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Mikrobiom

 Mehr Bakterien als
menschliche Zellen

* 100 Billionen Bakterien
(10%4)

* Mehr als 1000 Spezies
* Gewicht 1.5-2 kg

* Ohne Bakterien Leben
unmaoglich
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Einflussfaktoren

 Nahrung

— Art der Lebensmittel (Ballaststoffe)

— Mikroorganismen in der Nahrung

* Medikamente

— Antibiotika, Protonenpumpenhemmer,
Statine, Betablocker....

 Immunsystem
« Genetische Faktoren

 Umwelteinflusse
— Infektionen

* Fruhkindliche Faktoren
— Sectio vs. naturliche Geburt
— Stillen
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(Zhernakova 2016)

Medicine
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Dysbiose

Fett
Alkohol
Medikamente
c:. i o Opportunistische Pathogene

Kommensale

Erhohte Permeabilitat
Bakterielle Translokation
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ANTIBIOTIKA
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Antibiotika-assoziierte Diarrhoe

+ Definition Haufig ___[seten

Cephalosporine (3./4.  Metronidazol

— Durchfall wahrend oder bis 2 )
Generation)

Monate nach Antibiotikatherapie
* Haufigkeit 5-25%
* Hochstes Risiko

— Kinder und altere Menschen

Ampicillin/Amoxicillin Fluorochinolone

Clindamycin Rifampin
Andere Penicilline
Makrolide

Tetrazykline
Increased incidence especially in patients 2 65 years

Trimethoprim/Sulph-
25.00
20.4/1,000 methoxazol
ﬁ 20.00 2 — 85+
2 15.2/1,000
3 1500 65-84
8
S
< 1000 8.29/1,000
b —— 45-64
§ s - 2.97/1,000

18-44

/ <18
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Healthcare Cost and Utilization Project (HCUP).
http://hcupnet.ahrq.gov.
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Pathogenese

« Uberwucherung pathogener Mikroorganismen
— Clostridium difficile (10—-20 %)
— C. perfringens, Staph. aureus, Klebsiella oxytoca, Salmonella sp.
* Beeinflussung der Funktion der normalen intestinalen
Flora
— Kohlenhydratmetabolismus
— Gallensauremetabolismus
* Direkte Nebenwirkung von Antibiotika:

— Allergisch/toxischer Effekt
— pharmakologische Einfllisse auf Darm-Motilitat

‘Medizinische Universitit Graz



Effekt auf das Mikrobiom
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Alteration in
population structure

L Resistance

/‘\f v genes
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Enrichment
for resistance

Increased mobilization
of genetic elements

Availability for
niche intrusion
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(Modi, JCI 2014)



Prophylaxe

 Sinnvoller Antibiotika-Einsatz
e |solation bis 48h nach Sistieren der Diarrhoe

 Handewaschen (SEIFE!, Desinfektionsmittel wirkungslos gegen
Sporen)

* Kontakthygienemassnahmen




Modulation des Mikrobioms

Florierendes Darm- Zerstorung durch Einzelne Spezies vermehren
Okosystem Antibiotika sich ,wie Unkraut”

e

l

Probiotika Prabiotika Stuhltransplantation

Bakterientherapie /

Wiederhergestelltes
Okosystem

(adaptiert nach Nature, 2012)
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Probiotische Stamme

e Lactobacillus e Streptococcus
— rheuter; thermophilus
— rhamnosus * E. coli Nissle
— Casel * Enterococcus faecium
— acidophilus
. . * Lactococcus
e Bifidobacterium .
_ _ e Saccharomyces boulardii
— infantis
— longum
— breve
— lactis

— bifidum




Wie wirken Probiotika?

