
Dissertation 

 

PROBIOTIC MODULATION OF GUT 

MICROFLORA IN CIRRHOSIS: INFLUENCE ON 

IMMUNE FUNCTION AND INFECTION  

 

submitted by 

Mag. rer. nat. 

Angela HORVATH  

for the Academic Degree of 

Doctor of Philosophy 

(PhD) 

at the 

Medical University of Graz 

Department of Gastroenterology and Hepatology 

under the Supervision of 

Prof. Dr. Vanessa STADLBAUER-KÖLLNER  

2016 

 



Declaration  

I hereby declare that this thesis is my own original work and that I have fully acknowledged by 

name all of those individuals and organisations that have contributed to the research for this thesis. 

Due acknowledgement has been made in the text to all other material used. Throughout this thesis 

and in all related publications I followed the guidelines of ñGood Scientific Practiceò 

 

Eidesstattliche Erklärung  

Ich erkläre ehrenwörtlich, dass ich die vorliegende Arbeit selbständig angefertigt und abgefasst, 

und jene Personen und Institutionen, die am Zustandekommen der Forschungsdaten beteiligt 

waren, namentlich genannt habe. Andere als die angegebenen Quellen habe ich nicht verwendet 

und die den benutzten Quellen wörtlich oder inhaltlich entnommenen Stellen habe ich als solche 

kenntlich gemacht. Die Arbeit an der Dissertation und daraus entstandener Publikationen wurde 

gemªÇ den Regeln der ĂGood Scientific Practiceñ durchgef¿hrt.  

Graz, am 27.9.2016 

 



Acknowledgements 

My wholehearted gratitude goes first and foremost to Vanessa Stadlbauer-Köllner. Her guidance 

and leadership are beyond compare and it is a pleasure to be part of her team. She took a chance by 

hiring me and it is my sincere hope that I have never made her regret this decision. 

I also want to express my gratitude to Bettina Leber who has taught me how to use a pipette four 

years ago and has been a friend and mentor ever since. 

A special thank you goes to Bianca Schmerböck for her friendship, assistance and persistence in 

the lab, Florian Rainer for his ability to pair his relentless criticism with humour which made me 

work harder and laugh at the same time, and Monika Tawdrous and Gabi Zettel for their friendship 

and support. 

I also want to thank Bernd Schnabl who mentored me at the Univerity of California San Diego and 

the members of his lab Phillipp Hartmann, Cristina IIorente, Lirui Wang, Kate Hochrath, An-Ming 

Yang, Sena Blümel, Tatsuo Inamine and Peng Chen. I gained so much personal growth and 

motivation from this lab visit which I owe in no small part to all of them.  

I want to thank our collaborators, in particular Mina Bashir for his expertise in microbiome analysis 

and his patience in our collaboration, Wolfgang Sattler and Christoph Nusshold for their help with 

the serum proteomics analysis, Wolfgang Fuchs for the monoamine assessment, Tobias Madl for 

the analysis of the sugar absorption tests, as well as Henning Gronbaek, Karl Öttl and Barbara 

Obermayer-Pietsch. 

I want to thank all my colleagues at the DK-MOLIN for their companionship, the members of my 

thesis committee, Gunther Marsche and Greor Gorkiewicz, as well as the faculty members of the 

DK MOLIN.  

Many thanks go to Institute Allergosan (Graz, Austria) and Winclove (Amsterdam, The 

Netherlands) for providing the study medication and discussions. 



I want to thank Peter Fickert and Philipp Stiegler for their support and input, as well as all the 

doctors and nurses of the Department of Hepatology and the Department of Transplantation 

Surgery who were involved in the clinical part of the study. 

As a PhD student I received funding from the Austrian Science Fund FWF (W1241) and the 

Medical University Graz through the PhD Program Molecular Fundamentals of Inflammation (DK-

MOLIN), the Austrian Science Fund FWF (P24362) and the Federation of Austrian Industry 

(Carinthia) through a Scholarship of Excellency 2014. 

All my love and affection goes out to my family and my closest friends. Words cannot describe 

how important you are to me! 

 



Preface 

Like a tropical rainforest the microflora of the intestine comprises thousands of known and 

unknown species that thrive on biodiversity and symbiosis. As self-regulative organs they both 

facilitate li fe within and beyond their borders. However, they are sensitive to external confounders, 

whether it is deforestation in the rainforest or poor lifestyle decisions (e.g.) for the microflora. Once 

biodiversity is destroyed, an irreplaceable treasure has been lost. In cirrhosis some of the 

consequences of an altered microflora can be subdued by antibiotics. However, the use of 

antibiotics has severe consequences itself; for example the rise of resistant pathogens. This study 

represents an approach to restore the microflora of cirrhotic patients by probiotic modulation. 

For more convenient reading the thesis is split into three parts. The first part of the thesis describes 

the influence of probiotics on the microbiome, bacterial translocation and the innate immune 

system. The second part discusses interesting by-products of the study and preliminary data for 

future in-depth analysis. The third part deals with methodological problems and their solutions. 
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Abstract 

Cirrhosis is associated with dysbiosis and bacterial translocation. Pro-inflammatory 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 barrier and 

inflammation. Therefore we hypothesized that the administration of a multispecies probiotic would 

restore the gut barrier of cirrhotic patients and thereby ameliorate bacterial translocation and innate 

immune dysfunction. To test this hypothesis a randomized, double-blind, placebo controlled study 

was conducted. Patients either received Ecologic® BARRIER (Winclove, Amsterdam, The 

Netherlands) for six months (n=44) or a placebo (n=36). After six months of intervention patients 

were observed for another six months. During the intervention the abundance of Lactobacillus was 

significantly increased and the invasion of Veillonella from the oral cavity into the intestine tended 

to decrease. We found that the administration of the probiotic increased neutrophil resting 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 in quality of life and therefore in a better 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, neutrophil phagocytosis, or cytokine 

levels. 

In conclusion, probiotic administration was well tolerated and increased innate immune responses. 

It improved the general well-being of the patients and had a beneficial effect on liver function, 

although their influence on gut permeability, endotoxemia and cytokine expression was not 

detectable. 

