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Humanes Darm-Mikrobiom

Dominanz (> 90%) von zwei Bakteriengruppen
(Phyla):

Gram-positive Firmicutes (z.B.: Clostridium,
Bacillus)

Gram-negative Bacteroidetes (z.B.: Bacteroides).
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Bakterielle ,Mitbewohner”

e 2-2.5 kg bakterielles Material
 Verhaltnis Bakterien : humane Zellen = ca 1.5:1

human cells bacteria
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Table 3. B/H ratio for different population. See Table B in S1 Appendix for full references.

0.2 M erythrocytes [ others W bacteria
M@ adipocytes B muscle cells

population body weight | age [y] blood RBC count colon bac. conc.[10'"/ | total human cells | total bacteria 'B:H
segment [kg] volume [L] [10"%L] content [g] g wet] [10'3®@ [10'?]

ref. man 70 20-30 4.9 5.0 420 0.92 30 38 1.3
ref. woman 63 3.9 4.5 480 0.92 21 44 2.2
young infant 4.4 4 weeks 0.4 3.8 48 0.92 1.9 4.4 2.3
infant 9.6 1 0.8 4.5 80 0.92 4 7 1.7
elder 70 66 3.8® 4.8 420 0.92 22 38 1.8
obese 140 6.7 5.0¢) 610 0.92 40 56 1.4

(Sender 2016)
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Einflussfaktoren

* Nahrung
— Art der Lebensmittel (Ballaststoffe)
— Mikroorganismen in der Nahrung
— Zeitpunkt der Nahrungsaufnahme
 Medikamente
— Antibiotika, Protonenpumpenhemmer,...
 Genetische Faktoren
— Immunsystem - Polymorphismen
Umwelteinflisse
— Infektionen
* Fruhkindliche Faktoren

— Sedctio vs. naturliche Geburt
— Ernahrung

e Geschlecht




Entwicklung
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Geburtsmodus
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Medikamente

a factory that produces ...

Microbe is Drug

modulates the action or
fate of ...

a vehicle or adjuvant
for delivering ...

a target killed by ...

http://www.pharmacomicrobiomics.org

From a pharmacological stand point, a microbe can be regarded as a factory to
produce drugs (e.g., antibiotics, digestive enzymes); a vehicle or adjuvant for drug
delivery or vaccine, respectively; a target of a drug’s action (e.g., antibiotics and
other antimicrobials); a positive or negative modulator of a drug’s fate and action;
and finally the microbe itself can sometimes be considered as a drug (e.g.,
probiotics). From Rizkallah et al. 2010. CPPM 8(3) 182 (DOI: 10.2174/187569210792246326)

http://www.pharmacomicrobiomics.org
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Viele Medikamente beeinflussen das Mikrobiom
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Protonenpumpenhemmer

Ende 1960
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Indikationen PPI
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Wenn behauptet wird, dass eine Substanz
keine Nebenwirkungen zeigt, so besteht der
dringende Verdacht, dass sie auch keine
Hauptwirkung hat.”

G. Kuschinsky




Nebenwirkungen

Acute kidney
Structural and injury Chronic kidney
functional changes T disease
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(O Causal relationship
(J Low evidence for causality
O Insufficient evidence for causality

Nature Reviews | Gastroenterology & Hepatology

(Malfertheiner, Nature reviews 2017)



Clostridium difficile

Study Odds %
D Ratio (95% CI)  Weight Group by Study name Subgroup within study Statistics for each study Risk ratio and 95% CI
Akhtar et al.2007 —-— 1.70 (1.40,220) 3.18 Subgroup within study Risk Lower Upper
Al-Tureihi et al 2005 ———— 3.17(1.04,963) 083 : i T 2 )
Asseri st al 2008 - 360(173.826) 136 ratio  limit  limit Z-value P-value
Branch et al 2007 —0-—} 0.80(0.38, 1.70) 1.43 Case—control Ahktar et al. Case-control 1.600 1.380 1.855 6.228 0.000
g::’t‘::‘g:‘:r‘zgss‘ 2003 B 7 L] f g? E: gg ‘1‘ gg; g ég Case—control Aseeri et al. Case-control  1.810 1.340 2445 3.868 0.000
i i .00, 1. e

