, Lactobacillus brevis, Lactobacillus
casei, Lactobacillus salivarius, Lactococcus lactis and Lactococcus Lixtielaively high
dosage. These species showed beneficial effects of varying degrees on strengthening epithelial
monolayers after an infectioas well asan inflammatory stressor, inhibiting mast cell activation,

stimulating IL10 expression and decreasing eoxiatload in vitro(103)

Hypothesis

We hypothesize that the administration of Ecologic BARRM®RNI-BIOTIC HETOX for six
months will restore the intesahmicroflora and gut permeability of cirrhotic patients and thereby
reduce endotoxemia and proinflammatory conditions so that innate immune responses can be
improved and infection rates reduced. A randomized, dehibiid, placebo controlled study was
corducted to test this hypothesis.

Methods

Liver cirrhotic patients of any aetiology who visited the outpatient clinic at the University Hospital
Graz (Department of Gastroenterology and Hepatology or the Department of Transplantation
Surgery) between July 2@ and September 2013 were screened for eligibility. They were included

in the study ifall the inclusion criteriand none of thexclusion criteria were metTéblel).

Table 1: Inclusion and exclusion criteria of eligibility for the study

Inclusion criteria Exclusion criteria

I Informed consent 9 Child-Pugh score overll

9 Clinical and radiological 9 Alcohol abstinence for more than two weeks
evidence of cirrhosis, and/c screening
biopsy proven cirrhosis of an 1 Clinical evidence of active infection
aetiology 1 Antibiotic treatment within seven daysf

1 Between 18 and 80 years old enrolment (except for prophylactic treatment

spontaneous bacterial peritonitis)




Inclusion criteria Exclusion criteria

9 Gastrointestinal bleeding within bmweeksof
enrolment

1 Use of immunomodulating agents, such

steroids, within one month of enrolment

Concomitant use of prepro- or synbiotics

Renal failure with creatinine above 1.7mg/dI

Hepatic encephalopathy stage Il or Il

Pancreatitis

Other organ féure

Hepatic or extrahepatic malignancies

Pregnancy

= -4 -4 -4 -2 -8 -8 _-»

Non-compliance to the study medication

If eligible, patients were randomized in one of fparallelgroups in a ratiof 1:1. The first group
received a multispecies piioltic containingBifidobacterium bifidum W23, Bifidobacterium lactis

W52, Lactobacillus acidophilus W37, Lactobacillus brevis W63, Lactobacillus casei W56,
Lactobacillus salivarius W24, Lactococcus lactis W19, and Lactococcus lactifov&i8 months.

The daily dose was 1.5x0CFU in 6 grams of powder. The second group received a similar
looking and tasting placebo. The medication was taken once daily by dissolving the powder in
approximately 250ml of tap water or milk and drinking it aftéerrminuteactivaion period. After

six manths of intervention patients were observed without intervention for additional six months.
Patients were randomized in permutated blocks and stratified for aetiology and permanent
antibiotic treatment using Randomi®ersoftware (Institute of Medical Infamatics, Medical
University of Graz). Patients, care giversyestigators and outcome assessors were blinded to the
allocation. Patients received boxes of consecutively numbered but otherwise blank sachets, one for
every day. An external trial pharmacigigt an allocation list and disclosed it after the last patient
had finished the study. Compliance to the study medication was documented by counting the
returned sachets and regular phone calls were done by the study nurse to encourage the patients to
keepon taking the study medication. Study visits were done at baseline, after three and six months
of intervention and six months after the end of treatr(@rgervation) Sample size calculation was
based on the increase in phagocytic capacity of neutrofgrimary endpoint). Basis for the
calculation was a pilot study in which probiotic administration restored neutrophil phagocytosis in
alcoholic hepatitis patienfd00) A 25% increase was anticipated and with joha of 0.05 and a

beta of 0.2 allowing a 20% dropout rate, 46 patients had to be included in each group (92 in total).

Secondary and additional endpoints are liste@lahle 2. Additional endpoints were added twet
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protocol mostly to explain interesting or unclear results obtained from tksppo#fied endpoints.
Technical detailsncluding the SOP for sample preparation and stoeagegiven in the Method
Glossary.

