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4. OBJECTIVES 

The human body is a super-organism, which contains ten times more microbial cells 

than its own body cells (Zhu et al., 2010). All epithelial cells, which are in contact with 

the environment, are colonized by microorganisms. Most of these exogenous cells are 

localized in the gastrointestinal tract (Backhed et al., 2005), where they form an 

ecosystem. This ecosystem performs several functions, including gut maturation, host 

nutrition, pathogen resistance, regulation of the intestinal epithelial proliferation, host 

energy metabolism and inflammatory immune response (Dethlefsen et al., 2006). 

Many different factors influence the microbiota stability as well as shifts in populations, 

comprising intestinal pH, microbial interactions, environmental temperature, physiologic 

factors, peristalsis, bile acids, host secretions, immune responses, drug therapy and 

bacterial mucosal receptors (Thompson-Chagoyan et al., 2007). 

Antibiotic treatment causes a loss of stability, by decreasing the bacterial diversity 

(Sommer and Dantas, 2011), so pathogens are being enabled to come up and cause 

harm. A particularly dangerous complication of antibiotic intake is the overgrowth of 

Clostridium difficile. The bacterium causes severe diarrhea and pseudomembranous 

colitis, entities associated with outbreaks with a high rate of mortality in hospitalized 

patients. Furthermore an increase in yeast and Escherichia coli is described in 

numerous studies (Thompson-Chagoyan et al., 2007). As the therapeutic options for 

C.difficile infection are limited (McFarland et al., 2007), it is very desirable to find 

alternative treatments or preventative measures. 

There are indications that some probiotic strains are able to reduce the incidence of 

antibiotic-associated diarrhea (AAD) and C.difficile associated diarrhoe (CDAD). 

Especially Lactobacillus strains have the reputation of positive effects on antibiotic-

caused complications (Hickson et al., 2007, Gao et al., 2010, Wenus et al., 2008, 

Stockenhuber et al., 2008), although the greatest evidence exists for Saccharomyces 

boulardii (Breves et al., 2000, McFarland, 2010). Probiotics may competitively inhibit 

pathogens, and show antimicrobial activity (Ng et al., 2009). 

McFarland (2006) defined the hypothesis, that in a combined antibiotic/probiotic 

therapy, the antibiotic kills vegetative C.difficile organisms in the intestine, which would 
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clear the pathogenic toxins. The probiotic would assist in reestablishing the protective 

intestinal microbiota (McFarland, 2006). 

The aim of this diploma thesis was to investigate the qualitative and quantitative 

changes in human gastrointestinal microbiota, caused by antibiotic treatment and the 

effects of a probiotic drink containing Lactobacillus casei Shirota on the antibiotic 

disturbed microbiota. Furthermore, the influence of a combined antibiotic/L.casei Shirota 

therapy on the occurrence of C.difficile infection (CDI) should be explored. 

In detail, the abundances of total Bacteria and the bacterial subgroups Clostridium 

Cluster IV (Clostridium leptum subgroup), Clostridium cluster XIVa (Lachnospiraceae 

subgroup), Clostridium cluster XI, Clostridium difficile, Lactobacillus spp., L.casei, 

Bacteroides spp., Bifidobacterium spp., Enterobacteriaceae and Salmonella spp. were 

determined by 16S rRNA based qPCR. 
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5. INTRODUCTION AND LITERATURE REVIEW 

The human body contains approximately ten times more microbial than somatic cells 

and 150 times more genes than its own genome (Backhed et al., 2005). Overall more 

than 1000 bacterial species are living in and on the human body (Zhu et al., 2010). The 

human gut harbors most of these microbial cells, with ten to 100 trillion organisms 

(Turnbaugh and Gordon, 2009, Zhu et al., 2010), where all three domains of life are 

represented: Bacteria, Archaea and Eukarya (Backhed et al., 2005). Thereby the 

bacteria concentration increases towards the colon and reaches its maximum value 

(See Figure 1) (Walter and Ley, 2011).  

 

Stomach 102-3 cells/ml 
Heliobacter pylori 

Small intestine 
Escherichia coli, Klebsiella, Enterococcus, 

Bacteroides, Ruminococcus, Dorea, 
Clostridium, Coprococcus, Weissella, 

Lactobacillus 
 

Duodenum 103-4 cells/ml 
Jejunum 104-5 cells/ml 

Ileum 108cells/ml 

Large intestine 
five major phyla: Firmicutes, Bacteroidetes, 

Actinobacteria, Verrucomicrobia and 
Proteobacteria 

 
Colon 1011 cells/ml 

Figure 1 Qualitative and quantitative colonization of gastrointestinal sections (Walter 

and Ley, 2011). 

5.1. The human gastrointestinal tract and its microbiota 

The gastrointestinal tract is a very complex ecosystem, involving interplay between 

food, host cells and microbes (Zoetendal et al., 2006). The human as a host for 

microbial communities, represents a superorganism, where the survival of both is 
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interdependent (Lederberg, 2000, Ley et al., 2006) and essential to the health of the 

host (Dethlefsen and Relman, 2011). 

At the present many effects of the intestinal microbiota are still unidentified, known 

functions are namely (1) the microbial degradation of indigestible polysaccharides of 

human diet (Flint et al., 2008), (2) the fermentation of monosaccharides to short-chain 

fatty acids (Backhed et al., 2005), (3) the regulation of host fat storage (Backhed et al., 

2004), (4) vitamin synthesis, (5) cholesterol reduction, (6) immunostimulation (Wallace 

et al., 2011), (7) the supportive resistance to epithelial injury and protection from direct 

epithelial injury as well as the maintenance of epithelial homeostasis (Rakoff-Nahoum et 

al., 2004) and (8) the prevention against pathogen colonization in the gastrointestinal 

tract (De La Cochetiere et al., 2005). In summary, the microbiota and its microbiome 

provides us with genetic and metabolic attributes, we have not been required to evolve 

on our own, including the ability to harvest otherwise inaccessible nutrients (Backhed et 

al., 2005). 

Until recently, the knowledge about human intestinal microbiota was examined by 

culture-based studies. However, these methods are very insensitive, consequently 

nowadays culture independent molecular fingerprinting methods and sequence analysis 

of cloned microbial small subunit ribosomal RNA genes (16S rRNA) are preferred for 

such surveys (Eckburg et al., 2005) (Backhed et al., 2005). 

5.2. Health and harm 

Gut bacteria can be categorized as either beneficial or potentially pathogenic, because 

of their metabolic activities and fermentation end products (Wallace et al., 2011). 

Health-promoting factors such as vitamin synthesis and immunostimulation have 

already been mentioned above. Unfortunately harmful effects may also occur such as 

carcinogen production, intestinal putrefaction, toxin production, diarrhea/constipation, 

liver damage and intestinal infections (Wallace et al., 2011). There are some pathogens 

such as Salmonella and Listeria, which succeed by accessing unoccupied niches and 

escaping the lumen by entering epithelial cells. Another class of pathogen that can 

persist in the lumen without becoming abundant or causing disease (unless the existing 

community is perturbed e.g. by antibiotics), is represented by C.difficile. Such 
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perturbations of the microbiota are also associated with chronic health conditions. At the 

same time, commensal Lactobacillus and Bifidobacterium strains appear to block 

physically pathogen access to host cells (Dethlefsen et al., 2006, Ozaki et al., 2004). A 

large population of beneficial bacteria is able to produce antimicrobial agents and to 

competitively exclude pathogens by occupying receptor sites and competing for space, 

nutrients, etcetera (Rastall, 2004). 

5.3. The microbiota 

The gut microbiota is dominated by two divisions of bacteria: Bacteroidetes and 

Firmicutes (Backhed et al., 2005, Wang et al., 2003); and one single phylotype of 

Archaea: Methanobrevibacter smithii (Eckburg et al., 2005). Eckburg et al. (2005) 

pictured, that 95 % of the Firmicutes sequences were members of the Clostridia class. 

Among the Bacteroidetes phylotypes large variations can be found (Eckburg et al., 

2005). Further bacterial phyla belonging to the phylogenetic core of a healthy adult gut 

microbiota are Actinobacteria, Proteobacteria and Verrucomicrobia (Mariat et al., 2009, 

Tap et al., 2009). 

The bacterial diversity in human gut is highly dependent on diet, geographic location, 

health and other environmental factors. Nonetheless, many studies suggest that human 

share a core microbiota within a population of defined size without considering the 

abundance frequency (Zhu et al., 2010, Kurokawa et al., 2007, Qin et al., 2010, 

Zwielehner et al., 2009). If an abundance frequency is being taken into account, the 

core microbiota may disappear (Turnbaugh et al., 2009). Turnbaugh et al. (2009) 

suggest that a core gut microbiome exists at the level of metabolic functions (Turnbaugh 

et al., 2009). Even an inter-individual core microbiota is controversial. There are both, 

studies indicating that the composition of the predominant bacterial community is host-

specific and stable for longer periods (Caporaso et al., 2011, Seksik et al., 2003, 

Zoetendal et al., 2006) , as well as studies that state the complete opposite (Dethlefsen 

and Relman, 2010). Qin et al. (2010), for example, performed illumina-based 

metagenomic sequencing on the gastro intestinal microbiota of 124 European 

individuals. At a 1 % coverage (corresponds to an average length of about 40 kb in a 

typical gut bacterial genome) 18 species in all individuals, 57 in ≥ 90% and 75 in ≥ 50% 

of individuals were detected (Qin et al., 2010). Arumugam et al. (2011) identified in a 
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large-scaled study three robust bacterial clusters that are not nation or continent 

specific. These functional subtypes are called enterotypes (Arumugam et al., 2011). 

For ecosystem stability diversity is an important factor and can confer resilience in the 

intestine as well as generally in ecosystems. A stable gut microbiota provides protection 

against invading pathogenic organisms. Furthermore, by functional redundancy of 

microbial community it is possible that key processes are independent of changes in 

diversity (Backhed et al., 2005). 

5.3.1. Firmicutes 

The genera Peptococcus, Peptostreptococcus and Clostridium are the predominant 

proteolytic and amino acid-fermenting organisms in the colon; some of them also 

ferment sugars (Dethlefsen et al., 2006). The most abundant Firmicutes belong to 

Clostridium cluster IV (C.leptum subgroup) and XIVa (Lachnospiraceae subgroup). 

Together with Clostridium cluster IX they can comprise up to 60 % of colonic microbiota 

(Louis et al., 2007). 

Clostridium cluster IV includes certain members of the genera Clostridium, 

Ruminococcus, Eubacterium and Faecalibacterium (Matsuki et al., 2004). This 

subgroup represented 22 % of the total faecal bacteria, where Faecalibacterium 

prausnitzii strains are the most abundant (Lay et al., 2005). Faecalibacter are frequent 

fermenters of starch and inulin to butyrate and lactate (Dethlefsen et al., 2006). 

The second dominant subgroup Clostridium cluster XIVa, contains many butyrate-

producing strains. Roseburia and its relatives, for example, can degrade starch and 

inulin; a cluster related to Eubacterium halii ferments lactate and acetate to butyrate and 

hydrogen. Important non-butyrate producing members of cluster XIVa are 

Ruminococcus torques and Ruminococcus gnavus, which are among the primary 

mucin-degrading organisms (Dethlefsen et al., 2006). 

Clostridium cluster XIVa and IV contain the main butyrate-producing Bacteria in the 

human gut. Strains related to F.prausnitzii produce very high levels of butyrate in vitro. 

Butyrate, arising from microbial fermentation, is important for the energy metabolism 

and normal development of colonic epithelial cells and has a mainly protective role in 
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relation to colonic disease (e.g. prevention of colitis or colorectal cancer) (Pryde et al., 

2002). Together with acetate and propionate, butyrate belongs to the main short-chain 

fatty acids (SCFAs), stimulating colonic blood flow and fluid and electrolyte uptake 

(Topping and Clifton, 2001). Furthermore butyrate is a preferred substrate for 

colonocytes (Topping and Clifton, 2001) and may have an anti-carcinogenic and anti-

inflammatory potential, affects the intestinal barrier and plays an important role in satiety 

and oxidative stress (Hamer et al., 2008). 

Clostridium cluster XI is a heterogeneous phylogenetic cluster comprising 

opportunistic pathogens, such as Clostridium difficile (Nadal et al., 2009). 

C.difficile is a gram-positive, spore-forming, anaerobic bacterium that can reside 

asymptomatically in the human intestine. If antimicrobial agents such as broad-

spectrum antibiotics disturb the normal gut microbiota, C.difficile can proliferate and 

cause intestinal damage, inflammation and clinical disease (Lawley et al., 2009). 

McFarland et al. (2007) summarized the pathogenesis of C.difficile associated disease 

as a triad of factors: (1) disruption of normal intestinal flora, (2) exposure to C.difficile 

and (3) host factors (comorbidity and advanced age or impaired immune status). The 

main virulence determinants produced by C.difficile are the enterotoxin “toxin A” and the 

cytotoxin “toxin B” (McFarland et al., 2007). Because of controversy concerning the 

essentiality of the two toxins for the virulence of C.difficile, Kuehne et al. (2010) tested 

the responsibility in vitro and in the hamster model. Both investigations indicate that 

toxin A, as well as toxin B, contribute to virulence (Kuehne et al., 2010). Both toxins 

disrupt the actin cytoskeleton of intestinal epithelial cells by the UDP-glucose-dependent 

glycosylation of Rho and Ras proteins. Even nontoxigenic or atypical toxin strains may 

cause symptoms. In addition to toxin A and B, a binary toxin, namely “CDT”, was 

described in 1988. The association between binary toxin and pathogenicity is still 

unclear (McFarland et al., 2007). 

Lactobacilli are facultative anaerobic Bacteria. Hence, they represent one of the less-

dominant Bacteria of the gut microbiota. Lactobacilli are health positive and produce a 

range of antimicrobial agents (Rastall, 2004). 

Reuter (2001) argues that there exists an autochthonous Lactobacillus spp. and 

Bifidobacterium spp. microbiota, which remains stable in human life-long. In case of 
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Lactobacilli, these species are L.gasseri, L.reuteri, L.ruminis and to some degree 

L.salivarius. Some successions may be caused by transient species derived from food 

or from the oral cavity, thus giving the impression of an altered microflora (Reuter, 

2001). The number of naturally occurring Lactobacilli in the intestine can be evidently 

increased by Galacto-oligosaccharides (Walton et al., 2011). 

5.3.2. Bacteroidetes 

Bacteroides are among the main inhabitants of the human gut. Members of the 

subgroup can degrade starch and many strains are also able to degrade some types of 

structural polysaccharides. Furthermore, they can import oligosaccharides into their 

periplasmic space for further hydrolysis. Bacteroides are primarily responsible for 

removing the sulfate ester-linked substituents of mucin (Dethlefsen et al., 2006). 

As already mentioned, there are large variations among the Bacteroidetes phylotypes. 

But Bacteroides thetaiotaomicron occurs ubiquitously and fulfills beneficial functions, 

including nutrient absorption and epithelial cell maturation and maintenance (Eckburg et 

al., 2005). 

5.3.3. Actinobacteria 

The genus Bifidobacterium includes gram-negative anaerobic species, which are 

common inulin and starch degraders and some of them also mucin degraders 

(Dethlefsen et al., 2006). Further metabolic activities are conjugated linoleic acid 

production, short chain fatty acid production, exopolysaccharide production and 

immune-mofulating effects on host mucosal cells (Russell et al., 2011). Bifidobacteria 

are the major component of the microbial barrier to infection. They produce a range of 

antimicrobial agents, which are active against gram-positive and gram-negative 

organisms (Rastall, 2004). 

Several strains of Bifidobacteria are often used as probiotics (e.g. in milk and dairy 

products, infant formula and dietary supplements). 
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5.3.4. Proteobacteria 

Proteobacteria belong to the less represented phyla in the intestine. The facultative 

species may represent about 0.1 % of the Bacteria in the strict anaerobic environment 

of the colon (Eckburg et al., 2005). 

Bacteria of the Enterobacteriaceae family are among the sub-dominant ones in the 

human gut, especially E.coli (Mariat et al., 2009, Rastall, 2004), which is part of the 

normal gastrointestinal microbiota, performing a barrier effect against enteropathogens. 

Several E.coli strains develop a protective effect against other Enterobacteriaceae 

(Hudault et al., 2001), but there also exist strains with different pathogenicity, including 

EHEC (enterohaemorrhagic E.coli), EPEC (enteropathogenic E.coli) and ETEC 

(enterotoxic E.coli) (Mahajan and Gally, 2011). 

