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Will Clostridium difficile take 

over the role of MRSA in 

hospitals?
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Incidence of C. difficile infections in the US 
between  1996 and 2003
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McDonald et al., EID 2006 12:409-415.
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www.hpa.org.uk

Reported C. difficile associated diarrhoea 
cases in the UK

Mandatory reporting started only in 2007
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Clinical syndromes caused by C. difficile

● Pseudomembranous colitis (PMC) 90-95%

● Antibiotic-associated colitis (AAC) 60-75%

● Antibiotic-associated diarrhoea (AAD) 11-33%

● Asymptomatic carriage

● Since 1980 accepted as nosocomial, enteric 
pathogen

Colonoscopic picture of different forms of            

C. difficile-associated disease  (CDAD)

C. difficile infection (CDI)
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Schroeder et al. AFP (2005)  71: 921-928

?

Exogenous
infection

Endogenous 
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C. difficile –asymptomatic carriage

o Asymptomatic carriage in humans (Spencer (1998) JAC  41, Suppl. C, 5):

n Healthy adults: 3-8% (0.3% - Europe, 15% - Japan)

n Infants: 15-63% (colonization starts during the 1st-2nd week)

n During hospital stay: ~20% (≥30%), about 2-5x higher than the number of 

patients with symptoms

n After antibiotic usage: 46%

n Transient colonization  or  component of the stable flora? (Kato et al, (2001)

JMM)    

o Extraintestinal carriage: rear, in pregnant women the vaginal 
carriage rate was <18% (McFarland et al., (1999) AJIC 27: 301)

o Asymptomatic carriage in domestic animals: 20-40% 

(zoonosis???) (Arroyo et al., (2005) JMM 54: 163)
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C. difficile –asymptomatic carriage

o Test or not to test? 
n Active screening of non-diarrhoeal patients for 

C.difficile carriage will not decrease the endemic 
baseline rate of CDI in a hospital  
(Blot et al.: J. Hosp. Infect. 2003)

n Asymptomatic carriers may be a potential source 
for transmission of epidemic and non epidemic 
strains among long-term care facility residents 
(Riggs et al.: CID 2007)ESCMID Online Lectu
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C. difficile –asymptomatic carriage

o Do we need to screen to identify carriers who 
are at risk of developing endogenous 
nosocomial CDI?
n Symptom-free excretors of C. difficile had decreased 

risk of subsequent CDI (0 versus 3.1% compared to 
those who were  culture negative earlier)         
(Johnson et al.: Lancet 1990, Shim et al.: Lancet 1998)

n Treatment of  asymptomatic carriers is ineffective in 
eradicating C. difficile colonization                       
(Johnson et al: Ann Intern med 1992)
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Predisposing factors for C. difficile associated 
disease

● Antibiotic treatment

● Advanced age

● Prolonged hospital stay

● Immunosuppression, severe underlying diseases

● Anti-cancer treatment

● Intra-abdominal surgery

● Others: 

● Health-care workers 

● Cross-transmission between neonates and mothers
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Antibiotics and anti-cancer substances associated 
with C. difficile infection

Wilcox et al., (2003) Best Pract Res Clin Gastroenter 
17: 475-493.

Frequently Less frequently

Cephalosporins (2.3. gen) Tricarcillin-clavulanic acid

Ampicillin, amoxicillin Chloramphenicol

Other beta-lactams (amoxi/clav) Amphotericin B

Clindamycin Metronidazole

Erythromycin, other macrolides Rifampicin

Tetracycline Fluoroquinolons!!!

Trimethoprime-sulfamethoxazole Aminoglycosides

5-Fluorouracil
Methotrexate

Adriamycin

Cyclophosphamid
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Pathogenic factors of C. difficile I.

o Adhesion

o Chemotaxis

o S-layer

o Enzymes: hyaluronidase, collagenase, 
etc.

o Toxins: 

n Toxin A (enterotixic activity)

n Toxin B (cytotoxic activity)

n Binary toxin (actin-specific ADP-
ribosyl-transferase)

M. Cerquetti et al., (2002) FEMS Immun Med Microbiol
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Pathogenic factors of C. difficile II.

