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Abstract

Background

Antibiotic associated diarrhea a@dbstridium difficileinfection are frequent complications
of broad spectrum antibiotic therapy. Probiotictbaa are used as therapeutic and
preventive agents in these disorders, but the éxactional mechanisms and the mode of
action are poorly understood. The effects of clmgein and the probiotic mixture VSL#3
(containing the 8 bacterial straiS8sreptococcus thermophiluBifidobacterium breve
Bifidobacterium longunBifidobacterium infantisLactobacillus acidophilud.actobacillus
plantarum Lactobacillus paracaseandLactobacillus delbruecksubspBulgaricug
consecutively or in combination were investigatad eompared to controls without therapy
using a standardized human fecal microbiota innapedger-controlledn vitro model of large
intestine. Microbial metabolites (short chain fadtids, lactate, branched chain fatty acids
and ammonia) and the intestinal microbiota werdyaed.

Results

Compared to controls and combination therapy, stf@in fatty acids and lactate, but also
ammonia and branched chain fatty acids, were iseceander probiotic therapy. The
metabolic pattern under combined therapy with aotiits and probiotics had the most
beneficial and consistent effect on intestinal oelia profiles. The intestinal microbiota
showed a decrease in several indigenous bacteoapg under antibiotic therapy, there wds
no significant recovery of these groups when théantic therapy was followed by
administration of probiotics. Simultaneous applmatf anti- and probiotics had a
stabilizing effect on the intestinal microbiota lwihcreased bifidobacteria and lactobacilli.

Conclusions

Administration of VSL#3 parallel with the clindamgaherapy had a beneficial and
stabilizing effect on the intestinal metabolic hastasis by decreasing toxic metabolites gnd
protecting the endogenic microbiota from destructi®robiotics could be a reasonable
strategy in prevention of antibiotic associateduttsgances of the intestinal homeostasis and
disorders.

Background

Antibiotic-associated diarrhea (AAD) alostridium difficileinfection (CDI) are frequent
complications of broad-spectrum antibiotic therdpya large prospective multicenter study,
AAD was observed in 4.9% of the patients (1.8%-6.886eiving long-term antibiotic
treatment with >50% of patients showing positiv&itey forC. difficile toxin B [1]. The
incidence of CDl is still increasing [2,3] and tiisease is complicated by the occurrence of
virulent and pathogeniC. difficile ribotypes associated with higher morbidity and taldy,
which are responsible for CDI outbreaks worldwidg The increasing incidence and
mortality associated with the CDI and the significeate of treatment failures and
recurrences with current antibiotics emphasize¢heof preventative strategies.



Probiotics are promising agents in the preventioRAD and CDI. Originally they were
used in the therapy of AAD and CDI and for regetieneof intestinal microbiota after
antibiotic treatment. A significant reduction of fand CDI could be observed in
randomized clinical trials when administered siranéously with the antibiotic substances
[5-8]. Probiotic microbes have positive impact orenmbe-microbe and host-microbe
interactions, and could also limit pathogen by matiig gut microbiome competitive
interactions and/or by producing antimicrobial caupds [9-11]. Reports state positive
effect of probiotics on beneficial short chain yadtid production and negative on harmful
net ammonia production [12,13].

However, the heterogeneity of probiotic formula@nd the vague definition of probiotics
as otherwise not classified microorganisms tharawp health of the host impede the
assessment of clinical trials. Several effects Hmen attributed to probiotics, among them
direct influences on the composition of intestimatrobiota, the intestinal metabolism and
the immune response [14-16], but the exact mo@etodn is poorly understood. Previously,
we have developed a validated, dynamigitro model of the gastrointestinal tract [17],
which allows for mode of action studies to be peried.