1. Konkurrenz um Nahrstoffe / 2. Biokonversion 3. Produktion von 4. Antibakterielle Wirkung
Prabiotika Vitaminen

% - ‘%IE N

Bmdungsstellen 8. Immunmodulation ‘
5. Verbesserung %’

der Darmbarriere ‘

stzell
7. Modulation der @

Inflammation




Prophylaxe mit Probiotika

Experimental Control Risk ratio (95% CI) Weight

Events  Total Events Total
Allen et al, 2013 12 1470 17 1471 —— 0-71 (0-34-1-47) 19.0%
Arvola et al, 1999 1 61 1 58 0-95(0-06-14-85) 14%
Beausoleil et al, 2007 1 44 7 45 0-15 (0-02-1-14) 2:4%
Bravo et al, 2008 0 41 0 45 NE
Canetal, 2006 0 73 2 78 0-21(0-01-4-37) 1-1%
Duman et al, 2005 0 196 1 180 0-31(0-01-7-47) 1.0%
Gao et al, 2010 9 171 20 84 e 0-22 (0-11-0-46) 18.7%
Hickson et al, 2007 0 56 9 53 4 0-05 (0-00-0-84) 1-3%
Kotowska et al, 2005 3 119 10 127 e — 0-32(0-09-1:14) 6-4%
Lonnermark et al, 2005 1 80 0 83 311 (0-13-75-26) 1.0%
McFarland et al, 1995 3 97 4 96 —_— 0-74 (0-17-3-23) 4-8%
Miller et al, 2008 4 95 7 94 —— 057 (0:17-1-87) 7-2%
Miller et al, 2008 2 157 0 159 » 5.06(0-25-104-63) 1-1%
Plummer et al, 2004 2 69 5 69 0-40(0-08-1-99) 4.0%
Psaradellis et al, 2010 1 216 4 221 0-26(0-03-2-27) 2:2%
Rafiq et al, 2007 5 45 2 55 — 0-28(0-11-0-67) 131%
Ruszczynski et al, 2008 3 120 7 120 —_—— 0-43(0:11-1.62) 5-8%
Safdar et al, 2008 0 23 1 17 0-25(0-01-5-79) 1-0%
Selinger et al, 2011 0 62 0 62 NE
Surawicz et al, 1989 3 116 5 64 _— 0-33(0-08-1:34) 5-3%
Thomas et al, 2001 2 133 3 134 0-67(0-11-3-96) 33%
Total 52 3444 125 3315 ’ 0-39(0-29-0-54) 100%
Heterogeneity: ©*=0-00; x’=15.08, df=18 (p=0-66); ’=0% [ T T 1
Test for overall effect: Z=5.69 (p<0-0001) 0-02 01 10 100

<+— —>
Favours experimental Favours control
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(Daneman, Goldenberg 2013)



Table 3.Summary of Subgroup Analyses

No. of P value for
Variable studies Summary RR 95% ClI P % interaction
Overall 19 0.42 0.30-0.57 0.0
? Timing: study protocol specifying maximum interval
a n n H from starting antibiotics to starting probiotics
1-2d 14 0.32 0.22-0.48 0.0 .02
3-7d 5 0.70 0.40-1.23 0.0
Risk of study bias
High 11 0.44 0.27-0.71 0.0 .81
Low 8 0.40 0.24-0.67 14.7
Probiotic species”
. .. Lactobacillus acidophilus 1 0.25 0.01-5.79 0.0 34
° d ff | L acidophilus, Bifidobacterium bifidum 1 0.40 0.08-1.99 0.0
1 9 RCTS 4 C . I I C I e L acidophilus, B bifidumn, Bifidobacterium lactis 1 0.70 0.34-1.47 0.0
I . . L acidophilus, Lactobacillus bulgaricus, B bifidumn, 1 0.28 0.11-0.68 0.0
f k h d Streptococcus thermophilus
n e t I 0 n Ve r I n e r n L acidophilus, Lactobacillus casei 2 0.21 0.11-0.42 0.0
L acidophilus, Lactobacillus paracasei, B lactis 1 0.41 0.14-1.20 0.0
- L casei, Lactobacillus bulgaris, S thermophilus 1 0.05 0.00-0.87 0.0
e Effekt am starksten L casel Shiots 1 036 002860 00
Lactobacillus rhamnosus GG 3 0.73 0.29--1.88 0.0
H L rhamnosus GG, L acidophilus, B lactis 1 0.29 0.01-6.76 0.0
We n n I n n e rh a I b d e r Saccharomyces boulardii 5 0.63 0.29-1.37 0.0
Probiotic formulation
Capsule 14 0.44 0.32-0.62 0.0 .28
e rSte n 2 Ta ge n a C h Drink 5 0.15 0.04-0.58 0.0
Antibiotikastart
gegeben 2-
]