Toxin A and B

o TCDa-308 kDa
o TCDb-270 kDa
o Similar structure with >45% 

homology at an aminoacid level, 
antigenically different

o Receptor:
TCDa- Galα1-3-Galβ1-4-GlcNAc
TCDb-unknown

o Target: Rho protein  - disintegration 
of the cytoskeleton

Binary toxin 
(actin specific ADP-ribosyltransferase)

o CDTa-enzymatic domain - 48 kDa
o CDTb-binding domain - 94 kDa
o Receptor: unknown
o Target: actin

Szignálpeptid
(1-42)

Toxin
(43-460)

Aktív centrum

NH COOH

Toxin
(43-876)

ATP/GTP kötőhely, transzmembrán domain

NH COOH

Szignálpeptid
(1-42)

NH COOH

Katalítikus domain

Transmembrán domain

Receptorkötő régió

Mn2+

UDP-glükóz

CDTa

CDTb

1a 1b 2a 2b 3a 3b 4a 4b 5a 5b +a +b M
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Toxinotype B1 B2 B3 A1 A2 A3 Toxin A/B Binary toxin

0 0 0 0 0 0 0 A+/B+ -

I, II, XIII 0 0 0 0 0 V A+/B+ -

XII V 0 0 0 0 0 A+/B+ -

XI a/b na na na na V D A-/B- +

III     - VII, 
IX, XIV, XV

V V V V V V A+/B+ +

VIII, X V V V V V D A-/B+ -

XVI, XVII V V V V V D A-/B+ +

XVIII-XX 0 0 0 0 0 V A+/B+ -

B2                                                                          A2                                          

2,0 kb                                                                   2,0 kb                                       

B1                                       B3                              A1             A3                                          

3,1 kb                                 2,0 kb                          3,1 kb               3,1 kb

PaLoc

R tcd D                  tcdB tcdE tcdA tcdC

Rupnik M.,: JCM, 1998
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Advised diagnostic methods at present time
- Direct detection of toxin (A+B) 
from the faeces (cell culture, ELISA, IC, 
PCR methods)

- Isolation of the strain + toxin 
(A+B) detection

- Typing of the strains if needed 
(PCR ribotying, PFGE, toxin 
typing, etc.)

Blood agar CCFA agar

HeLa cell line
- +
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Tests Distributor Method Antigen

Culturette brand toxin CD© Becton Dickinson ELISA Toxin A

Premier toxin A© Meridian ELISA Toxin A

Prima A Bartels ELISA Toxin A

Tox A test Techlab ELISA Toxin A

VIDAS CD ToxA/B© bioMérieux ELFA (automated) Toxin A/B

Cytoclone A+B Meridian ELISA Toxin A/B

Premier Toxins A&B© Meridian ELISA Toxin A/B

Ridascreen CD Toxin A/B R-biopharm ELISA Toxin A/B

Tox A/B test Techlab ELISA Toxin A/B

Culturette brand CDT© Becton Dickinson Latex GDH

ImmunoCard CD© Meridian EIA GDH

Clearview C DIFF A Unipath IC Toxin A

ColorPac Toxin A Becton Dickinson IC Toxin A

ImmunoCard STATITOX A© Meridian IC Toxin A

Test CD Toxin A© Oxoid IC Toxin A

Toxin A Sign© Servibio IC Toxin A

ImmunoCard Tox A Meridian IC Toxin A

Trage CD panel© Biosite EIA Toxin A+GDH

ImmunoCard ToxA/B© Meridian IC Toxin A/B
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Distribution of C. difficile ribotypes among isolates 
from our hospital (Szeged, Hungary)

M 018    012 150 018   002 014 M 002 018   161 018   018    001 M

(Gabriella Terhes: PhD thesis 2005)
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Commercially available C. difficile toxin 
detecting methods

BD GeneOhmTM Cdiff Assay
- real-time, multiplex PCR assay with a turn-around time < 2 hours

- look for the toxin B gene (tcdB) and an internal control is used

- fluorogenic target-specific hybridization probes 

- direct testing from the stool specimen

- cost effective samples size  6 samples

Cepheid  XpertTM C. difficile Assay

- real-time PCR-based method with a turn-around time <1 hours

- multiplex detection of tcdB (toxin B), tcdC∆117 (deletion in the negative 

regulator gene), cdtB (binary toxin gene)

- sample preparation, amplification, detection in one cartridge
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Direct detection of  C. difficile toxin B from 
586 stool samples by different methods

Methods BD GeneOhmTM Cdiff Assay
___________________________________________________________

Positive                   Negative
Cytotoxicity assay    Positive 53                             2

Negative 5                         536
___________________________________________________________

