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Les souches hyper-virulentes 
de  Clostridium difficile
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CDAD : Physiopathology
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Immune response in CDAD

diarrhea of less than 2 w.

diarrhea of more than 2 w

controls

one episode of diarrhea 

relapsing diarrhea 

controls

Warny et al. Infect. Immun. 1994;62:384
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Pathogenicity locus (PaLoc)

McDonald et al. NEJM, 2005; 353:2433-41
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C. difficile Toxin A and Toxin B
Are Glycosyltransferases

Toxin A 

Enzymatic 
domain

Repetitive 
peptides
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Monoglucosylation of 
Rho proteins
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binding
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Toxins mode of action

Release of pro-inflammatory
mediators & cytokines

activation of
enteric

nervous system
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&

fluid secretion

Inactivation of Rho
proteins by monoglucosylation
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polymerized actin
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junctions

Cell rounding
and death

Binding to specific 
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Biological effects of 
C. difficile toxins

• Cytotoxicity in  
cultured cells              10-10 M           10-13 M

• Enteritis in rodents yes               no
• Mucosal damage
in human colon          10-8 M 10-9 M

Toxin A        Toxin B
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toxinotypage

Rupnik et al.  J. Clin. Microbiol. 1998; 36 : 2240-2247 
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toxinotypage

Rupnik et al.  J. Clin. Microbiol. 1998; 36 : 2240-2247 
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CDT locus for binary toxin CDT

CDT

52 bp 2628 bp1382 bp

cdtBcdtA
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Binary toxin
A-B exo-toxin
Actin specific adenosine diphosphate-
ribosyltransferase
Encoded by cdtA (enzymatic component)
and cdtB (binding component)
Related to C. perfringens type E and 
C. spiroforme toxins
0.5 to 5% of strains
May increase the severity of the disease
Barbut et al. JMM 2005;54:181-5

Not pathogenic by itself in hamster model
Geric et al. JID 2006;193:1143-50
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C. difficile toxin production 
types

 large clostridial toxins binary toxin 

 TcdB TcdA CDT 

type 1 + + - 
type 2 + + + 
type 3 + - - 
type 4 + - + 
type 5 - - + 
type 6 - - - 
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CMAJ, 2004

Clin. Infect. Dis., 2005

Infect. Control Hosp. 
Epidemiol., 2005
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North America outbreak

New cases of nosocomial and community-acquired Clostridium difficile-
associated diarrhea (CDAD; diagnosed by positive cytotoxin assay result) 
reported by the microbiology laboratory at the Centre hospitalier universitaire
de Sherbrooke.

Valiquette et al. CMAJ 2004 171: 27-29
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USA 1987-2001

Annual CDAD rates for hospitals with >500 beds, by intensive
care unit surveillance component (NNISS, 1987 2001).

Archibald et al. JID 2004 189:1585-9
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National estimates of US short-stay hospital 
discharges with Clostridium difficile listed as
primary or as any diagnosis. 

McDonald et al. EID, 2006 12:409-16

CDAD incidence : USA
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Rates of US short-stay hospital discharges with 
Clostridium difficile listed as any diagnosis, by age..

CDAD incidence : USA

McDonald et al. EID, 2006 12:409-16
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CDAD incidence : USA

Rates of US short-stay hospital discharges with 
Clostridium difficile listed as any diagnosis, by region

McDonald et al. EID, 2006 12:409-16
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CDAD incidence : USA

Rates of US short-stay hospital discharges with Clostridium
difficile listed as any diagnosis, by hospital size

McDonald et al. EID, 2006 12:409-16
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CDAD incidence and severity

Valiquette et al. CMAJ 2004 171: 27-29
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CDAD incidence : Canada

Loo et al. NEJM, 2005; 353:2442-49
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NAP1/027 isolate
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NAP1/027 isolate

Warny et al. Lancet, 2005; 366:1079-1084
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toxinotypage

Rupnik et al.  J. Clin. Microbiol. 1998; 36 : 2240-2247 
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ribotypage

American 
Epidemic strain (1067)

French strain 
tox III
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tcdC polymorphism

50 VPI  BI4    AII10   BI3  BII2    8864 R9367 
Lad. 10463 (0)       (VI)    (V)    (V)       (X)    (XIII)

CD196 BI1  AI16       31  18   20
(III)    III     (III)       (III   III    III)

