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Comparative pathogenesis of enteric clostridial infections in 
humans and animals

Francisco A. Uzal1,*, Mauricio A. Navarro1, J. Jihong Li2, John C. Freedman2, Archana 
Shrestha2, and Bruce A. McClane2

1California Animal Health and Food Safety Laboratory System, San Bernardino Branch, 
University of California, Davis, CA

2Department of Microbiology and Molecular Genetics, University of Pittsburgh School of 
Medicine, Pittsburgh, PA

Abstract

Several enteric clostridial diseases can affect humans and animals. Of these, the enteric infections 

caused by Clostridium perfringens and Clostridium difficile are amongst the most prevalent and 

they are reviewed here. C. perfringens type A strains encoding alpha toxin (CPA) are frequently 

associated with enteric disease of many animal mammalian species, but their role in these diseased 

mammals remains to be clarified. C. perfringens type B encoding CPA, beta (CPB) and epsilon 

(ETX) toxins causes necro-hemorrhagic enteritis, mostly in sheep, and these strains have been 

recently suggested to be involved in multiple sclerosis in humans, although evidence of this 

involvement is lacking. C. perfringens type C strains encode CPA and CPB and cause necrotizing 

enteritis in humans and animals, while CPA and ETX producing type D strains of C. perfringens 
produce enterotoxemia in sheep, goats and cattle, but are not known to cause spontaneous disease 

in humans. The role of C. perfringens type E in animal or human disease remains poorly defined. 

The newly revised toxinotype F encodes CPA and enterotoxin (CPE), the latter being responsible 

for food poisoning in humans, and the less prevalent antibiotic associated and sporadic diarrhea. 

The role of these strains in animal disease has not been fully described and remains controversial. 

Another newly created toxinotype, G, encodes CPA and necrotic enteritis toxin B-like (NetB), and 

is responsible for avian necrotic enteritis, but has not been associated with human disease. C. 
difficile produces colitis and/or enterocolitis in humans and multiple animal species. The main 

virulence factors of this microorganism are toxins A, B and an ADP-ribosyltransferase (CDT). 

Other clostridia causing enteric diseases in humans and/or animals are Clostridium spiroforme, 
Clostridium piliforme, Clostridium colinum, Clostridium sordellii, Clostridium chauvoei, 
Clostridium septicum, Clostridium botulinum, Clostridium butyricum and Clostridium neonatale. 

The zoonotic transmission of some, but not all these clostridsial species, has been demonstrated.
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Introduction

Diseases caused by clostridia are usually classified as enteric, neurotoxic or histotoxic. 

Within each of these three categories, there are diseases that affect both humans and animals, 

but also diseases that affect one group but not the other (Table 1). Of those affecting humans 

and animals, the enteric infections caused by Clostridium perfringens and Clostridium 
difficile are amongst the most prevalent. Because several clostridial species can be found in 

the environment and in the intestine of humans and animals as normal flora, enteric 

clostridial infections represent a constant threat to both human and animal health, and are 

challenging to diagnose utilizing culture-based methods alone (Uzal et al, 2016). Diagnostic 

criteria for most enteric clostridial diseases require, in addition to culture, evaluation of 

clinical, gross and microscopic findings, and detection of virulence factors in intestinal 

content and/or feces.

We briefly review here the comparative pathogenesis of enteric clostridial diseases, with 

special emphasis on those caused by C. perfringens.

Clostridium perfringens

C. perfringens has been historically classified into five toxinotypes (A, B, C, D and E) based 

on its capacity to encode four so-called typing toxins, i.e. alpha (CPA), beta (CPB), epsilon 

(ETX) and iota (ITX) (Uzal, 2004). Two additional types have, however, been recently 

added to this typing system, including C. perfringens type F and G (Rood et al, 2018) (Table 

2). In addition, individual strains of each toxinotype may also produce one or more of a 

variety of so-called non-typing toxins, such as perfringolysin O, beta2 toxin (CPB2) and 

others. The toxinotypes of C. perfringens cause several different enteric diseases in both 

humans and/or animals. These diseases are mediated by one or more toxins of C. perfringens 
(Uzal et al, 2014; Rood et al, 2018). Of the enteric infections associated with C. perfringens, 

those caused by type C strains have been confirmed to affect both humans and animals (Uzal 

et al, 2016; Sayeed et al, 2008), while the other toxinoitypes have been confirmed to cause 

disease in either humans or animals, but not in both (Table 1).