Salmonella spp. is the major cause of human morbidity and mortality worldwide. These 

species are able to overcome the mucosal colonization resistance and inducing 

inflammation (Ahmer and Gunn, 2011). Salmonella enterica serovar Typhimurium is a 

common cause of food-borne illness and causes gastroenteritis in human (Barman et 

al., 2008). 

5.4. Antibiotics 

Antibiotic compounds work to either stop bacteria from growing or to kill them. Thereby, 

they are quite likely to impart collateral damage to the bacterial community which shares 

the environment of the intended target organism. A treatment with antibiotics causes 

both, short- and long-term effects on human gut microbiota. The relative proportions of 

different species can be changed; on the one hand new species can be introduced and 

on the other hand existing species can be completely eradicated (Sommer and Dantas, 

2011). During treatment with antibiotics, the bacterial diversity is generally reduced and 

the normally low-abundant Proteobacteria are increased at the expense of the normally 

dominant Firmicutes and Bacteroidetes. These are drug resistant strains of human 

pathogens, including Klebsiella pneumoniae, Acinetobacter baumanii, Pseudomonas 

aeruginosa and certain Enterobacteriaceae (Sommer and Dantas, 2011). Such changes 

in the microbiota cause a loss of stability and, as already mentioned above, an unstable 

system can allow pathogens to penetrate. 



 INTRODUCTION AND LITERATURE REVIEW 10 

De La Cochetire et al. (2005) demonstrated that the dominant fecal microbiota needs up 

to 60 days following a short-course antibiotic challenge (5 days), to return to its initial 

profile. This fact can help to understand the occasional occurrence of chronic disorders 

after the treatment with antibiotics (De La Cochetiere et al., 2005). 

5.4.1. Antibiotic-Associated Diarrhea (AAD) 

Diarrhea is a common side effect of antibiotics. Nearly all types of antibiotics are 

reported to induce AAD, but those with a spectrum of activity including anaerobic 

bacteria have been associated with higher rates of AAD (Breves et al., 2000). Mild 

clinical AAD are mostly caused by functional disturbances of intestinal carbohydrate or 

bile acid metabolism, allergic and toxic effects of antibiotics on intestinal mucosa or 

pharmacological effects on motility. More severe AAD are caused by infection with 

Clostridium difficile or other infectious agents, including Clostridium perfringens, 

Staphylococcus aureus, Klebsiella oxytoca, Candida species and Salmonella species 

(Hogenauer et al., 1998). 

C.difficile is believed to be responsible for 5 % to 20 % (Hogenauer et al., 1998) of all 

cases of AAD, depending on epidemiology of CDI and for virtually all cases of 

pseudomembranous colitis (Bartlett, 1987). In endemic outbreaks C.difficile is even 

more often responsible for AAD (Arumugam et al., 2011, Hensgens et al., 2011, 

McFarland et al., 2007). 

The almost complete inhibition of butyrate fermentation, is described as the most 

important pathophysiological factor for the development of AAD. Butyrate, as well as 

other short-chain fatty acids are essential for sodium and water uptake in the intestine 

(Breves et al., 2000), beside their role as an important energy source for intestinal 

epithelial cells (Hamer et al., 2008). 

For C.difficile infection, there are only two standard antibiotic treatments: vancomycin 

and metronidazole. The response rate for metronidazole is declining (McFarland et al., 

2007). Therefore, it is very desirable to find alternative treatments or preventative 

measures. 
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5.5. Probiotics 

Probiotics are defined as “Live microorganisms which when administered in adequate 

amounts confer a health benefit on the host’ but restricted its scope to discussion of 

‘Live microorganisms which when consumed in adequate amounts as part of food 

confer a health benefit on the host.” (FAO/WHO, 2001) 

It is important to note that effects of any probiotic bacteria are strain specific, meaning 

that results cannot be extrapolated to other species or strains (Hickson, 2011). 

Common types of probiotics include Bacteria such as lactic-acid bacteria (LAB) and 

E.coli strains (e. g. E.coli Nissle 1917) or yeast species such as S.boulardii (Table 1). In 

contrast, prebiotics such as lactulose, inulin, psyllium and other oligosaccharides are 

nondigestible food ingredients that stimulate the growth or activity of bacteria in the GI 

tract which are beneficial to the health of the body (Verna and Lucak, 2010); e.g. 

Bifidobacterium spp. or Lactobacillus spp. (Rastall et al., 2005). 

Single-organism probiotics Escherichia coli 1917 Nissle 
Lactobacillus salivarius UCC4331 
Lactobacillus reuteri 
Lactobacillus casei 
Lactobacillus plantarus 299v 
Lactobacillus rhamnosus GG 
Bifidobacterium infantis 35624 
Bifidobacterium animalis DN-173010 
Bifidobacterium longum 
Saccharomyces boulardii 

Composite probiotics 

 

VSL #3: Streptococcus thermophilus, 
Bifidobacterium breve, Bifidobacterium 
longum, Bifidobacterium infantis, 
Lactobacillus acidophilus, Lactobacillus 
plantarum, Lactobacillus casei, Lactobacillus 
bulgaricus 

Lacteol Fort: L.acidophilus, lactose 
monohydrate, anhydrous lactose 

Table 1 Common probiotic formulations (Verna and Lucak, 2010). 
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5.5.1. Probiotic actions 

Hickson (2011) summarized the three broad areas of antibiotic benefits as follows: 

modulation of the hosts’ immune system, antimicrobial activity and other mechanisms 

relating to indirect action on pathogens, the host or food components (Hickson, 2011). 

Immunomodulation is performed by effects on epithelial cells, dendritic cells, 

monocytes, macrophages and lymphocytes (Ng et al., 2009). Immune modulatory 

effects might even be achieved with dead probiotic bacteria or just probiotics-derived 

components like peptidoglycan fragments or DNA (Oelschlaeger, 2010).  

Antimicrobial activities of probiotics include the competitive inhibition with pathogenic 

bacteria, the secretion of bacteriocins/defensins, the inhibition of bacterial adherence or 

translocation and the reduction of luminal pH. Probiotic bacteria can also enhance 

intestinal barrier function by increasing mucus production (Ng et al., 2009). 

There is evidence that some probiotic strains are able to reduce the incidence of AAD 

and CDAD. By a metaanalysis of McFaraland (2010), a significant therapeutic efficacy 

of S.boulardii in the prevention of AAD has been found (McFarland, 2010). The effect of 

decreasing SCFAs production and associated diarrhea could be compensated partly by 

S.boulardii. However, only the acetate and propionate fermentation could be increased 

to control levels, butyrate fermentation could not be reconstituted (Breves et al., 2000). 

Several studies indicate as well that Lactobacillus spp. stains are very efficient in AAD 

prevention (Hickson, 2011). Declined incidence of AAD and CDAD could be detected 

for example by the strains L.casei Shirota (Stockenhuber et al., 2008), L.acidophilus 

CL1285 and L.casei LBC80R (Gao et al., 2010), L.rhamnosus GG, L.acidophilus La-5 

and Bifidobacterium Bb-12 (Wenus et al., 2008) and L.casei DN-114 001, L.delbrueckii 

subsp. bulgaricus and Streptococcus thermophilus (Hickson et al., 2007). 
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6. MATERIAL AND METHODS 

6.1. Study design and participants 

Figure 2 shows an overview of the study design and the used methods of this diploma 

thesis. 

 

  

Figure 2 Overview of the study design and used methods. 

The subjects were patients of the General Hospital Oberpullendorf (Burgenland, 

Austria). In hospital C.difficile toxin A and toxin B were detected in feces samples by 

immunoassay (TOX A/B QUICK CHEK®, Wampole®). 

The participants (aged 60 ± 22 years) were divided into four groups (Table 2) of each 15 

(group AP, P and C) respectively 11 (group A) individuals. 

Group characterization 
AP antibiotic treatment and intake of a probiotic drink containing 

Lactobacillus casei Shirota 
A antibiotic treatment 
P intake of a probiotic drink containing Lactobacillus casei Shirota 
C control group 

Table 2 Characterization of participant groups. 

 

Determination of 
DNA content 
 

pH determination 

C.difficile ELISA 
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6.2. Sampling and DNA extraction 

Stool samples were taken before antibiotic treatment and/or intake of a probiotic drink 

containing L.casei Shirota (day 0) and two times during antibiotic treatment and/or 

intake of a probiotic drink containing L.casei Shirota (day 3 and day 5). Samples of the 

control group were taken at similar time points. After collection, stool samples were 

immediately frozen at -70 °C. 

For DNA extraction about 200 mg frozen stool sample was treated twice for 45 s in a 

bead-beater (Mini-Beadbeater-8) with one intervention minute on ice. Then the DNA 

was extracted using QIAamp DNA Stool Mini Kit following the manufacturers’ protocol. 

The extracted DNA samples were immediately stored at –20 °C. 

6.3. Quantitative analysis by real time PCR 

Real time PCR, also called qPCR, was used to determine the abundance of the 

analyzed bacterial groups. TaqMan® and SYBR® Green method were used for this 

diploma thesis. The DNA concentration of the stool samples and type strains were 

measured by nano drop method, which enables an absolute quantification. 

For a reaction mix, with the total volume of 10 µL, 5 µL SensiMixTM Probe Kit (TaqMan®) 

or SensiMixTM SYBR No-ROX Kit (SYBR® Green), 1 µL of each primer, 1 µL of 

TaqMan®-probe (only TaqMan®) and 10 ng template were used. Primers and TaqMan®-

Probes targeting 16S rRNA coding regions of total Bacteria, Clostridium cluster IV, 

Clostridium cluster XIVa, Clostridium difficile, all Bacteroides spp. and Bifidobacterium 

spp., as well as the concentration of the primers and probes and the expected fragment 

length, are listed in Table 3. For SYBR® Green method, primers targeting 16rRNA 

coding regions of Clostridium cluster XI, Lactobacillus spp., Lactobacillus casei 

subgroup, Enterobacteriaceae and Salmonella spp., as well as the primer 

concentrations and the expected fragment length, are listed in Table 4. 

For the PCR of the Enterobacteriaceae subgroup, MgCl2 concentration of 4 mM was 

used. For all the other investigated groups, the MgCl2 content of the SensiMixTM Probe 

Kit (TaqMan®) or SensiMixTM SYBR No-ROX Kit (SYBR® Green) (3 mM) was sufficient. 
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Target organism Primer/Probe Sequence (5' - 3') Size 
[bp] 

Conc. 
[pmol/µL] 

Reference 

All Bacteria BAC-338-F ACT CCT ACG GGA GGC AG 468 10 (Yu et al., 2005) 
BAC-805-R GAC TAC CAG GGT ATC TAA 

TCC 
 10  

BAC-516-P (6-FAM)-TGC CAG CAG CCG 
CGG TAA TAC-(BHQ-1) 

 2  

Clostridium 

cluster IV 

(Clostridium 

leptum 
subgroup) 

sg-Clept-F GCA CAA GCA GTG GAG T 239 4 (Matsuki et al., 
2004) 

sg-Clept-R CTT CCT CCG TTT TGT CAA  4  
Clept-Pa (FAM)-AGG GTT GCG CTC 

GTT-(BHQ-1) 
 2 (Zwielehner et 

al., 2009) 
Clostridium 

cluster XIVa 
(Lachnospiracea
e subgroup) 

195-F GCA GTG GGG AAT ATT GCA 538 7 (Meier et al., 
1999) 

Ccocc-R 
 

CTT TGA GTT TCA TTC TTG 
CGA A 

 7 (Matsuki et al., 
2004) 

Ccocc-P 
 

(6-FAM)-AAA TGA CGG TAC 
CTG ACT AA-(BHQ-1) 

 1.5  

Clostridium 

difficile 
Cdiff-F TTG AGC GAT TTA CTT CGG 

TAA AGA 
151 10 (Penders et al., 

2005) 
Cdiff-R TGT ACT GGC TCA CCT TTG 

ATA TTC A 
 10  

Cdiff-P (6-FAM)-CCA CGC GTT ACT 
CAC CCG TCC G-(BHQ-1) 

 2  

Bacteroides spp. AllBac296f GAG AGG AAG GTC CCC CAC 106 3 (Layton et al., 
2006) 

AllBac412r CGC TAC TTG GCT GGT TCA 
G 

 3  

AllBac375Bhqr (6-FAM)-CCA TTG ACC AAT 
ATT CCT CAC TGC TGC CT-
(BHQ-1) 

 1  

Bifidobacterium 

spp. 
Fwd primer GCG TGC TTA ACA CAT GCA 

AGT C 
125 3 (Penders et al., 

2005) 
Rev primer CAC CCG TTT CCA GGA GCT 

ATT 
 3  

Probe (6-FAM)-TCA CGC ATT ACT 
CAC CCG TTC GCC-(BHQ-1) 

 1.5  

Table 3 Primers and TaqMan®-probes targeting 16rRNA coding regions of bacteria. 
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Target organism Primer/Probe Sequence (5' - 3') Size [bp] c [pmol] Reference 
Clostridium 
cluster XI 

C-XI F ACG CTA CTT GAG GAG GA 180 3 (Song et al., 
2004) C-XI R GAG CCG TAG CCT TTC ACT   

Lactobacillus 

spp. 
Lac1 AGC AGT SGG GAA TCT TCC A 352-700 4 (Walter et 

al., 2001) Lac2 ATT YCA CCG CTA CAC ATG  4 
Lactobacillus 

casei  
sg-Lcas-F ACC GCA TGG TTC TTG GC 296 4 (Matsuda et 

al., 2009) sg-Lcas-R CCG ACA ACA GTT ACT CTG CC  4 
Enterobacteriac
eae 

LPW69 AGC ACC GGC TAA CTC CGT 492-509 3 (Woo et al., 
2000) 

pB-00608 r GAA GCC ACG CCT CAA GGG 
CAC AA 

834 - 856 3 (Ootsubo et 
al., 2002) 

Salmonella spp. 16SIII CAC AAA TCC ATC TCT GGA 1025-
1008 

2 (Lin and 
Tsen, 1996)  

16S-Sal GTG TTG TGG TTA ATA ACC GCA 
GCA 

453-477 2 (Lin et al., 
2004) 

Table 4 Primers targeting 16rRNA coding regions of bacteria (SYBR® Green). 

The temperature program for StepOnePlus™ (96 wells) Real-Time PCR System 

Version 2.1 (Applied Biosystems) depends on the particular group of bacteria (Table 5). 

It includes initial denaturation followed a cycling phase (40 cycles) – the exponential 

doubling of the DNA. 

Target organism Temperature [°C] 
Initial denaturation cycling 

Period 
Initial denaturation cycling 

All Bacteria 95 95/55/72 10´ 30´´/30´´/50´´
Clostridium cluster IV 

(Clostridium leptum subgroup) 
95 95/55/72 10´ 30´´/30´´/50´´

Clostridium cluster XIVa 
(Lachnospiraceae subgroup) 

95 95/56/72 10´ 15´´/15´´/45´´

Clostridium cluster XI 95 95/62/72 5´ 20´´/1´/1´
Clostridium difficile 95 95/58/72 10´ 30´´/30´´/50´´
Bacteroides spp. 95 95/60/72 10´ 30´´/30´´/50´´
Bifidobacterium spp. 95 95/60/72 10´ 30´´/30´´/50´´
Lactobacillus spp. 95 95/61/72 10´ 30´´/1´/50´´
Lactobacillus casei 95 94/55/72 10´ 20´´/20´´/50´´
Enterobacteriaceae 95 95/59/72 10´ 20´´/1´/1´
Salmonella spp. 95 94/66/72 5´ 20´´/30´´/30´´

Table 5 Programs for qPCR. 

Each real time PCR run contained a tenfold series of DNA dilutions of a type strain 

(Table 6) to construct a standard curve and one stool sample that runs through all the 

experiments for efficiency comparison. All templates were determined in duplicate and 

for calculation the average was used. 
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Target organism Type strain Size [bp] GC-content 
[%] 

Initial c 
[ng/µL] 

All Bacteria Stool sample 468 50 86 
Clostridium cluster IV 

(Clostridium leptum subgroup) 
Clostridium leptum DSM 753 3270109 50 40 

Clostridium cluster XIVa 
(Lachnospiraceae subgroup) 

Clostridium blautia 538 41 16,7 

Clostridium difficile Clostridium difficile 301968 DNA 4298133 28 4 
Bacteroides spp. Bacteroides thetaiotaomicron 

DSM 2079 
6260361 43 40 

Bifidobacterium spp. Bifidobacterium longum DSM 
20211 

2260000 60 40 

Lactobacillus spp. Lactobacillus casei 3079196 46 40 
Lactobacillus casei subgroup Lactobacillus casei 3079196 46 40 
Enterobacteriaceae Escherichia coli 1029 5634850 50 40 
Salmonella spp. Salmonella atcl 14028 101461 50 40 

Table 6 Overview of type strains. 