Mechanistic studies are difficult to performvivo due to difficulties in sampling and ethical
considerations. Thi vitro gastrointestinal model of the colon simulates hogh degree the
successive dynamic processes in the large intddfifjeThe model is a unique tool to study
the stability, release, dissolution, absorption biedonversion of nutrients, chemicals,
bioactive compounds and pharmaceuticals in thegattstinal tract [18,19]. Besides the
average physiological conditions and the biologw@alation, also abnormal or specific
conditions can be simulated in a reproducible Widne following standardized conditions are
simulated: body temperature; pH in the lumen; deinof a pre-digested substrate from the
‘ileum’; mixing and transport of the intestinal dents; presence of a complex, high density,
metabolically active, anaerobic microbiota of hunoaigin; and absorption of water and
metabolic products via a semipermeable membranmgeitise colon model [17]. This model
has been validated successfully with regards tatimeber and ratio of the various micro-
organisms which are similar in composition and toelia activity with that of the human
colon. Furthermore, it has been validated for tleelpction of metabolites, such as short-
chain fatty acids (SCFA), branched-chain fatty a¢BICFA), gases, ammonia, and phenolic
compounds and used for studies on bioconversidiawadnoids [18] or glucosinolates by the
human colon microbiota [19].

Thein vitro system can support scientific research, e.g. stgdie role of specific micro-
organisms in the fermentation of dietary fiberg, tte and function of probiotics and other
foods or drugs, and the development of novel prtedimca shorter time.

In this study different therapeutic regimens (antibs; probiotics following antibiotics;
antibiotics and probiotics together; no therapyjenavestigated in thim vitro model using a
standardized intestinal human microbiota origirgafrom healthy adult volunteers. We
monitored beneficial (SCFA and lactate) and puttfa/toxic (BCFA and ammonia)
metabolites. The intestinal microbiota compositicas also analyzed under the different
conditions.



Methods

Test products

The two test products were Clindamycin and VSL@&hdamycin (Fresenius Kabi, Bad
Homburg, Germany) is a broad-spectrum lincosamididiatic usually used to treat
anaerobic infections. It is effective against m@sam-positive cocci and Gram-negative
anaerobic bacteria and comparable with macrolidieiatics. VSL#3 (Sigma-tau,
Duesseldorf, Germany) is a multi-species probiatid contains the following 8 species:
Streptococcus thermophiluBifidobacterium breveBifidobacterium longum
Bifidobacterium infantisLactobacillus acidophilud.actobacillus plantarumLactobacillus
paracaseiandLactobacillus delbrueckisubspbulgaricus

Ethical approval

A general ethical committee vote for the collectadrstool samples of healthy volunteers had
been obtained from the local ethical board of trexllal Faculty of the Christian-Albrechts-
University (CAU) in Kiel. All volunteers have givanformed consent.

Test system: TNO large-intestinal model (TIM-2)

The study was performed in the TNO dynamic systéthelarge intestine (TIM-2) as
schematically represented in Figure 1 and as de=tin detail by Venema et al. [20] and
Minekus et al. [17].

Figure 1 Schematic representation of the TNO TIM-2 in vitromodel with (a) peristaltic
compartments containing fecal matter; (b) pH electode; (c) alkali pump; (d) dialysis
liquid circuit with hollow fibore membrane; (e) level sensor; (f) N> gas inlet; (g) sampling
port; (h) gas outlet; (i) ‘ileal efflux’ container containing SIEM; (j) temperature sensor.

In brief, the model consists of four glass unittwa flexible wall inside (peristaltic
compartments) and a total volume of 135 ml. Watdrody temperature (37°C) was pumped
into the space between the glass jacket and thibligewall, causing the microbiota to be
mixed and moved. The sequential squeezing of this,veantrolled by a computer, caused a
peristaltic wave forcing the material to circulétteough the loop-shaped system.
Physiological electrolyte and metabolite concerdret in the lumen were maintained with a
dialysis system consisting of hollow fibres, rurgithrough the lumen of the reactor, through
which dialysis liquid was pumped at a speed ofmil/snin. The model further contained an
inlet system for delivery of the artificial ileaktivery medium (SIEM), and a level sensor to
maintain the luminal content at the set level & 8. The system was kept anaerobic by
flushing with gaseous nitrogen. At the start offreaxperiment the model was inoculated
with 30 ml of the standard, cultivated faecal mimoda, consisting of a mix of fecal samples
from 7 individuals. The composition of this microta consisted of all microbes present in
the fecal donations (unpublished data)