Type A infections—According to the newly revised toxinotyping of C. perfringens, type 

A strains produce CPA, but not CPB, ETX, ITX, enterotoxin (CPE) or NetB (Rood et al, 

2018) (Table 2). C. perfringens type A has been associated with several enteric syndromes in 

mammals, including enterocolitis in pigs and horses, enterotoxemia in sheep and cattle (Uzal 

et al, 2016) and abomasitis of cattle, sheep and goats (Prescott et al, 2016). However, the 

role of C. perfringens type A in the gastro-enteric diseases of animals mentioned above is 

controversial and not fully confirmed. In part this is because type A is the toxinotype most 

commonly found in the environment and in the intestine of clinically healthy humans and 

animals (Uzal et al, 2016), which renders isolation of this microorganism of little, if any, 

diagnostic value.
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The recently discovered NetF toxin has been suggested to be involved in canine hemorrhagic 

gastroenteritis and necrotizing enterocolitis of foals (Gohari et al, 2015, 2016). This 

suggestion was based on the fact that NetF-positive strains of C. perfringens type A were 

found with high prevalence in dogs and foals suffering the syndromes mentioned above, 

respectively (Gohari et al, 2015, 2016). Final evidence of the role of NetF in canine and 

equine enteric disease is however, lacking. Animal experiments, including fulfillment of 

molecular Koch’s postulates for NetF, are currently under way. So far, no evidence of NetF 

involvement in human enteric disease has been provided.

C. perfringens type A strains are not considered to be involved in enteric infections of 

humans, except for occasional cases of sepsis involving one or more organs of the 

alimentary system (Sarvari et al, 2016).

Type B infections—C. perfringens type B encodes CPB and ETX (Table 2) but, as is the 

case for other C. perfringens toxinotypes, individual strains can also encode one or more of 

several other non-typing toxins (Uzal 2004; Uzal and Songer, 2008; Uzal and Songer, 2016). 

CPB and ETX are, however, considered the two main virulence factors of type B strains 

(Table 1).

CPB is an oligomerizing, ~ 35 kDa pore forming toxin that causes cell death and lysis 

(Sayeed et al, 2008; Uzal and McClane, 2011) and is lethal for mice (Sakurai and Duncan, 

1978; Shatursky et al, 2000; Fisher et al, 2006). The pores formed by CPB in the cell 

membrane allow the entry of Ca2+, Na+ and Cl− into the cells and the efflux of K+. The 

consequence of these ion exchanges is cell swelling, which leads to necrosis (Nagahama et 

al, 2003a and b; Nagahama et al, 2013), although it has been recently suggested that 

necropstosis may also be involved in CPB-associated cell death (Autheman et al, 2013).

ETX is an ~ 33 kDa pore forming toxin, which binds to endothelial cells, oligodendrocytes 

and renal tubular epithelial cells (Popoff, 2011; Uzal 2004). The receptor for ETX has not 

been definitively determined. However, in vitro, ETX binds to the Hepatitis A virus cellular 

receptor (HAVCR1) in MDCK cells and in ACHN cells (human kidney-derived cells), and 

the myelin and lymphocyte (MAL) protein seems to be required for ETX cytotoxicity in 

several cell types (Rumah et al, 2015; Navarro et al, 2018).

Following binding, ETX forms a prepore and then inserts itself into the plasma membrane to 

form an active pore (Robertson et al, 2011), which leads to entry of Cl− and Na+ into the 

cells and loss of intracellular K+. This is followed by intracytoplasmic increase of iCa2+ 

(Petit et al, 2001). These exchanges produce marked cell swelling, followed by 

disappearance of mitochondria, blebbing, membrane disruption, ATP depletion, reduction of 

nucleus size and increase propidium iodine uptake, all of which are compatible with necrosis 

(Petit et al, 2001; Chassin et al, 2007; Popoff, 2011).

Type B infection has been mostly described in sheep, in which it causes necro-hemorrhagic 

enteritis and, more rarely focal symmetrical necrosis (encephalomalacia) (Uzal 2004; Uzal 

and Songer, 2008; Uzal and Songer, 2016; Fernandez Miyakawa et al, 2007). Infections by 

this toxinotype have been described in the Middle East, Europe and South Africa, with no 
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cases reported in other parts of the world (Uzal and Songer, 2008). The pathogenesis of 

these infections has not been fully elucidated, although it is believed that intestinal lesions 

are produced by CPB, while brain lesions are produced by ETX (Fernandez Miyakawa et al, 

2007). ETX requires proteases to become activated, while CPB is exquisitely sensitive to the 

action of these enzymes. Because of this, it is assumed that in different clinical cases, either 

ETX or CPB action predominates and, depending upon which of these toxins exerts its 

major action, clinical signs and lesions could be different (Fernandez Miyakawa et al, 2007). 

This is, however, speculative and it has not been demonstrated in clinical cases of type B 

disease or in animal experiments.

