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Historischer Uberblick (C. difficile)

Erstbeschreibung Pseudomembrandse Kolitis
,diphtheric membranes* . epe s
| P 1935 Bacillus difficile
CD first described as
component of neonates’ 1935 r-
First extraintestinal CO report

normal flora

L

1970 Clostridium difficile

|

Farst ientification of CD 1
toxin darmage in animals J

Clindamycin-associated —
colitis

! CD identified as cause of PMC

First RCT of vancoemycin for PM:|
o
2011 Konsiliarlabor C. difficile (Homburg)

2011 First RCT with fidaxomicin

2017 NRZ C. dffficile Fian(TwuthMT‘}

.- i 2016 Clostridioides difficile
(Homburg-Munster-Coesfeld) :

£ First RCT with bezlotoxumab

Frst trial with a ive
biotherapeutic product

Farst RCT with CD vaccine II

Coesfeld, 18.06.2025
CMR di Bella et al 2024
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Economic .
* Hospital Burden of
:ead';::?::s«s Clostridioides |
npat difficile infection’|

* EDvisits

* Length of stay

*  Pharmacy costs

*  Out of pocket
costs.

*  Reimbursement
costs.

*  Reimbursement
penalties

Fig. 1 Burden of Clostridioides difficile infection. ED emergency
department; ICU intensive care unit; PTSD post-traumatic stress
disorder
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Awad et al. Gut Microbes 2014 Liibbert et al DA 26995"RdukG 382125
et al. BMC Infectious Diseases (2023) 23:132
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(Microbiota/Immunitat)

Resolution of symptoms
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C.difficile killed but
Spores can remain

c

Antibiotics

Development of COI

Kelly & LaMont, NEJM 2008, Chen et al JCI 2020, Feghaly et al Curr Opin Gastroenterol 2015,
Naz&Petri Clinical Microbiology Reviews 2023

/—mrmnt infection

Healthy colon

Reduced gut microbial
species and diversity

Ingestion

af C. difficile
spores from

the environment

o008

= (. difficile spores
germinate
= Bloorn of C. difficile

Dysbiosis of the
gut microbiota

= Severe diarhea, abdominal pain, nausea and fever
w C. difficile toxins induce inflammation and cell death
= CDI can cause pseudomembranous colitis
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100p Clostridium difficile culture positive stools by age
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iILC2s: type 2 innate lymphoid cells
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One health
C. difficile ein relevantes, globales Problem

Human to human transmission Humans Human to human transmission

/ﬁ\ e O EEE Haufigste nosokomiale
: . w ? Alls Durchfallerkrankung
ommunity ospita

C. difficile can survive the
processing of sewage treatment
plant

Consumption of
contaminated \/
meat

Human biosolids are

composted for agricultural
use

Contaminated food
waste is composted

Consumption of contaminated

vegetables and seafood
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Contact with contaminated environment
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Contact with colonized food or wild animals

J

Animal manure is applied directly onto crop and turf farm as
fertilizer

Animal to animal transmission

Animal manure is composted prior to agricultural use

Clinical Microbiology and Infection 2020 26857-863DOI: (10.1016/j.cmi.2019.10.023)

Coesfeld, 18.06.2025
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Amoxicillin/clavulanate
Ampicillin/sulbactam

Piperacillinftazobactam
Al 2° gen cephalosporins

Amoxicillin Ciprofloxacin
Azithromycin Clindamycin
Aztreonam Ertapenem

1° gen. cephalosporins Levofloxacin

TMP-SMX

FIG3 Approximate risk of COl development according to different antimicrobials (65, 73-77).

