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ABSTRACT 

Clostridium difficile and C. perfringens are enteric pathogens affecting a variety of mammals. This study evaluated the 
molecular enterotoxigenicity of Clostridium swine isolates by PCRs. One hundred and ten swine faeces were analyzed 
by culture assay. The faecal samples were from sixty-seven healthy animals and 43 with gastrointestinal tract disease. C. 
difficile strains were PCR-screened for the presence of tcdA/tcdB and cdtA/cdtB genes. All C. perfringens isolates were 
tested for the characterization of the toxinotype. Overall, sixty-five swine resulted positive: 38 for C. difficile and 17 for 
C. perfringens. One sample tested C. perfringens and C. difficile-positive, at the same time: on the whole, 39 C. difficile 
strains were isolated. Thirty-eight C. difficile isolates (all from healthy animals) resulted tcdA/tcdB and cdtA/cdtB- 
negative by PCRs and toxins A/B-negative by immunological tests. All C. perfringens strains were type A; eight were 
also cpb2-positive. In the sample (diarrhoeic), with double infection, C. difficile tested tcdA/tcdB and cdtA/cdtB-positive 
by PCRs and toxins A/B-positive by immunoassays; C. perfringens resulted cpb2-positive. The molecular genotype- 
ing/toxinotyping should be applied to establish a final diagnosis and to assess properly the full implications and the 
epidemiological impact of these findings in particular in samples of healthy animals and aid in the development of ef- 
fective intervention methods for controlling clostridial disease outbreaks. 
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1. Introduction 

Over the past decade Clostridium difficile has emerged as 
an important enteric pathogen in human [1] and veteri- 
nary medicine [2]. Clostridium perfringens has been as- 
sociated with enterocolitis in animals, including horses 
and humans [3,4]. 

Clostridium difficile is a Gram-positive, anaerobic, bac- 
terium forming environmentally hardy spores. Enteric in- 
fection caused by C. difficile has emerged as a common 
diagnosis in neonatal pigs in recent years. This pathogen 
is known to cause disease in a variety of other animals, 
including calves, lambs, dogs, and horses. C. difficile has 
also been associated with hospitalization and antibiotic 
use in humans, and recently there have been epidemic 
outbreaks of C. difficile-infection (CDI) due to the emer- 
gence of a hypervirulent strain in hospitals worldwide.  

This strain is a toxinotype III (ribotype 027) strain, con- 
tains the binary toxin (CDT, adenosine diphosphate-ri- 
bosyltransferase), and has an 18-bp deletion in the tcdC 
regulatory gene [5]. 

Lesions in non-human mammals are similar to those in 
humans, but vary widely in severity and distribution 
within the gastrointestinal tract. This variation is evident 
for different species and different age groups within a 
species [2]. 

Clinical signs and lesions may be mild, as in porcine 
neonatal colitis, but range to elevated leukocyte count, 
abdominal pain, profuse watery diarrhoea, anorexia, leth- 
argy, and death in humans. Collective pathology is com- 
prised of pseudomembrane formation, inflammation, ne- 
crosis, and an intercryptal exudate of neutrophils and 
fibrin (“volcano lesions”) [6,7]. Diarrhoea is variably 
present and some pigs with mild disease are apparently 
obstipated. Other clinical signs of disease include dysp- *Corresponding author. 
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nea, mild abdominal distension, and scrotal edema [2]. 
More than 50% of preweaning deaths in intensively raised 
calves may be due to diarrhoeal disease [7]. 

The pathophysiology of CDI involves colonization of 
the intestinal tract with C. difficile and a production of 
specific toxins [8]. 

Virulent strains of C. difficile are associated with two 
toxins: the enterotoxin TcdA (toxin A) and the cytotoxin 
TcdB (toxin B) [5]. 

TcdA and TcdB are encoded by two separate genes, 
tcdA and tcdB, located in a 19.6-kb pathogenicity locus 
(PaLoc). Some strains also produce binary toxin, as above 
mentioned, which is encoded by the genes cdtA and cdtB, 
located outside PaLoc. The real role of binary toxin in 
disease is currently under investigation [8]. 

Clostridium perfringens is commonly found in the en- 
vironment and in the gastrointestinal tract of a variety of 
mammals and birds where it is considered a part of the 
normal bacterial flora [3,9]. It is also recognized as an 
important pathogen in domestic animals, wildlife, and 
humans. C. perfringens can cause gas gangrene and food 
poisoning in humans; necrotic enteritis in poultry; en- 
terotoxaemia in lambs and calves; and enteritis in pigs, 
cattle, dogs, and horses [3,10,11]. 

