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What does C. diff do?

•• HorsesHorses
–– Often severe (fatal) Often severe (fatal) enterocolitisenterocolitis
–– Common, less serious disease in foalsCommon, less serious disease in foals
–– Duodenitis/proximal jejunitisDuodenitis/proximal jejunitis

•• Dogs/catsDogs/cats
–– Typically mild/moderate diarrheaTypically mild/moderate diarrhea

•• PigsPigs
–– Severe enteric disease but only in 1Severe enteric disease but only in 1--7d old 7d old 

pigletspiglets

•• Hamsters, cattleHamsters, cattle……

•• If If C. difficile C. difficile can infect or colonize so can infect or colonize so 
many different species, can it move many different species, can it move 
between species?between species?

•• Are animals a source of human infection?Are animals a source of human infection?
•• Are humans a source of animal infection?Are humans a source of animal infection?
•• Is food a potential source of Is food a potential source of C. diffC. diff??

Dogs

CountryCountry PopulationPopulation PrevalencePrevalence RefRef

AustraliaAustralia Hospital inpatientsHospital inpatients 40%40% Riley et al 1991Riley et al 1991

SwitzerlandSwitzerland Puppies: 1st 10 weeksPuppies: 1st 10 weeks
DamsDams
Healthy dogs >3 monthsHealthy dogs >3 months

94%94%
43%43%
1.4%1.4%

Perrin et al 1993Perrin et al 1993

USUS Shelter dogsShelter dogs
Hospital inpatientsHospital inpatients

0%0%
18%18%

Struble et al 1994Struble et al 1994

SwitzerlandSwitzerland PuppiesPuppies

Adult dogsAdult dogs

46/100  dog46/100  dog--
monthsmonths
0%0%

Buogo et al 1995Buogo et al 1995

UKUK Healthy dogsHealthy dogs 10%10% AlAl--Saif and Brazier 1996Saif and Brazier 1996

CanadaCanada Healthy dogsHealthy dogs 0%0% Weese et al 2001Weese et al 2001

CanadaCanada Vet hospital admissionVet hospital admission 9%9% ClootenClooten et al, 2008et al, 2008

CanadaCanada Hospital therapy dogsHospital therapy dogs 58%58% Lefebvre et al 2006Lefebvre et al 2006



Hospital Visitation Dogs

•• C. difficile C. difficile acquisition byacquisition by
–– 28% of hospital visitation 28% of hospital visitation vsvs 15% controls (P=0.025)15% controls (P=0.025)

•• Risk factorsRisk factors
–– Healthcare contact: OR 2.2 (1.4Healthcare contact: OR 2.2 (1.4--3.5)3.5)
–– Visitation of children: OR 3.5 (2.4Visitation of children: OR 3.5 (2.4--4.2)4.2)
–– Antimicrobial treatment of someone in the house: OR 2.2 (1.3Antimicrobial treatment of someone in the house: OR 2.2 (1.3--

3.6)3.6)

•• Nested caseNested case--control studycontrol study
–– Licked patients: OR 2.9 (1.04Licked patients: OR 2.9 (1.04--8.1)8.1)
–– Sat on beds: OR 2.9 (1.1Sat on beds: OR 2.9 (1.1--7.5)7.5)
–– Ate feces: OR 0.12 (0.01Ate feces: OR 0.12 (0.01--0.88)0.88)

Lefebvre et al 2008

Cats

Country Population Prevalence Ref

UK Veterinary 
clinics

30% Borriello et al 1983

Healthy cats 9% Weber et al 1989

Australia Veterinary clinic 38% Riley et al 1991

UK Healthy cats 2% Al-Saif and Brazier 1996

US Inpatients 9.4% Madewell et al 1999

Canada Healthy cats, 5 
samples

2.9%* Weese et al, 2010

Community pets

•• C. difficile C. difficile isolated from 14/139 (10%) dogs isolated from 14/139 (10%) dogs 
and 3/14 cats (21%)and 3/14 cats (21%)
–– Only 1/5 daily samples in all but 1Only 1/5 daily samples in all but 1

•• Risk factors: dogsRisk factors: dogs
–– Living with immunocompromised person (OR Living with immunocompromised person (OR 

