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The One Health concept recognizes that the health of humans is 
connected to the health of animals and the environment. 





The natural history of C. difficile 
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Risk factors for CDI ? 

 
• Exposure to the 

organism 
• Exposure to antibiotics 

– clindamycin, then 
cephalosporins, now 
?fluoroquinolones 

• Maybe others now? 









May-September 2004 



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) 
 

 



Robinson TP, Wint GRW, Conchedda G, Van Boeckel TP, Ercoli V, et al. (2014) Mapping the 
Global Distribution of Livestock. PLoS ONE 9(5): e96084. doi:10.1371/journal.pone.0096084 
 

Cattle Pigs 



Animal strains in Australia 

• Ribotype 127  60% 
• Ribotype 126  16% 
• Ribotype 033  13% 

 
 

• Ribotype 014  23% 
• Ribotype 033  13% 
• Ribotype QX009  12% 
• Ribotype 237  10% 
 
• Many new ribotypes from  animals – CDT+ 

Pigs 

Knight et al. Appl Environ Microbiol 2013, 2014 

60% 

70% 
5-7days old 



 

Community acquired CDI 

• C. difficile was the most common enteric pathogen 
detected.  

• Most patients had only mild to moderate diarrhoea. 
• In the majority of patients the diarrhoea was 

protracted.  
• 80-85% of patients had received antimicrobial agents 

in the 3 months preceding onset of diarrhoea. 
• Most treated successfully with metronidazole. 

Riley et al. Diarrhoeal disease due to Clostridium difficile in general practice. Pathology 1991: 23: 346-349. 
Riley et al. Community-acquired Clostridium difficile-associated diarrhea. Clin Infect Dis 1995: 20 (Suppl 2): S263-S265. 
 



WA 0825 P12-
8104895T 

Fremantle 
Hospital WA Human UK 126 2012 TVR-007 C00016308 

WA 0853 P12-
2190332T 

Sir Charles 
Gairdner 
Hospital 

WA Human UK 126 2012 TVR-008 
C00016309 

WA 1258 P12-
7721139R 

Princess 
Margaret 
Hospital 

WA Human UK 126 2012 TVR-009 
C00016310 

WA 1665 P12-
4382418R 

Osbourne 
Park Hospital WA Human UK 126 2012 TVR-010 C00016311 

AI 0273 HCH 6 NSW Bovine UK 126 2012 TVR-011 

C00016312 

AI 0276 HCH 11 NSW Bovine UK 126 2012 TVR-012 

C00016313 

C00016308 C00016309 C00016310 C00016311 C00016312 C00016313 
C00016308 0 4452 4457 14 1393 1393 
C00016309 4452 0 0 4452 4596 4597 
C00016310 4457 0 0 4455 4593 4595 
C00016311 14 4452 4455 0 1392 1391 
C00016312 1393 4596 4593 1392 0 7 
C00016313 1393 4597 4595 1391 7 0 

2 identical human isolates 
2 related bovine isolates 
2 close human isolates 

Ribotype 126 isolates, Western Australia  
(Knight et al. J Med Microbiol Case Reports in press) 





3614 kms 

Area: 7,692,024 km²  

Area: 90,000 km²  Area: 20,000 km²  
 







 
Source: ABS 



All antibacterials 

All antibacterials 

Courtesy of John Turnidge 
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Imports of selected vegetable types from US to NZ, by month, 2000-2012 
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Songer et al. Emerg Infect Dis 2009; 15: 819-821 



3,200 Km 



PaLoc absent (non-toxigenic) 

Clade 1 PaLoc: ST3(001) 

Clade C-I 

Clade 2 PaLoc: ST1(027) 

Clade 3 PaLoc: ST5(023) 

Clade 4 PaLoc: ST37(017, A-B+) 

Clade 5 PaLoc: ST11(078) 
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Dingle, K.E., Elliott, B., Robinson, E., Griffiths, D., Eyre, 
D.W., Stoesser, N., Vaughan, A., Golubchik, T., Fawley. 
W.N., Wilcox, M.H., Peto, T.E., Walker, A.S., Riley, T.V., 
Crook, D.W. and Didelot, X.  2014. Evolutionary history 
of the Clostridium difficile pathogenicity locus. Genome 
Biol Evol 6: 36-52. 



Phylogeographical tropism of C. difficile  

Clade 2 Clade 1 Clade 4 

?Clade 5 

? ? 
 







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 



Covered about half the large herds in Australia in 2006. 



1990 1993/4 2000 2000s 2010s 

Ceftiofur licensed for animal 
 use in North America  

Ribotype 027 mutates to FQ resistance  
in 2 places independently (He et al. 2013) 

Ceftiofur licensed for animal  
 use in Australia  

Source: National Hospital Discharge Survey, 
Annual Files, 1996--2009. Available at 
http://www.cdc.gov/nchs/nhds.htm 

Source: WA Department of Health. Available at 
http://www.public.health.wa.gov.au/cproot/6124/2/hiswa-agg-report-q4-
2014.pdf 
 

http://www.cdc.gov/nchs/nhds.htm
http://www.public.health.wa.gov.au/cproot/6124/2/hiswa-agg-report-q4-2014.pdf
http://www.public.health.wa.gov.au/cproot/6124/2/hiswa-agg-report-q4-2014.pdf


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 



 









Sunday, April 20, 2014 
Finally! CFC Bans Ceftiofur Injections in 

Eggs & Chicks  
The use of the powerful antibiotic Ceftiofur in chicks and eggs has finally been 
banned by Chicken Farmers of Canada ("CFC").  CFC's new rule takes effect on 
May 15th 2014. 
 
CFC's private glacier must have melted a little recently.   CFC, long ago frozen 
in administrative suspended animation, has finally decided to act for the good 
of Canadians.  Previously, it seemed as if CFC would rather focus their efforts 
on themselves and their millionaire, greedy chicken farmer stakeholders. 
 
Chicken farmers have a long history, over 60 years, of using drugs, chemical, 
and yes, even poisonous and cancer-causing arsenic in the chicken feed and 
water supply for their factory farmed foul chickens,  This crazy scheme of the 
Chicken Mafia helps them to maximize their profits and reduce their business 
risk; regardless of the possible impact on people who would eventually eat 
their chicken as food.  Sounds crazy, but it's true. 
 

           
             

              
             
      

 

http://en.wikipedia.org/wiki/Ceftiofur




The way forward 
• Continue to try and engage the veterinarians in One 

Health 
• Explain to farmers/industry groups what is going on 
• Involve politicians 
• Look for alternative agents/strategies 
• Restrict cephalosporin use in human medicine 
• Completely ban all cephalosporins from use in 

production animals 
 
 “Cephalosporins are the 
work of the devil, send to 
end the antibiotic era!” 
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