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History 

 Tedesco et al. (1974) describe clindamycin colitis 

 













Historical background  

 Clostridium difficile – an 

anaerobic Gram +ve 

bacillus 

 specific anti-anaerobe 

drugs developed in 70s, 

e.g. clindamycin 

 clindamycin-associated 

diarrhoea became a real 

problem in some hospitals 

in the USA 

 outbreaks of 

pseudomembranous colitis 

 cause elucidated in 1978  

 

 Largely ignored until 2000s 

 Bit of diarrhoea in the elderly 

 Not too many people died! 



C. difficile infection 

 

 Most common cause of 

infectious diarrhoea in 

hospital patients 

 2 major virulence factors: 

 toxin A (an enterotoxin) 

 toxin B (a cytotoxin) 

 3rd “binary” toxin 

 

PaLoc 

Bartlett, JG, Clin Infect Dis 1994,18:S265-72 



Toxin A & toxin B 

 Large structurally and functionally related proteins 

 Genes are contained on a 19.6-kB Pathogenicity 

Locus (PaLoc) which is absent in non-toxigenic 

strains 

 Majority of pathogenic strains produce both toxins 

which affect actin cytoskeleton 

 Polymorphisms in the PaLoc can affect toxin 

production - toxin A-negative, toxin B-positive strains 
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Binary toxin 

 Additional toxin produce by 2-5% of isolates 

 Consists of two component proteins, the genes for which 

are contained within the CDT locus on the chromosome 

 Actin-specific ADP-ribosyltransferase 

 Unknown significance in disease, but associated with 

increased severity of diarrhoea 

 

cdtB   cdtA 

Binding Component Enzymatic Component 



Cytopathic effects 

Cellular Morphology 

 Cell-rounding  

 Detachment from extracellular matrix 

 

Cellular Processes 

 Activation of caspases → apoptosis 

 Decrease in integrity of tight-cell junctions 

 Inflammatory response 

 Release of cytokines & chemokines 

 Production of reactive oxygen intermediates 

 

Infect Immun 2001; 69:5487-93. 

Effect on Chinese  

hamster ovary cells 

CONTROL 

Toxin B 



Histological effects 

Massive 

inflammatory 

response  

Recruitment of 

polymorphonuclear 

neutrophils to area 

 Increase in 

epithelial 

permeability 

 

 

 

Kelly et al. N Engl J Med 1994;330:257-262. 



Risk factors for getting C.difficile ? 

 

Exposure to the 
organism – how much? 

Exposure to antibiotics 
– clindamycin, then 
cephalosporins, now 
fluoroquinolones 

Maybe others now? 



 



Effect of antibiotics on normal flora 

Rupnik et al. Nat Rev Microbiol 2009;7:526-36. 



 



http://www.healthcarecommission.org.uk/_db/_documents/Stoke_Mandeville.pdf 



 



C. difficile PCR ribotype 027 

More severe disease 

 Produces more toxins A and B 

 Produces binary toxin 

 Fluoroquinolone resistant 

 Epidemic spread across North America and 

UK/Europe from early 2000s 

Numbers dropping in UK/Europe 

 Still major issue in USA 

 Three clusters in Australia since 2009 

 



England distribution of PCR ribotypes 

2005/6 to 2007/8 as percentages 
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Gravel et al. Clin Infect Dis 2009; 48: 568-76.  

Study done 04/05. 

Similar overall rate as earlier study but attributable mortality increased about 4 fold. 



Rates in England 2008-11 





CDI in Australia 

Not a notifiable infection 

 

 But mandatory reporting by hospitals  

since 2010 

 

Reporting of “hospital identified” cases of 

CDI 



Riley, T.V., O'Neill, G.L., Bowman, R.A. and Golledge, C. L. 1994. Clostridium difficile-associated 

diarrhoea: epidemiological data from Western Australia. Epidemiol. Infect. 113: 13-20. 