7.9, 7.9, PP=0.02)=0.02)
–– Allowed to run freely in parks (OR 0.3, Allowed to run freely in parks (OR 0.3, PP=0.04)=0.04)

Weese et al, 2010



Horses

Country Population Prevalence Reference

Sweden Normal horses 0% Baverud et al 
1997

Canada Healthy adults 0.4% (1/255) Weese et al 2001

Canada Healthy foals 0% Weese et al 2001

Canada Healthy race horses 9.7% (33/340) Medina et al, 
2010

Sweden Healthy foals <14d of 
age
Healthy foals >1 month
Non-diarrheic foals tx 
with ery/rif

29%

1%

44%

Baverud et al 
2003

Antimicrobials

•• Antimicrobials are risk factors forAntimicrobials are risk factors for C. C. 
difficile difficile shedding in dogs and horses shedding in dogs and horses ((ClootenClooten et et 

al 2007, Lefebvre et al 2008, al 2007, Lefebvre et al 2008, BaverudBaverud et al 2008, et al 2008, GustafssonGustafsson et al 2006) et al 2006) and and 
C. diff C. diff can be acquired in veterinary can be acquired in veterinary 
hospitals hospitals ((MadewellMadewell 2001, Weese 2001,2004,2006, 2001, Weese 2001,2004,2006, ClootenClooten 2006)2006)

……but, the majority of animals shedding but, the majority of animals shedding C. C. 
difficile difficile do not have a history of recent do not have a history of recent 
antimicrobial exposure or hospitalization antimicrobial exposure or hospitalization 
(Weese et al 2001/2006/2010, (Weese et al 2001/2006/2010, ClootenClooten et al 2007)et al 2007)

Typing

•• Isolates from animals indistinguishable Isolates from animals indistinguishable 
from CDI patient isolates from CDI patient isolates (Weese et al 2010, Lefebvre (Weese et al 2010, Lefebvre 
et al 2006, Arroyo et al 2006, Keel et al 2006)et al 2006, Arroyo et al 2006, Keel et al 2006)

–– Dogs and catsDogs and cats
•• Ribotype 001/NAP2 most commonRibotype 001/NAP2 most common
•• Ribotype 027/NAP1 present but uncommonRibotype 027/NAP1 present but uncommon

–– HorsesHorses
•• Ribotype 001/027Ribotype 001/027
•• More toxin variants, esp. toxin AMore toxin variants, esp. toxin A--/B+ (ribotype 017)/B+ (ribotype 017)
•• Some ribotype 078/NAP7,8/toxinotypeVSome ribotype 078/NAP7,8/toxinotypeV



Transmission from Companion 
Animals??

•• Inadequate objective studyInadequate objective study
•• Anecdotal evidence Anecdotal evidence suggestingsuggesting intraintra--

household transmissionhousehold transmission
–– Concurrent detection of Concurrent detection of C. difficile C. difficile toxins toxins 

and/or organism from people and pets in and/or organism from people and pets in 
householdshouseholds

–– Both isolates rarely available for typingBoth isolates rarely available for typing
–– Direction of transmission impossible to discernDirection of transmission impossible to discern

•• Better evidence suggesting humanBetter evidence suggesting human--animal animal 
transmission?transmission?

Food animals
SpeciesSpecies CountryCountry PrevalencePrevalence RefRef

BovineBovine CanadaCanada 15% 15% Rodriguez 2006Rodriguez 2006

USUS 25% (diarrheic)25% (diarrheic) Hammitt 2007Hammitt 2007

AustriaAustria 4.5%4.5% Indra 2009Indra 2009

CanadaCanada 49% (cumulative)49% (cumulative) Weese 2009Weese 2009

SloveniaSlovenia 2%2% Pirs 2008Pirs 2008

PigsPigs AustriaAustria 3.3%3.3% Indra 2009Indra 2009

SloveniaSlovenia 52%52% Pirs 2008Pirs 2008

CanadaCanada 95% (cumulative)95% (cumulative) Weese 2009Weese 2009

ChickensChickens SloveniaSlovenia 62%62% Zidaric 2008Zidaric 2008

ZimbabweZimbabwe 17.4%17.4% Simango 2006Simango 2006

ZimbabweZimbabwe 29%29% Simango 2008Simango 2008

AustriaAustria 3.4%3.4% Indra 2009Indra 2009
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Food animal types