Debast et al 2009 - 110(050,260) 127 Case—control Bajaj et al. Case-control 2720 2200 3.363 9.243 0.000
Dial et al 2004 P 270 (1.40,520) 1.66 Case—control Candle et al. Case—control  1.390 1.170 1.651 3.746 0.000
Dial et al 2004 i 2.10(1.20,3.50) 2.03 Case—control Cunningham et al. Case-control 1.950 1.370 2.776 3.708 0.000
IBE’IGE" [3‘ .35310?6 o }gi gsgg ; :g; 82; Case—control Debast et al. Case-control  1.330 0.860 2.057 1.282 0.200

ngoea = g X4 Ls d Case—control Dial etal., 2006 =~ Case-control 1.460 1.110 1.920 2706 0.007
Jayatilaka et al 2007,(P:Ad) —_— 1.88(1.07,3.31) 1.94 ; : : :
Jayatilaka et al 2007 (Per:Ad) — 275(168,452) 217 Case—control Dial e[ al. Case-control 3.110 2.160 4.478 6.101  0.000
Jenkins et al 2010 —— 1.27(0.23,7.50) 0.39 Case—control Jayatilaka et al. Case-control  1.270 1.120 1.440 3.727 0.000
Kazakova et al 2012 B c—— 5.02(1.30, 19.36) 0.61 Case—control Kim et al. Case—control  1.750 1.310 2.338 3.788 0.000
5'&"1‘;; ?leo[; l?mam 2010 —— 333 2 (1) %. : 56%) (1) 33 Case-control Lowe et al. Case-control  0.920 0.840 1.008 -1.796 0.072

———— . .70, i

Kutty et al (VA) 2010 . 170(070,400) 118 Case—control Pepin et al. Case-control  1.000 0.800 1.250 0.000 1.000
Linney et al 2010, (a) kg 1.00(0.90,1.01) 3.59 Case—control Shah et al. Case-control  0.910 0.580 1.428 -0.410 0.682
Linney et al 2010, (b) o 2.40(140,4.30) 1.95 Case—control Kazakova et al. Case—control 2590 1.412 4751 3.075 0.002
Eeatlieu e} g!}%gm —0—_.'_ ?22 E? ?g ] gg) ggg Case—control Yearsley et al. Case-control  1.610 1.150 2254 2774 0.006

insky et a ; 42(1.10,1.83) 3. Case-control Beaulieu et al. Case-control  0.960 0.780 1.182 -0.385 0.700
Loo et al 2005 = 1.02(0.71,1.46) 267
Loo ot al 2011 i 264 (1.71.409) 238 Case—control Baxter et al. Case-control  1.140 1.020 1.274 2309 0.021
Lowe et al 20068 - 0.90 (0.80, 1.10) 3.39 Case—control 1478 1.249 1749 4547 0.000 ¢
Manges et al 2010 —_———— 1.50 (0.58, 3.88) 1.04 Cohort Dalton et al. Cohort 1960 1.420 2.705 4.092 0.000 -
McFarland et al 2007 - 0.84(0.51,1.40) 213 Cohort Dial et al., 2004 Cohort 2.900 2400 3.504 11.027 0.000 [ ]
Modena et al 2006 —a— 3.38(1.66,651) 1.63 Cohort Dubberke etal.  Cohort 3.800 3000 4.813 11.069 0.000 -
Monge et al 2011 —r—4——> 6.60(1.10,41.10) 0.36 Cohort Howell et al. Cohort 1740 1390 2178 4834  0.000
Muto et al 2005 —_— 2.40(1.30,4.40) 1.80 ono lowell et al. ohol : E - - - L
Naggie et al 2011 —t | 0.49(0.20,1.23) 1.11 Cohort Linsky et al. Cohort 1420 1.110 1.817 2790 0.005 E 3
Rialhel al ﬁg%i T = :2;28 g;g ;gg; ?gg Cohort Turco et al. Cohort 4500 1.440 14.063 2587 0.010 —_—