Table 2: Study endpoirts
Prespecified and additional endpoints of the study with actually used mode of assessment in parentheses

Primary endpoint Secondary endpoints Additional endpoints

Phagocytic capacity Clinically significant infections  Serum killing and growth

(flow cytometry) (chart review ad medical retardation capacity (functional
history) assay)

Endotoxin levels (cell based Macrophage activation (ELISA)
detection assay) Tryptophan metabolism (HPLC)
Neutrophil oxidative burst (flow Serum neopterin (ELISA)
cytometry) Phenylalanie metabolism
Neutrophil toll like receptor (HPLC)

expression (flow cytometry)* Oxidativestress (instead of
Albumin function (HPLC)® albumin function)

Inflammatory response (flow Ethylglucuronide (HPLC)
cytometry, routine biochemistry, Serum bile acid profile (HPLE)
Gut barrier function (NMR, Antimicrobial and acute phase
ELISA) proteins (ELISA, routine
Bacterial flora (NGsequencing) biochemistry)

Quality of life (questionnaire)

*not discussed in this thesis; °exchanged for different mawkarsimilar statement

The study protocol was approved by the institutional ethics committee in Gr@8628x 10/11)
and performed according to the Declaration of Helsinki. The trial was registered at
clinicaltrials.gov (NCT01607528).

Data was analyseaid visualized usingFsS23and GraphPadPrism8etweengroup differences

of categorical variables were assessed byschiuar e test/ Fi sher6s exact
unpaired and paired data respectively. Betwgrenup differences of continuous vabies were
assessed bytests or ANOVA (both for unpaired and paired data) for comparisons of two or more
groups respectively. For variables not matching the assumptions for those tegiaramatric
methods were used; MatWihitney/Wilcoxon signed rantests and Kruskalvallis/Friedman tests

for unpaired/paired data to compare two or more groups respectively. Post hoc test were done with
multiple comparisons arBonferronicorrection. Microbiome abundance data were corrected using
Benjamini and Hochbergrocedure (False Discovery Rate) allowing 58t false discoveriesAll

tests were performed on a 5% significance level.



Results

Recruitment and compliance

Starting in July 2012, 101 patients were screened for eligibility, 92 were randomized and 80 of
themfinished the study according to protocol. Detaillegiven inFigurel.

11 dropouts
6 withdrew consent, 1 died
2 received liver transplants
2 experienced side effects

} ::*.;::,i:::j F:::::::::j>/

FS patients in
\prnbintic group

1 dropout

withdrew consent

47 patients in
placebo group

92 patients
randomized

9 patients excluded
1 did not meet inclusion criteria
6 declined to participate
1 was included in another study
1 died before enrolment

101 patients
screened
.

for eligibility

Figure 1: Consort Flow Diagram
Flow chart depicting enrolment and allocation of study patients freely based NIS@RT 2010 Flow

Diagran{109)

Most of the dropout patients stopped the intervention betdtedraseline and the study visit after

3 months (n=5) or between the visits after 3 and 6 months (n=4). Dropout patients in this study
refused to take the praiiic/placebo and withdrew their consent to any further examinations.
Therefore, we do not have access to clinical data or samples after the patients dropped out of the
study. Missing values were substituted with last observation carried forparcedure dr the
intention to treat analysis (ITT)h rather conservative method anchronic progressive disease.
Although the baseline values of liver function, albumin and neutrophil count would be better
balanced with ITT, the imputation of values for the ITTuldomask the natural progression of the
disease since it is necessary almost exclusively in the placebo group (11 vSsee 1J.T gave

the same significant changes for firémary endpoint as well as tmeain findings(neopterin and
neutrophil oxidatie bursj within the groups as per protocol analysis (PPA), RRA 44 analysed
patients in the probiotic group and 36 in the placebo giospown in the following.
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Compliance to the study medicatiovas excellent in both group&f 180 scheduled dosds6

were taken on average in the probiotic group and 179 in the placebo group. Possible adverse effects
of the study medication were flatulence, gastric pain, diarrhoea and nausea. They were relatively
mild and usually subsided after two weeks of inteneeniThe percentage of people affected by

them was similar foboth groups (41% and 33%n probiotic and placebo grougspectively,

p=0.48). Two patients dropped out of the study because of suspected adverse events (epistaxis with
pre-existing arterial fipertension and nausea/flatulence). Both patients were allocated to the

placebo group; therefore, an association with the study medication could be dismissed.

Cohort characterization

General information

Patients were diagnosed with cirrhosis on averayers years before they were enrolled in the
study. Diagnosis was verified Biyer biopsy (28 out of 80 patients). For the remaining patients,
cirrhosis was verified by a combination of radiology, gastopy, and laboratory parameters.
Cirrhosis was causkeby alcohol in 44 patients (55%), by chronic hepatitis C virus infection in 13
patients (16.3%)and other causes in 23 patients (28.7%). Other causes were aphirypsin
deficiency (n=1), primary biliary cholangitis (n=3), hemochromatosis (n=3), vapatitis B (n=4),
Morbus Wilson (n=3), drugs (n=2), NASH (n=3), or unclear origins (n=4).

