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C. perfringens type D may produce disease 
in cattle very similar to sheep 
enterotoxmia, .…experimentally 

Does this occur naturally…….? 



Experimental disease 
 
Natural disease 



Vet Rec, 2164: 816-817 2009 
 



Mete et al. 2012 



ETX 
 
Confirmation of role in animal/
human (?) disease  

Reverse genetics in animal models 
(sheep, goats, mice) 



Type D mutants 

* Wild type 
* ETX KO 
* ETX Complement 



SHEEP 



2-ETX necessary and sufficient for lethality/
disease: key role in pathogenesis 

3-Clinical signs, gross and histological lesions type D 
 enterotoxemia different in sheep and goats 
 

1-Molecular Koch’s postulates fullfilled (almost….) 

Conclusions: 





Toxinotype α-toxin β-toxin ε-toxin ι-toxin CPE NetB 

A + - - - - - 

B + + + - - - 

C + + - - +/- - 

D + - + - +/- - 

E + - - + +/- - 

F + - - - + - 

G + - - - - + 

The 2018 C. perfringens toxin-based typing scheme 
 

Rood et al, Anaerobe 2018 



Main virulence factors 
 
Alpha toxin  
Iota toxin  
  



Iota: 
 
binary toxin (A & B) 
 
cross reaction: C. spiroforme toxin  



Cases published in……… 
 

diagnoses mostly based on 
isolation…… 
 









Toxinotype α-toxin β-toxin ε-toxin ι-toxin CPE NetB 

A + - - - - - 

B + + + - - - 

C + + - - +/- - 

D + - + - +/- - 

E + - - + +/- - 

F + - - - + - 

G + - - - - + 

The 2018 C. perfringens toxin-based typing scheme 
 

Rood et al, Anaerobe 2018 



Enterotoxin of C. perfringens 
(CPE) 

  



C. perfringens type F 
 
Humans:    Food poisoning 
 
Animals:    Enteritis (?) 



Enterotoxin (CPE): 
 

* C. perfringens type A food poisoning 
 
* C. perfringens antibiotic-associated 
diarrhea 
 



C. perfringens type F food poisoning

•  Second most commonly identified cause of 
bacterial food poisoning cases in the USA 
(~400,000/year).

•  Fourth most common cause of deaths from 
bacterial food poisoning in the USA (mostly in the 
elderly or debilitated). 



C. perfringens type F food poisoning

•  ~12 hour incubation, illness 12-24 hours.

•  Diarrhea and abdominal cramps.



Vegetative 
C. perfringens

Food Source

Sporulation of
C. perfringens

INTESTINAL VILLI
CPE CPE- +

Clostridium perfringens food poisoning

DIARRHEA and CRAMPS

CPE 



Buffer CPE 

Rabbit intestinal loops 6 hours 



Toxinotype α-toxin β-toxin ε-toxin ι-toxin CPE NetB 

A + - - - - - 

B + + + - - - 

C + + - - +/- - 

D + - + - +/- - 

E + - - + +/- - 

F + - - - + - 

G + - - - - + 

The 2018 C. perfringens toxin-based typing scheme 
 

Rood et al, Anaerobe 2018 



Necrotic enteritis 



Virulence factors 
 
 

NetB 
Alpha? 
Others? 
 



Keyburn et al , 2008 



Keyburn et al , 2008 



Keyburn et al , 2008 



 Re-emerging disease 
 

 
* Restrictive use of antibiotics 
 
* High-density housing 
 
* Re-use of litter 



Main predisposing factor: Eimeria spp. 



* Clinical 
 
* Sub-clinical 
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Hepatic 
lesions 
14% 

No hepatic 
lesions 
86% 







 
* Diagnosis based on gross/histo 
examination alone: CHALLENGING 
 
 
* Increased level of certainty: combining 
several diagnostic tests 



Diagnostic criteria 

1-Clinics/gross 

Suggestive 
3-Ancillary:     Culture (+ typing) 

       

2-Histo 

4- 1+2+3 
       

Confirmatory? 





GROUP DISEASE ORGANISM HUMANS OTHER 
ANIMALS 

Enteric Enterotoxemias/ 
enteritis 

C. perfringens ü ü 
C. difficile ü ü 

Histotoxic 

Neurotoxic 





Clostridium difficile 
 

Main cause of ATB associated 
diarrhea in humans and animals 

 
NOT ATB IN PIGS or FOALS!!!! 



8/16/2012 



Stephen Sontag 



Predisposing factors: 
 
* antibiotic therapy (virtually any antibiotic) 

* hospitalization 



Sturdy environmental contaminant 
 

UBIQUITOUS: 
 

- Hospitals, households, etc. 
- Intestinal content and feces 
- Meat and vegetables 
 



Vegetarians warning 



C. difficile detected in: 
 
 

* Ready to eat organic/nonorganic salads 
 
* Lettuce, green peppers and eggplant 
 
 

(overall prevalence in vegetables: 
       up to 7.5%) 

 



INITIALLY 
 
 
TcdA:  key virulence factor 
 
 
TcdB:  no effect 





CURRENTLY 
 
 

 TcdA and TcdB might act 
synergistically 

 
     TcdA disrupts epithelial integrity 

     TcdB enters cell >> mediates toxic effects  
 
 



Is CDAD a zoonosis? 