ath et a - : SOk 23 5 Cohort 2309 1.718 3.103 5550 0.000 L 2
Netland et al —r 1.27(0.55,2.94) 1.24
Novell et al - i 053 (0.34, 0.85) 2.30 Overall 1.648 1424 1908 6.698 0.000 ¢
Peled et al 2007 —— 3.76 (1.55,9.11) 1.15 0.01 0.1 1 10 100
Pepin et al 2005 - 1.00(0.79,1.28) 3.12
Shah et al 2000 —_— 0.86 (0.47,1.59) 1.80 Favors A Favors B
Shaughnessy et al 2011 —o—i— 1.11(0.44,278) 1.09
Southemn et al 2010 —_— 2.32(1.18,4.58) 1.61 - Tt i
Stevens et al 2011 | ——— 4.50 (2.30,9.00) 1.59
Sundram et al 2009 o 1.76 (0.98,3.14) 1.88
Dial et al 2006 - o 3.50(2.30,5.20) 248 N
Yearsley et al 2006 — 1.90(1.10,329) 1.99 Odds Ratio (95%
Yip et al 2001 i — 1.80(0.60, 5.40) 0.84 . .
Dietal 2008 R en 0200, 373 Type of Acid Cases  Controls Confidence
Dubberk et al 2007 — 1.60(1.30,2.10) 3.13 H — _ a
Dubberke et al 2007 —— 220 (1.60.3.00) 285 Suppression (n=650) (n=3200) Interval)
Hensgens et al —_— 1.14(0.50, 1.20) 2.38
Howell et al 2010 A 1.74(1.39,2.18) 3.18 H —
Kuntz et al 2011 4';._ 230 (1.56,339) 257 Neither (n = 3825) 633 3192 Reference
Overall (I-squared = 89.9%, p = 0.000) 1.65(1.47,1.85) 100.00 _
NOTE: Weights are from random effects anal*gis : : - H2RA onIy (n =1 1) 5 6 2.64 (93 10‘4)

2 1 2 s Proton pump inhibitor 12 2 21.5 (4.71-98.6)

with or without

e 23 Studien: RR 1.69 H2RA (n = 14)

e 47 Studien: RR 1.47, NNH 1:3825/Jahr onitnerton . on el tme o raice adusod for use of
« USA: 7-8 Millionen Verschreibungen/Jahr antbites orseroids nd hospiliaton

* Bei Kindern: Risiko 10x hoher als bei H2 Blockern

(Janarthanan AJG 2012, Alhamdi PONE 2016, Freedberg 2015)



Andere Darminfektionen

Table 1| Published studies of the relationship between use of PPIs and development of non-typhoid Salmonella

gastroenteritis

Reference Study description

Strength of association
(with 95% CI)*t

Comments

(83) Nested case control study: 374
cases and 2000 controls

(84) Case control study: 167
S. enteritidis, 193
S. typhimurium cases
and 3119 controls

(85) Case control study:
6414 cases and 50 000
controls

(86) Case control study:

573 cases and 3409 controls

The article established Cl for
bacterial diarrhoea, not
specifically for the subgroup
with Salmonella infection

S. enteritidis: 4.2 (2.2-7.9)
S. typhimurium: 8.3 (4.3-15.9)

The article established Cl for
bacterial diarrhoea, not for
the subgroup with Salmonella

43 (29-6.5)

A relative risk of 1.6 (1.0-2.4) was reported
between PPl use and bacterial
gastroenteritis in general. Among the 374
total diarrhoea cases in the study, 136
(36.4%) cases were caused by Salmonella.

Population attributable risk was also
observed to be very high for PPls.

A relative risk of 2.9 (2.5-3.5) was reported
between PPl use and bacterial
gastroenteritis in general. Among the 6414
total diarrhoea cases in the study,

1885 (29.4%) cases were caused by
Salmonella.

The association was reported for PPl use
and recurrent cases of Salmonella
gastroenteritis.

Cl, confidence interval; PPI, proton pump inhibitor.

* Strength of association: multivariate odds ratio or relative risk is reported wherever possible rather than univariate values.

T Values were rounded to nearest first decimal wherever necessary.