Liver function and relatedbiochemicalparameters

Liver function related parameters stayed relatively stable throughout the study, except for albumin
concentratia. Albumin levels stayed stable during the intervention time but dropped significantly
after six months of observation (p=0.00/)the probiotic grouphowever, actual changes were
small and clinical significance is doubtfulhere was no change in theaptbo groupDetailed
characteristics are given frable3.

Table 3: Description of study cohort and mrameters of liver function

Cohort characteristics anetailedliver function paramets before (baseline), during (3 months) and after (6
months) intervention and after 6 months of follow up (observatibt))

Parameter Timepoint Probiotics (n=44) Placebo (n=36) Controls (n=51)
Age (years) 60 (54; 64) 56 (50; 63) 53 (44; 60)
Sex (m/f) 32/12 26/10 22/29
Aetiology
24/8/12 20/5/11
(Alc/HCV/others)
baseline 28/16* 33/38
CPG (A/B+C) 3 months 31/13*§ 33/38
6 months 29/15*§ 33/38

11



Parameter

Timepoint

Probiotics (n=44)

Placebo (n=36)

Controls (n=51)

CPS

MELD

HE (no/mild)

Ascites (no/mild)

ALT (U/l)

AST (U/l)

GGT (U/l)

Crea (mg/dI)

Alb (g/dl)

observation
baseline
3 months
6 months
obsenation
baseline
3 months
6 months
observation
baseline
3 months
6 months
observation
baseline
3 months
6 months
observation
baseline
3 months
6 months
observation
baseline
3 months
6 months
observation
baseline
3 months
6 months
observation
baseline
3 months
6 months
observation
baseline

3 months

24/20*
6 (5; 7)*
5 (5; 7)*
6 (5; 7)*
7 (5; 7)*
12 (9; 15)*
11 (9;14)*
11 (9; 15)*
12 (9; 14)*
39/5
40/4
38/6
40/4
40/4
41/3
3717
38/6
36.5 (27.0; 1.28)
34.5 (27.5; 48.5)
38.5 (25.8; 52.3)
36.0 (26.0; 53.5)

49.0 (37.75; 69.5)

44.5 (36.0; 59.0)

53.5 (36.8; 70.0)*

49.5 (37.5; 68.3)

0.85 (0.73; 0.96)
0.83 (0.73; 0.94)
0.85 (0.74; 1.01)
0.85 (0.75; 0.98)
4.0 (3.3; 4.58
4.0 (3.4; 4.5)*

33/38
5 (5; 6)
5 (5; 6)
5 (5; 6)
5 (5; 6)
9 (8;13)
9(8; 11)
9(8; 12)
8 (7;11)

35/1

34/2

34/2

34/2

32/4

34/2

33/3

34/2

32.5 (20.75; 46.25)

30.0 (22.0; 43.3)
29.5 (22.0; 49.8)
30.0 (22.0; 42.5)
42.5 (32.5; 56.5)
40.5 (31.5; 58.0)
37.5 (30.8; 59.0)
45.0 (29.8; 63.3)

125.0 (64.5; 234.8) 107.5 (49.75; 175.3)
107.0 (49.8; 246.0)
114.5 (52.8; 205.8)
110.5 (58.0; 198.3)

111.0 (45.5; 179.3)
122.0 (473; 192.0)
109.5 (51.8; 244.0)

0.81 (0.72; 0.94)
0.78 (0.70; 0.98)
0.80 (0.70; 0.88)
0.83 (0.71; 0.92)
43 (4.1;4.7)
4.4 (4.0; 4.6)

21.0 (16.5; 27.5)

22.0 (19.0; 27.0)

20 (14.5; 31)

0.86 (0.77; 1.p

45 (4.4; 4.8)
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Parameter Timepoint Probiotics (n=44) Placebo (n=36) Controls (n=51)
6 months 4.0 (3.4; 4.5)* 4.3 (4.0; 4.4)
observation 3.9 (3.3; 4.4)* 4.3 (3.9; 4.5)
baseline 1.38 (0.782.41Y 1.11 (0.63; 1.42)
- 3 months 1.29 (0.74; 2.25) 0.97 (0.74; 1.38)
Bili (mg/dl) 0.50 (0.38; 0.61)
6 months 1.32 (0.77; 2.69) 0.95 (0.68; 1.48)
observation  1.46 (0.88; 2.41)* 1.00 (0.64; 1.59)
baseline 73.0 (55.0; 96.3) 91.0 (69.8; 112.0)
3 months 74.0 (62.8; 109.0) 80.0 (65.0; 113.3) 82.0
TG (mg/dl)
6 months 74.5 (62.5; 04.5) 74.5 (63.0; 105.8) (68.0; 112.5)
observation  73.0 (57.0; 110.0) 95.0 (59.8; 118.0)
baseline 1.27 (1.14; 1.43) 1.20 (1.12; 1.2)"
3 months 1.27 (1.18; 1.39)* 1.18 (1.09; 1.32)
INR 1.01 (0.98; 1.05)
6 months 1.28 (1.16; 1.48)* 1.18 (1.11; 1.25)

observation

1.30 (1.14; 1.45)*

1.14 (1.09; 1.25)