VIDAS Positive 29 8
Toxin A/B assay Negative             29 500

Equivocal 0                          30
___________________________________________________________

Compared to cytotoxicity: sensitivity: 96.4%; specificity: 99.1%; 

PPV: 92%; NPV: 100%
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New facts concerning CDI

o More community acquired C. difficile diarrhoea (de novo or HA)

• Symptoms: 1–>8 weeks after antibiotic treatment

• In the age group of 18-30 years the prevalence of CDI ↑

• In the UK in 1994 –1 case /100.000,  in 2004 –22 cases/100.000

o Risk factors other than antibiotic usage: chemotherapy, proton 
pump inhibitors, NSADs, etc.

o Toxin A-negative and toxin B-positive strains can cause severe 
CDI and hospital epidemics

o Binary toxin may play a role in the pathogenesis

o More and more data about the presence of C. difficile in animals

o Since 2002 the spread of “new” hyper virulent strain(s) (ribotype 
027, toxinotype III, PFGE NAP1) (some other ribotypes as well)
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Nosocomial epidemics caused by 
toxin A-/toxin B+ C. difficile strains

o Canada (1998  between July and September): 16 cases, 4 wards, 
relapse rate: 18.75%.

o Japan (2001 between February and June): 15 cases, oncology ward.

o Argentina (2000-2003) During a 4-year period A-/B+ strains 
completely replaced A+/B+ strains in CDAD nosocomial cases

o The Netherlands (11 months): 24 cases (19 mild, 7 severe, 1 lethal), 
surgery, relapse rate: 13%

o Poland (1999-2000) 6 children with haematology disorders had 
recurrent diarrhoea

Toxin A-/B+ strains cause diagnostic problems in
laboratories which use ELISA, detecting only toxin A
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Why toxin A negative strains can not be detected in most 

commercial kits?

5’ tcdD tcdB tcdE tcdA tcdC 3’

NH COOH

Katalítikus domain

Transzmembrán domain

Receptorkötő régió

Mn2+

UDP-glükóz

NH COOH

Katalítikus domain

Transzmembrán domain

Receptorkötő régió

Mn2+

UDP-glükóz

VPI 10463 toxin A and B positive

5’ tcdD                                  tcdB tcdE tcdA tcdC 3’

Toxin B Toxin A

NH COOH

Katalítikus domain

Transzmembrán domain

Receptorkötő régió

Mn2+

UDP-glükóz Toxin B

NH COOH

Enzimatikus domain

Transzmembrán domain

Receptorkötő régió

Mn2+

UDP-glükóz

Toxin A negative toxin B positive 

Toxin A
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New emerging Clostridium difficile (027)
Clinical data
§ Mortality within 30 days increased from 4.7% to 13.8% 
§ Complication rate increased  from 7.1% to 18.2%
§ Relapse rate increased  from 20.8% to 47.2%

Characteristics of the strain
§ tcdA and tcdB positive
§ binary toxin positive
§ tcdC 18 bp deletion at 117  –toxin hyper production

§ more intensive sporulation

Genotyping of the strain: 
§ PCR-ribotyping 027
§ REA group BI
§ PFGE NAP1
§ toxinotyping III
§ further subtyping REA and MLVA

Often resistance to fluoroquinolones!!!
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Toxin production of the hyper virulent          
C. difficile strain (ribotype 027)
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Ribotype 027

?

?

?

?
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Outbreaks due 
to ribotype 027

Sporadic cases  
due to ribotype 027

Eurosurveillance 2007-2008
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First Hungarian ribotype 027

53-year-old male patient
Past medical history: hospitalisation two weeks ago

SLE, FUO, mild diarrhoea
Antibiotic therapy: ceftriaxone, clarithromycin, imipenem

On admission: diarrhoea, fever, nausea
No abdominal tenderness, normal bowel sounds, liver and 

spleen –normal
Chest X-ray: pneumonia
Due to persistent diarrhoea colonoscopy was carried out: ulcers 

throughout the colon (size: 3-4 mm) –dg.: ischemic colitis 
or intestinal manifestation of SLE?ESCMID Online Lectu

re Library 
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o Culture of faecal specimen for usual pathogens–negative, 
metronidazole was started empirically

o Loss of weight, sever diarrhoea, fever

o Direct toxin detection for toxin A and toxin B by ELISA was 
positive –vancomycin was started

o Worsening of the SLE, high fever, pneumonia, sepsis

o 24 hours after transferring to the ICU the patient died (E. coli 
was isolated from the blood cultures taken just before death)

o No other cases in the ward and in the ICU

o Confirmation of the ribotype in the reference laboratory as a 
part of a national surveillance half a year later. 