* 18% Risikoerh6hung
mit jedem Tag, an dem
das Problot.lkum spater gO‘ a 3
gegeben wird 3.1 .e

o]
S0
-2 o
-3 .
3 3 3 3 3

Time

(Shen 2017)



Welche Praparate?

- 45

e Lactobacillus
(rhamnosus, casei)

 Bifidobakterien
e Enterococcus faecium

-40
- 35
L 30
- 25
- 20
=15

e Saccaromyces boulardii

-10

Konzentration C. difficile (log cfu/ml)

Toxin A & B Konzentration (CDU)

* einfache Probiotika,

. . 0 Lo
mehrstammige S ¢ @ ¢ & ¢
robiotika, Multi- S P K
SpeZIeS_Praparate? 60(\ .nach24h .nach48h lToxlnA&B
(Steyer 2012)
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Welche Praparate?

 Auf Keimzahl achten

 Multispeziespraparate

"
.
3
v,
v
O
», -
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groRere Uberlebenschancen

bessere Chance auf
Besiedelung

finden von 6kologischen
Nischen

groRere Vielfalt an
Eigenschaften

additive/synergistische
Wirkung

Symbiose von Stammen

Omnibiotic AAD

Table 4. Defecation Score Between Day 1 and Day 13

Placebo Probiotic
N=19 N=19
1. Stool frequency >3 per day for 11% 11%
at least 2 days
2. Stool consistencyl* >5 for at 42% 21%
least 2 days
3. Stool frequency >3 per day and 26% 16%
a consistency’ > 5 for at least
L ua_ya
4. Stool frequency >3 per day and/ 79%* 48%

or a consistency >5 for at least
2 days (being the sum of 1-3)

*P < 0.05.
tConsistency ranging from 1 (hard lumps) to 7 (watery) according to the Bristol stool
form scale.

(Chapman 2011-2014, Bischoff, Coning 2008)




Verfugbare Praparate

Einfache Probiotika
Enterococcus faecium SF68
(Bioflorin)

— Kapseln, Keimzahl 7.5 x
10%/Kapsel

Lactobacillus casei rhamnosus
(LCR 35) (Antibiophilus)

— Kapseln, Beutel, 2,5 x
10%/Kapsel bzw. 1.5 x
10°/Beutel

Saccharomyces boulardii (Yomogi)
— Kapseln, 2,5x10°/pro Kapsel

CeH1206 + 2 ADP + 2P; — 2CyH;0H + 2CO, + 2 ATP

Medizinische Universitit Graz

Multispeziespréparate

Omnibiotic 10 AAD, Omniflora,
Kijimea, Lactobact, Colomed,
Sanfloral, Nutrimmun...




Mikrobiom-Modulation als Therapie

e Fakale Mikrobiota-

Transplantation

e Ab der 3. Erkrankung/2. Rezidiv
* Nach adaquater Vortherapie

* Beifulminanter C. diff Infektion nach
Versagen der Standardtherapie nach
48h (Ultima Ratio)

* Auch steriler Stuhl wirkt
* Bakteriophagen?

Relative readcount (% of classified and selected reads)
o (=] (=] o o o o o
~ - -~ « o ~ o ©

(Kump 2014, Ott 2017)



PROTONENPUMPENHEMMER




Wie konnten PPls das Mikrobiom beeinflussen ?

 Direkte und indirekte Effekte
e 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 kdnnen
nicht vernichtet werden

Medizinische Universitit Graz
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Verandern PPl die Mikrobiomzusammensetzung?