159 bp
(undeleted)

120 bp
(-39 bp)

141 141 bpbp
((--18 18 pbpb))
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Binary toxin
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NAP1/027 isolate

Growth curves of

toxinotype 0 and 

toxinotype III 

(NAP1/027)

Warny et al. Lancet, 2005; 366:1079-1084



Seminfect 27/04/2006

NAP1/027 isolate

In vitro production of
toxins A and B by C 
difficile isolates

Warny et al. Lancet, 2005; 366:1079-1084
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NAP1/027 isolate

Distribution of MIC of Levofloxacin for Current (Obtained after
2000) BI/NAP1 and Non-BI/NAP1 Clostridium difficile Isolates.

McDonald et al. NEJM, 2005; 353:2433-41



Seminfect 27/04/2006Loo et al. NEJM, 2005; 353:2442-49



Seminfect 27/04/2006

NAP1/027 isolate

Toxinotype III

18bp deletion tcdC

Increased production tox A and B

Ribotype 027/ PFGE NAP1

Binary toxin

FQ resistance
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EUROPEAN PROSPECTIVE STUDY OF CLOSTRIDIUM 
DIFFICILE STRAINS: PHENOTYPIC AND GENOTYPIC 

CHARACTERIZATION OF THE ISOLATES FROM 
DIFFERENT CLINICAL STATUS : INTERIM RESULTS

F. F. BarbutBarbut, P. , P. MastrantonioMastrantonio, M. , M. DelmDelmééee, G. Ackermann, , G. Ackermann, 
E. E. BouzaBouza, C. , C. BalmelliBalmelli, D. , D. DrudyDrudy, E. , E. KuijperKuijper, H. Ladas, , H. Ladas, 

E. Nagy, H. E. Nagy, H. PituchPituch, M. , M. SomolinosSomolinos, E. Urban, M. , E. Urban, M. WulltWullt, , M. M. YYüücesoycesoy, , M. M. 
Rupnik Rupnik and and I. I. Poxton Poxton 

for the European Study Group on Clostridium difficile
(ESGCD)

16th ECCMID, Nice, France, 216th ECCMID, Nice, France, 2--4 4 aprilapril 20062006
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OBJECTIVES
Main objectives : Main objectives : 

To establish a well defined European collection of To establish a well defined European collection of C. C. difficiledifficile strainsstrains
To study and to compare the phenotypic and genotypic markers of To study and to compare the phenotypic and genotypic markers of 
isolates isolates (prevalence of (prevalence of toxinotype toxinotype III ?)III ?)
To get an estimation of the incidence of To get an estimation of the incidence of C. C. difficiledifficile infectionsinfections

Other objectives :Other objectives :

To correlate clinical presentations with phenotypic and genotypiTo correlate clinical presentations with phenotypic and genotypic c 
features features C. C. difficiledifficile..

To get the baseline characteristics of To get the baseline characteristics of C. C. difficiledifficile strains isolated in strains isolated in 
2005 making further investigations possible to follow trends in 2005 making further investigations possible to follow trends in 
antimicrobial susceptibility, antimicrobial susceptibility, serogroupsserogroups, genotypic patterns..., genotypic patterns...

BarbutBarbut, 16th ECCMID, Nice, France, 2, 16th ECCMID, Nice, France, 2--4 4 aprilapril 20062006
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MATERIALS AND METHODS

Design Design 
Prospective EuropeanProspective European--wide study on wide study on C. C. difficiledifficile strains strains 
isolated during a 2isolated during a 2--month period with phenotypic and month period with phenotypic and 
genotypic characterization of isolatesgenotypic characterization of isolates

• RequirementsRequirements for for participatingparticipating hospitalshospitals::
to have an onto have an on--site laboratory of microbiology site laboratory of microbiology 
to systematically perform culture each time a test for to systematically perform culture each time a test for C. C. difficiledifficile is is 

requested.requested.
to be able to detect toxins A or B from stools or from strainsto be able to detect toxins A or B from stools or from strains
to fill out a questionnaire (=data form) for each isolated CD sto fill out a questionnaire (=data form) for each isolated CD strain train 

(whatever the toxin result  is)(whatever the toxin result  is)

BarbutBarbut, 16th ECCMID, Nice, France, 2, 16th ECCMID, Nice, France, 2--4 4 aprilapril 20062006
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MATERIALS AND METHODS

Inclusion criteria:
All the C. difficile strains (including the non toxigenic strains) 
isolated from inpatients (with community or nosocomial 
diarrhea) 

Exclusion criteria:
Strains from outpatients or day-care patients.
Strains from children under 2 years old

Length of the study :  
a 2 month-period  (or 1 month for every hospital which  
reaches 30 C. difficile strains at the end of the first month) 
between April and June.