 

Zusammenfassung 

Zirrhose wird begleitet von typischen Änderungen im Mikrobiom. Eine schwache Darmbarriere 

und die damit einhergehende Inflammation und Endotoxinämie verursachen eine erworbene 

Immunschwäche, die häufig zu schweren Infektionen führt. Probiotika haben einen positiven 

Effekt auf die Darmbarriere und inflammatorische Prozesse. Deshalb wurde die Verabreichung 

eines Multispezies-Probiotikums auf ihre Wirkung auf die Darmbarriere, bakterielle Translokation 

und angeborene Immunreaktionen bei Zirrhose getestet. In einer randomisierten, doppelblinden, 

Plazebo-kontrollierten Studie wurden Zirrhotikern entweder Ecologic® BARRIER (Winclove, 

Amsterdam, Niederlande) sechs Monate lang verabreicht (n=44) oder ein Plazebo (n=36). Nach der 

Intervention wurden die Patienten noch weitere sechs Monate klinisch beobachtet. Die Intervention 

mit Probiotika erhöhte die Prävalenz von Laktobazillen und drängte eine vermutlich aus der 



2 

 

Mundhöhle einwandernde Veillonella-Spezies zurück. Probiotika verstärkten auch die Produktion 

von reaktiven Sauerstoffspezies in Neutrophilen und die Konzentration von Neopterin im Serum. 

Weiters verbesserte die Einnahme von Probiotika die Lebensqualität der Patienten und die 

Produktion von Tyrosin, was sich in wesentlich niedrigeren Dropout-Raten niederschlug. 

Probiotika zeigten auch einen positiven Effekt auf die Leberfunktion. Plazebos hatten keinen 

Einfluss auf diese Parameter. Darmpermeabilität, Endotoxinämie, Phagozytose von Neutrophilen 

und Zytokinkonzentrationen blieben von der Intervention weitgehen unberührt. 

Zusammenfassend verstärkten die Probiotika die angeborenen Immunreaktionen, verbesserten die 

Lebensqualität und zeigten positive Effekte auf die Leberfunktion, obwohl sie keinen Einfluss auf 

die Darmbarriere, Endotoxinämie oder Zytokine zeigten. 
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A. Probiotics in cirrhotics 

Introduction  

Gut microbiome and liver disease 

The symbiotic relationship between humans and microorganisms located on and in the human body 

exerts many beneficial functions for the host. This includes for example access and storage of 

nutrients extracted by microflora,(1) activation and education of the immune system,(2) or growth 

inhibition of pathogenic microorganisms.(3) Each person is colonized with an early microbiome at 

birth, which is developed and shaped throughout the personôs life.(4) The beneficial relationship 

depends on a delicate balance of various species. Dysbiosis of the gut microbiome can cause 

diseases including various liver injuries - or vice versa.(5) Disease specific alterations of the 

intestinal microbiome can persist even when the primary cause (e.g. viral hepatitis infection) has 

been eradicated.(6) 

Liver cirrhosis is the common end stage of different liver diseases. Culture free sequencing 

approaches to characterize the gut microbiome revealed systematic alterations caused by (or 

causing) cirrhosis. Reduced richness of species, paired with small intestinal bacterial overgrowth, 

increased abundance of Firmicutes, Proteobacteria and Fusobacteria but decreased abundance of 

Bacteriodetes with an invasion of the intestine by bacteria from the oral cavity (e.g. Veillonella, 

Strepcococcus) have been described in cirrhotic patients.(7) The ratio between autochthonous and 

pathogenic taxa (Cirrhosis Dysbiosis Ratio) is associated with endotoxemia and infections.(8) 

Gut permeability in liver cirrhosis  

Between the gut microbiome and the host lies a multi-layer barrier that prohibits the translocation 

of bacteria into the circulation and therefore the certain death of the host.(9) The expression and 

regulation of tight junction proteins in the gut barrier protects the body against permeating 

pathogens by forming sealing cell-cell-connections. At the same time it allows the paracellular 

transport of small uncharged solutes and ions (pore pathway) as well as small amounts of lager 

molecules including lipopolysaccharides, also referred to as endotoxin (leak pathway).(10) Tight 

junction opening or sealing can be regulated by myosin light chain kinase (MLCK) and is 

associated with the increased permeation of the intestinal barrier.(11, 12) A low level of endotoxin 

leakage into the portal vein has been observed in healthy as well as diseased people and can be 

balanced by the phagocytic activity of the reticuloendothelial system (RES).(13) An excessive 

amount of these bacterial product translocating through a damaged intestinal barrier on the other 

hand can lead to inflammation.(14, 15) The disruption of tight junction function alone is not 
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enough to provoke disease; however, it can predispose the individual for the onset and progression 

of disease in the presence of another stimulus.(16, 17) 

In the case of liver disease these stimuli can be manifold. Alcohol is one of the most discussed 

triggers of intestinal hyper-permeability and bacterial translocation.(18-21) Also, patients with 

chronic viral hepatitis B and C infections show increased levels of endotoxin, inflammation and 

enterocyte death.(22) Alterations in gut barrier function increase with the severity of liver 

disease.(22, 23) In fact, systemic endotoxemia is a well-recognized condition in cirrhosis,(13, 24) 

and increased intestinal permeability and bacterial translocation in cirrhosis have been verified in 

several studies.(23, 25-28) 

The role of endotoxin in alcoholic liver cirrhosis 

Endotoxin has been identified as a major factor in the pathogenesis and progression of alcoholic 

liver disease.(21) Endotoxin is a pressure and heat-stable, pyrogenic component of the cell wall of 

Gram negative bacteria. It passes through the intestinal barrier and triggers a signalling cascade 

controlled by Toll like receptor (TLR) 4. TLR4 cannot directly bind endotoxin but it is crucial for 

the bodyôs response.(29) Endotoxin is bound by lipopolysaccharide binding protein (LBP) and 

transferred to its principal cellular receptor, cluster of differentiation (CD) 14.(30, 31) CD14 then 

clusters with MD 2 and TLR4, which sets intracellular signalling in motion. Myeloid 

differentiation primary response gene (MyD) 88 dependent and MyD88 independent pathways 

have been described, evoking mostly nuclear factor (NF)-əB or interferon regulatory factor (IRF) 3 

mediated transcription of pro-inflammatory cytokines, such as tumor necrosis factor (TNF) Ŭ, 

interleukin (IL)-1, IL-6 and type 1 interferons (IFN Ŭ/ɓ), as well as chemokines like IL-8 or 

monocyte chemotactic protein (MCP)-1.(32, 33) 

The crucial role of endotoxin and TLR4 signalling in alcoholic liver disease has been demonstrated 

using TLR4 deficient and 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 

knockout of TLR4 in mice ameliorated the effect of chronic alcohol exposure on liver pathology 

scores, ALT and TNFŬ despite elevated endotoxin levels.(34, 35) Gut-derived endotoxin reaches 

the liver via the portal vein and activates Kupffer cells.(36) In addition, the upregulation of 

cytochrome P4502E1, an enzyme involved in alcohol metabolism, can sensitize macrophages to 

endotoxin, enhance reactive oxygen species (ROS) production, and stabilize TNFŬ mRNA.(37) 

Treatment with antibiotics decreases portal endotoxin levels but has no effect on gut 

permeability.(38) This suggests that bacterial overgrowth with Gram negative organisms plays a 

key role in alcoholic liver injury. On the other hand, a complete sterilization of the intestine, as it is 

the case in germ-free mice, aggravates liver damage secondary to alcohol,(39) as well as in other 

types of experimental liver injury.(40) This supports the hypothesis that a eubiotic microflora 
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protects the host from liver toxicity and that the restoration of the microbiome might be a 

physiological therapeutic approach in liver cirrhosis. 