 



Cephalosporin use SCGH, 1983-92 



C.difficile: monthly episodes 1993-2000 
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He et al. Nature Genetics 2012 (in press) 

 



He et al. Nature Genetics 2012 (in press) 



 



Ribotype State/Territory* No. (%) Australia 

NSW Qld WA SA Tas/ACT No. (%) 

014/020 39 (25) 13 (17) 15 (26) 6 (26) 5 (25) 78 (24) 

002 24 (16) 6 (8) 5 (9) 2 (9) - 37 (11) 

112 5 (3) 5 (7) 11 (19) - - 21 (6) 

010 6 (4) - - - - 6 (2) 

027 3 (2) - - - - 3 (1) 

001 - 1 (1) 2 (3) - - 3 (1) 

012 - 1 (1) 2 (3) - - 3 (1) 

078 2 (1) - - - - 2 (<1) 

005 - - 1 (2) - - 1 (<1) 

026 1 (<1) - - - - 1 (<1) 

Other 74 (48) 50 (66) 22 (40) 14 (61) 15 (75) 175 (53) 

UTR# 1 (4) 1 (<1) 

Totals 154 (47) 76 (23) 58 (18) 23 (7) 20 (6) 330 

ACSQH snap-shot October-November 2010 



Western Australia 
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Reasons for increase 

Changes in test numbers 

 Some evidence of this 

 Greater awareness 

Changes in testing methods 

 Yes – when and what impact? 

 If a real increase then why? 

 Healthcare associated vs community-

associated 

 Changes in risk factors?????? 



 



Community acquired CDI 

 This is not new! 

 Very much under-diagnosed for years 

C. difficile is ubiquitous 

Many sources in the community 

 All animals get colonised at birth incl. humans 

 But – generally requires exposure to an 

infectious dose AND prior gut insult 

Risk factors need further investigation 

 

 



Wilcox et al. J Antimicrob Chemother 2008; 62: 388-396. 

Contact with infants <2 years old significantly associated with CDI 
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25% in tertiary hospitals 
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C. difficile PCR ribotype 244 

More severe disease – attributable mortality 

30% (Dr Rhonda Stuart) 

Currently community acquired 

 Produces more toxins A and B 

 Produces binary toxin 

 Fluoroquinolone susceptible 

 Putative 027 with GeneXpert 

 Sept-Oct 2010 ACSQHC snapshot – one isolate 

Now 3rd most common ribotype in Australia ~5% 

 



A B C D E F G H I 

Valiente et al. J Med Microbiol 2012  
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Case control study – Dr Rhonda Stuart 

 10 cases – July - December 2011 
 Mean age 74 years (range 38 – 92) 

 80% > 65 years 

 Comorbidities 

 Diabetes 30%   

 Malignancy 20% 

 IHD 50%    

 No comorbidities 10% 

 Onset 

 Community onset = 80% 

 Community acquired = 40% 

 20 Controls 
 Matched to site and time (within 4 weeks) of 

isolate 



MDU - 064 Non- 064 P OR (95% CI) 

Disease Severity 

Creat > 200 or > 50% baseline 6/10 (60) 1/20 (5) 0.002 28 (2 – 306) 

Albumin < 25 8/10 (80) 3/17 (18) 0.003 18 (2 – 136) 

Fever > 38  3/10 (30) 5/20 (25) NS 

WCC > 15 4/10 (40) 4/20 (20) NS 

Abnormal Imaging 3/7 (43) 2/14 (14) NS 

ICU admission 2/10 (20) 0/20 (0) NS 

Onset 

Severe disease (ESCMID) 10/10 (100) 14/20 (70) 0.074 

Severe disease (Zar) 8/10 (80) 7/20 (35) 0.006 7 ( 1 – 84) 

Treatment 

Vancomycin 8/10 (80) 2/20 (10) < 0.001 36 ( 3 – 495) 

Outcome 

Response 7/10 (70) 18/20 (90) NS 

Death within 30 days 4/10 (40) 0/20 (0) 0.007 

Attributable mortality 3/10 (30) 0/13 (0) 0.029 

MDU-064 Non-MDU 064 P OR 

Total June – Dec 11 10 246 

In Hospital Deaths 2 2 0.008 30 (4 – 244) 





 





Songer et al. Emerg Infect Dis 2009; 15: 819-821 





C. difficile in pigs 

 Early this century outbreaks of CDI 
in 5d old piglets in USA - high 
mortality (16%) 

 Since 2000, C. difficile the major & 
most common cause of enteritis in 
neonatal piglets in USA 