Although traditionally C. perfringens type B was not considered a human pathogen, recently 

a type B strain was isolated from the stool of a young woman with multiple sclerosis (MS) 

(Rumah et al, 2013). In addition, antibodies against ETX were found at a prevalence higher 

in the serum of patients with MS than in healthy controls (Rumah et al, 2013; Wagley et al, 

2018). Based on these results it has been postulated that ETX may be responsible for the 

initial lesions of MS (Rumah et al, 2013; Wagley et al, 2018). Final evidence for a role of C. 
perfringens type B in human cases of MS is, however, lacking. If type B strains are involved 

in the pathogenesis of MS, it is likely that ETX is at least in part responsible for the brain 

changes characteristic of the disease, as ETX produces serious brain changes in sheep and, 

ocassionally, goats. A role for CPB in the pathogenesis of MS cannot completely be ruled 

out either, as mice inoculated with CPB frequently display neurological signs, and several 

animal species spontaneously infected with CPB-producing C. perfringens type C also show 

neurological signs (Sayeed et al, 2008). Lesions in the brain of these animals have not been 

described and the pathogenesis of CPB-associated neurological diseases remains 

undetermined.

Type C infections—Type C strains must produce CPA and CPB, with some type C strains 

also producing CPE and/or CPB2 (Table 2) (Fisher et al, 2006; Sayeed et al, 2008). C. 
perfringens type C infections in humans and animals are characterized by necrotizing or 

necro-hemorrhagic enteritis and/or enterocolitis. The disease occurs most frequently in 

neonates of several animal species, including, but not limited to sheep, cattle, horses and 

pigs (Diab et al, 2012). Type C disease in humans is frequently referred to as enteritis 

necroticans (EN), pigbel or darmbrand (Sayeed et al, 2008).

It has been demonstrated that most clinical signs and lesions of type C disease are the 

consequence of CPB action, and this toxin is considered the main virulence factor of C. 
perfringens type C (Sayeed et al, 2008). Because CPB is extremely sensitive to trypsin and 

other proteolytic enzymes such as chymotrypsin, neonate animals in environments 

contaminated with C. perfringens type C are particularly at risk of type C disease. This 

predisposition is believed to be associated with the inhibitory action that the colostrum has 

on trypsin, an action aimed at preventing the proteolytic breakdown of immunoglobulins 

during the first days of life, which also protects CPB (Diab et al, 2012).

In humans, EN occurs sporadically in several Southeast Asian countries and, occasionally, in 

other parts of the world. This disease was endemic, with a high prevalence, in Papua New 

Guinea in the 1960s, where sporadic cases are still observed (Johnson and Gerding, 1997; 
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Lawrence and Cooke, 1980; Kreft and Dalhoff, 2000, Li and McClane, 2014). EN also 

occurs, although less frequently, in diabetic patients elsewhere in the world. Persons 

suffering from EN often survive less than 48 h after the first appearance of symptoms 

(Matsuda et al, 2007; Petrillo et al, 2000). In Papua New Guinea most cases of EN were 

observed in malnourished children thought to be trypsin deficient, which is consistent with 

the occurrence of type C infection occurring in neonate animals in which most of the trypsin 

activity is inhibited by the action of colostrum (Johnson and Gerding, 1997; Lawrence and 

Cooke, 1980; Diab et al, 2012).

C. perfringens type C disease and the effect of CPB and other toxins has been 

experimentally studied in several animal models including mice, rabbits, guinea pigs, sheep, 

goats and pigs (Field and Goodwin, 1959; Kohler et al, 1979; Lawrence and Cooke, 1980; 

Sayeed et al, 2008; Uzal et al, 2009; Garcia et al, 2013; Schumacher et al, 2013). Molecular 

Koch’s postulates for CPB were fulfilled in rabbit (Sayeed et al, 2008) and mouse models 

(Uzal et al, 2009), which provided convincing evidence that CPB is required for type C 

disease to occur (Figs. 1 and 2). More recently, synergism between CPB and CPE was 

demonstrated in a rabbit ligated intestinal loop model (Ma et al, 2014), which provided for 

the first time, proof of synergistic activity of two toxins during intestinal C. perfringens 
infections (Fig. 3). Based on those experimental results, it was suggested that both CPB and 

CPE may act synergistically in some cases of EN (Ma et al, 2014), although this has not yet 

been proved.

Type D infections—Type D isolates encode CPA and ETX, with individual isolates also 

encoding one or more other toxins such as CPE or perfringolysin (McClane et al, 2006). C. 
perfringens type D causes enterotoxemia in sheep, goats and cattle (Uzal and Songer, 2008; 

Uzal et al, 2016a and b). Most cases of type D enterotoxemia in sheep occur after sudden 

changes in diet involving access to feeds rich in highly fermentable carbohydrates (Uzal and 

Songer, 2008; Uzal et al, 2016). It is assumed that a consequence of these changes is passage 

into the intestine of large amounts of undigested carbohydrates (Uzal et al, 2016). In vitro, 

C. perfringens type D produces more ETX in low glucose media (Li et al, unpublished), 

resembling what is likely to occur when undigested complex carbohydrates bypass the 

gastric compartments of sheep. Other factors that are likely to upset the intestinal 

environment (i.e., heavy parasite infestation) may also predispose sheep to type D 

enterotoxemia (Uzal and Songer, 2008; Uzal et al, 2016). While it is possible that these 

factors also predispose type D infection in goats, little evidence is available in this regard, 

and cases of enterotoxemia have been described in goats fed hay diets for long periods of 

time (Uzal and Songer, 2008).