Other TLRs are also involved in alcoholic liver disease. TLR2 and TLR9 have been shown to be 

pivotal for the induction of hepatic inflammation and neutrophil infiltration.(41) On the other hand, 

stimulation of TLR3 has been shown to be hepatoprotective in alcoholic liver injury.(42) 

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

The upregulation of hepatic TLR4 in NAFLD has been demonstrated in genetic (43) and diet 

induced rodent models,(44-46) and confirmed in human liver biopsy studies.(47-50) The 

upregulation of the endotoxin binding machinery of the body (CD14, LBP, MD2),(49) increased 

gut permeability,(45, 51) and the rescue from NAFLD phenotype in TLR4 knock out animals(43) 

suggest an endotoxin mediated genesis of NAFLD. In addition, intestinal overgrowth with 

endotoxin producing bacteria such as E.coli,(49, 51) and amelioration of NAFLD after antibiotic 

treatment in rodents(45) also point towards the leaky gut hypothesis. However, it has been shown 

that the increased abundance of free fatty acids in the blood of NAFLD model organisms can also 

activate TLR4 signalling and lead to inflammation and lipid accumulation in the liver.(46, 52) High 

dietary cholesterol levels do not only result in TLR4 mediated inflammation but also in impulsivity 

and anxiety- and depression-like behaviour of mice. Substituting western style diet with regular 

chow showed significant improvement in TLR4 signalling in the liver and the central nervous 

system, as well as in behavioural parameters.(44) 

Pro-inflammatory conditions and dysfunctional neutrophils in liver ci r rhosis 

The activation of the innate immune system of the liver also has major implications for the 

systemic immune system. Cirrhotic patients often suffer from bacterial infections.(53, 54) A wide 

spectrum of dysregulated immune responses has been identified in these patients.(55, 56) 

Overexpression of cytokines (TNFŬ, IFNɔ, MCP1, IL-6, IL-8, IL-10, IL-12, G-CSF, MIP1ɓ, 

among others) have been reported in liver cirrhotic patients.(57-59) A mismatch in cytokine 

expression is likely to disturb leucocyte behaviour.(60, 61) Cirrhotic patients exhibit impaired 

neutrophil function such as impaired migration,(62) inadequate activation,(62-64) and phagocytic 

dysfunction.(62, 64) Neutrophil dysfunction 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 

patientsô serum.(63) Endotoxemia has also been linked to reduced phagocytosis of the 

reticuloendothelial system.(67) However, not all studies agree with this association.(68) In fact, 

injections of endotoxin even enhance clearance of bacteraemia in vivo.(69) This suggests that 

endotoxin is not a sole factor in neutrophil dysfunction. Reduced liver function also results in 

insufficient expression of complement factors.(70) Oxidized albumin found in liver cirrhotic 
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patients does not bind endotoxin as sufficiently as non-oxidized albumin,(71) and lipoproteins are 

losing their anti-inflammatory effects on monocytes.(72) Constant production of ROS by innate 

immune cells contribute to low grade inflammation and oxidative stress.(73, 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 and dopamine. Low grade inflammatory conditions in aging, 

Alzheimerôs disease, type 2 diabetes, pregnancy etc. are linked to decreased serotonin production 

and mood disorders.(75-80) Cirrhosis is a low-grade inflammatory disease and is associated with 

depression,(81) anxiety,(82) and sleep disorders.(83) Quality of life and mood disorders are 

negatively influenced by cirrhosis and pre-existing conditions such as viral hepatitis C infections, 

antiviral therapy and alcoholism.(84-86) Inflammatory conditions activate guanosine-triphosphate-

cyclohydrolase (GTP-CH)-1 pathway that favours the production of neopterin and downregulates 

the production of tetrahydrobiopterin (BH4). Additionally, reactive oxygen species target BH4 

which is pivotal as cofactor for phenylalanine-hydroxylase (PHA)(87) and tryptophan-hydroxylase 

(TPH).(88) Therefore the conversion of phenylalanine to tyrosine (and ultimately to dopamine), as 

well as the conversion of tryptophan to 5-hydroxytryptophan (and ultimately to serotonin) is 

inhibited in low-grade inflammation and oxidative stress conditions. In addition indolamine-2,3-

dioxygenase (IDO) degrades tryptophan to kynurenine, diverting tryptophan from the serotonin 

pathway.(75) Gut microbiota have been implicated in the genesis of neuroinflammatory responses 

in cirrhosis and TLR4 mediated inflammation in the brain has been linked to sickness-behaviour 

and anxiety in NAFLD mice.(44, 89) However, in addition to oxidative stress and inflammation, 

low quality of life in cirrhosis can also be triggered by gastrointestinal pain,(82) low economic 

status(90, 91) and malnutrition.(92) 

Probiotic supplementation in cirrhosis 

Probiotics are live microorganisms that exert health benefits for the host when applied in adequate 

amounts.(93) The use of probiotics is recommended in gastrointestinal diseases and for the 

prevention of allergies.(94-96) Studies have shown that the administration of probiotics could also 

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

hepatic encephalopathy.(97-99) In addition, probiotic intervention improved neutrophil function in 

alcoholic hepatitis patients.(100) The mechanisms by which probiotics improve the hostôs health 

are not fully understood yet. One possibility could be that the insertion of probiotic microorganism 

into the intestine restores the endogenous flora and therefore evokes its hepatoprotective 

characteristics.(40, 101) The main probiotic strains, Lactobacilli and Bifidobacteria, can proliferate 

in the intestinal mucosa and compete for niches of pathogenic species like E.coli or 