Alc, alcoholic cirrhosis; HCV, viral hepatitis C induced cirrhosis; CPG, GRildgh grade; MELD,
Model of End Stage Liver Disease; HE, hepatic encephalopathy; ALT, alanine angfetase;

AST, aspartate transaminase; GGT, gamma glutamyl transferase; Crea, creatinine; Alb, albumin;

Bili, total bilirubin; TG, triglycerides; INR, prothrombin timmternational normalized ratic’

significant differences between test groups; # sicguiit differences compared to healthy controls;

$ significant differences over time; § significant differences to expected distribution; significance

level was 5%;

Note that the disproportionate dropout rate skewed the balance between groups reganding live
function. Baseline liver function was significantly worse in the probiotic group compared to the
placebo group (ChildPugh score p=0.02 and MELD score p=0.05). Patients that were included in
the study with a ChildPugh grade B or C tended to drop outtled study in the placebo group
while comparable patients in the probiotic group remained in the study and were even more likely
to improve their score than deteriorate after six months of intervertigaré?2).

Probiotics Placebo

[ dropped out
Bl deteriorated
Bl unchanged
Bl improved
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Figure 2: Changes in ChildPugh grade during intervention. n

patients

with Chil dbo

Patients with ChilePugh grade B or C were more likely to improve than deteriorate in the probiotic group
(n=16). Comparable patientsthe placebo group tended to drop out of the study (n=7).

Nutritional status

Nutritional habitsof the patientsas assessed by a food frequency questionnaire (Clinical nutrition

services, Medical University Gramjere not influenced by the interventiand stayed unchanged
throughout the yearHeight (1749 cm), weight (8216 kg) and body mass index (26490
kg/cm?) were similar in both groups and did not change over tiwbjective global

assessme(itll) (SGA) attested a good nutritional status for 82% of the patients and marginal

malnutrition for the remaining 18% at baseline. SGA statusedtagnstant over the study period,;

no differences between the groups could be obsefvet@dl protein concentration was slightly

lower in the probiotic group than in the placebo grdl@seline 7.49:0.62 vs. 7.820.65 mg/dI,

respectively, p=0.024but sayed constant within the group for the duration of the study.

Blood count

Leucocyte countrelative share of leucocyte subpopulations, erythrocyte count and thrombocyte

count were similar in both groups and stayed constawer the course of the studplso

haemoglobin,

mean cell haemoglobin concentration, haematocrit,

mean cell volume and

thrombocyte volume shawd no difference between groups or over time. Due to cirrhosis

thrombocyte counts were below normiaétails are given ifable4.

Table 4: Blood count parameters
Blood count details for both test groups before (baseline), during (3 months) and after (6 months)
intervention and after 6 months of follow up (observation). Norm valwegigen as reference.

Blood count parameters

Timepoint Probiotics (n=44) Placebo (n=36)
(norm values)
baseline 4.3 (3.4, 5.5) 5.0(3.9;6.1)
Leucocyte count 3 months 4.8 (3.7; 5.6) 5.1 (4.0;6.5)
(4.411.3G/) 6 months 4.5 (3.4;5.7) 4.9 (3.8; 6.8)
observation 4.7 (3.6; 5.6) 5.2 (3.7; 6.7)
baseline 61 (53; 69) 60 (54; 65)
A % neutrophils 3 months 61 (51; 67) 63 (52; 66)
(50-75%) 6 months 62 (53; 69) 59 (53; 67)
observation 63 (54; 69) 60 (54; 64)
baseline 9 (7; 12) 9 (7; 11)
A % monocytes
3 months 10 (8; 12) 9 (7; 10)
(2-12%)
6 morths 9(7;12) 9(8; 11)
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Blood count parameters