BarbutBarbut, 16th ECCMID, Nice, France, 2, 16th ECCMID, Nice, France, 2--4 4 aprilapril 20062006
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GENERAL ORGANIZATION OF THE STUDY
COUNTRY 1

Local 
coordinator

- check the data 
and the
corresponding
strains

Data forms + 
strains

Data forms + 
strains

Hosp. 1

Hosp.3

Main Coordinator
(FB)

- enters data
- duplicates strain
collection

Analysis of 
data

ESGCD  executive
committee

Global results
Data base from  
country 1

Global and national  
results

Hosp.2

Strain
characterization
(reference labs)

COUNTRY 1

• Toxins A and B 

(Pr M. Delmée)

• Binary toxin (Dr F. Barbut)

•Antimicrobial susceptibility

(Dr P. Mastrantonio)

•Epidemiological markers: 

Toxinotyping , PCR ribotyping

(Dr Barbut)

BarbutBarbut, 16th ECCMID, Nice, France, 2, 16th ECCMID, Nice, France, 2--4 4 aprilapril 20062006
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PARTICIPATING COUNTRIES

9I. Poxton1RGB

F

E

C

B

A

Letter

27P. 
Mastrantonio

3Italy

48E. Nagy 4Hungary

86G. Ackermann3Germany

53F. Barbut3France

73M. Delmée3Belgium

No. StrainsLocal 
coordinator

No. 
Hospitals

COUNTRY

14 countries,  38 hospitals, 486 strains

BarbutBarbut, 16th ECCMID, Nice, France, 2, 16th ECCMID, Nice, France, 2--4 4 aprilapril 20062006
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24H. Ladas3PGreece

9M. Yucesoy4NTurkey

20H. Pituch3HPoland

D

L

K

G

Letter

32D. Drudy1Ireland

22
M. Wult

B. Andersson
3Sweden

15C. Balmelli1Switzerland

39
E. Bouza

M. Somolinos 
3Spain

29E. Kuijper3Netherlands

No. Strains
Local 

coordinator
No. 

Hospitals
COUNTRY

BarbutBarbut, 16th ECCMID, Nice, France, 2, 16th ECCMID, Nice, France, 2--4 4 aprilapril 20062006
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BarbutBarbut, 16th ECCMID, Nice, France, 2, 16th ECCMID, Nice, France, 2--4 4 aprilapril 20062006

Distribution of participating hospitals
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clinical data

Incidence varies Incidence varies widelywidely (23 (23 hosphosp.):.):
2.45 2.45 ++ 1.81.8 CDAD/10,000 patientCDAD/10,000 patient--daysdays

(range : 0.14(range : 0.14-- 7.1)7.1)

HospitalsHospitals N :          0.13N :          0.13--0.14 CDAD/10,000 patient0.14 CDAD/10,000 patient--daysdays
Hospitals   Hospitals   F:          0.5F:          0.5--1.2                  «1.2                  «
HospitalsHospitals G, B:       2G, B:       2--7                        «7                        «

USA : 12.1 CDAD /10,000 patients days (range 3-
25.1)
(Sohn, ICHE 2005) 
USA : 5 /10,000 patient-days 
(Archibald, CDC, JID 2004)
Québec : 12.8 /10,000 patients-days
(INSPQ report 2005)

BarbutBarbut, 16th ECCMID, Nice, France, 2, 16th ECCMID, Nice, France, 2--4 4 aprilapril 20062006
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Toxigenicity

486 strains

414 toxigenic
(85.2 %)

72 NON toxigenic
(14.8 %)

Toxinotype 0
308 (74.4%)

Toxinotype I-XXIV
106 (25.6%)