6.4. Statistical analysis 

The respective standard curves were created by using serial dilutions of known 

concentrations. From these standard curves, the respective linear equations were 

derived for calculating the sample concentration (ng/µL). Subsequently, the copy 

numbers for the standards of known concentration were calculated, using the GC 

contents of the respective type strains and the molecular masses of guanine, cytosine, 

adenine and thymine. The obtained values were applied to the samples by factors, so 

that the results could be compared in units of copies per gram. For preparatory 

calculations Microsoft® Excel was used. 

Determined data were statistically analyzed using the program OriginPro 8 (OriginLab®). 

To check whether the values are normally distributed the normality test was applied. 

To compare two unpaired groups of interval values the parametric Two Sample t-Test, 

and of interval values the non-parametric Mann-Whitney U-Test was used. For three 

unpaired group comparison of interval values the parametric One-way ANOVA, and of 

ordinal values the non-parametric Kruskal-Wallis ANOVA was used. As statistically 

significant, p-values less than 0.05 were defined. 
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7. RESULTS 

In the following, the results of the gastrointestinal microbial composition of the examined 

groups are listed. The results are arranged into subgroups of Bacteria. 

All values have been determined by qPCR and then analyzed statistically. 

7.1. Relative amount of bacterial subgroups 

Figure 3 shows the mean percentage of bacterial subgroups in relation to the analyzed 

Bacteria. The individual values for this figure are mentioned in the interpretation of the 

respective bacterial groups. 

In patients receiving antibiotics, the Clostridium Cluster IV and XIV is clearly reduced 

compared to healthy controls and Enterobacteriaceae are increased at the first time 

point. Furthermore, in patients under antibiotic treatment, there were more bacteria 

which cannot be identified by the primers used in this study. 

 

Figure 3 Percentage of bacterial subgroups in relation to the analyzed Bacteria 

(A: antibiotic treatment, AP: antibiotic treatment and intake L.casei Shirota, P: intake of 

L.casei Shirota, C: control group; 1: day 0, 2: day 5, 3: day 5). 
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7.2. Total Bacteria 

In Table 7 the results of 16S rRNA based qPCR of total Bacteria of all patient groups 

and time points are listed, including mean values and standard variations. 

Antibiotic treated groups (AP and A) had a significant lower number of copies than the 

control groups (P and C) (p = 8,4 x 10-4); especially at time point two (AP: p = 0.02; 

A: p = 0.03) and three (AP: p = 0.003; A: p = 0.02) of group AP and A, compared to 

group C as a whole. Within the antibiotic treated groups, a mean decrease of number of 

copies could be observed. In group AP the decrease from time point 1 to 3 was 

significant (p = 0.054). The values of group P as a whole did not differ from those of 

group C; the same applied to group AP and A (Figure 4).  

 

Figure 4 16S rRNA based qPCR of all Bacteria (A: antibiotic treatment, AP: antibiotic 

treatment and intake L.casei Shirota, P: intake of L.casei Shirota, C: control group; 

1: day 0, 2: day 5, 3: day 5) 
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participant time point 1 
[copies per gram] 

time point 2 
[copies per gram] 

time point 3 
[copies per gram] 

group AP 
N21     1 227 939 074 294   676 963 534 853    400 046 587 182  
N28    2 566 184 877 255     244 880 190 170  803 698 515 820  
N29     353 630 702 992      579 113 342 084   
N30    293 390 379 947    1 432 295 157 691  1 691 355 884 077  
N31       752 398 691 218       190 581 111 361       42 516 108 707  
N32 2 206 391 732 380         10 426 379 545  
N33 84 728 999 235    
N34         1 114 144 610 224  71 814 174 616      673 091 338 222  
N35      47 063 951 833     2 298 856 090 132     370 733 306 327  
N36        1 395 436 447 603      127 329 232 678    159 975 733 375  
N37        1 173 016 497        768 179 283 124       800 189 188 195  
N38        1 820 421 339 357   1 482 620 546 285       27 667 095 578  
N39     1 795 485 643 464      52 191 929 087       1 220 176 962  
N40   2 563 449 580 975     142 418 430 072   
N41 89 047 764 215    

mean value    1 087 392 454 099      672 270 251 846          452 810 937 635  
standard variance 937 971 485 485      715 759 019 431      516 750 568 192  

    
group A 

N3 563 179 751 103      516 083 578 945            190 083 362 556  
N7 14 160 593 502      213 875 268 359            432 938 443 649  
N9 1 794 608 063 220        56 983 128 828                1 293 837 789  

N13 583 509 517 264   1 752 787 366 543            217 577 377 128  
N14 367 364 358 978        1 274 501 491 111         1 337 318 125 352  
N17 458 636 680 964           450 848 726 180            497 218 678 806  
N42 1 536 061 243 091           461 638 468 163            611 598 854 213  
N43 1 345 360 282 854           549 894 154 445         1 007 871 218 305  
N45 897 870 441 264           377 285 589 437         1 448 865 019 931  
N47 827 328 025 596           705 874 587 714      360 886 819 700  

mean value 838 807 895 784           635 977 235 972            610 565 173 743  
standard variance 562 525 273 832           508 444 327 129      494 184 348 488  

    
group P 

N5 1 683 452 486 345 2 241 659 662 807       451 984 163 185  
N6 2 042 139 489 739        4 555 557 578   
N8 150 747 067 112     541 889 426 931         1 221 234 866 318  

N10 2 592 189 262   
N11 20 139 286 444    911 216 319 720            642 896 194 869  
N15 162 988 547 056       116 580 987 875              24 247 896 180  
N19 2 357 653 455 488          15 452 699 139         1 431 959 149 924  
N20 1 034 887 116 468      238 488 494 238         1 510 026 278 840  
N22 2 872 577 376 326       594 312 813 074         2 332 420 927 299  
N23 6 397 672 896 933     4 229 247 702 942         6 809 975 669 572  
N26 955 576 650 587     4 711 559 216 802            654 744 164 196  
N27 433 710 249 420   
N44 2 629 706 361 548    3 239 688 866 773            117 406 171 514  
N46 122 936 798 441    114 815 105 592            157 250 686 778  

mean value 1 490 484 283 655     1 413 288 904 456         1 395 831 469 879  
standard variance 1 749 628 122 816  1 737 249 629 897         1 931 104 648 257  

    
group C 

N1 753 858 465 924        2 498 006 851 240         2 283 299 096 259  
N2 2 451 784 028 561        2 142 993 236 599            683 546 717 588  
N4 1 043 689 607 431           982 692 560 867                2 069 985 382  

N12 1 524 157 208 834           646 274 078 764         1 021 729 978 070  
N16 112 813 180 585           905 161 715 810            549 574 665 425  
N18 897 626 394 418           546 102 259 287         1 043 607 618 596  
N24 602 598 761 044        2 081 340 371 285         2 100 246 322 948  
N25 418 981 412 484        1 102 070 025 180         1 483 496 748 765  
N48 1 338 348 840 808           944 939 614 853         1 179 670 535 303  
N49 1 413 965 694 269           867 364 097 843         1 934 513 525 697  
N50 3 384 141 280 408           894 850 730 595            562 729 239 778  
N51 630 911 190 834        2 039 950 495 380         1 360 992 031 587  
N52 1 697 821 022 485        1 428 148 727 054            162 733 633 903  
N53 830 189 520 838        1 137 862 383 984            346 270 197 953  
N54 155 810 055 790        1 107 275 092 814         2 076 912 653 396  

mean value 1 150 446 444 314        1 288 335 482 770         1 119 426 196 710  
standard variance 875 587 207 550           606 544 944 376            741 317 778 095  

Table 7 Results of 16S rRNA based qPCR of all Bacteria. 
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7.3. Clostridium Cluster IV (Clostridium leptum subgroup) 

In Table 8 the results of 16S rRNA based qPCR of Clostridium Cluster IV of all patient 

groups and time points are listed, including mean values and standard variations. 

The analysis of the Clostridium Cluster IV showed, that the values of the groups 

receiving antibiotics (AP and A) are on average lower by a half-power than the values of 

the two control groups (P and C) (Figure 5). The difference was statistically significant 

(p = 6.31 x 10-7). 

Group AP and A, and group P and C did not differ from each other. 

 

Figure 5 16S rRNA based qPCR of Clostridium Cluster IV (A: antibiotic treatment, 

AP: antibiotic treatment and intake L.casei Shirota, P: intake of L.casei Shirota, 

C: control group; 1: day 0, 2: day 5, 3: day 5). 
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participant time point 1 
[copies per gram] 

time point 2 
[copies per gram] 

time point 3 
[copies per gram] 

group AP 
N21               14 612 600           4 969 630                 613 064  
N28                 6 440 980                 28 699                      7 196  
N29                 4 193 900         17 388 200           17 906 300  
N30                 2 790 440           8 275 630                      7 598  
N31               13 357 400           1 425 460                      8 602  
N32                 7 108 450               6 713 420  
N33                 2 977 930           2 733 920              3 366 250  
N34               15 905 700         31 069 100              6 777 500  
N35                       92 978           3 238 550              7 460 990  
N36                 5 306 740           5 024 720                    55 948  
N37                 1 093 580           1 148 260              1 005 270  
N38                 9 437 490                 68 480   
N39               17 372 800           2 440 010   
N40               18 840 100    
N41                     956 100    

mean value           8 032 479       6 484 222         3 992 922  
standard variance           6 433 719       9 089 455         5 519 512  

    
group A 

N3                       64 436                 60 069                    24 997  
N7                     112 426           2 594 580              3 631 970  
N9                 5 886 010               206 089                    26 106  

N13               12 026 800         12 212 600                    14 820  
N14                     254 476               408 350                 567 910  
N17                 7 515 130         25 436 900           12 434 000  
N42                 3 543 680           3 578 410              1 906 280  
N43                 3 130 780               857 139                 889 860  
N45                 2 746 500               646 928              2 249 890  
N47               20 721 800         11 476 100              4 061 260  

mean value           5 600 204       5 747 717         2 580 709  
standard variance           6 510 851       8 289 383         3 763 872  

    
group P 

N5               12 317 300           9 260 290              3 841 660  
N6               22 997 500               6 990 060  
N8                 2 135 220         13 672 500           11 865 400  

N10         13 909 200                 192 202  
N11                       59 823               410 443           31 676 200  
N15                 3 410 130               872 053           51 993 900  
N19               21 662 500           5 404 650              1 474 490  
N20               41 317 200          273 700 000  
N22                 3 435 320       139 832 000         262 662 000  
N23               85 891 300       215 226 000              6 217 880  
N26               44 866 800         12 785 400           16 439 400  
N27               31 096 500           1 518 250   
N44               29 635 800    
N46                 9 160 950    

mean value         23 691 257     41 289 079       60 641 199  
standard variance         23 992 927     74 154 048     103 766 272  

    
group C 

N1                 9 230 480         17 048 200           22 021 100  
N2               12 264 500         10 099 500              3 582 060  
N4                 3 007 800           1 149 160                      5 991  

N12                 6 511 190               436 471              2 343 150  
N16                     973 146           5 160 930              4 203 260  
N18                     158 718               129 436              5 738 530  
N24               21 014 300         70 090 200           43 471 000  
N25               10 337 700         70 440 800         184 649 000  
N48               17 534 200         34 811 900           34 285 200  
N49                 2 348 320           5 561 880              2 974 370  
N50               26 424 900           8 997 230              4 495 470  
N51                 9 663 080         12 610 300           27 294 600  
N52               14 094 900           9 633 070              4 654 740  
N53               23 470 400         25 339 300              9 196 480  
N54                 1 470 230         10 360 600           19 330 300  

mean value         10 566 924     18 791 265       24 549 683  
standard variance           8 526 872     22 871 790       46 235 387  

Table 8 Results of 16S rRNA based qPCR of Clostridium Cluster IV.  
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7.4. Clostridium Cluster XIVa (Lachnospiraceae subgroup) 

In Table 9 the results of 16S rRNA based qPCR of Clostridium Cluster XIVa of all 

patient groups and time points are listed, including mean values and standard 

variations. 

As shown in Figure 6, the numbers of copies were spread from about 106 to 1012. 

However, within the groups the values of the three time points did not differ significantly 

from each other. By contrast, the difference between all groups was statistically 

significant (p = 1.21 x 10-6). Overall, the values of antibiotic groups were significantly 

lower than those of the control groups (p = 1.94 x 10-4). 

 

Figure 6 16S rRNA based qPCR of Clostridium Cluster XIVa (A: antibiotic treatment, 

AP: antibiotic treatment and intake L.casei Shirota, P: intake of L.casei Shirota, 

C: control group; 1: day 0, 2: day 5, 3: day 5). 
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participant time point 1 
[copies per gram] 

time point 2 
[copies per gram] 

time point 3 
[copies per gram] 

group AP 
N21          38 930 400 000           40 117 100 000           43 965 900 000  
N28           96 160 900 000         105 840 000 000  
N29             7 480 370 000           31 819 200 000           27 260 400 000  
N30             5 085 930 000           14 243 600 000                      1 407 180  
N31          14 079 900 000              5 417 370 000                    95 201 900  
N32          81 924 000 000            51 721 300 000  
N33                757 482 000              2 137 790 000           10 381 700 000  
N34          14 040 500 000           29 645 800 000                 729 189 000  
N35                686 867 000           32 855 700 000         431 093 000 000  
N36          67 493 300 000   --                 478 609 000  
N37        461 954 000 000           20 675 200 000                 117 740 000  
N38          23 618 300 000                 502 456 000   
N39          21 084 100 000           13 465 100 000   
N40        176 482 000 000    
N41             5 410 460 000    

mean value     65 644 829 214      26 094 565 091      61 062 222 462  
standard variance   123 571 944 545      26 800 683 256    127 078 133 905  

    
group A 

N3          29 244 600 000           36 932 900 000           27 263 300 000  
N7             1 727 740 000           17 593 500 000         171 578 000 000  
N9          84 779 800 000              3 014 220 000                    12 799 300  

N13        100 195 000 000         366 014 000 000              2 182 240 000  
N14        120 827 000 000           45 083 900 000           26 643 600 000  
N17          10 833 000 000           73 864 800 000           70 225 900 000  
N42          12 725 700 000           13 072 100 000           50 301 700 000  
N43        578 541 000 000         335 896 000 000         350 751 000 000  
N45        312 002 000 000           95 316 200 000         222 643 000 000  
N47        121 482 000 000         139 339 000 000         104 310 000 000  

mean value   137 235 784 000    112 612 662 000    102 591 153 930  
standard variance   179 950 472 938    132 421 419 831    113 815 726 468  

    
group P 

N5        331 148 000 000              1 352 010 000           34 072 000 000  
N6        174 199 000 000              1 337 480 000         105 327 000 000  
N8          14 818 700 000         269 404 000 000           47 991 000 000  

N10                193 191 000                  250 356 000  
N11             2 613 440 000              1 419 630 000         113 025 000 000  
N15             4 402 330 000            55 734 100 000  
N19          42 885 500 000              5 473 350 000         125 582 000 000  
N20          31 614 200 000           41 670 700 000         360 980 000 000  
N22          87 183 000 000         398 233 000 000         130 477 000 000  
N23        319 028 000 000         183 447 000 000           47 046 400 000  
N26          65 340 600 000         237 973 000 000           67 537 600 000  
N27             4 807 940 000           12 596 900 000   
N44        937 967 000 000    
N46          58 309 700 000    

mean value   148 179 328 643    115 290 707 000      98 911 132 364  
standard variance   253 064 833 845    145 473 646 204      96 279 604 309  

    
group C 

N1          65 232 400 000         258 061 000 000         400 923 000 000  
N2        174 974 000 000           87 857 200 000           20 142 000 000  
N4          85 870 900 000           66 832 100 000                          742 709  

N12        392 122 000 000         256 560 000 000         183 409 000 000  
N16             7 216 620 000         165 646 000 000           87 447 500 000  
N18          16 079 500 000              7 591 970 000           80 375 600 000  
N24          19 652 800 000           64 933 800 000           71 630 300 000  
N25             6 660 430 000         119 281 000 000           18 325 000 000  
N48        458 143 000 000         623 389 000 000         826 433 000 000  
N49        472 872 000 000         663 318 000 000     3 009 220 000 000  
N50        707 562 000 000         355 644 000 000         370 131 000 000  
N51        554 903 000 000         383 101 000 000     1 066 210 000 000  
N52        357 965 000 000         304 771 000 000           76 286 200 000  
N53        222 136 000 000         345 713 000 000         116 634 000 000  
N54          32 838 100 000         503 393 000 000     1 377 270 000 000  

mean value   238 281 850 000    280 406 138 000    513 629 156 181  
standard variance   233 864 766 916    203 327 934 696    810 010 014 504  

Table 9 Results of 16S rRNA based qPCR of Clostridium Cluster XIVa. 
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7.5. Clostridium Cluster XI 

In Table 10 the results of 16S rRNA based qPCR of Clostridium Cluster XI of all patient 

groups and time points are listed in form of four ranges: < 250 000, 250 000-106, 106-

107 and >107 copies per g. For the graphical view (Figure 7) values < 250 000 copies 

per g were set to 100 000 copies per g. 