Staphylococcus.(97, 98, 101) Especially Lactobacilli can inhibit the growth of anaerobic species 
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and prevent bacterial overgrowth by reducing the pH in the intestinal lumen.(102) Another 

possibility of how probiotics aid the hostôs health would be the strengthening of the intestinal 

barrier. The beneficial effects of probiotics on the intestinal barrier have been demonstrated in 

vitro, in vivo, and in trained healthy men.(103-106) Probiotics can also modulate the intestinal 

immune system.(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 antibiotic-associated diarrhoea, and in promoting immune defences.(108) 

The probiotic used in the presented study is a multispecies preparation containing Bifidobacterium 

bifidum, Bifidobacterium lactis, Lactobacillus acidophilus, Lactobacillus brevis, Lactobacillus 

casei, Lactobacillus salivarius, Lactococcus lactis and Lactococcus Lactis in relatively high 

dosages. These species showed beneficial effects of varying degrees on strengthening epithelial 

monolayers after an infectious as well as an inflammatory stressor, inhibiting mast cell activation, 

stimulating IL10 expression and decreasing endotoxin load in vitro.(103) 

Hypothesis 

We hypothesize that the administration of Ecologic BARRIER/OMNi-BiOTiC HETOX for six 

months will restore the intestinal microflora 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, double-blind, placebo controlled study was 

conducted 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 2012 and September 2013 were screened for eligibility. They were included 

in the study if all the inclusion criteria and none of the exclusion criteria were met (Table 1).  

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

Inclusion criteria  Exclusion criteria 

¶ Informed consent 

¶ Clinical and radiological 

evidence of cirrhosis, and/or 

biopsy proven cirrhosis of any 

aetiology 

¶ Between 18 and 80 years old 

¶ Child-Pugh score over 11 

¶ Alcohol abstinence for more than two weeks at 

screening 

¶ Clinical evidence of active infection 

¶ Antibiotic treatment within seven days of 

enrolment (except for prophylactic treatment of 

spontaneous bacterial peritonitis) 
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Inclusion criteria  Exclusion criteria 

¶ Gastrointestinal bleeding within two weeks of 

enrolment 

¶ Use of immunomodulating agents, such as 

steroids, within one month of enrolment 

¶ Concomitant use of pre-, pro- or synbiotics 

¶ Renal failure with creatinine above 1.7mg/dl 

¶ Hepatic encephalopathy stage II or III 

¶ Pancreatitis 

¶ Other organ failure 

¶ Hepatic or extrahepatic malignancies 

¶ Pregnancy 

¶ Non-compliance to the study medication 

 

If eligible, patients were randomized in one of two parallel groups in a ratio of 1:1. The first group 

received a multispecies probiotic containing Bifidobacterium bifidum W23, Bifidobacterium lactis 

W52, Lactobacillus acidophilus W37, Lactobacillus brevis W63, Lactobacillus casei W56, 

Lactobacillus salivarius W24, Lactococcus lactis W19, and Lactococcus lactis W58 for six months. 

The daily dose was 1.5x10
10 

CFU 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 after a ten-minute activation period. After 

six months 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 Randomizer® software (Institute of Medical Informatics, Medical 

University of Graz). Patients, care givers, investigators 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 pharmacist kept 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 

keep on taking the study medication. Study visits were done at baseline, after three and six months 

of intervention and six months after the end of treatment (observation). Sample size calculation was 

based on the increase in phagocytic capacity of neutrophils (primary endpoint). Basis for the 

calculation was a pilot study in which probiotic administration restored neutrophil phagocytosis in 

alcoholic hepatitis patients.(100) A 25% increase was anticipated and with an alpha 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 listed in Table 2. Additional endpoints were added to the 
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protocol mostly to explain interesting or unclear results obtained from the pre-specified endpoints. 

Technical details including the SOP for sample preparation and storage are given in the Method 

Glossary.  

Table 2: Study endpoints 

Pre-specified and additional endpoints of the study with actually used mode of assessment in parentheses.  

Primary endpoint Secondary endpoints Additional endpoints 

Phagocytic capacity 

(flow cytometry) 

Clinically significant infections 

(chart review and medical 

history) 

Endotoxin levels (cell based 

detection assay) 

Neutrophil oxidative burst (flow 

cytometry) 

Neutrophil toll like receptor 

expression (flow cytometry)* 

Albumin function (HPLC)° 

Inflammatory response (flow 

cytometry, routine biochemistry) 

Gut barrier function (NMR, 

ELISA) 

Bacterial flora (NG-sequencing) 

Quality of life (questionnaire) 

Serum killing and growth 

retardation capacity (functional 

assay) 

Macrophage activation (ELISA) 

Tryptophan metabolism (HPLC) 

Serum neopterin (ELISA) 

Phenylalanine metabolism 

(HPLC) 

Oxidative stress (instead of 

albumin function) 

Ethylglucuronide (HPLC) 

Serum bile acid profile (HPLC)*  

Antimicrobial and acute phase 

proteins (ELISA, routine 

biochemistry) 

 

*not discussed in this thesis; °exchanged for different marker with similar statement 

The study protocol was approved by the institutional ethics committee in Graz (23-096 ex 10/11) 

and performed according to the Declaration of Helsinki. The trial was registered at 

clinicaltrials.gov (NCT01607528).  

Data was analysed and visualized using SPSS23 and GraphPadPrism6. Between-group differences 

of categorical variables were assessed by chi-square test/Fisherôs exact test or McNemar test for 

unpaired and paired data respectively. Between-group differences of continuous variables were 

assessed by t-tests or ANOVA (both for unpaired and paired data) for comparisons of two or more 

groups respectively. For variables not matching the assumptions for those tests, non-parametric 

methods were used; Mann-Whitney/Wilcoxon signed rank tests and Kruskal-Wallis/Friedman tests 

for unpaired/paired data to compare two or more groups respectively. Post hoc test were done with 

multiple comparisons and Bonferroni correction. Microbiome abundance data were corrected using 

Benjamini and Hochberg procedure (False Discovery Rate) allowing for 5% false discoveries. All 

tests were performed on a 5% significance level. 
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Results 

Recruitment and compliance 

Starting in July 2012, 101 patients were screened for eligibility, 92 were randomized and 80 of 

them finished the study according to protocol. Details are given in Figure 1. 