+ Lincosamides e.g., clindomycin2 — the first antibiotic to OR 16.8-20.4312
be associated with CDI®

« Fluoroquinolones™? OR 5.5-5.65"2
+ Cephalosporins'? OR 4.47-5.6812
+ Macrolides e.g., erythromycin™-2 OR 2.55-2.6512

+ Penicillins'2 (widely used, in medicine and dentistry) OR 2.71-3.252

+ Sulphonamides/trimethoprim’-2 OR 1.81-1.8412
Di Bella et al CMR 2024  Coesfeld, 18.06.2025

C. difficile, Clostridioides difficife; CDI, Clostridioides difficile infection; OR, odds ratio.
1. Brown KA, et al. Antimicrab Agents Chemother 2013,57:2326-32; 2. Deshpande A, et al. J Antimicrob Chemother 2013;68:1951-61.; 3. Barlett JG, et al. NEJM
1978,298:531-34; 4. Beacher N, et al. Br Dent J 2015;219:275-79
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Risikofaktoren/Schwere der CDI: ATLAS Score

(age, treatment with systemic antibiotics, leukocyte count, alboumin and serum creatinine)

ATLAS Score for Clostridium Difficile
Infection v

Predicts response to therapy in patients with C. diff.

When to Use v

Age, years
Treatment with systemic antibiotics during . %
C.diff infection therapy e

=1 day duration

Leukocyte count, cells/pL
¥ /v <16,000

I

16,000-25,000 +1

>25,000 +2

Serum albumin

I

>3.5g/dL(>35g/L)

26-35 g/dL (26-35 g/L) +1

<26 g/dL (<26 g/1)

+2

Serum creatinine

As a measure of renal function <1.3mg/dL (<120 umol/L)

1.4-2.0 mg/dL (121-179 umol/L) +1

0 points

ATLAS Score Cure rate Mortality

Copy Results @ Next Steps »

ATLAS Score for Clostridium Difficile
Infection v

Predicts response to therapy in patients with C. diff.

When to Use w

Age, years
<60 0 60-79 +1 280 +2

Treatment with systemic antibiotics during

- : No O Yes +2
C. diff infection therapy
=1 day duration
Leukocyt t, cells/pL
eukocyte count, cells/p <16,000 0

16,000-25,000 +1

s Ibumni
Erum aloumin >35g/dL (35 g/1) 0

2.6-3.5 g/dL(26-35g/L) +1

<2.6 g/dL (<26 g/L)

Serum creatinine

As a measure of renal function Sl mg L (20l v

1.4-2.0 mg/dL (121-179 pmol/L)

>2. 1 ma/dL (180 umael/L)
<33.0« >56.0 «

Cure rate Martality

10 points

ATLAS Score

Copy Results @

Next Steps $»

https://www.mdcalc.com/atlas-score-clostridium-difficile-infection

Coesfeld, 18.06.2025
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Definition der schweren CDI
Ein klinisch schwerer Verlauf der CDI liegt vor, wenn

1. der Erkrankte zur Behandlung einer ambulant erworbenen Clostridioides
(frither Clostridium) difficile-Infektion in eine medizinische Einrichtung
aufgenommen wird,

2. der Erkrankte zur Behandlung der Clostridioides (frither Clostridium) difficile-
Infektion oder ihrer Komplikationen auf eine Intensivstation verlegt wird,

3. ein chirurgischer Eingniff, z.B. Kolektomie, aufgrund eines Megakolons, einer
Perforation oder einer refraktaren Kolitis erfolgt oder

4_der Erkrankte innerhalb von 30 Tagen nach der Feststellung der
Clostridioides (frither Clostridium) difficile-Infektion verstirbt und die Infektion
als direkte Todesursache oder als zum Tode beitragende Erkrankung
gewertet wird.
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Average age CDI cases
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Fig. 2 Age-stratification of CDI-related deaths 2010-2019 induding nosocomial and cmmunity-acquired CDI cases
(source: GBE-Bund)

Brestrich et al. Infect Dis Ther https:/doi.org/10.1007/s46985¢/9518:63025
Vehreschild et al. Infection https://doi.org/10.1007/s15010-023-02044-5
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Diagnostic stewardship: ,Unterdiagnose”

,untested liquid stools”
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Reported CDI testing rate per 10000 patient bed-days
Q3 Welche Stuhlproben werden bei Ihnen auf das Vorhandensein von
C. difficile untersucht (Mehrfachnennungen moglich)?
Answered: 42  Skipped: 2
Stublproben . ANTWORTOPTIONEN BEANTWORTUNGEN
alle Stuhlproben 7.14% 3
vonvarsti Stuhlproben von vermutlich nosokomialen Diarthoefallen 21,43% 8
Blutige Blutige Stuhlproben 19,05% &
Stuhlproben
Sonstige (bitte spezifizieren) 11,90% 5

Sonstige
(bitte...