After commencement of the antibiotic treatment, the abundance of Clostridium clusters 

XI decreased, whereas in the control groups values remained constant. 

 

Figure 7 Absolute quantification of Clostridium Cluster XI by 16S rRNA based qPCR 

(A: antibiotic treatment, AP: antibiotic treatment and intake L.casei Shirota, P: intake of 

L.casei Shirota, C: control group; 1: day 0, 2: day 5, 3: day 5). 

 
A and AP 

 
P and C 
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participant time point 1 
[copies per gram] 

time point 2 
[copies per gram] 

time point 3 
[copies per gram] 

group AP 
N21 106 - 107 < 250 000 < 250 000 
N28 250 000 - 106 < 250 000 < 250 000 
N29 106 - 107 < 250 000  
N30 106 - 107 106 - 107 106 - 107 
N31 106 - 107 106 - 107 < 250 000 
N32 106 - 107 < 250 000 < 250 000 
N33 250 000 - 106   
N34 106 - 107 106 - 107 106 - 107 
N35 < 250 000 < 250 000 < 250 000 
N36 < 250 000 250 000 - 106 < 250 000 
N37 106 - 107 < 250 000 106 - 107 
N38 < 250 000 < 250 000 < 250 000 
N39 > 107 106 - 107 106 - 107 
N40 > 107 < 250 000  
N41 106 - 107 106 - 107  

    
group A 

N3 > 107 106 - 107 250 000 - 106 
N7 < 250 000 < 250 000 250 000 - 106 
N9 106 - 107 < 250 000 250 000 - 106 

N13 > 107 106 - 107 < 250 000 
N14 106 - 107 250 000 - 106 < 250 000 
N17 < 250 000 106 - 107 < 250 000 
N42 > 107 < 250 000 106 - 107 
N43 < 250 000 106 - 107 106 - 107 
N45 < 250 000 < 250 000 < 250 000 
N47 < 250 000 106 - 107 106 - 107 

    
group P 

N5 < 250 000 < 250 000 < 250 000 
N6 106 - 107 < 250 000 > 107 
N8 106 - 107 > 107  

N10 < 250 000   
N11 < 250 000 > 107 > 107 
N15 250 000 - 106 < 250 000 250 000 - 106 
N19 > 107 106 - 107 > 107 
N20 250 000 - 106 106 - 107 106 - 107 
N22 < 250 000 < 250 000 < 250 000 
N23 > 107 > 107 > 107 
N26 106 - 107 > 107 106 - 107 
N27 106 - 107   
N44 106 - 107 106 - 107 106 - 107 
N46 106 - 107 106 - 107 > 107 

    
group C 

N1 > 107 > 107 > 107 
N2 250 000 - 106 < 250 000 < 250 000 
N4 < 250 000 < 250 000 < 250 000 

N12 250 000 - 106 250 000 - 106 < 250 000 
N16 < 250 000 < 250 000 < 250 000 
N18 > 107 106 - 107 106 - 107 
N24 250 000 - 106 106 - 107 250 000 - 106 
N25 106 - 107 > 107 > 107 
N48 106 - 107 > 107 > 107 
N49 106 - 107 < 250 000 < 250 000 
N50 < 250 000 < 250 000 < 250 000 
N51 < 250 000 < 250 000 106 - 107 
N52 250 000 - 106 < 250 000 250 000 - 106 
N53 106 - 107 106 - 107 250 000 - 106 
N54 < 250 000 106 - 107 106 - 107 

Table 10 Results of 16S rRNA based qPCR of Clostridium Cluster XI. 
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7.5.1. Clostridium difficile 

Table 11 lists the number of patients in whose samples C.difficile was detected by a 

16S rRNA based C.difficile specific qPCR or by a positive ELISA test at the General 

Hospital Oberpullendorf. 

Group A patients no. 7, 9, 13, 14 and 17, group P patient no. 8 and group C patient 

no. 2 had a positive result in C.difficile ELISA testing (TOX A/B QUICK CHEK®, 

Wampole®) at the beginning of the therapy. In group AP in patient no. 40 at time point 1, 

in group A in patient no. 42 at time point 2 and 3 and in group P in patient no. 32 at time 

point 2, no. 8 at time point 3 and no. 3 at all time points, C.difficile was detected by 16S 

rRNA based C.difficile specific qPCR. So there was no patient who was positive for both 

of the two checks on C.difficile. 

 

 C.difficile ELISA time point 1 time point 2 time point 3 

AP (n = 15) - 1 - - 

A (n = 10) 5 1 2 2 

P (n = 15) 1 - 1 1 

C (n = 15) 1 - - - 

Table 11 Number of patients in whose samples C.difficile was detected by 16S rRNA 

based C.difficile specific qPCR and positive ELISA test (TOX A/B QUICK CHEK®, 

Wampole®) performed at the beginning of the therapy in the hospital Oberpullendorf 

(A: antibiotic treatment, AP: antibiotic treatment and intake L.casei Shirota, P: intake of 

L.casei Shirota, C: control group). 
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7.6. Lactobacillus spp. 

In Table 12 the results of 16S rRNA based qPCR of Lactobacillus spp. of all patient 

groups and time points are listed, including mean values and standard variations. 

Within group P the values of the three time points differed significantly from each other 

(p = 0.01) and there was a significant increase of number of copies from time point 1 to 

3 (p =0 .02) as well as from time point 2 to 3 (p = 0.045). At time point 3 the number of 

copies was significantly higher in group P than in group C (p = 0.04) (Figure 8). 

Overall, group A and AP were significantly different from group C (A: p = 0.01 and 

AP p = 0,002). Between group A and AP, no statistically detectable varieties could be 

found. 

 

Figure 8 16S rRNA based qPCR of Lactobacillus spp. (A: antibiotic treatment, 

AP: antibiotic treatment and intake L.casei Shirota, P: intake of L.casei Shirota, 

C: control group; 1: day 0, 2: day 5, 3: day 5). 
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participant  time point 1 
[copies per gram] 

 time point 2 
[copies per gram] 

 time point 3 
[copies per gram] 

group AP 
N21                         621 710                          201 484     
N28                           90 524                          811 348                          243 529  
N29                         148 947                          146 326                          119 179  
N30                         792 152                            12 629                            78 759  
N31                         351 392                            97 356                          105 557  
N32                           12 102                          150 417                          243 132  
N33                           85 385                          120 660                      2 773 510  
N34                         568 540                               62 620  
N35                         116 415                            66 081                          459 595  
N36                         106 737                          190 208                          534 658  
N37                         111 675                          382 826                            21 241  
N38                           52 144    
N39                     3 509 920                            74 791   
N41                         402 942    

mean value                 497 899                  204 921                  464 178  
standard variance                 900 852                  223 135                  829 268  

    
group A 

N3                         321 352                            89 682                            55 048  
N7                             8 638                            64 983                            28 320  
N9                         157 722                                 3 484  

N13                         167 927                          213 948                          285 405  
N14                     1 382 060                      5 036 060                      7 096 270  
N17                   17 206 200                        8 176 170  
N42                         500 636                          173 546                          275 604  
N43                           45 651                          123 649                            46 715  
N45                     9 202 930                      5 907 940                    16 557 100  
N47                           32 774                            28 539                          104 034  

mean value              2 902 589               1 454 793               3 262 815  
standard variance              5 762 111               2 491 085               5 627 897  

    
group P 

N5                          7 568 820  
N6                         217 338                            11 518                          233 314  
N8                           34 294                          346 357                          375 253  

N10                             4 521                            78 147                      1 149 210  
N11                           28 125                            77 721                      6 500 000  
N15                           17 431                            11 455                          441 406  
N19                              15 099                            47 981  
N20                         103 067                            49 953                      8 826 820  
N22                           49 205                      1 367 170                    21 393 200  
N23                         160 461                          597 735                          457 334  
N26                         200 273                          136 462                      4 457 280  
N27                         249 125     
N44                             8 491    
N46                             3 226    

mean value                   89 630                  269 162               4 677 329  
standard variance                   92 526                  428 911               6 451 797  

    
group C 

N1                         588 039                          249 209    
N2                           50 129                            36 333                            31 962  
N4                           46 775                            57 856   

N12                         249 487                      1 258 540                            80 263  
N18                         147 343                      3 279 710    
N24                            61 366                            67 349  
N48                           20 757                            55 510                          124 888  
N49                           24 884                              18 439  
N50                           58 125                            20 751                            25 548  
N51                           19 999                            12 919                            18 570  
N52                           50 355                            59 395                            64 179  
N53                           53 958                          407 882                          364 075  
N54                           16 913                            72 655                          148 591  

mean value                 110 564                  464 344                    94 386  
standard variance                 164 680                  953 578                  104 666  

Table 12 Results of 16S rRNA based qPCR of Lactobacillus spp. 
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7.6.1. Lactobacillus casei 

In Table 13 the results of 16S rRNA based qPCR of L.casei of all patient groups and 

time points are listed, including mean values and standard variations. 

In group AP and P there was a rising abundance of number of copies. However, this 

increase was within the natural range of variation, which was also present in group A 

and C (Figure 9). 

 

Figure 9 16S rRNA based qPCR of L.casei (A: antibiotic treatment, AP: antibiotic 

treatment and intake L.casei Shirota, P: intake of L.casei Shirota, C: control group; 

1: day 0, 2: day 5, 3: day 5). 
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participant  time point 1 
[copies per gram] 

 time point 2 
[copies per gram] 

 time point 3 
[copies per gram] 

group AP 
N21           58 241                84 738                124 530  
N28         288 359              102 525                  36 818  
N29           11 770              150 748                166 103  
N30         186 662                      695                  40 511  
N31           48 106                80 175                424 222  
N32           13 886              565 454   
N33           53 556                33 133                  42 356  
N34              206 282                  64 447  
N35              1 300                81 729                331 013  
N36           31 874                27 261                     5 395  
N37           32 536                   3 376                        527  
N38           15 763                40 649   
N39           42 932                   4 870   
N40         184 964    
N41              1 260    

mean value       69 372         106 280           123 592  
standard variance       86 782         150 694           144 858  

    
group A 

N3              4 174                   2 249                     3 113  
N7              1 307                   2 515                     4 330  
N9         170 495                13 531                     6 498  

N13           78 793              254 187                475 915  
N14           15 699                43 910                  92 149  
N17           39 710                89 929                  47 473  
N42         203 426                25 736                  38 988  
N43           65 143                32 970                  53 190  
N45     1 463 940              780 429   --  
N47         372 921              220 373                102 412  

mean value     241 561         146 583             91 563  
standard variance     444 899         240 217           148 616  

    
group P 

N5         292 678              948 722                539 966  
N6              9 226                39 823                459 899  
N8              5 005                16 105                  64 748  

N10              4 363              131 651                        180  
N11                 231                      173   
N15                36 318                120 378  
N19           37 994                11 553                  34 932  
N20           61 934                   2 064   
N22           42 769              349 257                  36 297  
N23         220 561                44 250                     2 965  
N26           25 136                11 979                  50 128  
N27              5 163                19 978   
N44           13 186    
N46           20 456    

mean value       56 823         134 323           145 499  
standard variance       91 661         274 471           205 025  

    
group C 

N1           92 262                87 122                  87 367  
N2           22 708                25 630                     3 763  
N4           17 031                   7 937   

N12           22 657                   4 454                     8 173  
N16           58 112                   7 321                     3 487  
N18           35 550                38 240                  86 781  
N24              1 051                17 390                  19 532  
N25           81 444              227 310                270 305  
N48           24 446                27 692                  47 945  
N49         183 020              316 689                374 148  
N50              915 997                  58 687  
N51           13 048                97 652                192 311  
N52          1 597 470                  17 194  
N53         298 757          2 244 750                778 758  
N54              9 077                28 147                  40 098  

mean value       66 089         376 253           142.039  
standard variance       85 599         680 313           214.356  

Table 13 Results of 16S rRNA based qPCR of L.casei. 
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7.7. Bacteroides spp. 

In Table 14 the results of 16S rRNA based qPCR of Bacteroides of all patient groups 

and time points are listed, including mean values and standard variations. In Figure 10 

these findings are illustrated. 

Neither within the groups, nor between the groups could be observed significant 

differences. 

 

Figure 10 16S rRNA based qPCR of Bacteroides spp. (A: antibiotic treatment, 

AP: antibiotic treatment and intake L.casei Shirota, P: intake of L.casei Shirota, 

C: control group; 1: day 0, 2: day 5, 3: day 5). 
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participant time point 1 
[copies per gram] 

time point 2 
[copies per gram] 

time point 3 
[copies per gram] 

group AP 
N21      89 251 237       19 131 327       22 628 554  
N28    232 722 741         1 527 448     152 394 473  
N29      26 191 503       33 448 623   
N30      56 941 377       92 268 736     227 466 971  
N31      24 376 017       34 786 334             162 982  
N32    271 705 271                40 612  
N33        7 420 423    
N34    119 863 852         6 778 510       74 939 063  
N35        1 976 249       56 601 473       11 590 407  
N36      47 390 812       20 034 203       41 903 010  
N37    117 802 721       72 253 643       98 787 875  
N38    179 506 751     269 711 396       11 262 578  
N39      74 271 746         5 726 199         1 019 914  
N40    165 111 156         5 787 477   
N41        1 269 515      

mean value      94 386 758       51 504 614       58 381 495  
standard variance      85 519 826       74 504 552       74 416 385  

    
group A 

N3      11 176 568         6 803 353         4 523 837  
N7              67 533             434 041       23 060 948  
N9      68 027 786         1 281 642         1 327 690  

N13      51 794 161     109 280 209         1 009 749  
N14      44 361 483       54 008 827       64 720 832  
N17      22 698 570       30 973 440       23 852 521  
N42    136 577 333       62 882 834     140 610 342  
N43    107 019 582       38 584 710       79 602 013  
N45    108 956 386       51 760 593     154 899 080  
N47    192 393 377       56 249 488       57 869 994  

mean value      74 307 278       41 225 914       55 147 701  
standard variance      61 188 280       33 594 019       56 125 360  

    
group P 

N5      57 262 495       58 682 529         7 580 168  
N6      79 500 584    
N8        4 545 146       14 289 078       54 292 696  

N10    
N11            524 572       32 711 164       11 512 059  
N15      22 965 422       19 567 412         4 321 272  
N19    149 163 770         9 421 356       32 998 973  
N20      38 663 284       34 679 688       52 067 559  
N22    282 013 247       37 513 257     174 614 124  
N23    297 518 372     195 884 402     395 696 259  
N26      76 418 526     287 747 877       61 629 160  
N27      22 177 433    
N44    166 201 804     108 406 416         3 347 077  
N46      17 829 962         6 702 769       11 671 376  

mean value      93 444 971       73 236 904       73 611 884  
standard variance    101 117 950       90 424 410     117 627 256  

    
group C 

N1      32 923 776       38 516 723       55 026 209  
N2    268 122 539     306 195 620       42 597 615  
N4      65 470 822       83 035 714             178 893  

N12    143 705 707       19 630 593       89 469 616  
N16      42 475 951       66 935 521       10 735 886  
N18    113 533 050       88 823 597       95 580 963  
N24      41 664 910     147 090 028     194 803 043  
N25      17 667 502       35 206 299       48 910 169  
N48      32 951 615       21 960 917       35 339 840  
N49      84 931 854       58 837 651       90 543 548  
N50    224 662 482     115 343 932       34 644 766  
N51      35 898 815     124 713 076       97 995 471  
N52    119 449 111     205 849 706         3 482 616  
N53      87 581 564     192 068 394       69 102 106  
N54      22 961 247       76 686 594     153 250 231  

mean value      88 933 396     105 392 958       68 110 732  
standard variance      74 901 499       79 774 833       54 363 782  

Table 14 Results of 16S rRNA based qPCR of Bacteroides spp.. 
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7.8. Bifidobacterium spp. 

In Table 15 the results of 16S rRNA based qPCR of Bifidobacterium spp. of all patient 

groups and time points are listed, including mean values and standard variations. 

Figure 11 shows that the mean number of copies per g of both antibiotic treated groups 

(AP and A) were lower than those of the control groups (P and C) (p = 0,051). On 

average, the numbers of copies fell in group AP and A, but in group AP the decrease 

stopped at time point 2 and raised again slightly. 