 
Figure 1: Consort Flow Diagram 

Flow chart depicting enrolment and allocation of study patients freely based on CONSORT 2010 Flow 

Diagram(109) 

 

Most of the dropout patients stopped the intervention between the baseline 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 probiotic/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 forward procedure for the 

intention to treat analysis (ITT), a rather conservative method in a chronic 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 ITT would mask the natural progression of the 

disease since it is necessary almost exclusively in the placebo group (11 versus 1).Since ITT gave 

the same significant changes for the primary endpoint as well as the main findings (neopterin and 

neutrophil oxidative burst) within the groups as per protocol analysis (PPA), PPA with 44 analysed 

patients in the probiotic group and 36 in the placebo group is shown in the following.  
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Compliance to the study medication was excellent in both groups: Of 180 scheduled doses 176 

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 intervention. The percentage of people affected by 

them was similar for both groups (41% and 33%, in probiotic and placebo group respectively, 

p=0.48). Two patients dropped out of the study because of suspected adverse events (epistaxis with 

pre-existing arterial hypertension 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 average seven years before they were enrolled in the 

study. Diagnosis was verified by liver biopsy (28 out of 80 patients). For the remaining patients, 

cirrhosis was verified by a combination of radiology, gastroscopy, and laboratory parameters. 

Cirrhosis was caused by 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 alpha 1-antitrypsin 

deficiency (n=1), primary biliary cholangitis (n=3), hemochromatosis (n=3), viral hepatitis B (n=4), 

Morbus Wilson (n=3), drugs (n=2), NASH (n=3), or unclear origins (n=4). 

Liver function and related biochemical parameters 

Liver function related parameters stayed relatively stable throughout the study, except for albumin 

concentration. Albumin levels stayed stable during the intervention time but dropped significantly 

after six months of observation (p=0.007) in the probiotic group; however, actual changes were 

small and clinical significance is doubtful. There was no change in the placebo group. Detailed 

characteristics are given in Table 3.  

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

Cohort characteristics and detailed liver function parameters before (baseline), during (3 months) and after (6 

months) intervention and after 6 months of follow up (observation).(110) 

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 

(Alc/HCV/others) 
 24/8/12 20/5/11 

 

 

CPG (A/B+C) 

baseline 

3 months 

6 months 

28/16* 

31/13*§ 

29/15*§ 

33/3§ 

33/3§ 

33/3§ 
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Parameter Timepoint Probiotics (n=44) Placebo (n=36) Controls (n=51) 

observation 24/20* 33/3§ 

CPS 

baseline 

3 months 

6 months 

observation 

6 (5; 7)* 

5 (5; 7)* 

6 (5; 7)* 

7 (5; 7)* 

5 (5; 6) 

5 (5; 6) 

5 (5; 6) 

5 (5; 6) 

 

MELD 

baseline 

3 months 

6 months 

observation 

12 (9; 15)* 

11 (9;14)* 

11 (9; 15)* 

12 (9; 14)* 

9 (8;13) 

9 (8; 11) 

9 (8; 12) 

8 (7; 11) 

 

HE (no/mild) 

baseline 

3 months 

6 months 

observation 

39/5 

40/4 

38/6 

40/4 

35/1 

34/2 

34/2 

34/2 

 

Ascites (no/mild) 

baseline 

3 months 

6 months 

observation 

40/4 

41/3 

37/7 

38/6 

32/4 

34/2 

33/3 

34/2 

 

ALT (U/l)  

baseline 

3 months 

6 months 

observation 

36.5 (27.0; 1.25)
# 

34.5 (27.5; 48.5) 

38.5 (25.8; 52.3) 

36.0 (26.0; 53.5) 

32.5 (20.75; 46.25)
# 

30.0 (22.0; 43.3) 

29.5 (22.0; 49.8) 

30.0 (22.0; 42.5) 

21.0 (16.5; 27.5) 

AST (U/l) 

baseline 

3 months 

6 months 

observation 

49.0  (37.75; 69.5)
# 

44.5 (36.0; 59.0) 

53.5 (36.8; 70.0)* 

49.5 (37.5; 68.3) 

42.5 (32.5; 56.5)
# 

40.5 (31.5; 58.0) 

37.5 (30.8; 59.0) 

45.0 (29.8; 63.3) 

22.0 (19.0; 27.0) 

GGT (U/l) 

baseline 

3 months 

6 months 

observation 

125.0 (64.5; 234.8)
# 

107.0 (49.8; 246.0) 

114.5 (52.8; 205.8) 

110.5 (58.0; 198.3) 

107.5 (49.75; 175.3)
# 

111.0 (45.5; 179.3) 

122.0 (47.3; 192.0) 

109.5 (51.8; 244.0) 

20 (14.5; 31) 

Crea (mg/dl) 

baseline 

3 months 

6 months 

observation 

0.85 (0.73; 0.96) 

0.83 (0.73; 0.94) 

0.85 (0.74; 1.01) 

0.85 (0.75; 0.98) 

0.81 (0.72; 0.94) 

0.78 (0.70; 0.98) 

0.80 (0.70; 0.88) 

0.83 (0.71; 0.92) 

0.86 (0.77; 1.0) 

Alb (g/dl) 
baseline 

3 months 

4.0 (3.3; 4.5)
#$ 

4.0 (3.4; 4.5)* 

4.3 (4.1; 4.7) 

4.4 (4.0; 4.6) 
4.5 (4.4; 4.8) 
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Parameter Timepoint Probiotics (n=44) Placebo (n=36) Controls (n=51) 

6 months 

observation 

4.0 (3.4; 4.5)* 

3.9 (3.3; 4.4)* 

4.3 (4.0; 4.4) 

4.3 (3.9; 4.5) 

Bili (mg/dl)  

baseline 

3 months 

6 months 

observation 

1.38 (0.78; 2.41)
# 

1.29 (0.74; 2.25) 

1.32 (0.77; 2.69) 

1.46 (0.88; 2.41)* 

1.11 (0.63; 1.42)
# 

0.97 (0.74; 1.38) 

0.95 (0.68; 1.48) 

1.00 (0.64; 1.59) 

0.50 (0.38; 0.61) 

TG (mg/dl) 

baseline 

3 months 

6 months 

observation 

73.0 (55.0; 96.3) 

74.0 (62.8; 109.0) 

74.5 (62.5; 104.5) 

73.0 (57.0; 110.0) 

91.0  (69.8; 112.0) 

80.0 (65.0; 113.3) 

74.5 (63.0; 105.8) 

95.0 (59.8; 118.0) 

82.0 

(68.0; 112.5) 

INR 

baseline 

3 months 

6 months 

observation 

1.27 (1.14; 1.43)
# 

1.27 (1.18; 1.39)* 

1.28 (1.16; 1.48)* 

1.30 (1.14; 1.45)* 

1.20 (1.12; 1.27)
# 

1.18 (1.09; 1.32) 

1.18 (1.11; 1.25) 

1.14 (1.09; 1.25) 

1.01 (0.98; 1.05) 

Alc, alcoholic cirrhosis; HCV, viral hepatitis C induced cirrhosis; CPG, Child-Pugh grade; MELD, 

Model of End Stage Liver Disease; HE, hepatic encephalopathy; ALT, alanine aminotransferase; 

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

Bili, total bilirubin; TG, triglycerides; INR, prothrombin time international normalized ratio; * 

significant differences between test groups; # significant 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 regarding liver 

function. Baseline liver function was significantly worse in the probiotic group compared to the 

placebo group (Child-Pugh score p=0.02 and MELD score p=0.05). Patients that were included in 

the study with a Child-Pugh grade B or C tended to drop out of the 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 intervention (Figure 2). 
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Figure 2: Changes in Child-Pugh grade during interventionin patients with Childô B/C cirrhosis 

Patients with Child-Pugh grade B or C were more likely to improve than deteriorate in the probiotic group 

(n=16). Comparable patients in the placebo group tended to drop out of the study (n=7).  