.
» 45 Patienten, 18 mit PPl i * 3
— Keine Anderung in N
alpha-Diversitét und RS I
taxonomischer it otg e
Zusammensetzung S 2 o . 10
— Bakterienanzahl 100x ol H g,
hoher mit PPl (Kultur) : m By

— Mit PPI: Sputum und
Magensaft clustern
zusammen

o A
(C- v

s v

% S
o

(Tsuda 2015)
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Verandern PPl die Mikrobiomzusammensetzung?

e Cross-sectional, PPl >5 Jahre, 61 . Tascnomse diferences beween

PP1 and Non-PPI subjects
« <005
<010

Probanden

— Keine Unterschiede in alpha-Diversity

o . . #
— Bacteroides { FirmicutesT 5
5
o
Procrustes PCA: Weighted Proportions and FFQ Data
4 ¥ o B P-Vaks: 0.780 PC1:51.4%
2 . | z o A °p, ... ::mw
v o) —exes f . X
§ 9 oy N\ e : /‘ > ,‘ ‘ i =~ ..-‘ ..‘. ; :‘”:;m
- e SN AP e y -
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Verandern PPl die Mikrobiomzusammensetzung?

* 1815 Individuen, 211 PPI .
Einnahme +

e PPIvermindern Diversitat £

e Keime der Mundflora,
Enterococcus,

Staphylococcus, E. coli T

‘.“ atas
P
ey

PR
seadela)eqoI3ul

— (Imhan 2016)
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Verandern PPl die Mikrobiomzusammensetzung?

 Cross-over, 12 Probanden, .

4 \Wochen PPI i,
— Enterokokken, 3 : ; :
Streptokokken, 1

.
9 s/ -3 -5
M I k ro kO k ke n ) NoPPls __ PPIs No PPIs PPIs No PPls PPIs No PPIs PPIs No PPIs PPIs

Enterococcaceae Micrococcaceae Staphylococcaceae Streptococcaceae

Sta p h yl O ko k ke n T ’ e Asso‘::::‘::::c(i:::d with Upper Gastrointestinal Bacterial Overgrowth
Clostridiales ¥

* Anstiegin Genen, die mit * .. B .
bakterieller Invasion zu - k. o
tun haben V ?E —~— & é’ —

. Hoheres Risiko fur C.diff? =~ ¢ I

o ” 2

PCO1 (33.8%) PCO1 (10.1%)

o A
.
3
S D)
v
O
», -

(Freedberg, 2015)
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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 i 2 )
Asseri et 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;i’t‘::‘g:"::‘;gsg’ 2003 S iy fg? 8 gg ‘1‘ gg; § 21;2 Case—control Aseeri et al. Case-control  1.810 1.340 2445 3.868 0.000
1 o R ), 1.4 . .

Debast et al 2009 ° 110(0.50,260) 127 Case—control Bajaj et al. Case—control 2720 2200 3.363 9.243  0.000
Dial et al 2004 —— 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 —f—o— 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
Baxter et al 2008 == 1.23(1.03, 1.48) 332 Case—control Debast et al. Case—control ~ 1.330 0.860 2057 1.282 0.200
Ingle et al 2011 B 1.84(0.45,7.45) 0.57 Case-control Dial etal, 2006 ~ Case-control 1.460 1.110 1.920 2706  0.007
Jayatilaka et al 2007 (P:Ad) — 1.88(1.07,331) 1.94 ; " . . ) ’ .
Mt A (k0 == s Grooootel  Joaaa ot Cassomnd 1270 1120 1440 0727 0oco

enkins et al 201 —_— 4 .23, X . ‘ . g - g
&azakovlaztte)l1 gl 2012 —f—.— gsg E:gg ;96 g?) ?gé Case—control Kim et al. Case-control  1.750 1.310 2.338 3.788  0.000