Table 2 | Published studies of the relationship between Campylobacter jejuni diarrhoea and use of PPls

Strength of association

Reference Study description (with 95% CI)*t Comments
@87 Case control study: 211 cases 1.7 (25-54.0) Omeprazole use within 1 month
and 422 controls before infection showed the
strongest association.
(88) Case control study: 313 cases 35 (1.1-12.0) Foreign travel explained 25% of
and 512 controls cases of Campylobacter diarrhoea
(83) Nested case control study: The article established Cl for A relative risk of 1.6 (1.0-2.4) was
374 cases and 2000 controls bacterial diarrhoea, not for reported between PPl use and
the subgroup with bacterial gastroenteritis in general.
Campylobacter Among the 374 total diarrhoea
cases in the study, 201 (53.7%)
cases were caused by Campylobacter.
(85) Case control study: 6414 cases The article established Cl for A relative risk of 2.9 (2.5-3.5) was
and 50 000 controls bacterial diarrhoea, not for reported between PPl use and
the subgroup with bacterial gastroenteritis in general.
Campylobacter Among the 6414 total diarrhoea
cases in the study, 4124 (64.3%)
cases were caused by
Campylobacter.
(86) Case control study: 1446 cases 45 (3.3-61) PPl use and recurrent cases of
and 3409 controls Campylobacter gastroenteritis were
associated.
(89) Case control study: 1,019 cases 43 (29-6.2) For elderly patients, the OR was

and 3119 controls

observed to be 2.9 (1.5-5.7).

Cl, confidence interval; PPI, proton pump inhibitor.

* Strength of association: multivariate odds ratio (OR) or relative risk is reported wherever possible rather than univariate values.

1 Values were rounded to nearest first decimal wherever necessary.

* Erhohtes Risiko fir Salmonellen, Campylobacter jejuni, E.coli, Vibrio cholerae, Listerien
* Reisediarrhoe: OR 6,9

 pHim Magen, Translokation, bakterieller Overgrowth, verminderte Diversitat,

Immunmodulation

(Bavishi 2011)



Pneumonie

R R L T v

MM 1 T

PPI decreascs risk of CAP

PPl increases risk of CAP

Study or Subgroup log [Odds Ratio] SE Weight IV, Random, 95% CI Year IV, Random, 95% CI
Laheij et al 2004 0.54812141 0.13412022 14.4% 1.73[1.33, 2.25] 2004 =
Gulmez et al 2007 0.40546511 0.06843469 17.9% 1.50[1.31, 1.72] 2007 L
Sarkar et al 2008 0.01980263 0.02740312 19.3% 1.02[0.97, 1.08] 2008 L
Rodriguez et al 2009 0.14842 0.06134396 18.2% 1.16 [1.03, 1.31] 2009
Myles et al 2009 0.43825493 0.06721807 18.0% 1.565[1.36, 1.77] 2009 *
Eurich et al 2010 0.37156356 0.17433444 12.2% 1.45[1.03, 2.04] 2010 .
Total (95% Cl) 100.0% 1.36[1.12, 1.65] ‘
Heterogeneity: Tau? = 0.05; Chi2 = 65.01, df = 5 (P < 0.00001); /2 = 92% f f f 1
Test f Il effect: Z=3.10 (P =0.002 0.01 0-1 ! 10 100
estfor overall effect: 2= 3.10 (P = 0.002) Favours decreased risk  Favours increased risk
Measure of Effect %
. Study Association Estimate (95% CI) Weight
* Vor allem innerhalb der ersten 30 T S—
- Chen 2013 HR : — 2.28(1.64,3.15) 4.58
Tage der PPl Einnahme R T s
Gau 2010 OR ——0—;— 1.18 (0.80, 1.74) 4.44
M T - M Hermos 2012 OR -~ 1.29(1.15, 1.45) 490
Keine Risikoerhohung bei H2 Blockern = & 'm
Juthani-Mchta 2013 HR ——t— : 0.81(0.57,1.149) 453
.o Laheij 2003 OR 1 +—> 18.20(2.00, 158.00) 1.06
. Laheij 2004 OR —:ﬁ— 1.73(1.33,2.25) 4.70
G ru n d e LIuE(J)ll OR + Lb}:LlS.Z.JZ) 4.70
. Long 2013 OR - : 1.15(1.04, 1.26) 4.92
— pH-Erh6hung e - e
. . .. Morris 2013 OR € : > 1.85(0.13,26.32) 0.77
_ M | k ro b lomveran d erun ge N Nielsen 2012 OR ' . 3.49 (3.40, 3.60) 495
Pasina 2011 OR ———— 2.37(1.10,5.07) 3.42
_ M i k roa S pi ratiO n Quagliarello 2005 HR —_— 0.92(0.61, 1.37) 4.40
Ramsay 2013 RR - 1.55(1.44, 1.67, 493
Rodriguez 2009 RR —— : 1.16:1.03, 1.311 4.90
— direkter Effekt auf Protonenpumpen im naentiilion I peaiiim
. . Scheiman 2011 OR | 0.36 (0.09, 1.46) 1.98
Re S p I rat I O n St ra kt Sugano 2011 OR : 1.04 (0.06, 16.68) 0.70
Sugano 2012 OR 7.51(1.50, 37.65) 1.65
van de Garde 2006 OR : —— 2.33(1.85,2.92) 4.76
Overall (I-squared =99.2%, p = 0.000) <> 1.49(1.16, 1.92) 10000
(Johnstone 2010) ; ]