During type D infections, ETX is produced in the intestine as a prototoxin that, in contact 

with trypsin and/or other proteases, including chemotrypsin and carboxypeptidases, loses 

amino acids from the C-terminus and becomes activated (Minami et al, 1997; Freedman et 

al, 2014). Once ETX is activated in the intestine, the toxin facilitates its own absorption into 

the blood stream and it is distributed to the target organs, including brain, lungs, heart and 

kidneys (Goldstein et al, 2009; Uzal and Songer, 2008). After binding to endothelial cells in 

the brain, lungs and heart, the main effect of ETX is to increase vascular permeability, 

causing edema in those organs and fluid accumulation in body cavities. If the animals 
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survive long enough, the edema leads to parenchymal necrosis, mostly in the brain (Buxton 

et al, 1976). In the brain, ETX also crosses the blood-brain barrier and has a direct effect on 

neurons and olygodendrocytes (Finnie et al, 1999; Finnie, 2003; Popoff, 2011).

The intravenous effects of ETX has been studied in several animal models including sheep 

(Buxton and Morgan, 1976; Uzal and Kelly, 1997), goats (Uzal and Kelly, 1997), cattle 

(Uzal et al, 2002), mice (Finnie, 1984a and 1984b; Sayeed et al, 2005; Dorca-Arevalo et al, 

2014) and rats (Finnie et al, 1999), while the effects of intraduodenal inoculation of C. 
perfringens type D have also been studied in sheep, goats and cattle (Buxton and Morgan, 

1976; Blackwell et al, 1991; Uzal and Kelly, 1997, 1998). Definitive evidence that ETX is 

the main virulence factor of type D infections was obtained when molecular Koch’s 

postulates were fulfilled in sheep, goats and mice (Garcia et al, 2013) (Fig. 4). No cases of 

enteric type D disease have been reported in humans.

Type E infections—C. perfringens type E encodes CPA and ITX (Table 2), with 

individual strains also encoding one or more additional toxins such as CPE or CPB2. ITX is 

a binary toxin that includes an enzyme component (Ia) and a binding component (Ib) 

(Sakurai et al, 2009). The so-called lipolysis-stimulated lipoprotein receptor (LSR) is 

thought to be a receptor for Ib. After binding to this receptor, heptamers of Ib insert into the 

cell membrane and form functional channels, which allows endocytosis of Ia and movement 

of ions (Richard et al, 2002; Nagahama et al, 2002; Nagahama et al, 2012; Knapp et al, 

2016). The internalized Ia also leads to ADP-ribosylation of actin to cause the 

depolymerization of actin filaments and increase in G-actin monomers, all of which 

produces disorganization of intercellular junctions and changes in cell morphology (Richard 

et al, 2002). The cytotoxic effects of ITX include several features consistent with necrosis, 

i.e. cell swelling, mitochondrial dysfunction, ATP depletion and increased IP intake.

In the past few years, some cases of type E-associated disease have been reported in several 

animal species (Kim et al, 2013; Songer and Miskimmins, 2004; Redondo et al, 2015). 

However, most of those reports were based on isolation of C. perfringens type E from the 

intestinal content of animals with enteric disease, which is not considered a diagnostic 

criterion for these infections, so the role of this microorganism in production of enteric 

disease remains uncertain (Songer, 2016). Molecular Koch postulates have not been fulfilled 

for C. perfringens type E.

Although the role of type E strains in human enteric disease remains undetermined, recently, 

type E strains with a plasmid that carries a variant cpe locus and a variant ITX genes have 

been identified (Miyamoto et al, 2011. Isolates with this plasmid were detected in 

environmental samples and in feces of healthy individuals. However, these findings are 

undermined by the fact these CPE carrying type E strains have only been found in healthy 

individuals and their role in the pathogenesis of type E human infections remains, therefore 

undetermined (Miyamoto et al, 2006; Li et al, 2007; Miyamoto et al, 2011; Freedman at al., 

2015).

Type F infections—These strains, formerly called CPE-postive type A, are characterized 

by carrying the cpa and the cpe toxin genes; they do not carry the genes encoding CPB, ETX 
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or ITX (Table 2). Type F strains produce CPE upon sporulation (Li et al, 2016; Rood et al, 

2018). Diseases produced by these strains are generically known as enterotoxigenic 

infections.