im et a —— : 5 C trol Lowe et al. c ol 0920 0.840 1.008 -1.796 0.072
Kuty ot ol Durham 2010 o s T 3.2010.70, 16.70) 043 Casecontrol Popin t 4 Case-control 1000 0800 1250 0000 1000
Kutty et al (VA) 2010 - 1.70(0.70,4.00) 1.18 P . . . : . y
Linney et al 2010, (a) g 1.00(0.90, 101) 359 Case—control Shah et al. Case-control  0.910 0.580 1428 -0.410 0.682
Linney et al 2010, (b) | —— 2.40(1.40,430) 1.95 Case—control Kazakovaetal.  Case-control 2590 1.412 4751 3075 0.002
Ei?\:weeut :} g:ﬁgm —0:.'_ ?22 E? ?g ]gg; ggg gase—contro: ;earsle'y etal. gase—contro: 1610 1.150 2254 2774 0.006

o LV v J ase—control eaulieu et al. ase-control  0.960 0.780 1.182 -0.385 0.700
tgg :: :: %8?‘:’ X :+ ;(053 g??’} lag; gg; Case—control Baxter et al. Case—control  1.140 1.020 1.274 2309 0.021
Lowe et al 2008 - 0.90 (0.80, 1.10) 3.39 Case—control 1478 1249 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 4813 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. oho . g - - - L
Naggie et al 2011 —— 1 0.49(0.20,1.23) 1.1 Cohort Linsky et al. Cohort 1420 1.110 1.817 2790 0.005 E 3
Dial et al 2005 |- 2.90(2.40,3.40) 3.34 Cohort Turco et al. Cohort 4500 1.440 14.063 2587 0.010 —_—
H X
Nath et al1994 S 320(1.39,7.34) 1.25 Cohort 2309 1718 3103 5550 0.000 &
Netland et al —_— 1.27(0.55,2.94) 1.24 Overall 1648 1424 1908 6698 0.000 ¢
Novell et al ——— 1 0.53(0.34,085) 230 : : - . N
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 —_—— 1.11(0.44,278) 1.09
Southern et al 2010 - 2.32(1.18,4.58) 1.61 - Tt -
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
Yearsiey t 1 2006 -l 190(110.329) 199 Odds Ratio (95%
Yip et al 1 — 1. .60, 5.4 X . .
Dial et al 2008 = aiom 3o 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 g.- 2130 (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)ﬁis : ; : H2RA Only (n =1 1) 5 6 2.64 (93 10’4)
2 5 1 2 5 Proton pump inhibitor 12 2 21.5 (4.71-98.6)

with or without

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

d 47 StUdien: RR 1-47, NNH 1:3825/Jahr fzz:a;ii;zzr;:dH;nRaAgl;:sst:?ifno?zvszﬁ:::natiiogri:;tice;adjusted for use of
° USA: 7_8 Mllllonen VerSChreibungen/Jahr antibiotics or steroids and hospitalization.

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

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

Table 1| Published studies of the relationship between use of PPls 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 ClI 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 29 (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.

T Values were rounded to nearest first decimal wherever necessary.

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

 pHim Magen, Translokation, bakterieller Overgrowth, verminderte Diversitat,

Immunmodulation

Universitat Graz

(Bavishi 2011)



Pneumonie

Study or Subgroup log [Odds Ratio] SE Weight IV, Random, 95% CI Year IV, Random, 95% Cl

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 b

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% 1.55[1.36, 1.77] 2009 b

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: Tau2 = 0.05; Chi2 = 65.01, df = 5 (P < 0.00001); /2 = 92% f t ; i
0.01 0.1 1 10 100