Pilzinfektionen

* Postoperative intraabdominelle
Candida-Infektionen haufiger

e Risiko fur Candidainfektionen

in Oropharynx und Osophagus
erhoht

= 0.5pg/ml Fluconazole

- 0.5ug/ml Flu & 0.00625mM Ome

-~ 0.5pg/ml Flu & 0.0125mM Ome
0.5pg/ml Flu & 0.025mM Ome

- 0.5pg/ml Flu & 0.1mM Ome

C *1.5
1.0
g
(=]
(e]
0.5
0.0 - - -
0 20 40 60 80
Time points (15 min)
~ Vehicle

100

(Liu 2015 Cat 2008 Daniell 2015 Kim 2013)

D. 1.5,
1.0
3
o
o /
0.5
0.0 v
0 20 40 60 80 100
Time points (15 min)
- Vehicle

-1 pg/ml Fluconazole

=1 pg/ml Flu & 0.00625mM Ome
pg/ml Flu & 0.0125mM Ome
1 pg/ml Flu & 0.025mM Ome

~1 pa/ml Flu & 0.1mM Ome



PPl und Mikrobiom

Direkte und indirekte Effekte
Direkt
— PPIs hemmen H+/K+ P-Typ ATPase

— Bakterien, Pilze, Protozoen haben
diese ATPase auch

Indirekt

— pH Anderung beeinflusst
Zusammensetzung des

Mikrobioms
e Bakterien kdnnen sich besser
vermehren

* Eingebrachte Bakterien kénnen nicht
vernichtet werden

— PPI beeinflussen Funktion der
neutrophilen Granulozyten

a Histamine H,
receptor antagonists

Histamine H, receptor

Parietal
cel

Muscarinic
Mg receptor

O Acetyichcline

Muscarinic
l l antagonists

./-\' Gastrin
\ g

CCK; receptor

Proton pump
inhibitors
Cl
Acid (HC)
Gastric gland
lumen
Parietal cell canaliculus lumen
OCHy
h H’K -ATPase OCH,
\_/ S
NY& N N/
3steos )\
Gty N/N ;’ NWSHKATPase
1 // / \
I\’H‘ \\¥| \W/
{
CCHy OCHy

Nature Reviews | Drug Discovery



Sauresuppression oder Substanzeffekt?

Daten vor allem aus der
Padiatrie
“Dosis“-abhangiger Effekt:
Starke der Sauresuppression

Niedriger Diversitat und
taxonomische Unterschiede
auch durch H2 Blocker

Relative abundance

1.00
0.90+
0.804
0.70
0.604
0.50
0.404
0.30+

® H2-Pos
QO H2-Neg

.....

L)
i O WD

0204 @
0.10a
0.00 ’
r-Proteobacteria Enterobacteriaceae

Type of Acid Suppression Cases(n=  Controls (n = Odds Ratio (95% Confidence
650) Interval)®

Neither (n = 3825) 633 3192 Reference

H2RA only (n=11) 5 6 2.64 (.93-10.4)

Proton pump inhibitor with or without 12 2 21.5 (4.71-98.6)

H2RA (n=14)

(Freedberg D., Clin Infect Dis. 2015, Gupta R., Journal of Pediatric Gastroenterology and

Nutrition 2013)



PPl verandern das Mikrobiom

— ,,Oralisierung” g
— Keime aus dem Mund steigen L
im Darm an (Veillonella, o i
Staphylococcus, : i T
Streptococcus)