0%  10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Davis et al, Lancet 2014; NRZ C. difficile 2019

Coesfeld, 18.06.2025
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Hygienemanagement plus ABS
Ubertragungen vermeiden / Ausbriiche erkennen

Stationen mit <20 Betten Stationen mit 220 Betten
=2 nosokom. CDI / Woche 23 nosokom. CDI / Woche
24 nosokom. CDI / Monat =5 nosokom. CDI / Monat

— MP*/Gerate
. . i
Kolonisierte und infizierte |
Patienten,

5 Besucher, Hande Empfineliche Patient
Personal, > (Personal, Patienten, Besucher) > e
Material A

Nahrungsmittel, W
Trinkwasser
— Flachen
M
W
N
= Luft
=- direkt

Abb. 1: Ubertragungswege von Krankheitserregern verindert nach HibnerZ, * MP = Medizinprodukte

Tschudin-Sutter et al. CMI 2018 Coesfeld, 16.06.2025
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Asymptomatische Carrier in Altenheimen
(hoher Diversitat)

Merzig-Wadern
ERT 02 5t. Wendel -
WRET 024 AT
WAT 0Z7 RTom
AT 0 AT 015
mRT 7 mRTI50
5N 55 positive Praban wRTOS3
bl 125 singasandatan Sraban 10van 55 posive Broban BRT 126
b2 212 Singesendsion Proban  WAT 323
. mic
Neunkirchen R
BT oy
. mmc
Saarlouis Kiassifiartar RT
T 00 1 AT 003
mRT 014 —
BRT 125
SV 55 postvan P maTo
HRT 1 b 114 singesandstan Proben
WAT 28

&van 55 positva Praban

b2 154 Aingasandalan Proban Saar-Pfalz
mricn
Regionalverband Saarbricken mncmgssstzeta T ©/TOH
AT

AT 002 BRT 003 AT 00
BRT 010 RT012

WRET 017
mRT 014 mRT 018

5van 55 pasitva Praban
RTO26 WRT 07 BRT 126
b 83 singasandatan Proban

mRT 353 mRTIF3
mRTI78 mRT 108
mRT 128 RT 228
10km stepmap.de
. pmap.de §)
[ I

Meier et al. (unpublished)

AKADEMISCHES LEHRKRANKENHAUS DER UNIVERSITAT MUNSTER

Coesfeld, 18.06.2025



a Christophorus

COESFELD - DULMEN - NOTTULN §~f\||[ H]\( 1

AKADEMISCHES LEHRKRANKENHAUS DER UNIVERSITAT MUNSTER

Molekulare Ausbruchsuntersuchungen (cgMLST)
RTO018 in einem Krankenhaus in Stddeutschland

Reference strains from Italy (n=4)

Outbreak strains (n=9)
Reference strains from Germany (n=5)

o 1 lOCUS
2 loci
............. 3 loci
- === 4loci

clonal complex
genetically related

Berger, et al. International Journal of Medical Microbiology 309 (2019) 189-193 Coesfeld, 18.06.2025
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C. difficile Isolate erforderlich

- Surveillance R
» Ausbruchsuntersuchung
» Genotypische Charakterisierun Ribotyping

* Resistenzgene

Isolate DNA extraction

I

—
Abad-Fauet al. Microorganisms 2023, 11, 1752. https://doi.org/10.3390/microorganisms11071752 Coesfeld, 18.06.2025
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ST/RT Korrelation

» Kreise= cgMLST Allelprofil
» Zahlen= ST
= Farbung= RT

6 -

7o,

— Genomisch nah verwandte Isolat eisen die
gleichen STs bzw. RTs bzw. RT-Grugipen auf.