Timepoint Probiotics (n=44) Placebo (n=36)
(norm values)
observation 10 (7; 11) 9(8; 11)
baseline 24 (20; 32) 28 (23; 33)
A % lymphocytes 3 months 28 (20; 35) 28 (21; 35)
(20-40%) 6 months 24 (19; 32) 27 (21; 33)
observation 25 (21; 32) 27(23; 32)
baseline 3(2;4) 3(2;4)
A % eosinophils 3 months 3(2;3) 3(2;4)
(-5%) 6 months 3(2;4) 3(2;4)
observation 3(2;3) 3(2;4)
baseline 1(0;1) 1(0;1)
A % basophils 3 months 1(0;1) 1(0;1)
(-1%) 6 months 1(0;1) 1(0;1)
observation 0(0; 1) 1(0;1)
baseline 4.36 (3.90; 4.69) 4.57 (4.11; 4.91)
Erythrocytes 3 months 4.40 (3.86; 4.74) 4.58 (4.14; 4.92)
(4.105.20T/) 6 months 4.31 (3.94; 4.65) 4.58 (4.19; 4.86)
observation 4.23 (3.88; 4.85) 4.49 (4.23; 4.85)
baseline 112 (76; 149) 116 (93; 167)
Thrombocytes 3 months 113 (72; 147) 116 (90; 157)
(140-440G/1) 6 months 124 (64; 144) 120 (96; 155)

Haemoglobin
(12.015.3¢/dl)

Mean cell haemoglobin

concentration
(33.036.0g/dl)

Haematocrit
(35-45%)

Mean cell volume

observation
baseline
3 months
6 months
observation
baseline
3 months
6 months
observation
baseline
3 months
6 months
observation

baseline

110 (62; 136)
13.5 (12.5; 14.7)
13.5(12.5; 15.3)
13.8 (12.2; 14.6)
13.6 (12.6; 14.7)
35.6 (34.5; 36.2)
35.6 (34.2; 36.2)
35.8 (31.7; 36.5)
35.5 (34.6; 36.0)
38 (36; 42)

39 (35; 42)

38 (35; 42)

39 (36; 41)

89 (84; 96)

115 (92; 168)
13.8 (12.8; 14.9)
14.2 (13.2; 14.8)
14.2 (13.2; 15.0)
14.3 (13.1; 14.9)
35.6 (34.5; 36.1)
35.5 (35.0; 36.2)
35.7 (35.0; 36.1)
35.5 (34.6; 36.0)
39 (37; 43)

40 (37; 42)

39 (37; 42)

40 (38; 43

87 (85; 92)
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Blood count parameters

Timepoint Probiotics (n=44) Placebo (n=36)
(norm values)
(80-98fl) 3 months 90 (85; 93) 88 (84; 92)
6 months 89 (85; 94) 85 (83; 92)
observation 89 (84; 93) 88 (84;93)
baseline 11 (10; 12) 11 (10; 12)
Thrombobcyte volume 3 months 11 (10; 12 11 (10; 12)
(7-13fl) 6 months 11 (10; 12) 11 (10; 12)
observation 11 (10; 12) 11 (10; 12)

Electrolytes

Calcium levels decreased significantly over the course of ondp=@0Q) in the probiotic group
Similar changse occurred in the placebo grobpt did not reach atistical significance (p=0.180).
Chloride phosphate potassium and sodiummoncentrations did not show differences between
groups or over timeElectrolyte concentrations are givenTiable5 for bothtest groups.

Table 5: Serum electrolyte levels

Serum electrolyte levels of both test groups before (baseline), during (3 months) and after (6 months)
intervention and after 6 months of follow up (observatibigrm values are gives as reference

Electrolytes

Timepoint Probiotics (n=44) Placebo (n=36)
(norm values)
baseline 2.35 (2.27; 2.43) 2.38 (2.32; 2.44)
Calcium 3 months 2.32 (2.24; 2.44) 2.36 (2.29; 2.44)
(2.20-2.65mmol/l) 6 months 2.30 (2.21; 2.35)* 2.36 (231; 2.41)
observation 2.26 (2.19; 2.35)* 2.34 (2.29; 2.39)
baseline 103 (101; 104) 102 (100; 104)
Chloride 3 months 103 (101; 105) 102 (100; 104)
(95-120mmol/l) 6 months 104 (101; 106) 104 (101; 104)
observation 102 (100; 106) 103 (101; 104)
baseline 0.98 (0.88; 1.08) 0.98 (0.91; 1.10)
Phosphate 3 morths 101 (0.83; 1.10) 1.03 (0.89; 1.11)
(0.84-1.45mmol/l) 6 months 1.02 (0.85; 1.07) 0.98 (0.88; 1.09)
observation 0.95 (0.87; 1.03) 0.95 (0.88; 1.07)
baseline 4.0 (3.8; 4.2) 4.1 (3.8; 4.2)
Potassium 3 months 4.1 (38; 4.3) 4.1 (3.9; 4.3)
(3.5-5.0mmol/1) 6 months 4.0 (3.8;4.2) 4.1(3.9;4.1)
observation 4.0 (3.8;4.1) 4.0 (3.8; 4.3)
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Electrolytes