— Speichel und Magensaft
werden sich ahnlicher y
(,clustern”)

— Verminderte Kolonisations- " -
Resistenz SR
— Verminderte Diversitat
— Vermehrte Gesamt-

PC2:12.0 %

Bakterienzahl
— Enterococcus, E. coli T

(Tsuda 2015, Clooney 2016, Imhann 2016, 2017)



Sauremangel und Mikrobiomentwicklung

e 12 Kinder mit Reflux
 PPIfur 18 (8-44) Wochen
* Diversitatsentwicklung

verhindert! e

3,000

2,000

Chao1 Index at 12,000 reads

1,000

T T T
before PPI on PPI after PPI

(Castellani 2017)



PPl verandern das Mikrobiom: Longitudinal

 gesunde Probanden

Oralisierung

— funktionelle Anderungen

Einfluss auf Diversitat nach 14-
28 Tagen noch nicht sehr
ausgepragt

Wenn Mikrobiom bereits
geschadigt:

starkere Effekte

>

Change in Shannon Index

Axis 2

(Bajaj 2014, Freedberg, 2015, Reveles 2018)
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Enterococcaceae Micrococcaceae Staphylococcaceae Streptococcaceae
Taxa Associated with CDI
Taxa Associated with Upper Gastrointestinal Bacterial Overgrowl
PCO case scores (Bray Curtis) PCO case scores (Bray Curtis)
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Einfluss auf Mortalitat?

0.95

>5.4 Millionen Patienten

PPl Einnahme >1 Jahr: 50%
hoheres Risiko zu sterben

0.90

0.85

Survival Probability

0.75

Years

PPI

H2 Blockers

Table 3 Duration of exposure to PPl and risk of death among new users of PPI (n=166 098)

Duration (days) <30 31-90 91-180 181-360 361-720

N 24748 (14.90) 39345 (23.69) 29334 (17.66) 33907 (20.41) 38764 (23.34)

(%)

HR (95% CI) 1 1.05(1.02t01.08) 1.17(1.13t0 1.20) 1.31 (1.27 to 1.34) 1.51 (1.47 to 1.56)

Within neonle exnnsed ta PPl hetween 1 and 720 davs.

(Xie 2017)



Hochrisikogruppe: Leberzirrhose

PPl Verschreibung haufig
— Zunehmend mit Schweregrad
— 50% der Verschreibungen ohne evidenzbasierte Indikation

Dysbiose
Immundysfunktion

Monocytes

-

& - + Ag presentation capacity .
(L R} + Production of pro-lnﬂammato;y {-—/‘“‘\ﬂ
18 /‘ cytokines (IL-1, IL-6, IL-18, TNF-c) 3
*#% 7 Neutrophils 4 Adherence [PBC] &
Macrophages 4
¥ Chemotaxis -
+ Migration + Chemotaxis

+ Fc-gamma receptor activity

+ Phagocytic activity -\
+ Intracellular killing activity Immgne / + Activation
¥ Hsepan dysfunction

)
\ Lymphocytes "‘\9‘

Other related factors + T-cell function [alcohol]

Other serum proteins Malnutrition ¥+ NK-cell function [alcohol]
+ Opsonization Medications (steroids, IFN) B-cell clonal proliferation [HCV]
+ Complement levels (C3, C4, CH50) Altered Ig production [HCV]

+ Protein C activity
4 Chemotactic inhibitory activity [alcohol]

Ag, antigen; HCV, hepatitis C virus, IFN, interferon; Ig, immunogiobulin; NK, natural killer; PBC, primary billary cirrhosis

(Bonell 2011)



Verlust der Magensaure erhoht Risiko fur chronische

Lebererkrankungen

L " Il " 1 N 1 " 1 " I " |

25 -
{ —— Active users of PPls (N=1024)
-- Previous users of PPIs (N=745)
1 - Never users of PPIs (N=3061)
20

Cumulative risk of alcoholic liver disease (%)

0 2 4 6 8 10 12
Years after diagnosis of chronic alcohol abuse

o

Human fecal samples

fold change

Enterococcus
*

10 —

= Alcoholics

oON PO

Hepatocyte
steatosis

Kuppfer cell
Ethanol

Gastric acid
suppression

Stomach

4\ \\
/4%’