 

Figure 11 16S rRNA based qPCR of Bifidobacterium spp. (A: antibiotic treatment, 

AP: antibiotic treatment and intake L.casei Shirota, P: intake of L.casei Shirota, 

C: control group; 1: day 0, 2: day 5, 3: day 5). 
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participant time point 1 
[copies per gram] 

time point 2 
[copies per gram] 

time point 3 
[copies per gram] 

group AP 
N21    24 117 279         7 193 838       2 043 239  
N28          300 184                  1 461               3 266  
N29    14 763 289       24 085 388   
N30      2 550 763         2 485 486       4 345 478  
N31      4 112 969         1 140 196             16 477  
N32      3 920 843              79 014  
N33          617 614    
N34    35 567 192         2 014 524     47 825 930  
N35          297 369     165 133 257     15 267 315  
N36      5 371 472             939 648           135 548  
N37      3 328 445         5 868 997       3 867 789  
N38    17 154 095             202 592             50 291  
N39    18 610 141         1 727 399             33 017  
N40    66 289 804             292 168   
N41    26 776 948      

mean value    14 918 560       17 590 413       6 697 033  
standard variance    18 042 414       46 940 729     14 370 470  

    
group A 

N3      5 665 067             539 272           368 474  
N7          316 886             403 148       1 556 019  
N9      3 766 955             324 750           373 699  

N13      2 553 275         2 085 775             71 296  
N14      3 857 586         3 112 168       3 669 240  
N17      1 114 320             883 458           463 307  
N42    20 472 479       14 564 824       2 578 603  
N43          408 590         2 544 416               9 093  
N45    24 747 223         6 733 904     50 581 614  
N47      5 001 907         5 604 558       1 196 379  

mean value      6 790 429         3 679 627       6 086 772  
standard variance      8 593 664         4 413 911     15 678 974  

    
group P 

N5          208 223             202 586             73 142  
N6      5 100 195             116 024   
N8          808 171         2 460 392           889 916  

N10            33 034    
N11               28 186             27 036  
N15    12 736 949         4 942 335       2 440 747  
N19      4 875 066             658 613       9 761 588  
N20      6 122 822       10 926 845           335 802  
N22    14 053 624         5 750 985     12 051 224  
N23    63 951 084       32 070 926     57 626 141  
N26            99 637             540 644             42 804  
N27      1 853 779    
N44      8 890 846         9 519 379       5 475 804  
N46    34 546 909       13 512 513     38 587 336  

mean value    11 790 795         6 727 452     11 573 776  
standard variance    18 271 393         9 255 852     19 009 614  

    
group C 

N1      3 449 588         6 668 043       6 965 380  
N2            52 704             246 920             18 043  
N4              3 474                  9 470                   109  

N12    25 414 798       13 602 756       6 496 129  
N16      1 807 544         7 107 051     10 992 637  
N18      2 955 519         4 229 162       2 718 342  
N24      1 779 460         2 132 781           462 080  
N25      1 329 330         5 563 158       8 658 291  
N48    28 896 066       40 608 331     28 212 206  
N49      6 020 844         8 332 934       8 038 215  
N50    11 893 121         1 796 429       1 351 354  
N51      8 065 795       15 306 765       8 328 612  
N52    11 807 046       18 710 738     10 778 297  
N53      4 973 910         6 731 735       4 569 133  
N54      1 336 356       13 008 973     16 970 503  

mean value      7 319 037         9 603 683       7 637 289  
standard variance      8 923 862       10 249 151       7 444 945  

Table 15 16S rRNA based qPCR of Bifidobacterium spp.. 
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7.9. Enterobacteriaceae 

In Table 16 the results of 16S rRNA based qPCR of Enterobacteriaceae of all patient 

groups and time points are listed, including mean values and standard variations. 

Figure 12 points out, that the number of copies in the antibiotic treated groups (AP and 

A) were higher by a power than those of both groups without antibiotic treatment (P and 

C) (p = 0.06). The values of group P were significantly higher than those of group C 

(p = 1.7 x 10-4). Between group AP and A there was no statistically significant 

difference.  

Furthermore, it was apparent that the individual values were widely spread. There was a 

statistically significant difference between all four groups (p = 6.9 x 10-5) but within the 

groups there were no statistically differences between the three time points. 

 

Figure 12 16S rRNA based qPCR of Enterobacteriaceae (A: antibiotic treatment, 

AP: antibiotic treatment and intake L.casei Shirota, P: intake of L.casei Shirota, 

C: control group; 1: day 0, 2: day 5, 3: day 5). 
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participant time point 1 
[copies per gram] 

time point 2 
[copies per gram] 

time point 3 
[copies per gram] 

group AP 
N21               52 188 000         18 294 200           27 249  
N28                     152 760                 38 562                    15 710  
N29             472 852 000           2 860 840           17 963 500  
N30                     241 292           1 796 070                 336 336  
N31               20 626 600               729 125                    52 395  
N33                 1 825 990               997 234         703 422 000  
N34       495 436 000           10 095 500  
N35               35 133 200           9 608 970        13 764  
N36               88 721 200                 10 798             3 076  
N37                       15 478                 45 501                          299  
N39                 4 236 050               895 319   
N41                 1 805 950    

mean value         61 618 047     48 246 602       73 192 983  
standard variance       139 321 158   148 422 539     221 523 790  

    
group A 

N3                     362 907               104 036                 644 370  
N7         16 115 000           97 151 100  
N9             448 694 000           4 821 360                    94 540  

N13            1 261 080           7 877 010                 386 353  
N14       799 100 000         257 071 000  
N17                 6 792 060           2 674 830                 801 550  
N42                 6 846 970           9 090 520           23 426 900  
N43                     203 852                 29 088                    85 752  
N45                 6 974 090           5 766 610              7 545 460  
N47                     197 529               531 577              2 904 060  

mean value         58 916 561     84 611 003       39 011 108  
standard variance       157 525 721   251 095 139       82 273 649  

    
group P 

N5               75 173 600         39 232 500           26 942 000  
N6                 2 217 090            57 343 100  
N8                 4 959 930           7 718 430   

N11                       61 314                 19 349   
N15                       88 254               861 916                    45 253  
N20                       29 988           2 721 490              1 873 300  
N22                 4 621 290               439 825              2 160 090  
N23                     672 842           7 730 990                 839 650  
N26                 8 492 850         11 148 900                      1 468  
N27                 4 026 270           2 125 530   
N44                 2 412 290    
N46                     197 057    

mean value           8 579 398       7 999 881       12 743 551  
standard variance         21 134 488     12 347 609       21 932 465  

    
group C 

N1                     531 182               182 654                    76 128  
N2                     114 796           1 535 360                    65 853  
N4               39 876 800               623 543                      4 548  

N12                     103 111                    4 646                    42 243  
N16                       33 021                 43 493                    24 991  
N18               10 690 700           4 587 650              2 862 030  
N24                 3 636 210           2 188 640              2 312 340  
N25               16 907 300         22 116 200           31 083 600  
N48                     176 912               200 694                 598 252  
N49                     188 131               108 659                 707 844  
N50                     323 753                 85 718                    44 079  
N51                       44 567                 81 560                 113 138  
N52                     145 075               147 209                    30 236  
N53                 1 260 190               323 095                    86 389  
N54                       74 264               694 726                 908 740  

mean value           4 940 401       2 194 923         2 597 361  
standard variance         10 821 641       5 645 187         7 929 396  

Table 16 Results of 16S rRNA based qPCR of Enterobacteriaceae. 
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7.9.1. Salmonella spp. 

In the Table 17 those patients are listed, in which stool samples Salmonella was 

detected by 16S rRNA based Salmonella spp. specific qPCR. The groups did not differ 

significantly from each other. 

participant 1 (day 0) 2 (day 3) 3 (day 5) 
group P 

N5    
N6 � �  
N8  � � 

N10   � 
N11    
N15   � 
N19 �   
N20    
N22  �  
N23    
N26 � � � 
N27 �   
N44    
N46    

    
group C 

N1    
N2  �  
N4    

N12    
N16 � � � 
N18  �  
N24 �  � 
N25 � � � 
N48    
N49    
N50    
N51    
N52    
N53    
N54  � � 

 

participant 1 (day 0) 2 (day 3) 3 (day 5) 
group AP 

N21 �  � 
N28  � � 
N29    
N30  �  
N31  �  
N32  �  
N33   � 
N34 � � � 
N35 � � � 
N36    
N37    
N38 � � � 
N39 �   
N40 � �  
N41 �   

    
group A 

N3 � � � 
N7  � � 
N9    

N13    
N14  �  
N17    
N42 �  � 
N43    
N45    
N47    

    
 

Table 17 Results of 16S based rRNA qPCR of Salmonella spp.. 
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8. DISCUSSION 

8.1. Methods 

8.1.1. Fecal samples 

Using stool samples for analysis of changes in gastrointestinal microbiota has been 

controversially discussed. On the one hand, studies suggested that fecal samples do 

not necessarily represent the bacterial community in other parts of the gastrointestinal 

tract (Zoetendal et al., 2006), on the other hand it is referred that the composition of the 

bacterial microbiota in the feces was similar to that at the mucus layer of the terminal 

ileum and colon regions (van der Waaij et al., 2005). However, for this study fecal 

samples were used to investigate the quantitative changes of total Bacteria and 

bacterial subgroups, because they are easily collected and do not involve any ethical 

issues (Turroni et al., 2008). 

8.1.2. Quantification by real time PCR (qPCR) 

qPCR is a well established and reliable method to detect quantitative differences within 

bacterial subgroups of fecal samples by 16S rRNA coding regions. The 16S rRNA gene 

can be found in all microorganisms. It has enough sequence conservation for accurate 

alignment and enough variation for phylogenetic analyses (Turnbaugh et al., 2007). 

Therefore, this method has been chosen to investigate the impact of L.casei Shirota on 

antibiotic disturbed microbiota. 

8.2. Results 

Antibiotics changed the composition of the gastrointestinal microbiota just as described 

in recent studies (De La Cochetiere et al., 2005, Dethlefsen and Relman, 2011, 

Jakobsson et al., 2010, Sommer and Dantas, 2011). The results have shown that 

antibiotic intake causes group specific shifts and in general a reduction of bacterial 

abundance. Disease on its own as well, affected the microbiota. 

There are indications that the additional intake of L.casei Shirota implicates positive 

characteristics, which are discussed in the following. 
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8.2.1. Total Bacteria 

The quantitative analysis by 16S rRNA based qPCR revealed, that the total amount of 

Bacteria decreases under antibiotic treatment, either with or without probiotic intake. 

Total bacteria are reduced by disease itself, but antibiotic administration decreases the 

abundance additionally. 

Considering that antibiotics have the task of inactivating or killing harmful bacteria, 

accordingly beneficial bacteria are affected by this action as well. Well, a probiotic drink 

containing L.casei Shirota cannot offset this effect, but further qualitative analysis using 

PCR/DGGE indicated, that diversity remains slightly higher, when a combined therapy 

of antibiotics and L.casei Shirota is being performed (Pirker et al., 2012). 

8.2.2. Bacterial subgroups 

During antibiotic administration the abundances of the bacterial subgroups 

Bifidobacteria spp., Clostridium Cluster IV, XIVa and XI are being reduced and 

Enterobacteriaceae are increasing. 

8.2.2.1. Clostridiales 

The abundance of the investigated subgroups Clostridium Cluster IV, XIVa and XI is 

being reduced in the patient groups of antibiotic treatment. 

The percentage in relation to the analyzed bacteria of Clostridium Cluster IV and XIVa is 

lower in participants with disease than in healthy controls at all time points. The same 

result applies to absolute values. In Clostridium cluster IV the number of copies is even 

lower by a half-power in patients under antibiotic treatment. As already mentioned 

above, Clostridium cluster IV and XIVa comprise up to 60 % of colonic microbiota (Louis 

et al., 2007) and contain the main butyrate producing bacteria (Pryde et al., 2002). With 

the decline of Clostridium Cluster IV and XIVa also important SCFAs producing groups 

are being decreased. 

The abundance of Clostridium cluster XI is being lowered whilst a disease and 

continues to decrease during antibiotic treatment. This heterogeneous phylogenetic 

cluster includes opportunistic pathogens like C.difficile (Nadal et al., 2009). The 
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C.difficile specific primers used for this diploma thesis also very probably amplify non-

toxin-producing C.difficile. The results obtained therefore cannot be used to prove the 

occurrence of C.difficile toxins. Also the ELISA test (TOX A/B QUICK CHEK®, 

Wampole®) has to be considered critically. Problems and different outcomes in the 

detection of C.difficile using different test systems are discussed broadly (Alcala et al., 

2008, Eastwood et al., 2009, Luna et al., 2011). 

However, results of a clinical study suggest, that the consumption of L.casei Shirota, 

prevents the development of CDI and reduces the development of AAD efficiently 

(Stockenhuber et al., 2008). The results of this thesis cannot demonstrate this positive 

effect of L.casei Shirota on its own. 

8.2.2.2. Lactobacillus spp. 

Results clearly demonstrate, that the intake of a probiotic drink containing L.casei 

Shirota, increases Lactobacillus spp. in the human gut microbiota of healthy individuals 

rapidly. In patients, receiving antibiotic therapy and L.casei Shirota, there is no increase 

statistically detectable. 

Contrary to the expectations, the quantification using a 16S rRNA specific L.casei 

primer pair cannot detect a significant increase of the L.casei content. In patients 

receiving the probiotic drink containing L.casei Shirota, as well as in patients receiving 

the combined antibiotic/L.casei Shirota therapy, an increase in the abundance of L.casei 

can be observed. But the values have not increased compared to controls. 

Since the results, using the universal Lactobacillus spp. primer pair, have proven for an 

evident increase of the abundance, it is reasonable to affiliate the lack of success of 

specific L.casei analysis to less specific or less amplifying primers. 

8.2.2.3. Bacteroides spp. 

Although no remarkable changes occur in the absolute quantification, in the relative 

quantification the percentage of patients receiving antibiotic therapy or a combined 

antibiotic/L.casei Shirota therapy is being increased before and decreased during 

antibiotic treatment. 
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8.2.2.4. Bifidobacterium spp. 

A dramatic decline in Actinobacteria phylum by antibiotic intake, which includes 

Bifidobacterium spp., has already been described previously (Jakobsson et al., 2010). 

Bifidobacteria are important inulin and starch degraders (Dethlefsen et al., 2006). With 

the decline of Bifidobacteria, also their SCFAs-production is being decreased. A 

decrease in Clostridium Cluster XIVa and IV raises the risk of AAD as well. 

Due to combined antibiotic/L.casei Shirota therapy, the drop of Bifidobacterium spp. is 

being stopped. This treatment can be assumed as a positive influence on the production 

of SCFAs and hence on the diarrheal probability. 

8.2.2.5. Enterobacteriaceae 

Whereas the dominant bacterial groups are decreasing, the abundance of sub-dominant 

Enterobacteriaceae is increasing by a power, both by disease and by antibiotic 

treatment. These results are consistent with the statement of Sommer and Dantas 

(2011), indicating that the low-abundant Proteobacteria containing drug resistant 

strains, including Enterobacteriaceae, increased under antibiotic treatment. 

The results of this thesis suggest, that not every patient responds equally to antibiotic 

therapy or a combined antibiotic/L.casei Shirota therapy. In some patients, 

Enterobacteriaceae increase strongly, while in others there are hardly any changes. A 

combined therapy apparently reduces the abundance of Enterobacteriaceae. 
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9. CONCLUSIONS 

The results of this diploma thesis points out that disease as well as antibiotic treatment 

are mainly associated with changes in the composition of the gastrointestinal microbiota 

and group specific shifts. During antibiotic administration, the abundance of total 

Bacteria and of the bacterial subgroups Bifidobacterium spp., Clostridium Cluster IV, 

XIVa and XI is being reduced. However, the abundance of Enterobacteriaceae 

subgroup increases. 

An intervention with L.casei Shirota seems to antagonize the decline of Bifidobacterium 

spp. in antibiotic treated patients. In healthy individuals the intake of L.casei Shirota 

results in increasing Lactobacillus spp. abundance. 
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10. SUMMARY 

Background: A healthy, divers microbiota maintains a stable and preserved ecosystem 

in the human gut (Backhed et al., 2005). Antibiotic treatment can disturb this ecosystem, 

whereby a loss of stability may be caused by decreasing the bacterial diversity or group 

specific shifts (Sommer and Dantas, 2011). Thereby pathogens such as C.difficile can 

come up and cause harm (Thompson-Chagoyan et al., 2007). 