Microbiota

The study was performed in TIM-2 with an active ralmota originating from ten healthy
adults. Inclusion and exclusion criteria were: bgaveen 20 and 70 years, no chronic or
active disease, no medication (including any aotibior pre/probiotic treatment at least 6



weeks prior to enrolment in the study), no preggaand no stay at hospital within the last 6
months. The mean age was 46.3 years, the genaenrdiwas 5:5. Stool samples were
collected and immediately snap-frozen in liquidagen at -196C. The material was
shipped on dry ice to TNO. In order to increaserdéproducibility of the inoculation a
standardized microbiota was prepared from thesdsstmcording to Venema et al. [20].

Micro-ecological studies

After inoculation of the system with the microbidkee experiments started with a 16 hour
stabilization period in which the microbiota coaldapt to the system. Thereafter the test
period started. In the control unit the standagdliefflux meal (SIEM) was fed to the system.
SIEM was given at a rate of 56 ml/day. Its composits described in Maathuis et al. (2009).
In brief, it contained the following components5 2. K;HPO,.3H,0, 4.5 g NaCl, 0.005 g
FeSQ.7H,0, 0.5 g MgSQ@.7H,;0, 0.45 g CaGl2H,0, 0.4 g cysteine.HCI, 4.7 pectin, 4.7
xylan, 4.7 arabinogalactan, 4.7 amylopectin, 2a%em, 39.2 starch, 17 Tween 80, 23.5
bactopeptone, 0.4 bile, plus 1 ml of a vitamin maigtcontaining (per litre): 1 mg menadione,
2 mg D-biotin, 0.5 mg vitamin B12, 10 mg pantothten® mg nicotinamide, 5 mg p-
aminobenzoic acid and 4 mg thiamine. The pH was éepstant at 5.8. The antibiotic was
administered as a shot at the start of the expatifie5 mg) and furthermore the antibiotic
was administered with the SIEM (0.75 mg/day) anglas added to the dialysate (10 mg/l) in
order to prevent dialysis of antibiotic out of flnenen. Dialysis liquid contained (per litre):
2.5 g KHPOL.3H,0, 4.5 g NaCl, 0.005 g FeS@H,0, 0.5 g MgSQ@7H;0, 0.45 g
CaCb.2H,0, 0.4 g cysteine.HCI, 0.05 bile, plus 1 ml of #iiamin mixture. The probiotic
compound was administered at a dose of 4.4 g pecal@aining at least 450 billion bacteria
(according to the manufacturer), and was admirgdtas a single shot each 24 h after
dissolving the powder is 10 ml dialysis liquid.

In the TIM-2 experiments, the composition of théoamicrobiota was followed in time

after intake of the test compounds (Clindamycin/andSL#3) during several days at a
frequent intervals (see Figure 2 for setup of tkgeements). The control experiment without
any addition was performed as a single run, thiatran with the first 7 days addition of
antibioics and then 7 days probiotics was performedplicate, while the variation with the
combined addition of probiotiesantibiotics was performed in duplicate. Analysigioé
composition of the microbiota indicated the baetiegenera which were selectively
stimulated or suppressed by the test compoundsidition, samples were analyzed for
SCFA, BCFA, lactate and ammonia. These values geavan indication of the balance
between health-promoting and toxic products produmethe microbiota after addition of the
different compounds i) separately and consecutigely) in combination. Analysis of
(changes in) these microbial metabolites proviaéormation on the functionality of the
changes that took place in the microbiota.