 Economic losses 

 Pig ribotype 078 

 078 now infecting people in Europe 
and USA, 3rd most common 

 ? Food source or environment 
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Sheep  Lambs  

 

Faecal samples 

 

No. 

positive 

 

(% 

positive) 

No. 

positive 

 

(% 

positive) 

No. tested No. tested 

Batch 1 (n=50) 1/27 (3.7%) 3/23 (13%) 

Batch 2 (n=100) 0/47 1/53 (1.8%) 

Batch 3 (n=50) 0/24 0/26 

Batch 4 (n=100) 0/58 2/42 (4.2%) 

Total (n=300) 1/156 (0.6%) 6/144* (4.2%) 

Rates of detection of C. difficile in Australian sheep and lambs 

*p=0.04 



C. difficile in chickens 

No C. difficile in chickens – relatively 

small sample (~60) 

 4-5 day old chicks 

 4 weeks old 

 At slaughter – 8 weeks 



C. difficile in cattle in Australia 

 2008/9: adult cattle, 151 carcass washings and 151 

gut contents from WA 

 No C. difficile 

 2009/10: 280 faecal samples from adults E Australia 

 5 positives (1.8%) 

 2012: 360 <7 day old veal calves, several abattoirs 

in Vic and Queensland (4% in 2-6 month old calves) 

56% positive 
 



Toxin gene profile 

PCR Ribotype tcdA tcdB cdtA/cdtB n (%) Specimen Age distribution (n) Abattoir distribution (n) 

RT027* + + + - - - - 

QX022 - + - 1 (0.5) Faeces <7 day old calf (1) V5‡ (1) 

RT103 + + - 3 (1.4) Faeces <7 day old calf (3) V6‡ (3) 

QX058 - + + 2 (1.0) Faeces <7 day old calf (2) V6‡ (2) 

RT033ΦLK- - - + 41 (19.6) Faeces <7 day old calf (41) Q12Ω (6), V5‡ (4), V6‡ (23), V6α‡ (8) 

RT078*Φ + + + - - - - 

RT127Φ + + + 105 (50.2) Faeces <7 day old calf (104), ±(1) Q12 Ω (10±), V5‡ (30), V6‡ (54), V6α‡ (11) 

RT126Φ + + + 12 (5.7) Faeces <7 day old calf (12) Q12 Ω (11), V6‡ (1) 

QX010 + + - 2 (1.0) Faeces <7 day old calf (2) V6‡ (1), V6α‡ (1) 

AU095 - - - 1 (0.5) Faeces Adult cow (1) V4‡ (1) 

QX025 + + - 2 (1.0) Faeces <7 day old calf (2) V6‡ (2) 

QX030 + + - 4 (1.9) Faeces <7 day old calf (4) V6‡ (3), V6α‡ (1) 

QX017 + + - 1 (0.5) Faeces <7 day old calf (1) V6‡ (1) 

QX018 + + + 2 (1.0) Faeces <7 day old calf (2) V6‡ (1), V6α‡ (1) 

AU179 - - - 1 (0.5) Faeces Adult cow (1) N2§ (1) 

RT002 + + - 2 (1.0) Faeces <7 day old calf (2) V6‡ (1), V6α‡ (1) 

AU171 - - - 1 (0.5) Faeces Adult cow (1) Q5 Ω  (1) 

RT137 + + - 1 (0.5) Faeces <7 day old calf (1) Q12 Ω  (1) 

AU147 - + + 1 (0.5) Faeces Adult cow (1) N1§ (1) 

RT056 + + - 16 (7.7) Faeces Adult cow (1), calf (15) Q4 Ω (1), V6‡ (14), V6α‡ (1) 

RT064 + + - 1 (0.5) Faeces <7 day old calf (1) V6‡ (1) 

RT014 + + - 3 (1.4) Faeces <7 day old calf (3) V6‡ (3) 

RT087 + + - 7 (3.3) Faeces <7 day old calf (7) V5‡ (1), V6‡ (6) 

  
    Total 209   

    



Contaminated vegetables 
 Bakri et al. Clostridium difficile in ready-to-eat salads, Scotland. Emerg 

Infect Dis 2009;15: 817-8. (3/40 [7.5%] positive) 

 Metcalf et al. Clostridium difficile in vegetables, Canada. Letts Appl 

Microbiol 2010; 51: 600-2. (5/111 [4.5%] positive) 

 Al Saif and Brazier. The distribution of Clostridium difficile in the 

environment of South Wales. J Med Microbiol 1996; 45: 133-7.(7/300 

[2.3%] positive) 

 

 MUSHROOMS! 