Timepoint Probiotics (n=44) Placebo (n=36)

(norm values)
baseline 140 (138; 141) 139 (137; 140)
Sodium 3 months 140 (137; 141) 140 (138; 141)
(135-245mmaolll) 6 months 139 (138; 141) 140 @38; 141)
observation 138 (136; 141) 140 (137; 141)

* significant differences between test groups; $ significant changes over time;

Effects of probiotics on immune function and infections

Phagocytosis

Neutrophilphagocytic capacity was comparable to controls at baseline butetkeslgnificantly in

both groups during the stud{p<0.001) Calcium is an important ion for phagocytosis and
interestingly a contemporaneous decrease of calcium levels could be observed. However regression
analysis revealed very little influence thfe calcium drop on neutrophil phagocytosis (baseline:
R2=0.015, p=0.345; 3 months: R2=0.364,0M6Q 6 months: R2=0.135, ®056 observation:
R2=0.068 p=0.199). Phagocytinactivity of neutrophils stayed constant throughout the study.

Monocyte phagocytic cagity was slightly increased in the placebo group compared to healthy
controls. In the probiotic group median capacity was also higher than in healthy controls, but the
increase fell short of statistical significance. Probiotic intervention further ireztgdmgocytic
capacity of monocytes after 3 months (also not significant) and returned to baseline values
afterwards There was no change in the placebo gradpnocyte phagocytic inactivity decreased
significantly over time in both group$his could be anechanism to balance thanultaneous loss

of phagocyticcapacityof neutrophils For illustration sed-igure 3. Technical details are given in

t h Methdd glossay u mMiRhagocytosids a n &. Miethodsfin liver disease reseasxchund e r

fiPhagoindes .
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Figure 3: Effects of probiotic intervention on phagocyte function.

A Neutrophil phagocytic capacity calculated with Phagoindex; B Neutrophil phagocytic inactivity; C
Monocyte phagocytic capacity calculated with Phagoindex; D Monocyte phagocytic inactivity;* indicates
significant differences between groups indicated by horizontal bars; * in circle indicate a significant
difference compared to healthy contr{l4;0)

Oxidative burst of neutrophils

Oxidative burst function of neutrophils ireaction toE. coliin both groupsvas comparable to
healthy controls and remained intact throughout the study. In the placebo group significantly more
primed neutrophils were found compared to healthy controls (p=0.002). Priming of both groups
was unchaged over timeResting burst did not show significant differences between groups at
baseline.Probiotics increased neutrophil resting burst significantly after three and six months of
intervention 2.6 to 3.0%, p=0.018; and 2.6 to 3.2%, p=0.008, resmdglivAfter the end of
treatment resting burst decreased again. No significant changes in resting burst were found in the

placebo group.
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The antimicrobial molecule, neopterin, is a marker for macrophage activation and has been shown
to induce ROS produdn in neutrophil§112) Serum levels of neopterin werggnificantly
increased at baseline in the probiotic group (p=0.@Dbioticsfurtherincreased neopterin levels

in serum after six months of intervention (7.8 to 8.4nmol/D.p35. This increase subsided after

the end of treatmentDetails are given irFigure4. Tec hni c al det aMethad ar e

glossary u n@kigative bursd a Radamediers measured by collaboraiors
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Figure 4: Effects of probiotic intervention on oxidative burst function of neutrophils.

A Neutrophil resting burst; B serum neopterin levelsD @xidative burst profiles for probiotic (Gnd
placebo (D) group; * significant differences between groups indicated by horizontal bars; * in circle indicates
a significant difference compared to healthy controls; in C/D: * significant differences compared to controls;
# significant differences tespective baseline valugkl 0)

Both resting burst and neopterin were increased during intervention and decreased after the end of
treatment. The transient nature thle additionalmacrophage activation due toopiotics was
confirmed by the stable expression dbng term macrophage activation markeCD163.
According to this marker atrophages are activated in patients compared to healthy controls, but
there were no alterations between test groups or over Tiheeincrease in resting burst did not

impact on oxidative stress, assessed by advanced oxidation protein products (AOPP). AOPP levels
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were significantly higher in the probiotic group compared to healthy controls at baseline (p=0.009)
and decreased gradualbut not significantly during the intervention. After the intervention had
ended AOPP concentration returned to baseline values. In the placebo group AOPP concentration
increased significantly in the last six mon{ps0.044) The amount of ROS produceg hctivated
neutrophils increased continuouslythre probiotic as well as in thelacebo group (p=0.014nd

p<0.001 respectively)However, only the values in the probiotic grouptla observationtime
pointwere significantly higher than in healthy cais. In primed neutrophils ROS production also
increased significantly in the placebo group from baseline to observation (p=0rzt@pses in

the probiotic group did nateach statistical significance; howeyat the end of the observation
period, bolh groups had significantly higher ROS production in primed neutrophils than healthy
controls (p=0.018 and p=0.036 for probiotic and placebo group respectively).imlesponse to

E. coli neutrophils of both test groups produecadre ROS than healthy cials; most pronounced

at the observation time point (p<0.001 and p=0.fad®Jprobiotic and placebo groupspectively).