There are indications that some probiotic strains are able to reduce the incidence of 

antibiotic-associated diarrhea and Clostridium difficile associated diarrhea, especially 

Lactobacillus strains (Hickson et al., 2007, Gao et al., 2010, Wenus et al., 2008, 

Stockenhuber et al., 2008). 

Aims: This diploma thesis investigated the qualitative and quantitative changes in 

human gastrointestinal microbiota, caused by antibiotic treatment and the effects of a 

probiotic drink containing Lactobacillus casei Shirota on the antibiotic disturbed 

microbiota. Furthermore, the influence of a combined antibiotic/L.casei Shirota therapy 

on the occurrence of C.difficile Infection should be explored. 

Study design: Stool samples from four groups (group AP: antibiotic treatment and 

intake of a probiotic drink containing L.casei Shirota; group A: antibiotic treatment; 

group P: intake of a probiotic drink containing L.casei Shirota; and group C: control 

group) of each 15 (group AP, P and C) respectively 11 (group A) patients were taken at 

one before, and two time points after antibiotic treatment and/or intake of L.casei 

Shirota. Samples of control group were taken at similar time points. 

Bacterial DNA was extracted and the abundances of total Bacteria and the bacterial 

subgroups Clostridium Cluster IV (Clostridium leptum subgroup), Clostridium cluster 

XIVa (Lachnospiraceae subgroup), Clostridium cluster XI, Clostridium difficile, 

Lactobacillus spp., L.casei, Bacteroides spp., Bifidobacterium spp., Enterobacteriaceae 

and Salmonella spp. were determined by 16s rRNA based qPCR. 

Results: In the antibiotic treated groups (A and AP) a significant decrease of total 

bacteria, Bifidobacterium spp., Clostridium Cluster IV, XIVa and XI could be observed, 

whereas Enterobacteriaceae were increased. In healthy individuals, the abundance of 
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Lactobacillus spp. increased rapidly after intake of the probiotic drink containing L.casei 

Shirota. 

Investigations of Bacteroides spp., Salmonella spp., L.casei and C.difficile have not 

produced clear results. 

Conclusions: The results of this diploma thesis points out that disease and antibiotic 

treatment are mainly associated with changes in the composition of the gastrointestinal 

microbiota and group specific shifts. During antibiotic administration both, the 

abundance of total Bacteria and of the bacterial subgroups Bifidobacterium spp., 

Clostridium Cluster IV, XIVa and XI is reduced. However, the abundance of the 

Enterobacteriaceae subgroup is increasing. 

An intervention with L.casei Shirota seems to antagonize the Bifidobacterium spp. 

decrease in antibiotic treated patients. In healthy individuals the intake of L.casei 

Shirota results in increasing Lactobacillus spp. abundance. 
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11. ZUSAMMENFASSUNG 

Hintergrund: Eine gesunde und diverse Microbiota im Darm ermöglicht die 

Aufrechterhaltung eines stabilen und geschützten Ökosystems (Backhed et al., 2005). 

Durch die Behandlung mit Antibiotika kann es zum Verlust dieser Stabilität kommen; 

induziert durch eine Verringerung der bakteriellen Vielfalt oder gruppenspezifischen 

Verschiebungen (Sommer und Dantas, 2011). Dabei können Pathogene, wie zum 

Beispiel C.difficile, aufkommen und dem Wirt schaden (Thompson-Chagoyan et al. 

2007). 

Es gibt bereits Hinweise dafür, dass einige probiotische Stämme in der Lage sind, die 

Inzidenz von Antibiotika-assoziierter Diarrhoe und C.difficile assoziierter Diarrhoe zu 

reduzieren; insbesondere Lactobacillus Stämme (Hickson et al., 2007, Gao et al., 2010, 

Wenus et al., 2008, Stockenhuber et al., 2008). 

Zielsetzung: Im Rahmen der vorliegenden Diplomarbeit wurden die qualitative und 

quantitative Veränderungen der menschlichen gastrointestinalen Microbiota, durch die 

Behandlung mit Antibiotika untersucht, sowie die Wirkung eines L.casei Shirota-

enthaltenden probiotischen Getränks, auf die durch Antibiotika zerstörte Microbiota. 

Darüber hinaus sollte der Einfluss einer kombinierten Antibiotika/L.casei Shirota 

Therapie, auf das Auftreten von C.difficile-Infektion untersucht werden. 

Studiendesign: Es wurden Stuhlproben von vier Gruppen (Gruppe AP: Behandlung mit 

Antibiotika und Einnahme eines L.casei Shirota-enthaltenden probiotischen Getränks; 

Gruppe A: Behandlung mit Antibiotika; Gruppe P: Einnahme eines L.casei Shirota-

enthaltenden probiotischen Getränks; und Gruppe C: Kontrollgruppe) zu jeweils 15 

(Gruppe AP, P und C) beziehungsweise 11 Patienten (Gruppe A) genommen. Dabei 

wurde jeweils eine Probe vor der Behandlung mit Antibiotika und/oder der Einnahme 

eines L.casei Shirota-enthaltenden probiotischen Getränks genommen und zwei weitere 

währenddessen. Die Proben der Kontrollgruppe stammen von vergleichbaren 

Zeitpunkten. 

Die bakterielle DNA wurde extrahiert und mittels 16s rRNA basierter qPCR die 

Abundanzen der gesamten Bakterien und der Subgruppen Clostridium Cluster IV 

(Clostridium leptum subgroup), Clostridium cluster XIVa (Lachnospiraceae subgroup), 
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Clostridium cluster XI, Clostridium difficile, Lactobacillus spp., L.casei, Bacteroides spp., 

Bifidobacterium spp., Enterobacteriaceae und Salmonella spp. bestimmt. 

Ergebnisse: Durch die Behandlung mit Antibiotika, konnte ein signifikantes Absinken 

der gesamten Bakterien, Bifidobacterium spp., Clostridium Cluster IV, XIVa and XI 

beobachtet werden. Gleichzeitig war ein Ansteigen von Enterobacteriaceae 

festzustellen. In den gesunden Probanden die das L.casei Shirota-enthaltenden 

probiotischen Getränk konsumierten, stieg die Abundanz von Lactobacillus spp. rasant 

an. 

Die Untersuchungen von Bacteroides spp., Salmonella spp., L.casei und C.difficile 

haben keine klaren Ergebnisse erbracht. 

Schlussbetrachtung: Die Ergebnisse diese Diplomarbeit zeigt, dass sowohl Krankheit 

als auch Antibiotika-Therapie, mit Veränderungen in der Zusammensetzung der 

gastrointestinalen Microbiota assoziiert sind. Während der Behandlung mit Antibiotika 

sinkt sowohl die Abundanz der gesamten Bakterien, als auch jene der bakteriellen 

Subgruppen Bifidobacterium spp., Clostridium Cluster IV, XIVa und XI, während die 

Abundanz der Enterobacteriaceae ansteigt. 

Die Intervention mit L.casei Shirota scheint dem Absinken von Bifidobacterium spp. in 

Antibibiotika-behandelten Patienten entgegenzuwirken. Die Aufnahme von L.casei 

Shirota von gesunden Probanden, verursacht einen Anstieg der Abundanz von 

Lactobacillus spp.. 
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Abstract 

Aims and Methods: Effects of intervention with Lactobacillus casei Shirota (LcS) on 

the incidence of antibiotic-associated-diarrhoea (AAD), Clostridium difficile infection 

(CDI) and changes in faecal microbiota were analysed using C.difficile ELISA (678 

patients), qPCR using 16S rRNA group-specific primers, C.difficile toxin kit and 

PCR/DGGE (56 patients). 

Results: AAD developed in 18.5% group A and 5% group AP patients. Following 

antibiotic therapy, a decrease of the abundance of total Bacteria, Clostridium cluster IV 

and XI, Bifidobacterium spp. and butyryl-CoA CoA transferase genes was observed, 

whereas Enterobacteriaceae increased. LcS intervention reduced the antibiotic-

associated decrease in the diversity of microbiota, increased the abundance of 

Lactobacillus spp. and reduced the antibiotic induced decrease of Bifidobacterium spp.. 

Conclusions: Antibiotic treatment effects diversity and composition of the microbiota 

impairing short-chain fatty acids (SCFAs) production. Intervention with certain 

Lactobacillus strains may antagonise some of these changes and more potent SCFA-

stimulating probiotics are desirable for intervention in AAD. 

 

1. Introduction 

The human gut contains approximately 10-100 trillion organisms (Qin et al., 2010), 

including all three domains of life: Bacteria, Archaea and Eukarya (Backhed et al., 

2005); and recently three functional subtypes (‘enterotypes’) have been described 

(Arumugam et al., 2011). The gastrointestinal microbiota is dominated by two divisions 

of Bacteria: Bacteroidetes and Firmicutes (Backhed et al., 2005, Wang et al., 2003). 

95% of the Firmicutes belong to the Clostridium, while large variations can be observed 

among the Bacteroidetes phylotypes (Eckburg et al., 2005).  

A high microbial diversity supports a stable gut ecosystem, providing the host with 

protection against pathogens (Backhed et al., 2005). This stability can be influenced by 

many factors including intestinal pH, microbial interactions, environmental temperature, 

physiologic factors, peristalsis, bile acids, host secretions, immune responses, drug 

therapy and bacterial mucosal receptors (Thompson-Chagoyan et al., 2007). If this 



 PUBLICATIONS 61 

ecosystem is disturbed and there is a reduction in the abundance or group specific 

shifts, pathogens are more able to colonise and cause harm.  

Antibiotic treatment is one factor that allows pathogens to proliferate, and antibiotics can 

result in both short- and long-term effects on the human gut microbiota. Bacterial 

diversity may decrease, the relative proportions of different species can change, new 

species can be introduced and/or existing species completely eradicated (Sommer and 

Dantas, 2011, Dethlefsen and Relman, 2011). Proteobacteria, for example, which are 

normally low in abundance, are increased at the expense of the normally dominant 

Firmicutes and Bacteroidetes. There is also continuing concern about the increasing 

rise in antibiotic resistance (Sommer and Dantas, 2011), all of which makes it important 

that antibiotic-associated changes to the intestinal microbiota are characterized and to 

find ways to resist these changes and achieve a rapid return to the original composition 

(De La Cochetiere et al., 2005). 

Antibiotic-associated diarrhoea (AAD) is a common complication of antibiotic use. 

Nearly all types of antibiotics are reported to induce AAD, but those with a spectrum of 

activity including anaerobic bacteria have been particularly associated with higher rates 

of AAD (Breves et al., 2000). Clinically mild AAD is mostly caused by the toxic effects of 

the antibiotics themselves on the intestinal mucosa, or their pharmacological effects on 

gut motility, functional disturbances of intestinal bile acid or carbohydrate metabolism 

(Hogenauer et al., 1998), accompanied by a decrease of the microbial metabolism of 

complex carbohydrates to short-chain fatty acids (SCFAs). SCFAs are essential for 

sodium and water uptake (Breves et al., 2000), as well as having a role as important 

energy sources for intestinal epithelial cells (Hamer et al., 2008), and anti-inflammatory, 

epigenetic and genetic activities (Canani et al., 2011). More severe AAD-causing 

complications include electrolyte imbalances, dehydration, pseudomembranous colitis, 

toxic megacolon or death. These complications can be caused by infection with 

Clostridium difficile (a member of Clostridium cluster XI), or other infectious agents 

including C.perfringens, Staphylococcus aureus, Klebsiella oxytoca, Candida species, 

and Salmonella species (Hogenauer et al., 1998, Breves et al., 2000). 

Intestinal overgrowth with C.difficile is a particularly dangerous complication of antibiotic 

intake. The pathogen causes severe diarrhoea and pseudomembranous colitis, entities 
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associated with outbreaks having a high rate of mortality for hospitalized patients 

(Thompson-Chagoyan et al., 2007). This anaerobic spore forming bacterium is believed 

to be responsible for 5 %–20 % of all cases of AAD (Hogenauer et al., 1998), for 

virtually all cases of pseudomembranous colitis (Bartlett, 1987), and a frequent cause of 

outbreaks (Arumugam et al., 2011, Hensgens et al., 2011, McFarland et al., 2007). 

C.difficile releases at least two potent toxins that cause mucosal damage and 

inflammation of the colon (Hogenauer et al., 1998). 

The almost complete inhibition of butyrate fermentation may be an important 

pathophysiological factor for development of AAD, because butyrate has an essential 

role in ensuring the morphological and functional integrity of colonocytes (Breves et al., 

2000). The effect of decreasing SCFAs production could be compensated by probiotic 

intervention. This has been shown with Saccharomyces boulardii although the yeast 

restored acetate and propionate fermentation but not butyrate (Breves et al., 2000). 

S.boulardii has the strongest evidence with regard to reducing incidence of AAD and/or 

C.difficile-associated diarrhoea (McFarland, 2010) but evidence is also available for 

probiotic bacteria including Lactobacillus rhamnosus GG (McFarland, 2006), 

L.acidophilus CL1285 and L.casei LBC80R (Gao et al., 2010), L.rhamnosus GG, 

L.acidophilus La-5 and Bifidobacterium Bb-12 (Wenus et al., 2008), L.casei DN-114 001 

with the yogurt cultures L.delbrueckii subsp. bulgaricus and Streptococcus thermophilus 

(Hickson et al., 2007) and L.casei Shirota (Martinez et al., 2003, Lewis et al., 2009). The 

safety of Lactobacillus casei Shirtoa (LcS) has been confirmed in several studies 

(Snydman, 2008, Whelan and Myers, 2010). 

The rationale for combining a probiotic with antibiotic therapy is that the antibiotic kills 

any vegetative C.difficile cells in the intestine and eliminates their toxigenic effect, the 

probiotic helps to re-establish the protective intestinal microbiota so that when any 

residual spores germinate, their outgrowth and colonization is prevented by the newly 

restored microbiota barrier (McFarland, 2006). 

In the present study, the effects of using a probiotic with antibiotic therapy on the 

incidence of AAD and C.difficile infection (CDI) were investigated in a group of 678 

hospitalized patients receiving antibiotics. The probiotic was a fermented milk drink 

containing LcS administered during and for three days after a course of antibiotics. 
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Changes in feacal microbiota were analysed in a subgroup of 56 subjects. The results 

suggest an important role of LcS in antagonizing antibiotic-induced changes in the 

intestinal microbiota with regard to its abundance, diversity and SCFA-producing 

capacity.  

 

2. Material and methods 

2.1. Subjects 

The study was performed at the department of Internal Medicine of the General Hospital 

Oberpullendorf (Austria). For the clinical study, patients given antibiotics were divided 

into two cohorts. Group AP (antibiotic + probiotic) comprised 340 patients (182 females 

and 158 males with a mean age of 71 years) fulfilling the following criteria: (1) they 

received a daily probiotic drink containing the probiotic strain LcS (one 65 ml bottle 

containing a minimum of 6.5x109 live cells of LcS) whilst taking antibiotics and for 3 

days after the antibiotic treatment ceased; (2) they were treated with appropriate 

antibiotics administered either by oral or parenteral route according to their clinical 

indication (penicillins, cephaolosporins, quinolones, clindamycin and vancomycin); (3) 

they were on a ward where all patients and the staff received probiotic (regardless of 

antibiotic therapy). Evaluation of compliance showed that at least 80% of the patients 

and 95% of the staff ingested the probiotic drink on a daily basis. Group A (on 

antibiotics but not given probiotic) comprised 338 patients (172 females and 166 males 

with a mean age of 69 years). The following exclusion criteria were defined: (1) 

diarrhoea on admission or within the previous week of the admission; (2) intake of high 

risk antibiotics within one month before admission to the hospital (cephalosporins, 

clindamycin, aminopenicillin and quinolones were predefined as high risk antibiotics); 

(3) recurrent diarrhoea, or chronic intestinal diseases associated with diarrhoea; (4) 

known re-current CDI. The patient groups did not differ significantly in terms of 

demographic characteristics or severity of disease. Of note, both groups received 

similar antibiotic regimens and there was no change in the infection prevention policy 

over the trial period. All subjects agreed to participate in the study and gave their 

informed consent.  
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Feacal samples were taken for further laboratory study from sub-set of 56 subjects 

(aged 60 ± 22 years), divided into four groups (Table 1). Patients of group A and AP 

had been treated with antibiotics; patients of groups (AP and P) had received a daily 

fermented milk drink (Yakult®) containing the probiotic strain L.casei Shirota. The control 

group (C) consisted of healthy adults receiving neither antibiotics nor probiotics.  

 

2.2. Clinical endpoints 

Primary endpoint: The occurrence of diarrhoea, defined as more than two abnormally 

loose bowel movements (i.e. unformed or liquid stools that were strictly defined as stool 

taking up the shape of the container and confirmed as such by a nurse) per day for the 

duration of three or more days. 