Enterotoxigenic infections involving type F strains occur frequently in humans but, while a 

few reports of these infections in animals have been published (Bueschel et al, 1998; Busch 

et al, 2015), the role of CPE-producing C. perfringens strains in animal disease remains 

controversial and poorly characterized (Busch et al, 2015). C. perfringens type F food 

poisoning is considered the second most common food associated bacterial disease in the 

USA (Scallan et al, 2011; https://www.cdc.gov/foodsafety/diseases/clostridium-

perfringens.html). CPE-positive type F strains are also responsible for 3 to 15% of non-food 

borne gastrointestinal diseases in humans (McClane et al, 2006).

CPE is an ~35 kDa, 319 amino acid single polypeptide (Czeczulin et al, 1993) that is 

released into the intestinal tract during sporulation. It binds to specific claudin-receptors in 

the intestinal epithelium (Katahira et al, 1997a and b; Fujita et al, 2000; Shresta et al, 2013), 

starting at villus tips in small intestinal loops (McDonel and Duncan, 1975, Sherman et al, 

1994), where there is a higher density of claudin-4 (Smedley 3rd et al, 2008). When CPE 

binds to claudin receptors, it becomes part of an ~90 kDa small complex (Wieckowski et al, 

1994; Robertson et al, 2007), which then oligomerizes to form a ~450 kDa SDS-resistant 

complex called CH-1. The latter contains 6 copies of CPE, plus receptor and non-receptor 

claudins (Robertson et al, 2007). Once the CH-1 complex is formed, it inserts into the 

cytoplasmic cell membrane and forms a pore (Smedley et al, 2007), which increases 

membrane permeability. This, in turn, is followed by Ca2+ influx, which then activates 

apoptotic or oncotic death pathways (Chakrabarti et al, 2003; Chakrabarti and McClane, 

2005). Simultaneously, the cell damage originating with the initial pore formation exposes 

the basolateral cell surface of the cells, resulting in formation of a ~600 kDa CPE complex 

(CH-2) (Singh et al, 2000, 2001; Robertson et al, 2007). CPE-induced epithelial cell death 

promotes fluid and transport changes with the net result of fluid accumulation in the 

intestine leading to diarrhea (McClane et al, 2006). In vitro, low CPE doses induce 

apoptosis, while high doses induce oncosis (Chakrabarti et al, 2003). Recent investigations 

on the mechanism of CPE-induced cell death in vivo using a ligated small intestinal mouse 

model, showed that this toxin causes caspase-3 activation in a dose- and time-dependent 

manner in small intestinal epithelial cells (Freedman et al, 2018). However, intestinal 

damage occurred before this CPE-induced caspase-3 activation, and inhibition of intestinal 

caspase-3 activity did not prevent intestinal epithelium damage or CPE-induced lethality in 

mice (Freedman et al, 2018). These results indicate that, while caspase-3 activation occurs in 

CPE-treated intestine of mice, the activation of this enzyme is not required for those effects 

to occur (Freedman et al 2018)

Molecular Koch’s postulates have been fulfilled for CPE using rabbit intestinal loops (Fig. 

4). Those experiments in rabbits confirmed that CPE is necessary for enterotoxigenic C. 
perfringens type F to cause enteric disease (Sarker et al, 1999). In addition, experiments in 

mice demonstrated that CPE can cause enterotoxemia and death. Elevated potassium has 

been found in the serum of mice inoculated into the small intestine with CPE, which led to 
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the sugggestion that hyperpotassemia is at least partly responsible for the death of some 

CPE-intoxicated individuals (Caserta et al, 2011).

Type G infections—The newly defined type G strains are characterized by producing 

CPA and NetB, but they do not produce CPB, ETX or ITX (Table 2; Rood et al, 2018). Type 

G strains cause necrotic enteritis of poultry, a highly prevalent infection that produces severe 

losses to the poultry industry worldwide. The β-pore-forming NetB toxin has been shown to 

be the main virulent factors for type G strains (Keyburn et al, 2008). However, cases of 

necrotc enteritis have also been described in birds apparently free from NetB-positive C. 
perfringens strains (type A strains), which could suggest that other virulence factors, in 

addition to NetB, may also be responsible for necrotic enteritis (Smyth and Martin, 2010). 

However the fulfilment of molecular Koch’s postulates with netB-positive strains confirmed 

that netB-positive strains are sufficient to cause necrotic enteritis in poultry (Keyburn et al, 

2008). Both spontaneous and experimental disease induction is complex, with one or more 

predisposing factor involved. Under natural conditions, the most frequent predisposing 

factor is intestinal infection by Eimeria spp., while experimentally the disease can be readily 

reproduced by feeding birds a high protein diet, followed by oral challenge with netB-

positive strains (Cooper and Songer, 2010; Cooper et al, 2010). No cases of type G diseases 

have been reported in non-poultry animals or humans.