Test for overall effect: Z=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 -
Almirall 2008 or a4 1.38(0.87,2.18) 426
. Chen 2013 HR L 228(1.64,3.15) 458
Ta ge d e r P P I E I n n a h m e Dublin 2010 OR —— 1.13 (0.88, 1.44) 47
Filion 2013 OR —— : 1.05 (0.89, 1.25) 485
Gau2010 ORr -+ 1.18(0.80, 1.74) 444
° K H R' H k h pId h b H H 2 BI k Hermos 2012 OR - 1.29(1.15, 1.45) 490
eI ne ISI Oe r O u ng eI OC e rn Jena 2013 RR : * 1.80(1.71, 1.89) 495
Juthani-Mechta 2013 HR ——t— 1 0.81(0.57, 1.14) 453
e Laheij 2003 OR ] +—> 1820(2.00,15800)  1.06
[ G r u n d e Laheij 2004 OR - 173 (133,2.25) 470
Liu 2012 oRr — 1.63(1.25,2.12) 470
. Long 2013 OR - : 1.15(1.04, 1.26) 4.92
J— p H - E r h O h u n g Mastronarde 2009 OR € T > 7.24(0.14,365.19) 038
Meijvis 2011 OR — 1.60 (1,20, 2.20) 463
. . . Morris 2013 Or € - > 185(0.13,2632) om
— Mikrobiomveranderungen Nebeno2  OR : . s 498
Pasina 2011 oRr — 237(1.10,5.07) 342
. . . Quagliarello 2005 HR _— 0.92(061,1537) 440
- Mlkroasplratlon Ramsay 2013 RR - 1.55 (1.4, 1.67) 493
Rodriguez 2009 RR = ! 1.16(1.03, 131) 490
— direkter Effekt auf Protonenpumpen im p—— o
Sarkar 2008 OR > 1 1.02 (0.97, 1.08) 4.94
. . Scheiman 2011 OR «—| 0.36.(0.09, 1.46) 198
Resp I ratl 0 nst ra kt Sugano 2011 OR <€ : 1.04 (0.06, 16.68) 0.70
Sugano 2012 OR i +- 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) 100.00
i
H
T T T
2 1 s 25

PPI decreascs risk of CAP PPl increases risk of CAP



Pilzinfektionen

e Postoperative intraabdominelle
Candida-Infektionen haufiger

e Risiko fur Candidainfektionen

in Oropharynx und Osophagus
erhoht

C 1.5 D * 1.5
1.0 1.0
g $
[a) [a)
0.5 0.5
0.0 : . : " ' .
0 20 40 60 80 100 . o0 20 40 60 80 100
Time points (15 min) Time points (15 min)
~ Vehicle -~ Vehicle
= 0.5pg/ml Fluconazole -
: ggﬂgm: Flu & 0.00625mM Ome T H i Flus 0-60625mM Ome
- 0. 'ml Flu & 0. mM Ome -
0:301g/mi Fiu & 0.025mM Ome 1 pgimi Flu & 0.0125mM Ome

1 pg/ml Flu & 0.025mM Ome

B e Universitit Graz (Liu 2015 Cat 2008 Daniell 2015 Kim 2013)



Infektionsrisiko bei Zirrhose

NACSELD Kohorte

PPl Einnahme: OR 2,94 fir
neuerliche Infektion

itat Graz

No Subsequent Infection | Subsequent Infections | P-value

Number 104 84
Age 55.1(9.6) 57.7(9.2) 0.06
Male 56.9% 51.2% 0.44
Etiology of liver disease | HCV 31.7% 15.5% 0.13

Alcohol 30.8% 345%

HCV + Alcohol 12.5% 14.3%

NASH/CC 15.4% 22.6%

Other 9.6% 13.1%
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 5.4(6.9) 5.1(4.6) 0.7
INR 1.7(1.4) 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
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
Mean arterial pressure (mmHg) 83.0(14.3) 83.4(15.9) 0.87
WBC 10°/uL 8.6 (7.7 7.6 (5.5 0.34
SBP Prophylaxis 21.2% 53.6% <0.001
Rifaximin 27.9% 52.4% <0.001
Proton Pump Inhibitor 52.9% 72.6% 0.006
B-Blocker 39.4% 31.0% 0.23

(O’Leary 2015)