Secondary endpoint: The incidence of CDI, defined as the onset of diarrhoea (as 

described above) plus detection of toxin A or toxin B in stool samples by immunoassay 

(TOX A/B QUICK CHEK®, Wampole®). 

 

2.3. Sampling and DNA extraction from stool 

Feacal samples were taken at three time points within the course of a week: before 

antibiotic treatment and/or intake of probiotic (day 0) and two times during antibiotic 

treatment and/or intake of probiotic (after 3 and 5 days). Samples of the control group 

were taken at similar time points. All samples were immediately stored at -70 °C. 

For DNA extraction 200 mg frozen stool sample was treated twice for 45 s in a bead-

beater (Mini-Beadbeater-8) with one intervention minute on ice. The DNA was then 

extracted using QIAamp DNA Stool Mini Kit (QUIAGEN) following the manufacturers’ 

protocol and immediately stored at –20 °C. 
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2.4. Quantification of total Bacteria, bacterial subgroups and detection of butyryl-

CoA CoA transferase genes by q-PCR 

For TaqMan q-PCR of total Bacteria, Clostridium cluster IV and XIVa, all Bacteroides 

and Bifidobacterium spp., a reaction mix with the total volume of 10 µL, 5 µL SensiMixTM 

Probe Kit (TaqMan®) (3 mM MgCl2), 1 µL of each primer, 1 µL of TaqMan®-probe (Table 

2) and 10 ng template were used. For SYBR Green Real Time PCR of Lactobacillus 

spp., Enterobacteriaceae (4 mM MgCl2) and Clostridium cluster XI, a reaction mix with 

the total volume of 10 µL, 5µL SensiMixTM SYBR No-ROX Kit (SYBR® Green) (3 mM 

MgCl2), 1 µL of each primer (Table 3) and 10 ng template were used. Assays were 

carried out in a StepOnePlus™ Instrument (96 wells) using Real-Time PCR System 

Version 2.1 (Applied Biosystems). 

For comparison of PCR reaction efficiencies among different experiments, one feacal 

sample and tenfold series of DNA dilutions of following type strains were used: 

Clostridium leptum DSM 753, Clostridium blautia, Bifidobacterium longum DSM 20211, 

Lactobacillus casei, Escherichia coli 1029 and a bacterial mix containing Clostridium 

leptum DSM 735, Clostridium blautia, Clostridium difficile 301968DNA, Staphylococcus 

aureus, Enterococcus faecium DSM 20477, Listeria monocytogenes, Lactobacillus 

casei, Bacteroides thetaiotaomicron DSM 2079, Escherichia coli 1029, Citrobacter 

caseri, Enterobacter cloacae 1252, Salmonella typhimurium SL7207, Bifidobacterium 

longum subsp. suis DSM 20211. 

Standard curves were created using serial dilutions of known concentrations of 

organisms containing the respective amplicons for each set of primers, and 

quantification was done. All templates were determined in duplicate, and the average 

used for calculation. 

Euroclone® C.difficile A/B kit was used for specific C.difficile toxin determination, 

following the user manual. 

Butyryl-CoA CoA transferase genes were detected as described previously (Hippe et 

al., 2011, Louis and Flint, 2007) (Table 3). 
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2.5. PCR/DGGE  

Polymerase chain reaction (PCR) was used to amplify 16S rRNA gene sequences from 

total Bacteria in feacal samples and type strains for further use in denaturing gradient 

gel electrophoresis (DGGE) analysis.  

Assays were carried out in a 96-well Gradient Thermal Cycler (Labnet MultiGene™), 

using a ready-to-use GoTaq® Green Master Mix (Promega) with 1.5 mM MgCl2 and the 

specific primer sets 341f-GC 5'-CCT ACG GGA GGC AGC AG-3' (Muyzer et al., 1993) 

and 518r 5'-ATT ACC GCG GCT GCT GG-3' (Neefs et al., 1991). The DGGE gel was 

prepared as described previously (Muyzer and Smalla, 1998) with a linear gradient of 

25–65 %, using a gradient mixer (Hoefer SG 30) and a peristaltic pump. A reference 

marker was generated, containing fragments of 16S rRNA genes from cultured bacteria 

and clones generated from feacal material: Bacteroides thetaiotaomicron, Enterococcus 

faecium, Clostridium leptum 16, Escherichia coli, Clostridium coccoides 43, 

Lactobacillus reuteri and Bifidobacterium longum. 

 

2.6. Statistical analysis 

Fisher's exact test was performed to compare the rates of AAD and CDI. 

Feacal analysis data were statistically analysed using the program OriginPro 8 

(OriginLab®).  

To compare two unpaired groups of interval values the parametric Two Sample t-

Test, and of interval values the non-parametric Mann-Whitney U-Test was used. For 

three unpaired group comparison of interval values the parametric One-way ANOVA, 

and of ordinal values the non-parametric Kruskal-Wallis ANOVA was used. P-values 

less than 0.05 were defined as statistically significant. 
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3. Results 

3.1. Antibiotic-associated diarrhoea and C.difficile infection: 

In the control group 63 of 338 patients developed AAD, equivalent to an incidence of 

18.6%. Of the patients suffering from AAD, an immunoassay proved that 21 had CDI, 

demonstrating a CDI incidence of 6.2% in this control group. On the other hand, 17 of 

340 patients in the intervention group developed AAD, equivalent to an AAD incidence 

of 5%. One of the patients suffering from AAD had a positive immunoassay, confirming 

CDI. As a result the incidence of CDI in the intervention group was 0.3%. Compared to 

the control group the probiotic-intervention group demonstrated a relative risk reduction 

of 73.2% for development of AAD (p < 0.001) and 95.3% for CDI (p < 0.001) (based on 

the immunoassay). 

Among the feacal samples for microbiota analysis one patient in group A tested 

positive using the qPCR Euroclone® C.difficile A/B kit, but no one in group AP (Table 4). 

This test detected all three C.difficile strains provided from the Division for Human 

Medicine of the Austrian Agency for Health and Food Safety (AGES). Two patients in 

group A and one patient in group AP developed AAD. 

 

3.2. Total bacteria 

In the feacal analysis of the subset of subjects, both antibiotic-treated groups had a 

significant lower number of copies per g than the control groups (p = 8.4 * 10-4), 

particularly at time points two (AP: p = 0.02; A: p = 0.03) and three (AP: p = 0.003; A: p 

= 0.02) compared to group C. Within the antibiotic groups, a mean decrease of copies 

per g was observed (Figure 1 A). 

DGGE band pattern analysis (Figure 2) of 16S rRNA coding regions of total bacteria 

amplified with primer pair 341GC-518 revealed that on average two more bands could 

be detected in group AP, increasing from time point 1 to 3, in comparison to group A 

(A1:A3 10:8 bands, AP1:AP3 8:9 bands), indicating a higher diversity was maintained in 

the AP group. 
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3.2.1. Relative amount of bacteria. 

Most striking is, that in patients receiving antibiotics, the Clostridium Cluster IV and XIV 

is clearly reduced compared to the healthy controls and at the first time point the 

Enterobacteriaceae are clearly increased (Figure 3). Furthermore, in patients under 

antibiotic treatment, there were more bacteria which cannot be identified by the primers 

used in this study.  

 

3.3. Bacterial subgroups 

Clostridium cluster IV (C.leptum subgroup): The values of the groups receiving 

antibiotics were on average lower by a half-power then the two control groups not on 

antibiotics. This difference was statistically significant (p = 6.31 * 10-7). Group AP and A, 

and group P and C did not differ from each other. (Figure 1 B) 

Clostridium cluster XI: After commencement of the antibiotic treatment, the 

abundance of Clostridium clusters XI decreased, whereas in the control groups values 

remained constant. (Figure 1 C) 

All Bacteroides: Evaluation of the results revealed no remarkable differences. 

Bifidobacterium spp.: The mean number of copies per g of both antibiotic groups were 

lower than those of the control groups (p = 0.051). The average numbers of copies fell 

in group AP and A, but in group AP this decrease stopped after LcS intake was begun 

and levels started to rise again slightly. (Figure 1 D) 

Lactobacillus spp: In group P the values of each time point differed significantly (p = 

0.01) and the number of copies per g increased significantly from time point 1 to 3 (p = 

0.02) as well as from time point 2 to 3 (p = 0.045). At time point 3 the number of copies 

per g was significantly higher in group P than in group C (p = 0.04). (Figure 1 F) 

Enterobacteriaceae: In the antibiotic groups AP and A, the number of copies per g 

were higher by a power than those of both groups without antibiotic treatment (P and C) 

(p = 0.06). Furthermore, it was apparent that individual values were widely spread. 

There was a statistically significant difference between all four groups (p = 6.9 * 10-5) 

but not within the three time points of each group. (Figure 1 E) 
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3.4. Butyrate 

In patients receiving antibiotics (group AP and A), the amount of butyryl-CoA CoA 

transferase genes was lower than in the controls (p = 1.08 * 10-5). The graph also 

showed a difference in values between the two groups on antibiotic treatment, group AP 

and A, however, this was not statistically significant. (Figure 4) 

 

4. Discussion 

Results of a clinical trial including 678 patients suggest that AAD is significantly 

decreased by giving the probiotic L.casei Shirota in combination with antibiotic therapy. 

We used 16S rRNA based qPCR and PCR/DGGE to analyse possible differences in 

feacal microbiota of subjects receiving antibiotics and/or a combined antibiotic/L.casei 

Shirota intervention. 

Antibiotics clearly changed the composition of the gastrointestinal microbiota as 

indicated by a change in the abundance of subgroups and in their diversity. As 

described in recent studies (De La Cochetiere et al., 2005, Dethlefsen and Relman, 

2011, Jakobsson et al., 2010, Sommer and Dantas, 2011), our results showed that 

antibiotic intake caused group specific shifts, and in general a reduction of bacterial 

abundance. 

The quantitative analysis by qPCR revealed that the total amount of bacteria decreased 

as a result of antibiotic treatment, either with or without probiotic intake. However, 

further qualitative analysis using DGGE indicated that diversity remains higher when the 

probiotic was consumed during and after antibiotic therapy. This result certainly merits 

further investigation with a bigger sample size. 

It was also observed that the abundance of the bacterial subgroups Bifidobacterium 

spp., Clostridium cluster IV and XI was reduced during antibiotics, whereas the 

abundance of Enterobacteriaceae increased. A dramatic decline in the Actinobacteria 

phylum, which includes Bifidobacteria, following antibiotic intake has been described 

previously (Jakobsson et al., 2010). Bifidobacteria are inulin and starch degraders; 

lactate is the primary fermentation product and is converted to butyrate by secondary 
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fermenters (Dethlefsen et al., 2006) thus a decline in Bifidobacteria represents a 

decrease in an important SCFA-producing group. 

SCFAs result from anaerobic microbial fermentation of indigestible carbohydrate or 

dietary fibre (Fredstrom et al., 1994). The main SCFAs are acetate, propionate and 

butyrate, which stimulate the colonic blood flow and fluid and electrolyte uptake 

(Topping and Clifton, 2001). Furthermore, indirect actions of butyrate are believed to 

involve the hormono–neuro–immuno system (Guilloteau et al., 2010). As described 

previously, SCFAs are also essential for sodium and water uptake. Reduced production 

of SCFAs is linked to pathogenic mechanisms causing diarrhea. Therefore, the 

observation that combined use of L.casei Shirota antagonizes the drop of Bifidobacteria 

caused by antibiotics could be linked to the clinical results showing reduced AAD 

incidence with the probiotic. This is in line with previous reports of increasing 

abundance of Bifidobacteria during LcS intake (Bian et al., 2011, Nagata et al., 2011). 

The decline of Clostridium cluster IV would also have a strong impact on SCFA-

production. This subgroup represents 22% of the total feacal bacteria, with 

Faecalibacterium prausnitzii strains being the most abundant (Lay et al., 2005). 

Together with Clostridium cluster XIVa, cluster IV contains the main butyrate-producing 

bacteria in human gut, and in particular strains related to F.prausnitzii (Pryde et al., 

2002). These results are in line with the observed lower values of butyryl-CoA CoA 

transferase gene in antibiotic-treated patients. Butyrate has also been implicated in 

down regulation of bacterial virulence (Guilloteau et al., 2010); a decrease in butyrate 

allows pathogen growth in the intestinal ecosystem. In the present study, the butyryl-

CoA CoA transferase gene was used as a marker for butyrate production because 

direct analysis of SCFAs in faeces is hampered by the rapid binding and degradation of 

SCFAs in the gut. 

The abundance of Clostridium cluster XI was decreased in patients prescribed 

antibiotics and declined during their treatment. Clostridium cluster XI is a heterogeneous 

phylogenetic cluster including opportunistic pathogens, such as C.difficile (Nadal et al., 

2009). C.difficile is a Gram-positive, spore-forming, anaerobe that can be carried 

asymptomatically in the human intestinal tract. Antibiotics suppressing the intestinal 

microbiota can allow C.difficile to proliferate and subsequently cause intestinal damage, 
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inflammation and clinical disease (Lawley et al., 2009). Results of the present clinical 

study suggest that consumption of L. casei Shirota efficiently prevents development of 

CDI and reduces development of AAD. In this study, CDI was evaluated by TOX A/B 

QUICK CHEK®, Wampole® immune assay for all the patients on antibiotics in the study. 

For the molecular analysis of the subset of 56 samples, Euroclone® C.difficile A/B kit 

was used. Problems and different outcomes in the detection of C.difficile using different 

test systems have been widely discussed (Alcala et al., 2008, Eastwood et al., 2009, 

Luna et al., 2011). 

 

5. Conclusions 

This study also confirmed that antibiotic treatment as well as the underlying disease 

requiring this therapy, were mainly associated with changes in the diversity and 

composition of the gastrointestinal microbiota, accompanied by a lower occurrence of 

butyryl-CoA CoA transferase genes. Pathogens are more able to colonize a disturbed 

intestinal ecosystem; reduction in both bacterial diversity and production of SCFAs 

might significantly contribute to problems following antibiotic treatment. It is apparent 

that intervention with L casei Shirota antagonizes some of these changes. Successful 

probiotic intervention in AAD might therefore be directed at the problem of reduced 

production of short-chain fatty acids that occurs after antibiotic treatment. 
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Group Treatment and/or intervention 
AP Antibiotic treatment and intake of a probiotic drink containing Lactobacillus casei Shirota 
A Antibiotic treatment only 
P intake of a probiotic drink containing Lactobacillus casei Shirota 
C control group 

Table 1 Characterization of participant groups. 

 

 

Target organism Primer/Probe Sequence (5' - 3') Size 
(bp) 

Conc. 
[pmol/µL] 

Reference 

All Bacteria BAC-338-F ACT CCT ACG GGA 
GGC AG 

468 10 (Yu et al., 
2005) 

BAC-805-R GAC TAC CAG GGT 
ATC TAA TCC 

10 

BAC-516-P (6-FAM)-TGC CAG 
CAG CCG CGG TAA 
TAC-(BHQ-1) 

2 

Clostridium cluster 
IV (Clostridium 
leptum) 

sg-Clept-F GCA CAA GCA GTG 
GAG T 

239 4 (Matsuki et 
al., 2004) 

sg-Clept-R CTT CCT CCG TTT 
TGT CAA 

4 

Clept-Pa (FAM)-AGG GTT GCG 
CTC GTT-(BHQ-1) 

2 (Zwielehner 
et al., 2009) 

All Bacteroides AllBac296f GAG AGG AAG GTC 
CCC CAC 

106 3 (Layton et 
al., 2006) 

AllBac412r CGC TAC TTG GCT 
GGT TCA G 

3 

AllBac375Bhqr (6-FAM)-CCA TTG 
ACC AAT ATT CCT 
CAC TGC TGC CT-
(BHQ-1) 

1 

Bifidobacterium 
spp. 