 

Nutritional status 

Nutritional habits of the patients as assessed by a food frequency questionnaire (Clinical nutrition 

services, Medical University Graz) were not influenced by the intervention and stayed unchanged 

throughout the year. Height (174±9 cm), weight (82±16 kg) and body mass index (26.9±4.0 

kg/cm²) were similar in both groups and did not change over time. Subjective global 

assessment(111) (SGA) attested a good nutritional status for 82% of the patients and marginal 

malnutrition for the remaining 18% at baseline. SGA status stayed constant over the study period; 

no differences between the groups could be observed. Total protein concentration was slightly 

lower in the probiotic group than in the placebo group (baseline: 7.49±0.62 vs. 7.82±0.65 mg/dl, 

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

Blood count 

Leucocyte count, relative share of leucocyte subpopulations, erythrocyte count and thrombocyte 

count were similar in both groups and stayed constant over the course of the study. Also 

haemoglobin, mean cell haemoglobin concentration, haematocrit, mean cell volume and 

thrombocyte volume showed no differences between groups or over time. Due to cirrhosis 

thrombocyte counts were below normal. Details are given in Table 4. 

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 values are given as reference. 

Blood count parameters 

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

Leucocyte count 

(4.4-11.3G/l) 

baseline 

3 months 

6 months 

observation 

4.3 (3.4; 5.5) 

4.8 (3.7; 5.6) 

4.5 (3.4; 5.7) 

4.7 (3.6; 5.6) 

5.0 (3.9; 6.1) 

5.1 (4.0; 6.5) 

4.9 (3.8; 6.8) 

5.2 (3.7; 6.7) 

Ą % neutrophils 

      (50-75%) 

baseline 

3 months 

6 months 

observation 

61 (53; 69) 

61 (51; 67) 

62 (53; 69) 

63 (54; 69) 

60 (54; 65) 

63 (52; 66) 

59 (53; 67) 

60 (54; 64) 

Ą % monocytes 

      (2-12%)  

baseline 

3 months 

6 months 

9 (7; 12) 

10 (8; 12) 

9 (7; 12) 

9 (7; 11) 

9 (7; 10) 

9 (8; 11) 
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Blood count parameters 

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

observation 10 (7; 11) 9 (8; 11) 

Ą % lymphocytes 

      (20-40%) 

baseline 

3 months 

6 months 

observation 

24 (20; 32) 

28 (20; 35) 

24 (19; 32) 

25 (21; 32) 

28 (23; 33) 

28 (21; 35) 

27 (21; 33) 

27 (23; 32) 

Ą % eosinophils 

      (-5%) 

baseline 

3 months 

6 months 

observation 

3 (2; 4) 

3 (2; 3) 

3 (2; 4) 

3 (2; 3) 

3 (2; 4) 

3 (2; 4) 

3 (2; 4) 

3 (2; 4) 

Ą % basophils 

      (-1%) 

baseline 

3 months 

6 months 

observation 

1 (0; 1) 

1 (0; 1) 

1 (0; 1) 

0 (0; 1) 

1 (0; 1) 

1 (0; 1) 

1 (0; 1) 

1 (0; 1) 

Erythrocytes 

(4.10-5.10T/l) 

baseline 

3 months 

6 months 

observation 

4.36 (3.90; 4.69) 

4.40 (3.86; 4.74) 

4.31 (3.94; 4.65) 

4.23 (3.88; 4.85) 

4.57 (4.11; 4.91) 

4.58 (4.14; 4.92) 

4.58 (4.19; 4.86) 

4.49 (4.23; 4.85) 

Thrombocytes 

(140-440G/l) 

baseline 

3 months 

6 months 

observation 

112 (76; 149) 

113 (72; 147) 

124 (64; 144) 

110 (62; 136) 

116 (93; 167) 

116 (90; 157) 

120 (96; 155) 

115 (92; 168) 

Haemoglobin 

(12.0-15.3g/dl) 

baseline 

3 months 

6 months 

observation 

13.5 (12.5; 14.7) 

13.5 (12.5; 15.3) 

13.8 (12.2; 14.6) 

13.6 (12.6; 14.7) 

13.8 (12.8; 14.9) 

14.2 (13.2; 14.8) 

14.2 (13.2; 15.0) 

14.3 (13.1; 14.9) 

Mean cell haemoglobin 

concentration 

(33.0-36.0g/dl) 

baseline 

3 months 

6 months 

observation 

35.6 (34.5; 36.2) 

35.6 (34.2; 36.2) 

35.8 (34.7; 36.5) 

35.5 (34.6; 36.0) 

35.6 (34.5; 36.1) 

35.5 (35.0; 36.2) 

35.7 (35.0; 36.1) 

35.5 (34.6; 36.0) 

Haematocrit 

(35-45%) 

baseline 

3 months 

6 months 

observation 

38 (36; 42) 

39 (35; 42) 

38 (35; 42) 

39 (36; 41) 

39 (37; 43) 

40 (37; 42) 

39 (37; 42) 

40 (38; 42) 

Mean cell volume baseline 89 (84; 96) 87 (85; 92) 
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Blood count parameters 

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

(80-98fl) 3 months 

6 months 

observation 

90 (85; 93) 

89 (85; 94) 

89 (84; 93) 

88 (84; 92) 

85 (83; 92) 

88 (84; 93) 

Thrombobcyte volume 

(7-13fl) 

baseline 

3 months 

6 months 

observation 

11 (10; 12) 

11 (10; 12) 

11 (10; 12) 

11 (10; 12) 

11 (10; 12) 

11 (10; 12) 

11 (10; 12) 

11 (10; 12) 

 

Electrolytes 

Calcium levels decreased significantly over the course of one year (p=0.001) in the probiotic group. 