Figure 2 Schematic representation of study design and modé sampling. A pooled stool
sample was assigned to the three study arms (@tipcia for 7 days followed by VSL#3 for
7 days, Clindamycim VSL#3 for 7 days, no therapy control for 7 daysialisis fluid and
lumen samples for metabolic analysis (SCFA, BCR&tdte, ammonia) were collected daily,
lumen samples for microbial analysis were sampégddrie therapy and at the end of each 7
days period



Sampling

Before, during (every day at 24 h intervals) anthatend of the fermentation experiments,
samples were taken from the lumen of the modelfiermd the dialysis liquid for analysis on
metabolites. Each day 25 ml was taken out of tlséegy to simulate passage of stool.
Additional samples were taken from the lumen ofdb®n model for analyzing the
composition of the microbiota using the I-Chip fdatn (description later in this material and
methods section). These samples were taken at,diy® and day 14.

Short chain fatty acids (SFCA) and branched chaindtty acids (BCFA)
analyses

The lumen and dialysis samples were analyzed gasngtographically on the
concentrations of SCFA and BCFA as follows: Sampleege centrifuged (12000 rpm, 5 min)
and a mixture of formic acid (20%), methanol anekiyl butyric acid (internal standard, 2
mg/mL in methanol) was added to the clear supenhafacording to the method described
by Jouany [21] as described in detail by van Nuestal. [22], a 0.5tL sample was injected
on a GC-column (Stabilwax-DA, length 15 m, ID 0r&8, film thickness 0.1 mm; Varian
Chrompack, Bergen op Zoom, The Netherlands) inr@pack CP9001 gas chromatograph
using an automatic sampler (Chrompack liquid sanfpR9050; Varian Chrompack).

Lactate

For lactate analysis the samples were centrifugatkacribed above. In the clear supernatant
both L- and D-lactate were determined enzymatiqélased on Boehringer, UV-method,

Cat. No. 1112821) by a Cobas Mira plus autoanalfReche, Alimere, The Netherlands), as
described in detail by van Nuenen et al. [22]. &halysis is based on the conversion of

NAD +into NADH.

Ammonia

For the analysis for the protein-fermentative meliégdd ammonia samples were centrifuged
as described above and analyzed as describedaih loet/an Nuenen et al. [22]. The
analysis is based on the conversion of free ammaitihypochlorite/phenol reagent into
blue indophenol. In the clear supernatant indopheas measured by measuring the
absorbance at 600 nm with a Cobas Mira Plus aulymsera

[-Chip platform

The ‘intestinal chip’ (I-Chip) has been developsddaster alternative method to determine
the composition of the microbiota. Sequences of@pmately 400 microorganisms have
been placed on a DNA micro-array as previously dlesd [23] [24]. DNA was isolated from
the luminal samples of the TIM-2 experiments. Sghsetly the DNA was labeled and
hybridized to DNA-arrays printed with the probedteA washing the arrays were scanned
and analyzed. Analysis of the composition of therobiota (using I-chip) indicated the
bacterial genera which are selectively stimulatesuppressed by the antibiotic and/or
probiotic. Changes in the composition of the miaotdbin the experiments in which
Clindamycin was applied for seven days, or in wi@timdamycin plus probiotics were
applied together for seven days, were comparedtivtlthanges in the control experiment in



the same time period. Changes in the compositidgheomicrobiota after application of
probiotics sequentially after the application oindamycin were compared to the
composition of the microbiota after the applicatadrClindamycin for seven days.

SAM analysis

The data obtained with the I-chip were analyzedh \Bignificance Analysis of Microarrays
(SAM) for statistical relevance [25].

Results and discussion

In vivo, Clindamycin shows good penetration into tissuesia often used to treat skin or
soft tissue infections. Pseudomembranous colitiéG)Pcaused by overgrowth of
Clostridium difficileis a potentially life-threatening complicationanftibiotic therapy. The
probiotic product VSL#3 is a dietary supplemenenftised for treatment of various
gastrointestinal complaints directly associatedhwiicrobial dysbiosis such as chronic
constipation, diarrhea, flatulence, ulcerativetecohnd pouchitis [16,26,27].