First Hungarian ribotype 027
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Control ribotype 027 (Lume 11, 1, 6, 9,16)

Bp-18 (Hungarian strain)

Terhes et al. CMI (in press)
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- Background document 
- European surveillance studies 
- Infection control guideline
- Treatment guideline
- Diagnostic guideline
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Why now?

q Historical data

q First isolate of 027 in 1988 (France, patient with severe CDAD)

q Historical database (>6 000 strains) of Dale Gerding (US): 1984-1993, 
14 patients with FQ susceptible isolates of 027

q Historical isolates and new isolates shared 18bp deletion in 
tcdC and binary toxin genes

q No gradual increase: new epidemic strain since 2002, outbreaks 
in Canada, USA and Europe  

q No replacement of existing types

q Correlation with the (over)use of fluoroquinolones and 
cephalosporins in the hospitals
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Antimicrobial  susceptibility of 405 C. difficile strains 
isolated in Europe in 2005 (Barbut et al. for the ESGCD, CMI 2007)

0.032->32

0.023->32

0.016->256

0.047->256
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0.25-2
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Data were obtained from 14 countries and 38 hospitals
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In vitro susceptibility of 258 isolates of C. difficile
MIC50 MIC90            Range         Breakpoint       % Resistance

-----------------------------------------------------------------------------------------------------
Metronidazole             0.25      0.5           ≤0.06-1              32                        0
Vancomycin                 1          1                ≤0.5-4              32                        0

Rifampicin                 ≤0.06    ≤0.06           ≤0.06                 4                        0   
Fusidic acid                  1          2             ≤0.06 -64             2                       1.2

Cefotaxime               >128     >128            64->128           64                     100
Ceftriaxone                  64        128            64->128           64                     82.6

Meropenem                  2           4              0.5-8                16                        0
Pip/Taz                         8          8                 4->128         128/4                   0.4

Clarithromycin          >128     >128       0.125->128           8                      85.3
Clindandamycin           2       >128       0.125->128            8                      14.7

Ciprofloxacin            >128     >128            16->128            8                      100
Levofloxacin               >32       >32              >32                 8                      100
Gatifloxacin                  64       128              2->128            8                     82.2
Moxifloxacin                 64         64             2->128            8                      82.2

Adapted from: A.M.Bourgault, F.Lamothe et al. 2006 Antimicrob.Agents Chemother 50:3473-75
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Data from a recent Hungarian study

o 80 recent toxin positive C. difficile isolates and 20 
isolates from our collection (10 years old) were 
tested by E-test for
n clindamycin, 

n erythromycin, 

n metronidazole, 

n rifampicin 

n moxifloxacin

n vancomycin

o Among the 20 “historical” strains no resistant was 
found for the tested antibiotics
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Terhes & Nagy (unpublished data)
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Moxifloxacin
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All five rifampicin 
resistant strains were cross 
resistant to clindamycin, 
erythromycin and 
moxifloxacin

Terhes & Nagy (unpublished data)
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Metronidazole resistance in C. difficile

o Wong et al.: Diag. Microbiol. Infect. Dis. (1999):

- Out of 100 C. difficile isolates 1 had an MIC: 64 µg/ml

o Pelaez et al.: ICCAC abstract C28 (1997) :

- 9% of 469 C. difficile isolates were resistant (MIC: >32 µg/ml)

- Resistance to metronidazole was more common if the strain 
was isolated from recurrences (14.5% vs 7.5%)

o Jang et al.: CID (1997)

- Metronidazole resistant strains were found among equine C. 
difficile isolates (MIC: 32 µg/ml)

(Out of 80 recent Hungarian isolates 2 had an MIC 16 µg/ml)
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Terapeutical options to day

Agent MIC mg/l Pharmacology Infection

Metronidazole 0.03-0.1 excreted moderate

Vancomycin 0.02-1.0 not absorbed sever

Teicoplanin 0.02-1.0 not absorbed sever     

Fusidic acid*      0.06-64 poorly absorbed mild/mod.

Rifampin            0.002-0.2 enterohepatic mild/mod.

Rifaximin*         0.007-0.02 not absorbed mild/mod.