2] Coesfeld, 18.06.2025
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ST/RT Korrelation

C. difficile-Sequenzdaten
+ RT

= | iteratur
= EnteroBase-Datenbank
= Eigene Stammsammlung

« N=4384

* Darstellung von
ST/RT-Paaren n > 20

« Sequenztypen
(ST, innerer Ring)

* Ribotypen

(RT, mittlerer Ring)
« Abgeleitete RTs/RT \

Gruppen <
(aulerer Ring) & f

RT008/RTo14/RT020, |
RT076/RT095/RT220 |
\
|

LETLY/6STLY/Z00LY

Coesfeld, 18.06.2025
Vorlaufige, unveroéffentlichte Daten: Mellmann, Schneider (2024)
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136
110
381
89
75
56
139

1143
2129
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Anzahl der Stamme

Anzahl der Stimme

Orientierende phanotypische Resistenztestung
von C. difficile (Agar-Diffusionstest)

Gruppe 1: Monophasisch (dosisabhédngig)
Gruppe 2: Polyphasisch (dosisabhidngig)
Gruppe 3: Binér (dosisabhidngig)

Gruppe 4: eingeschrinkte Interpretation (nicht dosisabhingig)

Vancomycin

E) M s % 7

Hemmhofdurchmesser (mm)

Meropenem

% 7 »

FEERERE]

Hemmhofdurchmesser (mm)

= B

EEE R

E)

MIC
(mgil)
1k ]
s
[ BE
[ FE]
W 380
W 500
750
1000
1,500

Anzahl der Stamme

Metronidazol

o m || o
13 15 17 19 21 23 25 27 29 31 33 35 7 39 41 43 45 47 49 51 53 55 oF

Hemmhofdurchmesser (mm)

M 16000

Anzahl der Stamme

Anzahl der Stdmme
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Moxifloxacin

MIC
(malL)
50
E7s
H100
Wis0
H2.00
Ws,00
We4.00

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

mmmmmmmmmmmmmmmmmmmmmmmmm

Hemmhofdurchmesser (mm)

Clarithromycin

Ws1200

20 2 4 6 B 10 12 14 16 18 20 22 24 26 28 30 32 34 3 3B 40 42 & 46

Hemmhofdurchmesser (mm)

Rifampicin

i

2 1 4 7 10 13 16 18 22 25 28 3 34 37 40 43 46 49 52 88

Hemmhofdurchmesser (mm)

Coesfeld, 18.06.2025
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Phanotypische Charakterisierung von C. difficile
Orientierende Testung von Multiresistenz Profilen

Christophorus
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Regular substances EUCAST
“C. difficile profile 1”
(suggested zone diameters, NRZ)

Additional substances
“C. difficile profile 2”
(suggested zone diameters, NRZ)

Comparison
C. perfringens
(Zone diameter

EUCAST)
Ampicillin-sulbactam X (na) 27
Piperacillin-tazobactam X (na) 24
Meropenem X (<23mm) 25
Metronidazole X (<33 (<25)mm) 16
Clindamycin X (na) (25)
Vancomycin X (<20mm) 12

Moxifloxacin X (<20mm)
Clarithromycin X (<28mm)
Rifampicin X (<38mm)
Tetracycline X (<38 (<32)mm)
Tigecycline X (<33mm)
(Fidaxomicin®) X (<22mm?)