Thein vitro model used in this study provides standardizedralmble conditions to study
the effects of pro- and antibiotics on the humadestinal microbiota [17] and is has an
advantage over living system in continuous sampvey a defined period of time.
Moreover, the system is hardly biased by envirortaidactors, e.g. temperature, humidity
or oxygen, which can be controlled to a high extent

The TIM-2 experiments were performed using a stahdad microbiota from healthy
individuals. In the control unit the standard ilefflux meal (SIEM) was fed to the system. In
one experiment the antibiotic was administeredttogewith a probiotic mixture (VSL#3)

and in the other experiment the probiotic was adstered after the antibiotic treatment.

Production of beneficial microbial metabolites

Short chain fatty acids (SCFA) and lactate are figaémicrobial metabolites. SCFA and
lactate acidify the intestinal lumen, causing gioatrest or even death of (opportunistic
pathogens). In addition, the SCFA are an energycedor the host: butyrate for colonic
epithelial cells, acetate and propionate, in ambatjgers liver and muscle cells [28-30].
Figure 3 presents cumulative total production efghort chain fatty acids, e.g acetate,
propionate and n-butyrate during the different expents in TIM-2, and represents
metabolites present in lumen and dialysate. Theuatnaf SCFA present at the start of the
experiment has been artificially set to zero sogiteghs only reflect the production of
metabolites after start of addition of the testduas.

Figure 3 Cumulative production of the short chain fatty acids (SCFA) acetate,

propionate and n-butyrate during the different expegiments in TIM-2: (A) Clindamycin

for 7 days (d 1-7 a) followed by VSL#3 (d 8-14 pjB) Clindamycin + VSL#3 for 7 days

(d 1-7 at+p); (C) no therapy group for 7 days (controls)Figure 3D shows the comparison
of absolute amounts (in mmol) at the end of eadhys period

The total SCFA production was not affected by the of Clindamycin or Clindamycin plus
probiotics. When probiotics were administered afteradministration of Clindamycin for



one week, the SCFA production increased sinceltipe ©f the total SCFA production
increased in the second week, compared with teeviieek of the experiment. The
production of n-butyrate and propionate was inadashen probiotics were added. The
acetate concentration was unaffected by the aaditi@lindamycin or probiotics. When
Clindamycin and probiotics were administered togethe propionate production was
decreased. These differences are likely to be damgehanges in the microbiota
composition.

Figure 4 presents the cumulative total productibiactate. Lactate was produced in all
variations, but when probiotics were added theatagbroduction was increased, independent
of the presence of Clindamycin. The probiotics waotic acid bacteria and the extra
production of lactate proved the probiotics wergvaadn the microbiota. Lactate is only
accumulating when there is a fast fermentatiosulfstrates are fermented slowly, lactate is
converted into the other SCFA (primarily propionatel butyrate) and does not accumulate.

Figure 4 Cumulative production of lactate (D- and L:lactate) during the different
experiments in TIM-2: (A) Clindamycin for 7 days (d 1-7 a) followed by VSL#3 (d 8-14
p); (B) Clindamycin +VSL#3 for 7 days (d 1-7 & p); (C) no therapy group for 7 days
(controls). Figure 4D shows the comparison of absolute amdimtamol) at the end of
each 7 days period

The total SCFA production was not affected by the of antibiotics or antibiotics plus
probiotics. When probiotics were added after usingpiotics, the SCFA production
increased. Propionate production was decreased arttdnotics and probiotics were used
together. Enhanced production of lactate was obksdpoth when probiotics were
administrated together with Clindamycin or whenytieere administered after seven days of
clindamycin administration.

Production of putrefactive microbial metabolites

Branched chain fatty acids (BCFA,; iso-butyrate swdvalerate) and ammonia are
metabolites produced from protein fermentation;aec@ss which is generally believed to be
putrefactive and leading to production of toxic aietlites. These products are deleterious for
host health [22].