“<;‘,\~~ - -.\ ’
/{/ - N ‘,"
Portal vein § b T Enterococcus
- \1.“ g l\;
NI

(Llorente 2017)

s
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Infektionsrisiko bei Zirrhose + PPI

No Subsequent Infection | Subsequent Infections | P-value

Number 104 84

Age 55.1(9.6) 57.7(9.2) 0.06

e Risiko fur neuerliche - o
InfEktion fast 3fach erhéht Etiology of liver disease | HCV 31.7% 15.5% 013

Alcohol 30.8% 34.5%
* Risiko fiir spontan bakterielle T o

Peritonitis fast 3fach erhoht Ot

MELD score 18.35 (7.59) 19.3 (6.8) 0.36
Child-Turcotte-Pugh Score 10 (8.12) 10 (9.11.5) 0.37
Bilirubin mg/dL 54(6.9) 5.1(4.6) 0.7
1. INR 1.7(14) 1.7(0.9) 0.97
Creatinine mg/dL 1.42(1.1) 145(1.2) 0.86
Sodium mEq/L 132.0(6.7) 132.6 (6.5) 0.57
2+ —e— Albumin g/dL 2.79(0.7) 2.7(0.7) 0.64
. Platelets 103/uL 32.4(69.8) 24.2(58.7) 0.39
B 34 I L 2 i Mean arterial pressure (mmHg) 83.0(14.3) 83.4(15.9) 0.87
n WBC 1034l 8.6(1.7) 7.6 (5.5) 034
4 I o I SBP Prophylaxis 21.2% 53.6% <0.001
Rifaximin 27.9% 52.4% <0.001
I Proton Pump Inhibitor 52.9% 72.6% 0.006
Overall+ - B-Blocker 39.4% 31.0% 023
0.1
T T L L LB |

1 10 100
OR and 95% Cl
€ Less likely To manifest SBP More likely 2>

(Trikudanathan, 2011, O’Leary 2015)



Komplikationen und Mortalitat

Cumulative Survival

R ° o k f oo h t . h Table 2.Risk of Subsequent Hepatic Encephalopathy Among Patients With Cirrhosis
I S I O u r e pa I SC e Model 1 Model 2° Model 3° Model 49
E n Ze h a | O at h ie Ste i t OR (95% Cl) OR (95% Cl) OR (95% Cl) OR (95% Cl)
p p g Use of PPI during follow-up period
cDDD, <30 1 1 1 1
- .e - cDDD, 31-120 1.87 (1.47-2.39) 1.84 (1.44-2.36) 1.58 (1.22-2.03) 1.41 (1.09-1.84)
DOS I Sa b h a n I e r Effe kt cDDD, 121-365 2.38 (1.80-3.14) 2.32 (1.75-3.07) 1.77 (1.32-2.39) 1.51 (1.11-2.06)
cDDD, 365 449 (2.73-7.38) 4.43 (2.69-7.30) 3.87 (2.33-6.43) 3.01 (1.78-5.10)
Use of PPl in the past 6 months before enrollment 0.91 (0.59-1.40) 0.87 (0.56-1.34) 0.83 (0.53-1.30) 0.87 (0.56-1.36)
Charlson Comorbidity Index score at enrollment 1.10 (1.04-1.16) 1.09 (1.04-1.15) 1.09 (1.03-1.15)
P P I d M t | 't - t ? Medical comorbidities in recent 3 months
u n O r a | a H Upper Gl bleeding 445 (2.97-6.68) 4.58 (3.05-6.87)
Intra-abdominal infection 3.33 (2.02-5.48) 3.16 (1.91-5.21)
Pneumonia 1.68 (1.09-2.59) 1.64 (1.06-2.53)
Urinary tract infection 1.29 (0.85-1.96) 1.26 (0.83-1.91)
Use of medications during follow-up evaluation
Benzodiazepine 1.28 (1.05-1.56)
Antipsychotics 0.69 (0.43-1.11)
Opioid analgesics 1.44 (1.10-1.88)
1.0 PPI —
. . « [ ~{iNo
HR:0.973; P=0.86
0 8_ —nYeS 1.04 \'
' +Censored SN
-+Censored o8] M. No PPI
. 5 .
Z 06
a PPI
=
2 0.4
=
— ¢ G P=0.007
0.2 Patients at Risk *
No 520 129 76 37 17 5 0.2+
Yes 87 17 11 9 5 0
0.0=— T T | T T ool
0 1 2 3 4 5 ‘ : :
] 250 500 750 1000 1250 Time in the study
Follow-up (Years) (days)
No PPI 59 42 31 26 8 3 Patients at nsk
PPI 213 102 74 50 20 1 Patients at nsk