Details are given inTable 6. Tec hni c al det ai | Method mlessay i wenrd e i n
fiParameters measured by collaborators

Table 6: Macrophage activation and ROS productionduring intervention

Macrophage activation and ROS productfon both test groups before (baseline), during (3 months) and
after (6 months) intervention and after 6 months of follow up (observation) as well as healthy controls.

. . L Controls
Parameters Timepoint Probiotics (n=44) Placebo (n=36) (n=51)
n=
baséine 5.53 (3.38; 8.80) 4.23 (2.64; 5.89)
sCD163 3 months 4.96 @.35; 8.80) 4.32 (2.81; 5.80) 1.35
(mg/l) 6 months 5.36 (3.59; 8.48) 4.76 (2.70; 6.12) (1.12; 1.69)
observation 4.98 (3.40; 7.18) 4.29 (2.79; 5.45)
Advanced basdine 42.6 (36.2; 46.7) 36.9 (33.0; 46.2)
oxidation protein 3 months 40.8 (36.6; 45.9) 39.5 (33.1; 45.3) 35.6
products 6 months 39.2 (36.0; 47.4) 36.6 (30.9; 44.6) (30.2; 43.6)
(umol/l) observation 41.9 (37.1; 48.1) 40.6 (37.2; 48.4)
_ baselire 4.0 (33; 5.3y 3.6 (3.3; 4.3)
ROS production
; 3 months 45 (3.6; 6.8) 44(3.5;5.2) 4.1
through resting
6 months 46 (3.8;6.7) 4.0 (3.4, 4.8) (3.6; 4.8)
burst (GMFI) _
observation 4.9 (4.3; 6.4 4.7 (41, 5.8)
ROS production  baseline 4.8 (42;6.1) 46(3.9;5.1f
by primed 3 months 5.4 (4.2; 68) 52(4.5;6.0 4.8
neutrophils 6 months 4.9 (4.4, 38) 51(4.1;,5.7) (4.1,5.9
(GMFI) observation 5.3 (4.7; 65)" 5.6(4.7; 6.9"
ROS production baseline 73.3 (45.9; 92.6) 58.9 (44.5; 80.8) 575
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Controls

Parameters Timepoint Probiotics (n=44) Placebo (n=36) (n=51)
n=
in response to 3 months 84.5 (582; 117.5) 72.8 (53.6; 90.6) (41.7; 69.7)
E. coli (GMFI) 6 months 81.1 (46.7; 101.0) 63.1 (47.0; 102.4)
observation 87.2 (63.5; 111.3) 72.4 (59.9; 114.9)

GMFI stands for geometric mean of fluorescence intensity; # significant differences compared to &ntrols;

significant change over time;

Antimicrobial molecules

To rule out active infection as the reason for the increase in resting burst and neopteriatterels,

antimicrobial moleculesand acute phase proteins were examined. There were no changes in

ferritin, fibrinogen, serum calprotectin, and serum zonulirre&tive protein did not show

alterations over time in the probiotic group. In the placebo group an increase between the three

months and the observation time point could be detected (p=0.0¥8) the averge Greactive

protein concentration of 3.6mg/it was still well below the upper normal threshold of 5mg/I.

Nitrite, a stable metabolite of nitric oxide, was significantly lower in both test groups compared to

healthy controls. Nitrite levels stayed cardtin the probiotic group and increased significantly

from the six months to the observation time point in the placebo group (p=C@&@ajs are given

inTable7.Techni cal
collaboratoré , Calfrotecti

d et aiMethod glossary g u v lammaters measueed By

a dodulind .