Figure 5 presents the cumulative total productibB@FA. BCFA are produced in small
amounts for every test variation compared to the/AS@&bout 20 to 40 fold lower). Total
BCFA production was highest when probiotic was adstered after clindamycin. However,
when Clindamycin and probiotics were administeretth@ same time, the BCFA production
was decreased. In the experiments in which Clingamyas administered (the first 7 days),
the BCFA production was comparable to the confrbkrefore the decreasing effect
probably was induced by the use of probiotics. Wibraiotics were administered after a
week treatment with Clindamycin, this decreasirfgatfin BCFA production was not
observed.

Figure 5 Cumulative production for the branched chain fatty acids (BCFA) iso-butyrate
and iso-valerate during the different experimentsn TIM-2: (A) Clindamycin for 7 days
(d 1-7 a) followed by VSL#3 (d 8-14 p); (B) Clindagtin + VSL#3 for 7 days (d 1-7
a+p); (C) no therapy group for 7 days (controls)Figure 5D shows the comparison of
absolute amounts (in mmol) at the end of each 8 gdayiod



Figure 6 shows the cumulative total productionrafr@onia. For ammonia the production
was decreased between day 3 and 7 in the testimvguees compared to the control. In the
experiments in which Clindamycin was administessiyell as in which Clindamycin was
administered together with probiotics, the ammamaduction was reduced just as observed
for the BCFA.

Figure 6 Cumulative production for ammonia during the different experiments in TIM-
2 (A) (Clindamycin for 7 days (d 1-7 a) followed bywSL#3 (d 8-14 p);

Clindamycin +VSL#3 for 7 days (d 1-7 & p); no therapy group for 7 days (controls).
Figure 6B shows the comparison of absolute amgimtamol) at the end of each 7 days
period.

Composition of the microbiota

To determine the effects of Clindamycin and thebptics on the composition of the
microbiota, the I-chip platform was used. The Igcbontained roughly 400 probes, some for
group-level detection (e Bjifidobacteriumgenus) and some for the detection of individual
species (e.dBifidobacterium longuim Some groups and species were covered by mare tha
one probe. In all cases the hybridization to threa#iple probes correlated very well.
However, not al probes gave a signal above backgrooise, which was expected, as not all
microorganisms are present above the level of deteof the method (approximately 10
CFUlqg). Due to the different nature of each prab#grent sequence), hybridization

intensity does not necessarily reflect abundandérence in GC-content results in different
hybridization efficiencies. Although the I-Chiprabst is semi-quantitative, comparing
signals from one and the same hybridization ddesvahterpretation of the increase or
decrease of certain probes. For the TIM-2 experismeamples from time points 0, 7 and 14
were analyzed.

Figure 7 shows the results of the I-chip analyBisplayed is the fold-increase in signal
between the start and the end of the fermentagoiogh compared to the control. For day 14
of the experiment with Clindamycin followed by protics the results at day 14 were
compared with the same experiment at day 7, attead@nycin only.

Figure 7 Graphic representation of the I-chip results showig those probes that i) give a
signal above the background, and ii) differed by d&actor of >2 from the control for the

first two columns. For the third column the effect of the additiorpobbiotics after

treatment with Clindamycin was compared to theltedter treatment with Clindamycin
alone (middle column). Green signifies a factoR @ir higher compared to the control (or
antibiotic experiment at day 7) and red standsffactor of 2 or more lower compared to the
control (or antibiotic at day 7)

Different shades of green reflect more than 2, nleae 3 and more than 4 times increases of
microbial species, genera or groups compared todheol, while the different shades of red
reflect the more than 2, 3 and 4 times decreas@@bbial species, genera or groups
compared to the control.