Fwd primer GCG TGC TTA ACA 
CAT GCA AGT C 

125 3 (Penders et 
al., 2005) 

Rev primer CAC CCG TTT CCA 
GGA GCT ATT 

3 

Probe (6-FAM)-TCA CGC 
ATT ACT CAC CCG 
TTC GCC-(BHQ-1) 

1.5 

Clostridium cluster 
XIVa 
(Lachnospiraceae) 

195-F GCA GTG GGG AAT 
ATT GCA 

538 7 (Meier et al., 
1999) 

 Ccocc-R 
 

CTT TGA GTT TCA 
TTC TTG CGA A 

7 (Matsuki et 
al., 2004) 

 Ccocc-P 
 

(6-FAM)-AAA TGA 
CGG TAC CTG ACT 
AA-(BHQ-1) 

1.5 

Table 2 Primers and TaqMan®-probes targeting 16rRNA coding regions of 

bacteria. 
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Target organism Primer Sequence (5' - 3') Size 
(bp) 

Conc. 
[pmol/µL] 

Reference 

Clostridium cluster 
XI 

C Cluster XI F ACG CTA CTT GAG 
GAG GA 

180 3 (Song et al., 
2004) 

C Cluster XI R GAG CCG TAG CCT 
TTC ACT 

Enterobacteriaceae LPW69 AGC ACC GGC TAA 
CTC CGT 

492-
509 

3 (Woo et al., 
2000) 

pB-00608 r GAA GCC ACG CCT 
CAA GGG CAC AA 

834 - 
856 

3 (Ootsubo et 
al., 2002) 

Lactobacillus spp. Lac1 AGC AGT SGG GAA 
TCT TCC A 

352-
700 

4 (Walter et 
al., 2001) 

Lac2 ATT YCA CCG CTA 
CAC ATG 

4 

Table 3 Primers targeting 16rRNA coding regions of bacteria (SYBR® Green) and 

butyryl-CoA CoA transferase genes. 

 

 

 A (no intervention) AP (intervention) 
Euroclone® C. difficile A/B kit  1 (n=15) 0 (n=10)  
Clinical study  AAD: 63 (n=338) 

(18.5 %) 
CDI: 21 (6.2 %) 

AAD: 17 (n=340)  
(5 %) 
CDI: 1 (0.3%) 

AAD: RRR 73.2 % (p<0.001) 
CDI: RRR 95.3 % (p<0.001) 

Table 4 Group distribution concerning AAD and CDI (n = sample size). 
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Figure 1 16S rRNA qPCR of (A) total Bacteria, (B) Clostridium Cluster IV, (C) 

Clostridium cluster XI, (D) Bifidobacterium spp., (E) Enterobacteriaceae, (F) 

Lactobacillus spp. (A: antibiotic treatment, AP: antibiotic treatment and intake of a 

probiotic drink containing L.casei Shirota, P: intake of a probiotic drink containing 

L.casei Shirota, C: control group; 1: day 0, 2: day 3, 3: day 5). 
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Figure 2 PCR-DGGE fingerprinting of16S rRNA coding regions amplified with primer 

pair 341GC-518. (A: antibiotic treatment, AP: antibiotic treatment and intake of a 

probiotic drink containing L.casei Shirota, P: intake of a probiotic drink containing 

L.casei Shirota, C: control group; 1: day 0, 3: day 5). 
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Figure 3 Percentage of bacterial subgroups in relation to the analysed Bacteria. 

In patients under antibiotic treatment, there were more bacteria which cannot be 

identified by the primers used in this study. (A: antibiotic treatment, AP: antibiotic 

treatment and intake of a probiotic drink containing L.casei Shirota, P: intake of a 

probiotic drink containing L.casei Shirota, C: control group; 1: day 0, 2: day 3, 3: day 5). 
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Figure 4 Abundance of butyryl-CoA CoA transferase genes in group A (antibiotic 

treatment), AP (antibiotic treatment and intake of a probiotic drink containing L.casei 

Shirota), P (intake of a probiotic drink containing L.casei Shirota) and C (control group) 

(1: day 0, 2: day 5, 3: day 5). Amplification was done by 16S rRNA qPCR with primer 

pair BCoATscrF/R. 
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13.2. Poster presentation: 6th International Yakult Symposium 2011: The Gut and its 

Role in Health Maintenance (Vienna) 

Recently, results from a clinical study reported a reduced
appearance of antibiotic associated diarrhoea and
immune diagnosed C.difficile infection by intervention
with a L.casei Shirota based product (Stockenhuber et al.,
2008).

The hypothesis for a combined antibiotic/probiotic
therapy is “that the antibiotic kills vegetative C.difficile

organisms in the GI tract, which would clear the
pathogenic toxins, and the probiotics would assist in
reestablishing the protective intestinal microbiota so that
residual spores may germinate, colonization is rebuffed

by the newly restored microbiota barrier” (McFarland
and Dublin, 2008).

Two potent toxins released by C.difficile are suspected as
main cause of antibiotic associated diarrhea.

Objectives: In the present study effects of a combination
therapy antibiotic/L.casei Shirota and controls should be

tested for AAD, C.difficile and changes of fecal microbiota
in a small group of 55 patients.

Methods: Stool samples from 4 groups (Table 1) of each
15 resp. 11 patients (aged 60 ± 22 years) were taken at
three time points: before antibiotic treatment and/or
intake of a probiotic drink containing L.casei Shirota (day

0) and two times during antibiotic treatment and/or
intake of a probiotic drink containing L.casei Shirota (after
3 and 5 days). Samples of the control group are taken at
similar time points.

Study design: GI microbiota, including C.difficile, were
analyzed by real time PCR using 16S rRNA group specific
primers, Euroclone® C.difficile A/B kit (showing 2 of 2

positive controls provided by AGES as positive),
PCR/DGGE and a C.difficile ELISA test.

Group characterization

AB antibiotic treatment 

ABY antibiotic treatment and intake of L.casei

Shirota

Y intake of L. casei Shirota

C control group 

Effects of L.casei Shirota on gastrointestinal microbiota 

during antibiotic therapy

Conclusio: There are many evidences that L.casei Shirota
has a protective effect on the emergence of antibiotic
induced diarrhea AAD. For a significant evaluation of
decreases of C.difficile with combination therapy at least
300 persons need to be analyzed using a A/B toxin
specific qPCR addressing the emergence of C.difficile in
AAD.

Pirker A., Hippe B., Remely M., Harrant A., Kamhuber C., Stockenhuber F., Haslberger A.G. 
alexander.haslberger@univie.ac.at Department of Nutritional Science, Vienna, Austria

Table 1 characterization of participant groups.
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AB ABY 

Euroclone® C.difficile A/B kit 1 (n=15) 0 (n=10) 

16S rRNA C.difficile specific qPCR 2 (n=15) 1 (n=10) 

C.difficile ELISA  (CDI present study) 5 (n=15) 0 (n=10) 

Stockenhuber et al. (2008) AAD: 63 (n=338) (18 %)

CDI: 21 

AAD: 17 (n=340) (5 %)

CDI: 1 
Table 2 Overview of investigations into C.difficile. (AAD (Antibiotic associated diarrhoea); CDI (Clostridium Difficile Infection))

Discussion:

C.difficile ELISA test is discussed as rather unspecific. In previous studies C.difficile ELISA have only
been performed at the beginning of the therapy.

Previous results of our group suggest that 16S rRNA C.difficile specific qPCR is also detecting non
toxin forming C.difficile.

Euroclone® C.difficile A/B kit specifically detects toxin producing C.difficile.

Figure 2 (A) PCR-DGGE fingerprinting of 16S rRNA coding regions amplified with primer pair 341GC-518 (B) number of bands of DGGE
fingerprinting (SL (standard lane); 1 (day 0); 3 (day 5))

A B

Discussion:

All bacteria: antibiotic therapy decreases total amount of bacteria.

Lactobacilli: The increase of copie numbers from timepoint 2 to 3 is significantly higher in group

Y than in group C.

Enterobacteriaceae: Patients show a higher abundance of Enterobacteriaceae compared with
controls, decreasing under therapy.

Figure 1 qPCR (SYBR® Green) using Primers sg-
Lcas-F and sg-Lcas-R targeting 16S rRNA coding
regions of Lactobacilli. (T1 = Δ timepoint 1 and 2;
T2 = Δ timepoint 2 and 3)
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Discussion:

In group ABY in average two more bands can be seen as an increase from timepoint 1 to 3, in
comparison to group AB. This suggestes a high diversity in the ABY group.

Clostridium difficile

Effects on microbiota subgroups

Diversity

Figure 2 qPCR (SYBR® Green) using primers LPW69 and pB-
00608r targeting 16S rRNA coding regions of
Entoerobacteriaceae.
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Abstract: 

 

Changes in fecal microbiota underlie reduced C.difficile after intervention with 

L.casei Shirota in antibiotic diarrhea. 

Angelika Kolle, Berit Hippe, Felix Stockenhuber, Alexander G. Haslberger 

Department for Nutrition Sciences, University of Vienna, KH Oberpullendorf, Austria. 

alexander.haslberger@univie.ac.at 

Introduction 

Recently, results from a clinical study reported a reduced appearance of antibiotic 

associated diarrhea (AAD, 18 % : 5 %) and immune diagnosed C.difficile infection (CDI, 

21:1 patient) by intervention with a L.casei Shirota based product (Y). 

Methods 

To investigate changes of GI microbiota underlying the reduced development of 

C.difficile, 4 groups of each 15 patients each were investigated for C.difficile toxin and 

changes of bacterial groups in fecal microbiota. The abundance of total bacteria, 

Lactobacillus, Bifidobacteria, Bacteroides, C. cluster IV, C. cluster XIV, C.difficile, and 

Enterobacteriaceae using qPCR with 16S group specific primers was analyzed. 

Samples were taken before, and 3 and 5 days after start of the antibiotic treatment. 

Groups consisted of controls, controls receiving the L.casei product (Y), patients 

receiving various antibiotic treatments and patients receiving various antibiotic 

treatments in combination with Y. 

Results 

Comparable to the previous clinical study, about 20 % of the antibiotic group (AB) 

patients were positive for C.difficile toxin. Furthermore, one patient of each control 

group showed C.difficile toxin. qPCR analysis detected C.difficile in 3 out of15 patients 

receiving AB. In one patient who showed C.difficile at the start of AB therapy, no 

C.difficile could be detected after AB plus Y therapy. Abundance of Lactobacillus 

increase in groups receiving Y (Y, AB+Y: >200 %, sign). In general, patients receiving 

AB showed an impaired abundance of bacteria and Lactobacillus at the start of the 

therapy. AB therapy further decrease the abundance of total bacteria (- 40 %) compared 
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to the abundance before AB therapy and compared to healthy controls. Patients 

receiving AB therapy, showed already before begin of the therapy a significant 

increased abundance of Enterobacteriaceae compared to healthy controls (73 %). In 

the AB plus Y group increased Enterobacteriaceae were strongly decreased due to Y 

therapy. 

Discussion 

Four groups of 15 patients each were analyzed for changes in fecal microbiota at time 

points before and after AB using 16S based qPCR. Results confirm previous clinical 

results on the occurrence of C.difficile in patients receiving AB because of 

gastrointestinal disturbance. However, the significance of the detection of C.difficile 

might be biased by low patient numbers. Furthermore, C.difficile toxin test can be 

biased for toxin production. The C.difficile qPCR using group specific primers is 

discussed for detection limits and might also detect non-toxic strains. Pyrosequencing of 

cloned samples should therefore be done. 16S based qPCR of fecal samples can 

detect changes in fecal microbiota as indicated by decreased bacteria and increased 

abundance of Lactobacillus in Y groups. However, quantitative assessment with qPCR 

should be assessed by analysis of the bacterial group diversity. Especially the striking 

changes of Enterobacteriaceae need a more specific analysis addressing diversity and 

subgroups of Enterobacteriaceae. 

Conclusion 

Clinical results with AB and AB plus Y are reflected by changes in GI microbiota. 

Reference 

Stockenhuber A. et al. ( 2008). Preventing antibiotic associated diarrhea using a 

probiotic Lactobacillus casei preparation. Gut 57 Suppl II:A2  
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Abstract: 

 

Effects of antibiotic therapy on the gastrointestinal microbiota and the 

intervention with L.casei 

Marlene Remely1, Anna Harrant 1, Angelika Pirker1, Berit Hippe 1, Christoph Kamhuber 
2, Felix Stockenhuber 2, Alexander Haslberger*1 

1Univ. Vienna, Dep for Nutritional Sciences - Vienna, Austria  

2 Krankenhaus Oberpullendorf - Vienna, Austria 

alexander.haslberger@univie.ac.at 

Keywords: antibiotic-associated diarrhoea – microbiota- C. difficile – L. casei Shirota 

Antibiotic-associated diarrhea (AAD) is discussed to be associated with the growth of 

pathogens like C. difficile, but also a decreased short chain fatty acid fermentation 

caused by impaired GI microbiota. We compared a therapy with antibiotics with a 

combination therapy of antibiotics and L. casei Shirota in 340 patients per group. Stool 

samples from 4 groups/ 56 patients were taken at one time-point before and 2 time-

points after antibiotic treatment ± intake of L. casei.  Fecal samples were investigated 

for C. difficile toxin, changes of bacterial groups and abundance of a crucial enzyme for 

butyrate production in GI microbiota by qPCR, DGGE, cloning and sequencing using 

16S rRNA group specific primers.   

Reduced AAD, (18% : 5%) was seen by intervention with L. casei Shirota.  Antibiotic ± 

L. casei treated groups showed a decrease of total bacteria, Clostridia clusters IV, XI, 

XIV, bifidobacteria, the butyryl CoA:acetate CoA-transferase gene and diversity.  In the 

antibiotic group 2 cases of C diff. were detected by toxin specific qPCR as well as a 

higher abundance of Enterobacteriaceae. In control groups receiving L. casei a 

significant increase of lactobacillus was seen. Combination therapy with antibiotics + L. 

casei resulted in  an increase in diversity of two more bands from time point 1 to 3 and a 

significantly reduced decline in bifidobacteria compared to the antibiotic group.  These 

results indicate the need of a molecular analysis of C. difficile.  C. difficile  growth might 
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only contribute to cases of AAD.  Probiotic intervention could interfere with the reduced 

short chain fatty acid metabolism of impaired microbiota in AAD. 

 

 

13.4. Lecture: 6th Probiotics, Prebiotics & New Foods 2011 (Rome) 

Abstract: 

 

Effects of antibiotic therapy on the gastrointestinal microbiota and the 

intervention with L.casei 

Angelika Pirker, Berit Hippe, Christoph Kamhuber, Felix Stockenhuber, Alexander 

Haslberger 

Univ. Vienna, Dep for Nutritional Sciences - Vienna, Austria -Krankenhaus 

Oberpullendorf - Vienna, Austria 

Background 

Results from a clinical study reported reduced antibiotic associated diarrhoea (AAD, 

18%:5%) by intervention with L.casei Shirota (Stockenhuber et al., 2008). 

Objectives 

In the present pilot study effects of a combination therapy antibiotic and L.casei Shirota 

and controls were tested for AAD, C.difficile and changes of fecal microbiota in 56 

patients. 

Studydesign 

Stool samples from 4 groups/ 56 patients were taken at one before and 2 timepoints 

after antibiotic treatment ± intake of L.casei. Samples of control group were taken at 

same time points. (A=antibiotic therapy; AP=antibiotic/probiotic therapy; P= control 

group receiving the probiotic drink; C= Control) 

Methods 

Feacal samples were investigated for C.difficile toxin and changes of bacterial groups in 

GI microbiota by qPCR using 16S rRNA group specific primers and probes, Euroclone® 
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C.difficile A/B kit, PCR/DGGE and a C.difficile ELISA test. Especially abundance and 

diversity of total bacteria, Lactobacilli, Bifidobacteria, Bacteroides, Clostridium cluster IV 

and XIV, C.difficile, and Enterobacteriaceae were analyzed. 

Results 

16S rRNA qPCR suggested some C.difficile in all groups but only one C.difficile positive 

patient could be detected by Euroclone® kit in group A. In group A and AP was a 

decrease of total bacteria following therapy. Also mean values of all bacteria were lower 

in A and AP groups compared to control groups. The results of PCR/DGGE showed a 

higher diversity in group AP than in group A. The abundance of Enterobacteriaceae was 

higher especially in group A than in control groups. By contrast, the abundance of 

Clostridium Cluster IV was lower in both antibiotic receiving groups than in control 

groups. Within group P there was a significant increase of Lactobacilli. 

Discussion 

Only qPCR tests addressing the C.difficile toxin may indicate CDI apropriately. CDI 

seems to be a rare reason for AAD. To understand other pathogenic mechanisms for 

AAD, group specific shifts under antibiotic treatment must be better analysed. This will 

also lead to the development of improved probiotic approaches. 

 

 

13.5. BOOK CHAPTER: “Detection and Identification of Probiotic Microorganisms and 

Other Beneficial Organisms from the Human GI Tract.” 

 

Detection and Identification of Probiotic Microorganisms and Other Beneficial 

Organisms from the Human GI Tract. 

Hippe B., Zwielehner J., Pirker A., Smith W.M., Haslberger A.G. 

In: Probiotics, Microbiology Monographs 21. (ed.) Liong M-T. (Series ed.) Steinbüchel 

A. Springer-Verlag Berlin Heidelberg 2011 
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