Spontan bakterielle Peritonitis

Table 1 Characteristics of individual studies
Sample Study
Study size Inclusion(s) Exclusion(s) population Study period
Campbell MS etal.”® 116 Cirrhotics with 1. Prior liver transplant Cases-32 2002-2005 14 —e—4
University of paracentesis 2. HIV Controls-84 (48 months)
Pennsylvania proven SBP 3. Exposure to antibiotics Matched 1 : 3
2 weeks prior to diagnosis
Bajaj JS et al.® 140 Cirrhotics with 1. Without proper medication Cases-70 2002-2007 2 —e—
Medical College of paracentesis list Controls-70 (60 months)
Wisconsin proven SBP 2. Gl bleeding within 2 weeks Matched 1 : 1 >
prior to dlagnlosl|s' 'g 3] I ° N
3.Exposure to antibiotics -~
2 weeks prior to diagnosis »
4. Prior liver transplant
5. HIV 44 —e—
Bulsiewicz W) et al.” 403 Cirrhotics with 1. Without paracentesis January
paracentesis 2. Without proper laboratory or 2003-December
during historical data 2007 (60 months)
first 2 days of 3. Prior portosystemic shunt Overall —e—
diagnosis 4. Prior liver transplant
Goel GA et al.2 113 Cirrhotics with Cases-69 October 2006—August
Cleveland Clinic paracentesis Controls-44 2009 (34 months) . 0.1
proven SBP Matched 3 : 2 ' ool ' t 1'0 ' t 100
OR and 95% Cl
All interventions were proton pump inhibitors; all studies were population-based, retrospective, case—control studies in which the out-
comes were risk of SBP among hospitalised patients. & Less Iikely To manifest SBP More Iikel_v ->

(Trikudanathan, 2011)

Medizinische Universitit Graz



Ursache: Bakterielle Translokation

® errhose: erhohte y [o Placebo O Ranitidine Pantoprazolf|
oo, oo . & 4
Permeabilitat und g 018 g
. o ’
Translokation 5 40 |
g 418 ani7 ’

* Magensdure-Reduktion erhéht — § 2o——=7 —
. . cpeg es - ono[~~Joro [ BRE NN
InteStInaIe Permeabllltat und ° Control I Cirrhotic_without I Cirrhotic with
bakterielle Translokation e e
weiter -

* Verschreibung haufig wegen -
portal hypertensiver o -
Gastropathie und - -
Osophagusvarizen o | I | -

R (Sanchez 2015, Merli 2015, Trikudanathan 2011)

Medizinische Universitit Graz



Komplikationen und Mortalitat

Risiko fur HE steigt

 Dosisabhangiger Effekt

 Hypothese

— Mikrobiomveranderungen

— Mikronahrstoff-Mangel

* PPl sind unabhangiger
Pradiktor flir Mortalitat

e

Medizinische Universitit Graz

(Tsai 2017, Dultz 2015)

Table 2.Risk of Subsequent Hepatic Encephalopathy Among Patients With Cirrhosis

Model 1

Model 2°

Model 3°

Model 49

OR (95% Cl)

OR (95% Cl)

OR (95% Cl)

OR (95% ClI)

Use of PPI during follow-up period

cDDD, <30 1 1 1 1
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)
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 4.49 (2.73-7.38) 4.43 (2.69-7.30) 3.87 (2.33-6.43) 3.01 (1.78-5.10)
Use of PPI 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)
Medical comorbidities in recent 3 months
Upper Gl bleeding 4.45 (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)
1.04
‘}\
VTN
N
084 ~—— _Ho PPI
3 k
=
< 0.6+
3 PPI
2 )
._'U
2 044
=
O P=0.007
0.24
0.04
=T T T T T L
0 250 500 750 1000 1250 Time in the study
(days)
No PPI 59 42 31 26 8 3 Patients at nsk
PPI 213 102 74 50 20 1 Patients at nisk



Hypothese
PPI
N\

Oralisierung des Darm-Mikrobioms

\

Intestinale Inflammation—» Barriere-Stérung

Bakterielle Translokation
Hepatische Inflammation

Verschlechterung der Leberfunktion

— Tod

Entwicklung von Komplikationen

Infektionen




Zusammenfassung

* Dysbiose — Resilienz
* Einflussfaktor Medikamente

— Antibiotika "
— PP .-n s&.

e Kein Medikament ohne —
Nebenwirkungen KEEP

— Indikationen beachten CALM

— Risikogruppen beachten

o8 AND
* PPl bei Zirrhose: besonders =

gefahrliche Kombination

 Modulation des Mikrobioms RESlLlENT

— Bei AAD etabliert
— Bei PPl in Entwicklung