Our 1st theory 

Contaminated Australian meat or 

vegetables 

Driven by flu season 

 But can’t find RT 244 in any animals! 

Doesn’t account for all the increase 

 Briony Elliott thinks RT 244 comes from 

North America 
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Quarterly counts of C. difficile: 

comparison of mandatory and 

voluntary quarterly reporting 

Courtesy Andrew Pearson 





All antibacterials 

All antibacterials 

Courtesy of John Turnidge 
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Relative 

evolutionary 

relatedness of five 

main subgroups and 

demonstration of 

microdiversity of 

subgroups. 

Stabler R.A. et al. Macro- 

and micro diversity of 

Clostridium difficile 

isolates from diverse 

sources and geographical 

locations. PLoS One 

2012;7:e31559 

Branch colouring; black = clade 1, red = clade 2 

(inc ST-1/RT027), blue = clade 3 (inc ST-

22/RT023), orange = clade 4 (inc ST-

37/RT017), green = clade 5 (inc ST-11/RT078). 



Ribotype 251 

 2nd major new RT emerged in Australia 

 Similar to RT 244 

Community acquired, severe disease 

 Binary toxin positive 

Groups with 027 by PFGE 

Cluster found in USA along with a cluster 

of 244 



Our 2nd theory 

Contaminated food imported from North 

America 

 96% of Australian food local 

 Possibly onions 

 Exactly the same problem occurring in 

NZ with the same food importation 

patterns as Australia 

 But probably endemic local food-borne 

disease also 



PathWest QEII Influenza percentage positive 2009 - 2012
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Animal/human connections 

Ribotype 126 

Ribotype 127 

Ribotype 033 

Ribotype 237 - pigs 

Ribotype ??? – horses 

Many other new ribotypes from animals: 

usually binary toxin positive, that are 

starting to appear in humans 

cattle 
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But what is driving the 

emergence of C. difficile 

in animals? 



Approx. 50% increase in numbers 



Approx. 400% increase in penicillins, β-lactamase sens. 

Other penicillins, cephalosporins 1000% increase 





“This change in 

prescription habits 

suggests that the 

consumption of  

cephalosporins in pigs 

is changing from 

occasional prescription 

to more systematic 

prescription in herds 

producing 14-29% of the 

weaned pigs.” 

DanMap 2007 



To summarise the issues 

 Major new human health problem  in Australia  (and 

NZ) – community CDI 

 Need to find the source/reservoir 

 Need to prevent establishment of RTs 244/251 in 

hospitals 

 Now a major animal health problem (pigs/horses) 

 Gross contamination of the environment OUTSIDE 

hospitals - probable contamination of food 

 CDI is a zoonosis 

 Will require a One Health approach to resolve 



Global Alert &Response: 
the need for global surveillance 

PANDEMIC Global spread 

EPIDEMIC Amplification 

OUTBREAK Emergence 

Amplification 

Emergence of pathogens 
• Encroachment introduction, “Spill over”  
• At-risk behaviour 
• Human encroachment, Ex situ contact, 
Ecological manipulation 
• Translocation of wildlife 

Globalization of pathogens 
• Global travel: people, animals, vectors  
• Global trade: animal and their products, 
vaccines, medical products, etc. 

Amplification of pathogens 
• Successful H2H transmission, 
• Nosocomial transmission in health care centers  
• New introduction from animals 
• Urbanization 
• Agricultural Intensification 
• Technology And Industry 

Global travel and trade 

Human  
Animal  

interface 

Human to human  
transmission 

Slide courtesy of Dr Pierre Formenty , WHO 





CDI control strategies 

Prevent ingestion of C. difficile 
spores from environment 

 Cleaning hospitals 

 Vaccinating animals 

Prevent development of CDI if 
spores are ingested 

 Antibiotic stewardship 
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