SpeciesSpecies CountryCountry Ribotype Ribotype 
078/TT V078/TT V

Ribotype Ribotype 
027/NAP1/027/NAP1/
TT IIITT III

HumanHuman RefRef

BovineBovine CanadaCanada 26%26% 12%12% 100%100% Rodriguez 2006Rodriguez 2006

USUS 94%94% 00 97%97% Keel 2007Keel 2007

CanadaCanada 65%65% 0% (1%)0% (1%) 100%100% Costa 2009Costa 2009

CanadaCanada 94%94% 0%0% 100%100% Weese in pressWeese in press

ChickensChickens SloveniaSlovenia 00 00 ?? Zidaric 2008Zidaric 2008

PigsPigs USUS 83%83% 00 98%98% Keel 2007Keel 2007

SloveniaSlovenia 0 (77%)0 (77%) 00 ?? Pirs 2008Pirs 2008

CanadaCanada 94%94% 00 100%100% Weese 2009Weese 2009

Food animal types

SpeciesSpecies CountryCountry Ribotype Ribotype 
078/TT V078/TT V

Ribotype Ribotype 
027/NAP1/027/NAP1/
TT IIITT III

HumanHuman RefRef

BovineBovine CanadaCanada 26%26% 12%12% 55%55% Rodriguez 2006Rodriguez 2006

USUS 94%94% 00 97%97% Keel 2007Keel 2007

CanadaCanada 65%65% 0% (1%)0% (1%) 100%100% Costa 2009Costa 2009

ChickensChickens SloveniaSlovenia 00 00 ?? Zidaric 2008Zidaric 2008

PigsPigs USUS 83%83% 00 98%98% Keel 2007Keel 2007

SloveniaSlovenia 0 (77%)0 (77%) 00 ?? Pirs 2008Pirs 2008

CanadaCanada 94%94% 00 100%100% Weese 2009Weese 2009

•• Netherlands: increase in 078 in human CDI from 3Netherlands: increase in 078 in human CDI from 3--
13% from 200313% from 2003--2008 2008 ((GoorhuisGoorhuis 2008)2008)

–– YoungerYounger
–– More frequently CAMore frequently CA--CDICDI
–– MLVA identified overlapping human and porcine MLVA identified overlapping human and porcine clonalclonal

complexes complexes 

•• Increases in human CDI caused by TT V strains in Increases in human CDI caused by TT V strains in 
various regions of Europe various regions of Europe ((RupnikRupnik 2008)2008)

•• Pig and human 078 isolates genetically related by Pig and human 078 isolates genetically related by 
MLVA MLVA ((deBastdeBast 2009)2009)



C. difficile in food
ProductProduct RegionRegion PrevalencePrevalence RefRef

Beef, vealBeef, veal CanadaCanada 20%20% Rodriguez 2007Rodriguez 2007

VariousVarious USUS Beef: 42%, Pork 41%, Beef: 42%, Pork 41%, 
Turkey: 44%Turkey: 44%

Songer 2009Songer 2009

Beef, vealBeef, veal CanadaCanada Beef, 6.7%: veal 4.6%Beef, 6.7%: veal 4.6% Rodriguez 2009Rodriguez 2009

PorkPork CanadaCanada 2%2% Metcalf et al,2010Metcalf et al,2010

ChickenChicken CanadaCanada 15%15% Weese et al, 2010Weese et al, 2010

Beef, porkBeef, pork CanadaCanada 12% each12% each Weese et al 2009Weese et al 2009

Beef, pork, chickenBeef, pork, chicken AustriaAustria 0%0% Indra 2009Indra 2009

VegetablesVegetables WalesWales 2.4%2.4% Al Saif 1996Al Saif 1996

ReadyReady--toto--eat saladeat salad ScotlandScotland 7.5%7.5% Bakri 2009Bakri 2009

VegetablesVegetables CanadaCanada 6%6% Metcalf et al, Metcalf et al, 
unpublished dataunpublished data

Types

StudyStudy ProductProduct 078 (TT V)078 (TT V) 027 (TT III)027 (TT III) HumanHuman

Rodriguez et al Rodriguez et al 
20072007

Ground beef and Ground beef and 
vealveal

0%0% 0% (67%)0% (67%) (100%)(100%)