Clostridium difficile

Abundant information on C. difficile enteric infections in humans and animals is available in 

the literature (Burke and Lamont, 2014; Rineh et al, 2014; Diab at al, 2013, 2016; Leffler 

and Lamont, 2015; Pant at al, 2013; Kuiper et al, 2017), and a complete review of that 

information is beyond the scope of this paper. Therefore, only a brief mention of the 

comparative aspects of these infections between humans and animals will be presented here.

C. difficile causes enteric disease in humans and numerous animal species, including, but 

not limited to, gerbils, guinea pigs, hamsters, horses, rabbits and pigs (Diab et al, 2016). In 

humans, C. difficile associated disease (CDAD) was always assumed to affect individuals of 

any age, except during the neonatal period (Sammons et al, 2013; Kuiper et al, 2017) as it 

was thought that this specific group may lack specific C. difficile toxin receptors. Although 

between 25 and 70% of human neonates are colonized with C. difficile (Kuiper et al, 2017), 

these microorganisms have been largely considered part of the commensal microbiota. 

Recently, however, two 9 or 18 month-old children were diagnosed with CDAD (Kuiper et 

al, 2017), providing evidence that C. difficile is a a potential cause of bloody diarrhea in 

neonates and young infants. In most animal species, CDAD is not age-dependent (Keel and 

Songer, 2006). The exception to this are pigs, which are almost exclusively affected during 

the neonatal period, up to approximately one week of age (Smits et al, 2016).

The most important virulence factors of C. difficile are toxins A (TcdA) and B (TcdB) (Lyon 

et al, 2016), although in recent years a role for an actin-specific ADP-ribosyltransferase 

(CDT) produced by some strains of C. difficile has emerged (Cowardin et al, 2016). TcdA is 

sometimes considered as an enterotoxin and TcdB as a cytotoxin.
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For many years it was thought that TcdB had little activity in vivo unless there was prior 

damage to mucosal epithelium. Althought it was later on proposed that both toxins can act 

together, with TcdA creating widespread damage to the mucosa that permits TcdB to affect 

epithelial cells (Awad et al., 2014), it was recently demonstrated that TcdB is the major 

virulence factor of C. difficile (Carter et al., 2015). This is supported by the fact that there 

are numerous clinical reports of CDAD in patients infected by TcdA-negative, TcdB-

positive strains of C. difficile (Kim et al, 2012).

At a cellular level, the first step of toxin activity is binding of TcdA or TcdB to several cell 

receptors, which is followed by endocytosis of the toxins into a cellular endosome. The next 

step is acidification of the endosome, which is followed by insertion of the toxin into the 

endosomal membrane. This results in formation of a pore which facilitates release of the 

active glucosyltransferase domain into the cytosol. The net result of these events is 

glucosylation and inactivation of Rho family GTPases (Awad et al., 2014; Yuan et al, 2015). 

The net effect of this chain of events is compromise of signal transduction for molecules 

associated with maintenance and regulation of actin filaments, and apoptosis, all of which 

results in loss of cell-cell contact, increased paracellular permeability of the intestinal 

mucosa and cell death by apoptosis or necroptosis (Awad et al, 2014).

Some C. difficile strains produce CDT (Cowardin et al, 2016), an adenosine diphosphate-

ribosyltransferase that causes actin cytoskeletal disruption. This toxin is produced by most 

of the hypervirulent strains of C. difficile, and it has been shown to enhance the virulence of 

ribotype 027 strains in mice. Most CDT-expressing strains show enhanced virulence 

(Cowardin et al, 2016)

Antibiotic treatment remains an important risk factor both for humans and animals, except 

for piglets and neonatal foals in which antibiotic treatment is seldom part of the clinical 

history (Keel and Songer, 2006; Diab et al, 2013). Hospitalization is also a major risk factor 

for horses, as it is for humans. Both in humans and animals, however, cases can occur in 

individuals that were neither hospitalized nor subjected to antibiotic treatment (Ogielska et 

al 2015). Transmission of C. difficile from animals and food to people is suspected, but so 

far this has not been definitively proved. This possibility is supported by the fact that some 

C. difficile ribotypes that are highly virulent for humans (e.g. ribotype 078) have been 

isolated from retail food of animal origin and from the intestinal tract of food animals 

(Rupnik and Songer, 2010; Warriner et al, 2017). Nevertheless, a direct link between C. 
difficile and food-borne illness outbreaks has not been demonstrated, and conclusive 

evidence that spores of this microorganism can germinate in food matrices is lacking 

(Warriner et al, 2017).

Other clostridia causing enteric diseases

Clostridium spiroforme causes typhlocolitis and enterotoxemia in rabbits. Little is known 

about the pathogenesis of this infection. C. spiroforme produces a binary toxin (CST) which 

is thought to be responsible for the virulence of this microorganism, although definitive 

evidence in this regards is lacking. No human infections by C. spiroforme have been 

reported (Songer and Uzal, 2016).
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Clostridium piliforme, the only gram negative of the pathogenic clostridia, is responsible for 

Tyzzer’s disease, a highly lethal condition characterized by necrotizing hepatitis, colitis 

and/or myocarditis, that affects multiple laboratory animal species, and neonatal or juvenile 

horses, cattle, cats, birds and several other domestic animals. Very little is known about the 

pathogenesis of Tyzzer’s disease and no specific virulence factors have been identified for C. 
piliforme. No human infections by C. piliforme have been reported (Fresneda et al, 2016).