(Tsai 2017, Mandorfer 2014, Dultz 2015)



Hypothese

PPI

N

Oralisierung des Darm-Mikrobioms

v

Intestinale Inflammation=—3» Barriere-Stérung

Bakterielle Translokation
Hepatische Inflammation

Verschlechterung der Leberfunktion

— Tod

Entwicklung von Komplikationen

Infektionen




Probiotika als Therapieansatz

P =0.740; RR = 1.01

[ J Kinder mit Reflux ) P<0.001;RR=2.17”P<0.001;RR=2.14

40
2 36/64

 PPI +/- Lactobacillus 2.
reuteri DSM 17938 fiir 12 5 =
20
Wochen 2
n

e SIBO (H2-Atemtes) g 2 /64

= | _1n

Control Placebo Probiotics

Study groups

(Belei 2018)



Omnibiotic® Hetox

Omnibiotic® Hetox

In vitro strengthening of the epithelial
barrier after a pathogenic bacteria stressor

In vitro strengthening of the epithelial barrier
after an inflammatory stressor

Inhibition of mast-cell activation
Stimulation of anti-inflammatory cytokine 11-10

Decreasing lipopolysachardide load

Child-Pugh score

B. bifidum B. lactis L. acidophilus L. brevis L. casei L. salivarius Lc. lactis Lc. Lactis

11

10 +

11

10

w23 W52 W37
+~ - +
+ + -
= - -
Probiotics
1
o
8
<
[
3
o
o
=
(@]
Baseline 6 months

o

we3 Ws6
- +
- +
- +
+ +
Placebo

Baseline

6 months

W24 W19 W58

- - +

(van Hermet 2014, Horvath, 2016)



Probiotika zur Vermeidung von PPI
induzierter Dysbiose

 Pilotstudie
 open-label, 12 Wochen
e 11 Stamme

Assessed for
eligibility (n=49)

non-cirrhosis [ N )
—  Bacillus coagulans W183 - | 3y | Cirrhosis (n=26) | oy
xcluded: xcluded:
— BGCI”US SUthIUS W201 - Not meeting inclusion criteria (n=2) €———r l—————> - Not meeting inclusion criteria (n=1)
- Declined to participate (n=2) - - — N - - . - - Declined to participate (n=3)
_ ifi H ifi reated wit reated wit
BIfIdObaCte”um blfldum W23 | probiotics (n=27) | | probiotics (n=22) |
- BIfIdObaCterlum /aCtIS W52 Discontinued intervention: —] > Discontinued intervention:
. . R - Consent withdrawn (n=2) - Consent withdrawn (n=5)
- BIfIdObaCtenum /aCtIS W51 - Side effect (n=1) [ Finished ) [ Finished ) - Side effects (n=3)
. . . treat t (n=24 treat t (n=14
— Lactobacillus acidophilus W37 treatment (n=24) J _treatment (n=14) |
. . B — Discontinued follow-up:
- LaCtObaCI//US GCIdOphI/US W22 - N p N - Lost to follow up (n=3)
Finished Follow- Finished Follow- - Death (n=1)
— Lactobacillus casei W56 ___up(n=24) ___up(n=10)

— Lactobacillus salivarius W24
— Lactococcus lactis W19
— Propionibacterium freudenreichii

W200
« 2x10°CFU/g
*  Fructo-oligosaccharide und Inulin



Zusammenfassung

* Dysbiose — Resilienz

* Einflussfaktor Medikamente o
* Beispiel PPI bt/
— Sauresuppression + zusatzliche
Substanzeffekte KEEP
* Nebenwirkung: CALM
— Mikrobiomveranderung AND

— Inflammation BE

— Permeabilitatsstorung
— Auswirkung auf Outcome RESILIENT
* Probiotika

— Effekte auf Leberfunktion, Darm-
Permeabiliat und Lebensqualitat
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