Similar changes occurred in the placebo group but did not reach statistical significance (p=0.180). 

Chloride, phosphate, potassium and sodium concentrations did not show differences between 

groups or over time. Electrolyte concentrations are given in Table 5 for both test 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 (observation). Norm values are gives as reference. 

Electrolytes 

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

Calcium 

(2.20-2.65mmol/l) 

baseline 

3 months 

6 months 

observation 

2.35 (2.27; 2.43)
$
 

2.32 (2.24; 2.44) 

2.30 (2.21; 2.35)* 

2.26 (2.19; 2.35)* 

2.38 (2.32; 2.44) 

2.36 (2.29; 2.44) 

2.36 (2.31; 2.41) 

2.34 (2.29; 2.39) 

Chloride 

(95-110mmol/l) 

baseline 

3 months 

6 months 

observation 

103 (101; 104) 

103 (101; 105) 

104 (101; 106) 

102 (100; 106) 

102 (100; 104) 

102 (100; 104) 

104 (101; 104) 

103 (101; 104) 

Phosphate 

(0.84-1.45mmol/l) 

baseline 

3 months 

6 months 

observation 

0.98 (0.88; 1.08) 

101 (0.83; 1.10) 

1.02 (0.85; 1.07) 

0.95 (0.87; 1.03) 

0.98 (0.91; 1.10) 

1.03 (0.89; 1.11) 

0.98 (0.88; 1.09) 

0.95 (0.88; 1.07) 

Potassium 

(3.5-5.0mmol/l) 

baseline 

3 months 

6 months 

observation 

4.0 (3.8; 4.2) 

4.1 (3.8; 4.3) 

4.0 (3.8; 4.2) 

4.0 (3.8; 4.1) 

4.1 (3.8; 4.2) 

4.1 (3.9; 4.3) 

4.1 (3.9; 4.1) 

4.0 (3.8; 4.3) 
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Electrolytes 

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

Sodium 

(135-145mmol/l) 

baseline 

3 months 

6 months 

observation 

140 (138; 141) 

140 (137; 141) 

139 (138; 141) 

138 (136; 141) 

139 (137; 140) 

140 (138; 141) 

140 (138; 141) 

140 (137; 141) 

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

Effects of probiotics on immune function and infections  

Phagocytosis 

Neutrophil phagocytic capacity was comparable to controls at baseline but declined significantly in 

both groups during the study (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 of the calcium drop on neutrophil phagocytosis (baseline: 

R²=0.015, p=0.345; 3 months: R²=0.364, p=0.000; 6 months: R²=0.135, p=0.056; observation: 

R²=0.068, p=0.199). Phagocytic inactivity of neutrophils stayed constant throughout the study. 

Monocyte phagocytic capacity 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 increased phagocytic 

capacity of monocytes after 3 months (also not significant) and returned to baseline values 

afterwards. There was no change in the placebo group. Monocyte phagocytic inactivity decreased 

significantly over time in both groups. This could be a mechanism to balance the simultaneous loss 

of phagocytic capacity of neutrophils. For illustration see Figure 3. Technical details are given in 

the ñMethod glossaryò under ñPhagocytosisò and in ñC. Methods in liver disease researchò under 

ñPhagoindexò. 
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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 controls;(110) 

 

Oxidative burst of neutrophils 

Oxidative burst function of neutrophils in reaction to E. coli in both groups was 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 unchanged over time. Resting 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, respectively). After 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 production in neutrophils.(112) Serum levels of neopterin were significantly 

increased at baseline in the probiotic group (p=0.001). Probiotics further increased neopterin levels 

in serum after six months of intervention (7.8 to 8.4nmol/l, p=0.035). This increase subsided after 

the end of treatment. Details are given in Figure 4. Technical details are given in ñMethod 

glossaryò under ñOxidative burstò and ñParameters measured by collaboratorsò. 

 

Figure 4: Effects of probiotic intervention on oxidative burst function of neutrophils. 

A Neutrophil resting burst; B serum neopterin levels; C-D Oxidative burst profiles for probiotic (C) and 

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 to respective baseline values;(110) 

 

Both resting burst and neopterin were increased during intervention and decreased after the end of 

treatment. The transient nature of the additional macrophage activation due to probiotics was 

confirmed by the stable expression of long term macrophage activation marker, sCD163. 

According to this marker macrophages are activated in patients compared to healthy controls, but 

there were no alterations between test groups or over time. The increase 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 gradually but 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 months (p=0.044). The amount of ROS produced by activated 

neutrophils increased continuously in the probiotic as well as in the placebo group (p=0.014 and 

p<0.001 respectively). However, only the values in the probiotic group at the observation time 

point were significantly higher than in healthy controls. In primed neutrophils ROS production also 

increased significantly in the placebo group from baseline to observation (p=0.040). Increases in 

the probiotic group did not reach statistical significance; however, at the end of the observation 

period, both 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). Also, in response to 

E. coli neutrophils of both test groups produced more ROS than healthy controls; most pronounced 

at the observation time point (p<0.001 and p=0.001 for probiotic and placebo group respectively). 

Details are given in Table 6. Technical details are given in the ñMethod glossaryò under 

ñParameters measured by collaboratorsò. 

Table 6: Macrophage activation and ROS production during intervention  

Macrophage activation and ROS production for 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.  

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

(n=51) 

sCD163 

(mg/l) 

baseline 

3 months 

6 months 

observation 

5.53 (3.38; 8.80)
# 

4.96 (3.35; 8.80)
# 

5.36 (3.59; 8.48)
# 

4.98 (3.40; 7.18)
# 

4.23 (2.64; 5.89)
# 

4.32 (2.81; 5.80)
# 

4.76 (2.70; 6.12)
# 

4.29 (2.79; 5.45)
# 

1.35  

(1.12; 1.69) 

Advanced 

oxidation protein 

products 

(µmol/l) 

baseline 

3 months 

6 months 

observation 

42.6 (36.2; 46.7)
# 

40.8 (36.6; 45.9)
# 

39.2 (36.0; 47.4)
# 

41.9 (37.1; 48.1)
# 

36.9 (33.0; 46.2)
$ 

39.5 (33.1; 45.3) 

36.6 (30.9; 44.6) 

40.6 (37.2; 48.4)
# 

35.6  

(30.2; 43.6) 

ROS production 

through resting 

burst (GMFI)  

baseline 

3 months 

6 months 

observation 

4.0 (3.3; 5.3)
$
 

4.5 (3.6; 6.8) 

4.6 (3.8; 6.7) 