Transmission of C. difficile from  
animals and food to people 

 

 
* Very likely 
 
 

* Not confirmed 



 

Increased incidence (“hypervirulent’’ 
strains) 
 
 
* Ribotype 027 
 
* Ribotype 078 (predominantly animal) 
 











“Volcano lesions” 











Mesocolonic edema 



Causes of mesocolonic edema in pigs: 
 
1-C. difficile 
2-E. coli (edema disease) 
3-PCV-2 
4-PRSS virus 



CATTLE 



C. difficile 
 
 

 potential role in  neonatal calf 
diarrhea 
 
 



C. difficile prevalence (calves):  
 
 
1-Rodriguez-Palacios et al. (2006) 
 
Culture: 
 
* diarrheic calves:   7.6% (11/144) 

* control calves:   15% (20/134)   
 
 

Toxins: 
 
* diarrheic calves:   39.6% (57/144) 

* control calves:   20.9% (28/134) 
 
 
  



C. difficile prevalence (calves):  
 
 

 2-Hammitt et al. (2008): 
 

 Culture 
 

 * Diarrheic:    25.3% (64/253) 
 * Control:    13% (7/53) 

 
 

 Toxin 
 

  * Diarrheic:    22.9% (58/253) 
  * Controls:    30.2% (16/53) 



Risk factors 
 

 

* younger age 
* antibiotis 



C. difficile in calves 
 

 
* Accompanying BCV, BRV, Crypto, Salmonella, 
AEEC, others 
 
 

* role in diarrhea: not fully determined  



SHEEP AND GOATS 



Prevalence: 0–8.5% 
 
 (Knight and Riley, 2013; Avbersˇek et al., 2015;  Rodriguez et al., 2016) 
 
 
 

No evidence of role in disease 



Diagnostic criteria 

1-Clinics/gross 

3-Ancillary:   Culture (+ typing)                      
   

2-Histology 

Confirmatory 

Suggestive 

Suggestive  
    

4-Ancillary:   Toxins A/B                      
   

Suggestive ++ 



GROUP DISEASE ORGANISM HUMANS OTHER 
ANIMALS 

Enteric Enterotoxemias/ 
enteritis 

C. perfringens ü ü 
C. difficile ü ü 
C. piliforme -- ü 

Histotoxic 

Neurotoxic 



Tizzer’s disease 
 
Horse 
Rabbit 
Rat 
Hamster 
Cats 
Others 
 



Triad of lesions 
 
Hepatitis 
Colitis 
Myocarditis 
 















Diagnosis: 
 
1-Histology (HE; silver; Giemsa) 
2-PCR 
3-Culture (embryonated egg only) 



GROUP DISEASE ORGANISM HUMANS OTHER 
ANIMALS 

Enteric Enterotoxemias/ 
enteritis 

C. perfringens ü ü 
C. difficile ü ü 
C. piliforme -- ü 
C. sordellii -- ü 

Histotoxic 

Neurotoxic 



Ø  Distribution:		
Ø  Soil,	sewage,	GI	tract	
Ø  Vagina	of	healthy	women	(5-10%)		

	
Ø  Disease	association:	

Ø  Toxic	shock	syndrome	in	humans	
Ø  Gynecologic	procedures	(childbirth,	abortion)	
Ø  Intravenous	drug	use	
	

Ø  Gas	gangrene	in	ruminants,	pigs	and	horses	
Ø  Omphalitis	in	foals	

M. Navarro 



Ø  GI	disease	in	animals:	



Ø  Virulence	factors:	

Toxin Mechanism of Action 

Lethal toxin Inhibits signaling proteins Rac, Cdc42, Ras and Rap 

Hemorrhagic toxin Inhibits signaling proteins Rho, Rac, and Cdc42 

Sordellilysin Cholesterol-dependent hemolysin 

Sialidase Cleaves sialic acids from sialoglycoconjugates 

Phospholipase C Hydrolyzes lecithin 

DNAse Potential degeneration of host cell nuclei 

Hyaluronidase Splits hyaluronic acid, increasing permeability 

Collagenase Hydrolyzes collagen and gelatin 

Aldapo	et	al,	2006.	



GROUP DISEASE ORGANISM HUMANS OTHER 
ANIMALS 

Enteric Enterotoxemias/ 
enteritis 

C. perfringens ü ü 
C. difficile ü ü 
C. piliforme -- ü 
C. sordellii -- ü 
C. colinum -- ü 

Histotoxic 

Neurotoxic 



“Quail disease” 







GROUP DISEASE ORGANISM HUMANS OTHER 
ANIMALS 

Enteric Enterotoxemias/ 
enteritis 

C. perfringens ü ü 
C. difficile ü ü 
C. piliforme -- ü 
C. sordellii -- ü 
C. colinum -- ü 
C. spiroforme -- ü 

Histotoxic 

Neurotoxic 



“Rabbit 
enterotoxemia” 







Thank you!!! 



Diseases that look clostridial 
 

Undetermined etiology 



Adult dairy cows 
 
 
 

Jejunal hematoma 
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