Clostridium colinum, a close relative of C. piliforme, causes ulcerative enteritis in young 

game birds, chickens, turkeys, and occasionally other avian species. Because the infection 

was first described in quail, the disease is usually referred to as quail disease. Very little is 

known about the pathogenesis of this infection; the genome of C. colinum has not been 

characterized and the basis of its remarkable virulence is unknown. No reports of C. colinum 
infection in non-avian species have been published (Cooper et al, 2013).

Several other clostridial species, including Clostridium sordellii, Clostridium chauvoei, 
Clostridium septicum and others have been implicated, albeit in individual cases and 

sporadically, in enteric disease of animals and/or humans (Uzal et al, 2016; Rimoldi et al, 

2015; Jones and Wilson, 1993).

Although botulism is not usually classified as an enteric disease, it has been postulated that 

at least some cases of animal botulism progress from intestinal colonization by Clostridium 
botulinum with toxin produced in the intestine and being absorbed into the blood, similar to 

a classical enterotoxemia (toxicoinfection). However, ingestion of preformed toxins is 

considered the main route of exposure in cases of animal botulism (Le Marechal et al, 2016). 

Horses, cattle and poultry are the species in which cases of toxicoinfection are most likely to 

occur. It has been suggested that most cases of botulism in broiler chickens occur due to 

botulinum toxins (BoNT) production in the cecum, because a high level of type C toxin is 

necessary to induce botulism and those amounts of toxin have not been found in the 

environment (Le Marechal et al, 2016).

In humans toxicoinfection seems to be the mechanism by which most cases of human infant 

botulism occur (Rosow and Strober, 2015). The disease occurs after ingestion of C. 
botulinum types A or B spores which germinate within the gastrointestinal tract and produce 

toxins. Infant botulism is the most common form of of the disease in the United States 

(Brown and Desai, 2013).

Clostridium butyricum and Clostridium neonatale have been associated with neonatal 

necrotic enteritis in humans. No bacterial protein toxins produced by either microorganism 

have been identified, and it is therefore thought that intestinal lesions are produced by gas, 

butyrate and other metabolites, which vary with the food composition (Alpha et al, 2002; 

Schonherr-Hellec et al, 2017). No animal diseases associated with these microorganisms 

have been reported.

Conclusions

Although several clostridial species produce enteric disease in both humans and animals, 

there are some species that affect animals only, but the inverse does not seem to apply, i.e. all 
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clostridial species causing human disease also seem to be associated with animal disease. 

While transmission from animals to humans has been speculated for several clostridial 

species (e.g. C. perfringens), this has not been fully proved and more work is needed in this 

regard. Diagnosis of enteric clostridial infections remains challenging as several clostridial 

species (e.g. C. perfringens and C. difficile) can be found in the intestine of healty 

individuals which renders culture-based procedures alone of little diagnostic value.
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HIGHLIGHTS

• Enteric infections caused by Clostridium difficile and Clostridium perfringens 
are amongst the most prevalent enteric diseases affecting both humans and 

animals

• Clostridium perfringens type A producing enterotoxin is responsible for food 

poisoning in humans, and the less prevalent antibiotic associated diarrhea and 

sporadic diarrhea

• C. perfringens type A NetB positive strains are responsible for avian necrotic 

enteritis

• The other types of C. perfringens are mostly associated with animal disease

• C. difficile produces disease in animals and humans

• Other clostridia causing enteric diseases in humans and/or animals are 

Clostridium spiroforme, Clostridium piliforme, Clostridium colinum, 
Clostridium sordellii, Clostridium chauvoei and Clostridium septicum.
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Figure 1. CPB is required for the virulence of Clostridium perfringens type C strains: Gross 
Pathology
Gross changes in rabbit-ligated intestinal loops inoculated with C. perfringens type C, wild-

type strain CN3685, isogenic single- and double-toxin mutants, purified CPB or sterile 

culture medium (negative control). These loops were incubated for 6 h after inoculation. 