4.9 (4.3; 6.4)
#
 

3.6 (3.3; 4.3)
$ 

4.4 (3.5; 5.2) 

4.0 (3.4; 4.8) 

4.7 (4.1; 5.8) 

4.1  

(3.6; 4.8) 

ROS production 

by primed 

neutrophils 

(GMFI)  

baseline 

3 months 

6 months 

observation 

4.8 (4.2; 6.1) 

5.4 (4.2; 6.8) 

4.9 (4.4; 5.8) 

5.3 (4.7; 6.5)
# 

4.6 (3.9; 5.1)
$ 

5.2 (4.5; 6.0) 

5.1 (4.1; 5.7) 

5.6 (4.7; 6.1)
# 

4.8  

(4.1; 5.4) 

ROS production baseline 73.3 (45.9; 92.6) 58.9 (44.5; 80.8) 57.5  
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Parameters Timepoint Probiotics (n=44) Placebo (n=36) 
Controls 

(n=51) 

in response to  

E. coli (GMFI)  

3 months 

6 months 

observation 

84.5 (58.2; 117.5)
# 

81.1 (46.7; 101.0) 

87.2 (63.5; 111.3)
# 

72.8 (53.6; 90.6) 

63.1 (47.0; 102.4) 

72.4 (59.9; 114.9)
# 

(41.7; 69.7) 

GMFI stands for geometric mean of fluorescence intensity; # significant differences compared to controls; $ 

significant change over time; 

 

Antimicrobial molecules 

To rule out active infection as the reason for the increase in resting burst and neopterin levels, other 

antimicrobial molecules and acute phase proteins were examined. There were no changes in 

ferritin, fibrinogen, serum calprotectin, and serum zonulin. C-reactive 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=0.028). With the average C-reactive 

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

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

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

from the six months to the observation time point in the placebo group (p=0.002). Details are given 

in Table 7. Technical details are given in the ñMethod glossaryò under ñParameters measured by 

collaboratorsò, ñCalprotectinò and ñZonulinò.  

Table 7: Antimicrobial molecules and acute phase proteins during intervention 

Antimicrobial molecules and acute phase proteins for 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;(110) 

Parameters Timepoint Probiotics (n=44) Placebo (n=36) Controls (n=51) 

C-reactive 

protein (mg/l) 

baseline 

3 months 

6 months 

observation 

2.0 (0.9; 4.7) 

1.9 (1.0; 5.2) 

2.5 (0.8; 5.2) 

3.2 (0.9; 4.8) 

2.6 (1.2; 3.4)
$ 

1.8 (0.7; 3.4) 

2.2 (0.9; 4.1) 

2.6 (1.1; 4.0) 

1.4 (0.8; 2.0) 

Ferritin  

(mg/dl) 

baseline 

3 months 

6 months 

observation 

160.0 (59.3; 357.8) 

153.0 (50.3; 247.8) 

152.5 (52.5; 104.5) 

154.0(54.3; 246.0) 

97.5  (55.3; 221.3) 

92.0 (43.8; 166.0) 

90.5 (47.3; 154.5) 

96.0 (40.5; 179.0) 

117.5  

(60.3; 218.5) 

Fibrinogen 

(mg/l) 

baseline 

3 months 

6 months 

266.5 (216.3; 313.5)
#
 

278.0 (212.5; 325.3) 

261.0 (214.3; 316.3) 

277.0 (241.3; 308.5) 

283.5 (249.5; 325.0) 

292.0 (260.3; 318.5) 

302.0  

(254.0; 328.0) 
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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) 

Nitrite  

(µmol/l) 

baseline 

3 months 

6 months 

observation 

9.5 (5.2; 15.2) 
# 

8.0 (6.2; 13.6)
# 

9.1 (6.0; 14.7)
# 

10.9 (6.7; 21.3)
# 

10.6 (6.0; 18.4) 
#$

 

9.1 (7.9; 14.3)
# 

7.9 (5.7; 13.7)
# 

14.0 (9.3; 19.8) 

19.4 (9.5; 32.4) 

Serum 

calprotectin 

(ng/ml) 

baseline 

3 months 

6 months 

observation 

432.2 (326.6; 896.6) 

445.7 (240.1; 779.4) 

460.9 (326.5; 824.7) 

356.6 (214.0; 808.2) 

627.9 (325.2; 798.5) 

456.2 (301.1; 847.5) 

476.8 (297.3; 953.4) 

482.6 (323.1; 626.2) 

536.6 (334.0; 

779.0) 

Serum zonulin 

(ng/ml) 

baseline 

3 months 

6 months 

observation 

39.8 (23.1; 53.7) 

39.8 (23.3; 55.1) 

34.1 (22.0; 51.9) 

37.8 (22.9; 58.2) 

46.2 (26.6; 63.5) 

44.8 (27.3; 63.0) 

44.7 (31.9; 61.0) 

44.3 (28.5; 63.6) 

56.0 (48.0; 66.0) 

# 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 serum killing capacity. However, in the subgroup of alcoholic 

cirrhotics the impairment of serum killing capacity was markedly reduced after six months of 

probiotic intervention (less bacteria susvived the serum challenge). There were no changes in the 

placebo group. Unfortunately, this observation did not reach statistical significance (Figure 5). For 

technical details see ñMethod glossaryò under ñSerum Killing capacityò. 

 

Figure 5: Changes in serum killing capacity of alcoholic cirrhotics (n=44) after six months of 

intervention (110) 
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A trend to a reduced number of mild infections in the probiotic group occurred in both phases of 

the study compared to the placebo group (15 vs 28 during intervention and 6 vs 11 during follow 

up, respectively). During the intervention with the probiotic no severe infection (hospitalization 

necessary) was documented while in the placebo group one patient suffered acute pancreatitis. In 

the follow up phase, five severe infections were observed in the probiotic group (pansinusitis, 

urinary tract infections (2), bronchitis, skin infection) and four infections in the placebo group 

(gastroenteritis, pneumonia, erysipelas, spontaneous bacterial peritonitis). The rise of severe 

infections occurred simultaneously with the decrease of phagocytic capacity of neutrophils. 

Effects of probiotics on gut permeability 

In order to quantify gut barrier function, a panel of different markers reflecting gut permeability 

(lactulose-mannitol ratio, sucrose recovery), epithelial damage (diamine oxidase, stool zonulin), 

intestinal inflammation (stool calprotectin) and bacterial translocation (endotoxin, soluble CD14, 

lipopolysaccharide binding protein) was established. The panel is illustrated in Figure 6. 

 

Figure 6: Illustration of the gut permeabil ity 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 consistently 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 














































































































