GericGeric B., JMM 2004: B., JMM 2004: toxinotypetoxinotype = 12%= 12%

BarbutBarbut, 16th ECCMID, Nice, France, 2, 16th ECCMID, Nice, France, 2--4 4 aprilapril 20062006
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Distribution of toxin variant strains 
(N=106)

III
24%

IV
7%

V
27%

VI, VII
3%

VIII
31%

others
8%

USA (USA (GericGeric, JMM 2004) : III (17%), V (6%), VIII (12%), JMM 2004) : III (17%), V (6%), VIII (12%)

BarbutBarbut, 16th ECCMID, Nice, France, 2, 16th ECCMID, Nice, France, 2--4 4 aprilapril 20062006
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ANTIMICROBIAL SUSCEPTIBILITY

0.0320.032-->32>32

0.0230.023-->32>32

0.0160.016-->256>256

0.0470.047-->256>256

0.0120.012--0.750.75

0.250.25--22

Range

(min. max)

33.9>32>320.50.5MXMX

8.88.80.380.380.0320.032TCTC

50.050.0>256>25644CMCM

46.746.7>256>25611EMEM

000.1250.1250.060.06MZMZ

000.750.750.50.5VAVA

% RMIC90

(mg/l)

MIC50

(mg/l)

ATB

BarbutBarbut, 16th ECCMID, Nice, France, 2, 16th ECCMID, Nice, France, 2--4 4 aprilapril 20062006
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ANTIMICROBIAL SUSCEPTIBILITY

12.508UK

77.811.19Turkey

21.78.723Greece

81.8022Sweden

80015Switzerland

12.8039Spain

26.35.319Poland

45.2031Netherlands

14.8027Italy

55.31747Hungary

32.39.731Ireland

37.68.285Germany

42250France

33.31.472Belgium

% S EM+CM+TC+MX% R EM+CM+TC+MXNo. strainsCountry

BarbutBarbut, 16th ECCMID, Nice, France, 2, 16th ECCMID, Nice, France, 2--4 4 aprilapril 20062006
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Toxinotype III

25 strains isolated in 6 different countries
2 types of toxinotype III isolates by PCR-ribotyping 

« 027 »  (n=20) : AI13, AII6, AII9, AII12, AII25, AII27, 
AIII2, AIII3,  AIII5, AIII8, AIII14, GII1, GII3, GII5, GII6, 
GII7, GII8, GII9, GII 10, DI12 
Non « 027 » (n=5) : AI16, KIII3, BI1, MI27, MI23

Epidemic « 027 » strains were clustered in 2  
countries (Netherlands and Belgium) and isolated
once in Ireland.
Non « 027 » toxinotype III isolates were found once 
in France, Belgium, Spain and Sweden (2 strains)

BarbutBarbut, 16th ECCMID, Nice, France, 2, 16th ECCMID, Nice, France, 2--4 4 aprilapril 20062006
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Toxinotype III

EpidemicEpidemic «027» «027» strainsstrains (n=20):(n=20):
MIC EM > 256 mg/lMIC EM > 256 mg/l
MIC MX MIC MX ≥≥ 12 mg/l 12 mg/l ((exceptexcept 1 1 strainstrain withwith MIC= 6 mg/l)(AIII8)MIC= 6 mg/l)(AIII8)

Non «027» Non «027» toxinotypetoxinotype III III strainsstrains (n=5) : (n=5) : 
MIC EM = 0.064MIC EM = 0.064-->256  mg/l (1 >256  mg/l (1 strainstrain R)R)
MIC MX MIC MX < 2 mg/l< 2 mg/l

ResistanceResistance to MX to MX isis not not specificspecific of of thethe epidemicepidemic clone : clone : 
31% of 31% of strainsstrains differentdifferent fromfrom toxinotypetoxinotype III are III are resistantresistant
to MX to MX 

BarbutBarbut, 16th ECCMID, Nice, France, 2, 16th ECCMID, Nice, France, 2--4 4 aprilapril 20062006
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Toxinotype VIII
34 strains isolated in 6 countries
All the strains were A-B+
High prevalence in countries:

Poland (HII) : 80% (4/5)
Poland (HI) : 46.7 % (5/11)
Ireland (DI) : 30.7% (4/13)
Sweden (MI) : 25% (3/12)
Germany (CIII) : 14.2% (7/49)
Ireland  (DII) : 15.9% (3/19)