Comparing the experiments receiving Clindamycithecontrol experiment, the
experiments with administration of Clindamycin slealra decrease in Bifidobacerium
animalisBifidobacterium longumCrenarchaeota, Enterobacteriacéaetococcus lactis
subspcremoris Lactococcus lactisubsp. and an increaseBifidobacterium bifidum



Eubacterium eligens, Bacteroidet®sactetroidalesRuminococcus albus, Ruminococcus
bromii andFusobacterium prausnitzii

When Clindamycin and probiotics were administeagether the following species
increased compared to the cont®ifidobacterium animalisEnterobacter cload&erratia
marcesenSalmonella typhiEnterococcus species, Haloanaerobladetobacillus
acidophilus Lactobacillacead,actobacillus caseandparacasej Lactobacillus gasseyi
Lactobacillus sakeiMicrobacteriaceae, Nitrospira@arabasilidea peptostreptococcus
asaccharolyticumStreptococcus groups aBtreptococcus salivariuBifidobacterium
longum(which was in the probiotic mixture) decreased lesong than when Clindamycin
was administered alone.

When Clindamycin was administered for 7 days aedottobiotics were administered the
week thereafter the bacteria that increased cordparthe situation after antibiotic treatment
alone wereifidobacterium adolescentBifidobacterium angulatunBifidobactrium

longum Collinsella aerofaciengnterococcus hiraegEubacterium siraeuptubacterium
xylanophilum Euryachaeota, Moraxellaceae aeptostreptococcus microShe groups that
decreased weiBifidobacterium catenulatunBifidobacteriaceae, Brevibacteriaceae,
Campylobacter caljejuni, Clostridium coccoidé®uminococcus productuSlostridium
sporogenesEnterobacter cloacd&erratia marcesenSalmonella typliKlebsiella
penumoniagEubacterium contorturtHaloanaerobiales,actobacillus acidophilus
Lactobacillus caseandparacaseiandPhascolarcobacterium faecium

Administration of clindamycin together with prolicd has positive effect on lactobacilli
while the administration of probiotic after antib@mhas negative effect on same bacterial
group. For the bifidobacteria this seemed to bealdivin two groups, increase in one group
(namelyBifidobacterium animaliswas observed when Clindamycin together with pbbs,
but not when probiotic was administated after Giimgcin. Decrease in another group
(namelyBifidobacterium catenulatupwas observed only when probiotics were
administrated after clindamycin but not in othepestmental setups

Statistical analyses (SAM) of the data obtainedhht I-chip showed that all time point O
samples clustered together (data not shown) argddibwid be considered equal. The SAM
analysis did not add new information to the othealgsis performed on the I-chip data.

According to the I-chip results not all strainsnfréhe probiotic mixture increased when the
mix was added to the TIM-2 system; therefore wéepldhe mixture to get an idea of the
amount and proportions of the bacterial strainh@mixture. The amount of bifidobacteria
was very low in the mixture and onBjifidobacterium longunecould be identified.

After administration of clindamycin, a decreaséifidobacteria and lactococci groups was
observed, whereas in the experiment in which Chmglan was administered together with
the probiotic mix, an increase Bifidobacterium animalisis well as severélactobacillus
strains could be observed, and decreagifmfobacterium longumvas also less strong,
decreasing from 4 fold to 2 fold.

Increase in the beneficial bacterial group Lactdbacas observed when Clindamycin and
probiotics were administered together, while if inebiotics were administered following
the administration of Clindamycin the level of laloacilli was lower. In summary, in this
study we could demonstrate that the simultaneomsrastration of anti- and probiotics had



the most significant positive effects on intestihnaieostasis by stabilizing the intestinal
microbial composition, increased production of slebiain fatty acids and decreasing the
production of toxic microbial metabolites like ammnmm and other branched chain fatty acids.
We could also show that probiotics are active wéygplied simultaneous with antibiotics.
Therefore the administration of probiotics coulddbsignificant advantage in the prevention
of AAD and CDI by surveillance of intestinal metdibdalance.

Conclusions

Administration of VSL#3 parallel with the clindamgaherapy had a beneficial and
stabilizing effect on the intestinal metabolic hastasis by decreasing toxic metabolites and
protecting the endogenic microbiota from destructi®robiotics could be a reasonable
strategy in prevention of antibiotic associateduttsgances of the intestinal homeostasis and
disorders.
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