Songer et al Songer et al 
20092009

VariousVarious 73%73% 27%27% 100%100%

Rodriguez et al Rodriguez et al 
20092009

Beef, vealBeef, veal 0%0% 0% (27%)0% (27%) 100%100%

Weese et al, Weese et al, 
20092009

Pork, beefPork, beef 79%79% 7.1% (11%)7.1% (11%) 100%100%

Weese et al, Weese et al, 
20092009

ChickenChicken 96%96% 0%0% 100%100%

Metcalf et al, Metcalf et al, 
20102010

PorkPork 0%0% 43% (57%)43% (57%) 100%100%



Toxinotype VToxinotype V Toxinotype IIIToxinotype III

AnimalAnimal MeatMeat AnimalAnimal MeatMeat

BovineBovine 26% (Can)26% (Can)
65% (Can)65% (Can)
94% (US)94% (US)

0% (Can)0% (Can)
0% (Can)0% (Can)
86% (Can)86% (Can)
73% (US)73% (US)

12% (Can)12% (Can)
1% (Can)1% (Can)
0% (US)0% (US)

67% (Can)67% (Can)
27% (Can)27% (Can)
7.1% (Can)7.1% (Can)
23% (US)23% (US)

PorcinePorcine 94% (Can)94% (Can)
83% (US)83% (US)
77% (Slov)77% (Slov)

0% (Can)0% (Can)
71% (Can)71% (Can)
67% (US)67% (US)

0% (Can)0% (Can)
0% (US)0% (US)
0% (Slov)0% (Slov)

14% (Can)14% (Can)
57% (Can)57% (Can)
33% (US)33% (US)

ChickenChicken 0% (Slov)0% (Slov) 96% (Can)96% (Can) 0% (Slov)0% (Slov) 0% (Can)0% (Can)

TurkeyTurkey 100% (US)100% (US) 0% (US)0% (US)

Processed*Processed* 59% (US)59% (US) 41% (US)41% (US)

*Summer sausage, chorizo, braunschweiger, pork sausage*Summer sausage, chorizo, braunschweiger, pork sausage

•• Sources: meatSources: meat
–– Animal gastrointestinal tractAnimal gastrointestinal tract
–– Healthy muscle tissueHealthy muscle tissue
–– Slaughterhouse environmentSlaughterhouse environment
–– Processing environmentProcessing environment
–– Hands of personnelHands of personnel

•• Sources: vegetablesSources: vegetables
–– Manure, soilManure, soil
–– Processing environmentProcessing environment
–– Hands of personnelHands of personnel

How much is there?

•• Ground porkGround pork
–– 71% (10/14) of positive samples only on 71% (10/14) of positive samples only on 

enrichment (detection threshold enrichment (detection threshold << 10 CFU/10 CFU/gg))

•• Ground beefGround beef
–– 71% (10/14) of positive samples only on 71% (10/14) of positive samples only on 

enrichmentenrichment

•• Quantifiable samplesQuantifiable samples
•• 20 spores/20 spores/gg: 5 samples: 5 samples
•• 60 spores/60 spores/gg: 1 sample: 1 sample
•• 120 spores/120 spores/gg: 1 sample: 1 sample
•• 240 spores/240 spores/gg: 1 sample: 1 sample Weese et al 2009Weese et al 2009



Is C. difficile a foodborne 
pathogen?

FoodFood

CDICDIIngestion of sporesIngestion of sporesFoodFood

CDICDIToxin production Toxin production 
in foodin food



FoodFood

CDICDIIngestion of sporesIngestion of sporesFoodFood

CDICDIToxin production Toxin production 
in foodin food

ColonizationColonization

TransmissionTransmission

Household Environment

•• C. difficile isolated from 44/836 (5.3%) C. difficile isolated from 44/836 (5.3%) 
sites in 26/84 (31%) householdssites in 26/84 (31%) households
–– Most common ribotypeMost common ribotype

•• 027/NAP1 (25%)027/NAP1 (25%)

–– 2 most common2 most common
•• Ribotype 078Ribotype 078
•• Ribotype 001/NAP2Ribotype 001/NAP2
•• Another toxinotype 0 strainAnother toxinotype 0 strain

–– Animal Animal vsvs human human vsvs food sources??food sources??
Weese et al 2010



The End