Loops inoculated with the wild-type strain, BMC101 (plc null mutant), BMC102 (pfoA null 

mutant), BMC103 (double plc/pfoA null mutant) or purified CPB are distended with fluid 

and haemorrhagic. The loops inoculated with BMC100 (cpb null mutant) or sterile culture 

medium do not show significant gross abnormalities. Reproduced with permission from 

Sayeed et al, 2007.
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Figure 2. CPB is required for the virulence of Clostridium perfringens type C: Histology
Microscopic changes in rabbit ligated small intestinal loops incubated for 6 h with C. 
perfringens type C wild type strain CN3685, its mutants, purified CPB or sterile culture 

medium (negative control). Loops inoculated with sterile culture medium or the cpb null 

mutant strain BMC100 showed no significant microscopic abnormalities, while loops 

inoculated with wild-type CN3685, BMC101 (plc null mutant), BMC102 (pfoA null mutant) 

or BMC103 (double plc/pfoA null mutant) showed severe damage including mucosal 

necrosis and hemorrhage, villus blunting, and mild neutrophilic infiltration of mucosa and 

sub-mucosa. H&E, 200×. Reproduced with permission from Sayeed et al, 2007.
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Figure 3. Clostridium perfringens CPB and CPE can act synergistically to produce necrosis in the 
small intestine of rabbits
Microscopic changes in rabbit small intestinal loops challenged with supernatants from 

MDS sporulating culture lysates of C. perfringens type C wild type strain CN3685 or its 

mutants: CN3758cpbko, CN3758cpbrev, CN3758cpeko and CN3758cpecomp. The rabbit 

intestinal loops were incubated for 6 h after inoculation. 10 μg of purified CPB, 100 μg of 

purified CPE, and a mix of 10 μg of purified CPB and 100 μg of purified CPE were used as 

controls. Sterile, nontoxic MDS medium was used as negative control. H&E, 200× 

magnification. Reproduced with permission from Ma et al, 2014.
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Figure 4. ETX is required for the virulence of Clostridium perfringens type D
Survival progression in sheep (A), goats (B), and mice (C) inoculated with C. perfringens 
type D CN1020 (WT) and its isogenic derivative mutants: strain JIR4081 (etx mutant -etx 
KO-), strain JIR12604 (complemented derivative -etx complemented-) or sterile culture 

medium (TGY). Each inoculum was administered to 6 sheep, 5 goats and 15 mice. 

Reproduced with permission from Garcia et al, 2013.
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Table 1

Clostridial enteric infections of humans and animals, main virulence factors and diseases.

ORGANISM Main virulence factors Diseases

Humans Animals

Clostridium perfringens 
type A

CPA; others? No major role in human enteric disease* Sugggested to be involved in 
enterocolitis in pigs and horses, 

enterotoxemia in sheep and cattle 
and abomasitis of cattle, sheep and 

goats. Definitive proof lacking

Clostridium perfringens 
type B

CPB; ETX No demonstrated role in humen enteric 

disease**
Hemorrhagic enteritis of sheep

Clostridium perfringens 
type C

CPB Enteritis necroticans in children and 
adults with trypsin deficiency

Necrohemorrhagic enteritis of 
neonatal pigs, sheep, goats, horses, 

others

Clostridium perfringens 
type D

ETX No demonstrated role in humen enteric 
disease

Enterotoxemia of sheep, goats and 
cattle

Clostridium perfringens 
type E

ITX No demonstrated role in humen enteric 
disease

Suggested to be involved in enteritis 
of sheep, cattle and rabbits

Clostridium perfringens 
type F

CPE Food poisoning, antibiotic associated 
diarrhea, sporadic diarrhea

Suggested to be involved in canine 
hemorrhagic gastroenteritis and 

colitis of horses

Clostridium perfringens 
type G

NetB No demonstrated role in humen enteric 
disease

Necrotic enteritis of poultry

Clostridium difficile TcdA, TcdB, CDT Pseudomembranous and hemorrhagic 
colitis

Enterocolitis in horses, pigs, 
rabbits, hamsters, others

Clostridium piliforme No virulence factor 
identified

No demonstrated role in humen enteric 
disease

Colitis, hepatitis, myocarditis in 
horses, cattle, cats, rabbits, others

Clostridium sordellii TcsL and TcsH No demonstrated role in humen enteric 
disease

Suggested to be involved in 
gastroenteritis of cattle and horses

Clostridium colinum No virulence factor 
identified

No demonstrated role in humen enteric 
disease

Ulcerative enteritis of quail and 
other poultry species

Clostridium spiroforme CST No demonstrated role in humen enteric 
disease

Enterocolitis of rabbits

Clostridium botulinum Toxins A and B (humans)
Toxin C (animals)

Infant botulism (toxicoinfection) Possible toxicoinfection in horse, 
cattle and poultry

Clostridium neonatale Gas, butyrate and other 
metabolismm products

Neonatal necrotic enteritis No demonstrated role in humen 
enteric disease

Clostridium butyricum Gas, butyrate and other 
metabolismm products

Neonatal necrotic enteritis No demonstrated role in humen 
enteric disease

*
Exception are sepsis cases involving one or more organs of the alimentary system

**
ETX produced in the intestine of human patients suggested to be involved in the pathogenesis of multiple sclerosis
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