PCR-ribotyping is under investigation

BarbutBarbut, 16th ECCMID, Nice, France, 2, 16th ECCMID, Nice, France, 2--4 4 aprilapril 20062006
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Binary toxin

Binary toxin was found in 72 strains (17.4% of 
toxigenic strains)
Binary toxin was not detected in non toxigenic
strains

Stubbs (Wales): 6.4%
Goncalves (France) : 6%
Rupnik (Asia) : 1.6%

Geric (USA) : 6.1%

BarbutBarbut, 16th ECCMID, Nice, France, 2, 16th ECCMID, Nice, France, 2--4 4 aprilapril 20062006
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Conclusion

So far, the epidemic strain toxinotype III, 
PCR -ribotype « 027 » has been isolated in 
3 countries
In 4 hospitals, this clone represents 30% to 
70% of all the toxigenic isolates
Resistance to MX is not a good screening
method for detecting the epidemic clone
There is a polymorphism among toxinotype
III strains 

BarbutBarbut, 16th ECCMID, Nice, France, 2, 16th ECCMID, Nice, France, 2--4 4 aprilapril 20062006
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The hospital

St. Jansdal hospital in Harderwijk

General hospital,  341 beds

Number of patients admitted in 2004: 25,625

The laboratory

Before march 2005 testing for CDAD referred to Meander Medical Centre, 
Amersfoort (cytotoxicity test)

March: local introduction of a new diagnostic test in St Jansdal:

Rapid enzyme-immuno-assay (ICTAB, Meridian)

KuijperKuijper, 16th ECCMID, Nice, France, 2, 16th ECCMID, Nice, France, 2--4 4 aprilapril 20062006



Seminfect 27/04/2006

Year # cases incidence

2003 7 5.4 / 10.000 admissions

2004 5 3.8 / 10.000 admissions

April 2005 5 43 / 10.000 admissions

May 2005 8 79 / 10.000 admissions

June 2005 16 142 / 10.000 admissions
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KuijperKuijper, 16th ECCMID, Nice, France, 2, 16th ECCMID, Nice, France, 2--4 4 aprilapril 20062006
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Ribotypering: 027

KuijperKuijper, 16th ECCMID, Nice, France, 2, 16th ECCMID, Nice, France, 2--4 4 aprilapril 20062006
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 Use of ciprofloxacin in St. Jansdal hospital and patients with CDAD
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months

ciprofloxacin po ciprofloxacin iv ciprofloxacin po + iv CDAD incidence per month 2005
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per 10 000 admissions 
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KuijperKuijper, 16th ECCMID, Nice, France, 2, 16th ECCMID, Nice, France, 2--4 4 aprilapril 20062006
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13
14*13

33

6

16

17

5

39*75

12*

Number of CDAD per 
10,000 admissions in
May and June 2005

?

2003, Barbut et al.
N=112 labs, 8 countries
11/10,000 (0.4-120) 

14

13

21
4

KuijperKuijper, 16th ECCMID, Nice, France, 2, 16th ECCMID, Nice, France, 2--4 4 aprilapril 20062006
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Situation at March 29th, 2006

1 isolate of 027

multiple isolates

KuijperKuijper, 16th ECCMID, Nice, France, 2, 16th ECCMID, Nice, France, 2--4 4 aprilapril 20062006
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Epidemic ended at St. Jansdal:

Strict hand hygiene with water and soap

Gloves and apron

Cohorting of patients with CDAD

Complete banning of fluoroquinolones and restriction of 
cephalosporins

Effective environmental cleaning with chlorine
containing desinfectants

KuijperKuijper, 16th ECCMID, Nice, France, 2, 16th ECCMID, Nice, France, 2--4 4 aprilapril 20062006
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GB : known locations with PCR ribotype 027 
(as of January 2006)

BrazierBrazier, 2006, 2006
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027 in Belgium
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027 in Belgium
Incidence of positive Clostridium difficile  toxine per 100000 patient-days
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Densité d'incidence de 
Clostridium difficile
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Belgium ref center 2006

7/23
1/4

0/10
9/9

0/6
17/2212/14

0/20/1

2/2

4/4

0/10/2

0/3

n 027/ 
total

52/103 
(50.5%)
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027 : what to do ?

Diagnosis

Surveillance

Treatment

Prevention
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