Klinische Bedeutung der Resistenztestung
« Orientierende Antibiotika Resistenztestung zur Stammcharakterisierung
« Wildtyp vs. multiresistente/nosokomiale Stamme

Therapeutische Resistenztestung (MHK, E-Test/Agar-Dilution)

(Agar-Diffusion)

Phanotypische Unterscheidung von Ausbruchstammen (ahnliche Resistenzprofile)

Coesfeld, 18.06.2025
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Fecal Microbiota Therapy (FMT) / Live Biotherapeutic Products / Next gen. Probiotika

350
a) 313
clindamycin treatment 300
£
persistent 3
hnzai\I:Zy/ supershedder g gte
5 % 200
cultured fecal bacteria 5
=
(passage 1) 3 1%
-
w g 100
*
50 37 33
0
healthy fecal flora 2016 2017 2018 2019 2020 2021
3 ~a—FMT per Koloskopie «~FMT alle anderen Verfahren
—a—Alle FMT
selected fecal species (SMixB) e _
“’ Inhibition Stimulation
Healthy Input P
BaclLac nput e
ﬁ Passage 1 Input
MixB Input e
Probiotics "“&™® o
Clindamycin Microbiota 2 ot i
@ Treated Microbiota é [
| | A | ("
-0.5 . 1.0 Lt
PC1 a
TABLE 3 FDA-approved and late-stage live biotherapeutic products for CDI = j
Product  Content Phase Route  Posology Clinical cure (8 weeks)  Safety ; i
RBX2660  Suspension of microbiota (from HD) I} Enema  Oneenema once 71%-79% Good !s'! LRI e e AR ae AN e I AR R B R EE RO AR AR R ARRRAS LR
SER109 Pure Firmicutes bacterial spores (from HD) i Oral 4 cp Daily for 3 days 87%-91% Good i;’inﬁi%gi‘%sgg%%%giiiﬁiiiiiiﬁﬁﬁigﬁ;gﬁ{:si‘i?ﬁ%ﬁii‘%‘g%gi5ii§§%§§§“§%§§§§
Consortium of eight non-pathogenic Clostridia (from lili l i!ihllg !lﬁimgﬂsﬁh !ij wl %% !]j,glyhi m ! i ﬂﬂmiiu!l
VE303 HD) I Oral 10 cp Daily for 14 days  >95% Good i i Hi “ i g ] ]] ii l ; l § 3 3ad
“cp, capsules; HD, healthy donors. © 2 —
[

Lawley et al, 2012 PLOS Path Coesfeld, 18.06.2025
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Passive/aktive Impfung (Fokus: ,Antitoxin B)
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FIG 3 Past, present, and future of C. difficile vaccine in development. Two major phase il trials for C. difficile vaccines from Sanofi and Pfizer
were determined futile and halted. The vaccines from Shire are in a phase Il trial and one from Valneva was phase Il terminated. Many
vaccines have been tested at the murine model level by adding a third CDT toxin of C. difficile. Even nontoxinogenic strains with a
recombinant vector containing domains of toxin A and toxin B were tested as potent vaccine candidates.
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Zusammenfassung

C. difficile ist ein wichtiger Indikator fur

 Antibiotic Stewardship (ABS)
« Diagnostic Stewardship
« Untererfassung vermeiden

« Mogliche Ausbriche erkennen
« Material asservieren (NRZ)

« Hygienemanagement

Aufgaben des NRZ
« Molekulare Epidemiologie

Christophorus

AKADEMISCHES LEHRKRANKENHAUS DER UNIVERSITAT MUNSTER
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Month and year

« Typisierung im NRZ: Ribotyp/ST(cgMLST) Transformation
« Ausbruchuntersuchungen/meldepflichtige Falle

« Starkung der Kultur im lokalen Labor

« Einfache Phanotypiesierung (Agar-Diffusionstest)

e ,neue Therapien®
« FMT
* Impfungen
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IT'S OKAY...
I'VE GoT DIARRHEA!

Nationales
Referenzzentrum
Clostridium difficile

Homburg | Miinster | Coesfeld

Vielen Dank an die Kolleginnen und Kollegen des NRZ C. difficile
Prof. Dr. Alexander Mellmann, Dr. Julia Schneider, UKM
Prof. Dr. Barbara Gartner, Prof. Dr. Markus Bischoff UKS
Vielen Dank an alle Einsender von Stammen und interessanten Fallen
(c.difficile @uks.eu)

Coesfeld, 18.06.2025
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