Rifalazil*            0.007-0.02 enterohepatic mild/mod.

poor absorption

*resistant mutans slready discribed
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New therapeutic options under investigation

Antibiotics MIC µg/ml

q Ramoplanin (not absorbed               0.1-1.0

o Daptomycin (cyclic lipopeptide) 0.5

o Tigecycline (analog of minocycline) 0.06

o Fidaxomicin (not absorbed ,sever infection) 0.1-0.25

Toxin binder

o TOLEVAMER

Vaccine or antibodies (monoclonals, IgG, IgM)

Probiotics (Saccharomyce boulardii, Lactobacillus rhamnosus)
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Fidaxomicin versus Vancomycin for 
Treatment of Clostridium difficile Infections

Clinical Cure Rates

Patients Fidaxomicin Vancomycin

Clinically

evaluable 244/265 (92.1%) 254/283 (89.8%)

Intent to treat 253/287 (88.2%) 265/309 (85.8%)

Louie et al. 2009
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Fidaxomicin versus Vancomycin for 
Treatment of Clostridium difficile Infections

Recurrence Rates

Patients Fidaxomicin Vancomycin

Clinically

evaluable 28/211 (13.3%) 53/221 (24.0%)

Intent to treat 39/253 (15.4%) 67/265 (25.3%)

Louie et al. 2009
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Fidaxomicin versus Vancomycin for 
Treatment of Clostridium difficile Infections

Global Cure Rates

Patients Fidaxomicin Vancomycin

Clinically

evaluable 206/265 (77.7%)* 190/283 (67.1%)

Intent to treat 214/287 (74.6%)* 198/309 (64.1%)

Louie et al. 2009
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Ecological Differences between Fidaxomicin 
and Vancomycin (I)

Antimicrobial Susceptibilities
Clostridium difficile (n=208)

MIC (mg/l)

Antimicrobial Range MIC50 MIC90

agent

Fidaxomicin 0.06-1.0 0.25 0.5
Vancomycin 0.5-4.0 0.5 1.0

Karlowsky et al. 2008 
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Ecological Differences between 
Fidaxomicin and Vancomycin (II)

Antimicrobial Susceptibilities
Bacteroides fragilis (n=50)

MIC (mg/l)

Antimicrobial Range MIC50 MIC90

agent

Fidaxomicin 256->1024 256 >1024
Vancomycin 16-256 64 128

Finegold et al. 2004 
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Summary

o When should we look  for the presence of C. 
difficile and/or its toxins?

n Nosocomial diarrhoea (3-day testing rule) or diarrhea 
at admission

n Accept only unformed  stool samples 

n Do not perform "test of cure"

n Repeated testing of stool (if negative) is not cost-
effective 

n In cases of relapse (exclude first other pathogens)ESCMID Online Lectu
re Library 
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Suggested procedure for laboratory diagnosis 
of CDAD (CDI)

o In sporadic cases
n Direct detection of toxin A and B from the faces by a 

suitable ELISA, IC or PCR method is adequate

o In outbreaks epidemiological studies are needed
n Besides direct detection  of  toxin A and B

n Isolation of the strain is needed  or store the stool 
specimen at 4 oC or -20 oC for later culture in the 
reference lab if isolation was not carried out

n Use ribotyping (or other molecular typing) to confirm the 
spread of an epidemic strain
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Infection control measures to limit the spread of C. 
difficile; conclusions from the literature (Vanberg et al.  CMI
2008 Supplement 5)

o Early diagnosis of carriers with symptoms 

o Active surveillance of CDI in hospital settings

o Surveillance of the antibiotic usage in the hospital wards. (Limit 

the use of fluoroquinolons and cephalosporines)

o Hand washing:  4% polyvidone soap > chlorhexidine > non-

medical soap > alcohol-based products

o Isolate the patients with CDI in single room, in cohorts or in 

isolation ward

o Isolation can be terminated if normal bowel motion has returned 

for 48 h.

ESCMID Online Lectu
re Library 

© by a
uthor



Infection control measures to limit the spread 
of C. difficile (cont.)

o If there is  a proven CDI case, prevent the spread of stool 

o Wear gloves, gowns or aprons when in contact with patients 

who have CDI

o Disinfect objects contaminated with C. difficile with 

n sodium hypochlorite, 

n hypochlorite in combination with detergent, 

n alkaline glutaraldehyde 

n or peracetic acide

o Educate medical (and cleaning!!) staff about the disease and 

its epidemiology
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