Table 7: Antimicrobial molecules and acute phase proteins during intervention

Antimicrobial moleules and acute phase proteins for both test groups before (baseline), during (3 months)

and after (6 months) intervention and after 6 montisfollow up (observation) as well as healthy

controls(110)
Parameters Timepoint  Probiotics (n=44) Placebo (n=36) Controls (n=51)
baseline 2.0 (0.9; 4.7) 2.6 (1.2; 3.4)
C-reactive 3 months 1.9 (1.0;5.2) 1.8(0.7; 3.4)
_ 1.4 (0.8; 2.0)
protein (mg/l) 6 months 2.5 (0.8; 5.2) 2.2(0.9;4.1)
observation 3.2 (0.9; 4.8) 2.6 (1.1; 4.0)
baseline 160.0 (59.3; 357.8) 97.5 (55.3; 221.3)
Ferritin 3 months  153.0 (50.3; 247.8) 92.0 (43.8; 166.0) 117.5
(mg/dl) 6 months  152.5 (52.5; 104.5) 90.5 (47.3; 154.5)  (60.3; 218.5)
observation 154.0(54.3; 246.0) 96.0 (40.5; 179.0)
- baseline  266.5 (216.3; 313.5) 277.0 (241.3; 38.5)
Fibrinogen .302.0
3 months  278.0 (212.5; 325.3) 283.5 (249.5; 325.0
(mg/l) ' (254.0; 328.0)
6 months  261.0 (214.3; 316.3) 292.0 (260.3; 318.5
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Parameters Timepoint  Probiotics (n=44) Placebo (n=36) Controls (n=51)

observation 262.5 (203.5; 321.0) 283.0 (240.3; 329.3

baseline 9.5 (5.2; 15.2 10.6 (6.0; 18.4§*
Nitrite 3months 8.0 (6.2; 13.6) 9.1(7.9; 14.3)
19.4 (9.5; 32.4)
(umol/) 6 months 9.1 (6.0; 14.7) 7.9 (5.7; 13.7)
observation 10.9 (6.7; 21.3) 14.0 (9.3; 19.8)

baseline  432.2 (326.6; 896.6) 627.9 (325.2; 798.5
3months  445.7 (240.1; 779.4) 456.2 (301.1; 847.5 536.6  (334.0;
6 months  460.9 (326.5; 824.7) 476.8 (297.3953.4) 779.0)

Serum

calprotectin

(ng/ml) : :
observation 356.6 (214.0; 808.2) 482.6 (323.1; 626.2
baseline 39.8 (23.1; 53.7) 46.2 (26.6; 63.5)
Serum  zonulin 3 months  39.8 (23.3; 55.1) 44.8 (27.3; 63.0)
56.0 (48.0; 66.0)
(ng/ml) 6 months  34.1 (22.0; 51.9) 44.7 (31.9; 61.0)
observation 37.8 (22.9; 58.2) 44.3 (28.5; 63.6)

# significant differences compared to controls; $ significant change over time;

Killing capacity

Increases in resting burst and neopterin did not have significant effects on functional tests regarding
bacterial growth retardation or sen killing capacity. However, in theubgroup of alcoholic
cirrhotics the impairment of serum killingapacity was markedlyeducedafter six months of
probiotic interventionless bacteria susvived the serum challengbgre were no changes in the
placel group. Unfortunately, this observation did not reach statistical signific&iger€5). For

t echni cal Methedtglassdys usn&meimiKiling capacity .
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Figure 5. Changes in serum Killing capacity of alcoholic cirrhotics (n=44) after six months of

intervention (110)

22



A trend to a reduced number of ohiinfections in the probiotic group occurred in both phases of
the study compared to the placebo groupJ 428 during intervention and 6 vs 11 during follow
up, respectively)During the intervention with the probiotic no severe infection (hospitalizatio
necessary) was docemted while m the placebo group one patient suffered acute pancreatitis. In
the follow up phasefive severe infections werabserved in the probiotic group (pansinusitis,
urinary tract infections (2), bronchitiskin infectior) and four infections in the placebo group
(gastroenteritis, pneumonia, erysipelapontaneous bacterial peritonjtisThe rise of severe

infections occurred simultaneoustyth the decrease of phagocytic capacity of neutrophils.

Effects of probiotics on gut germeability

In order to quantify gut barrier functipa panel of different markers reflecting gut permeability
(lactulosemannitol ratio, sucrose recovery), epithelial damage (diamine oxidase, stool zonulin),
intestinal inflammation (stool calprotectinhd bacterial translocation (endotoxin, soluble CD14,

lipopolysaccharide binding protein) was establisfidek panel is illustrateth Figure®6.

Figure 6: lllustration of the gut permeability panel

Gut permeability panel reflects gastroduodenal (dark blue) and small intestinal (light blue) barrier
dysfunction. Sucrose in the urine results from translocation of intact molecules through the gastric or
duodenal epithelium. Mannitol is consistly taken up in the small intestine and reflects the individual
uptake rate of the patient. Lactulose can only pass a dysfunctional epithelial of the small intestine. Remaining
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