Clostridium perfringens is a Gram-positive, anaerobic, 
oxygen-tolerant, rod-shaped bacterium. Like all bacterial 
species, C. perfringens can be subdivided into strains 
according to the results of different typing methods. Al- 
though subdivision by serotyping was proposed in the 
past, division into strains according to the combinations 
of toxins produced (or toxinotypes) is still the most 
widespread and routinely useful method today. Geno- 
typing is generally used only in PCR analysis of toxin 
genotype [12]. C. perfringens can produce up to 30 po- 
tential toxins, and strains are traditionally classified into 
five categories (A, B, C, D and E) according to the com- 
bination of the four major toxins (α, β, ι ed ε) they pro- 
duce (Table 1) [12]. These five types can be further sub- 
divided according to the production of two additional 
toxins: the enterotoxin (CPE) (encoded by the cpe gene)  

 
Table 1. Clostridium perfringens conventional toxinotypes. 

Toxin Type A Type B Type C Type D Type E

α X X X X X 

β  X X   

ε  X  X  

ι     X 

Enterotoxin (x)    (x) 

β2 (x) (x) (x) (x) (x) 

X: Classic; (x): Potential; From: Lebrun M., Mainil J.G., Linden A. (2010): 
Cattle enterotoxaemia and Clostridium perfringens: description, diagnosis 
and prophylaxis. Veterinary Record 167, 13-22 [12]. 

and the β2 toxin (encoded by the cpb2 gene) and nume- 
rous so-called minor toxins (Table 1) [12]. 

Type A strains cause most pathologies associated with 
C. perfringens in human beings: gas gangrene (type A, 
non-enterotoxigenic), sporadic or antibiotic-associated di- 
arrhoea (type A, ± enterotoxigenic, ± cpb2) and food 
poisoning (type A or D, enterotoxigenic) [12]. Necrotis- 
ing enteritis (type C) is also seen in human beings [13]. 
In animals, the five toxinotypes cause numerous forms of 
enteritis and enterotoxaemia [12]. 

Regardless of the type, C. perfringens isolates can also 
produce β2-toxin and CPE. The β2-toxin has been asso- 
ciated with the onset of enteritis in pigs, horses, and cat- 
tle, and appears to have similar, but weaker, biological 
activity as the β-toxin [14]. Enterotoxin has been associ- 
ated with diarrhoeal disease in some animal species pigs, 
cats and dogs and, more importantly, with food poison- 
ing in humans [3,11,15]. 

Several techniques have been used to type C. difficile 
and C. perfringens in both humans and animal species 
[5]. 

The common typing methods include multilocus se- 
quence typing (MLST), pulsed-field gel electrophoresis 
(PFGE), random amplified polymorphic DNA (RAPD) 
typing, PCR ribotyping, and toxinotyping [5]. Generally, 
these methods have been used to type C. perfringens in 
attempts to differentiate pathogenic strains from com- 
mensals and to type C. difficile as an epidemiology tool 
to identify clusters or strains that are associated with dis- 
ease outbreaks. Understanding the diversity of toxigenic 
strains in commercial swine herds may lead to a greater 
understanding of the pathogenesis of Clostridium in neo- 
natal pigs and aid in the development of effective inter- 
vention methods for controlling clostridial disease out- 
breaks [5]. 

Therefore, the objective of the current study was to 
investigate the molecular characteristics of various strains 
of C. difficile and C. perfringens isolated from healthy 
and diarrhoeic swine through the use of toxin gene pro- 
filing. 

2. Materials and Methods 

2.1. Samples 

One hundred and ten swine samples (all faeces) were 
collected, using a stratified random sampling, from dif- 
ferent farms in the area of Parma and Reggio Emilia 
provinces (Italy) during the period beginning of 2008 to 
end of 2011. The faecal samples were from sixty-seven 
healthy animals and 43 with gastrointestinal tract disease. 

All faecal specimens were naturally voided. Assays 
were performed on faeces within 3 hours from the col- 
lection, after which they were immediately stored at 
−20˚C. 
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2.2. Faecal Sample Culture 

All faecal samples were cultured onto pre-reduced Schaed- 
ler agar plates (Oxoid, Basingstoke, Hampshire, Eng- 
land), and at the same time inoculated into cooked meat 
broth (Oxoid, England). Samples were also streaked onto 
pre-reduced selective medium containing cycloserine- 
cefoxitin-fructose agar (CCFA) for C. difficile isolation. 
Plates were incubated anaerobically at 37˚C for 48 - 72 
hours. After 3 days of incubation into cooked meat broth, 
the samples were subjected to heat shock for spore selec- 
tion at 100˚C for 5 min., followed by subculture onto 
Schaedler agar and/or CCFA plates. 

Preliminary identification of C. difficile was based on 
colony morphology, odor (horse manure), lack of aerotol- 
erance and cellular morphology following Gram staining. 
Species identity was confirmed through the rapid latex 
slide agglutination test (C. difficile, Oxoid, England) and 
Rapid ID32A (bioMérieux SA, Marcy-l’Etoile, France). 

Isolates which were anaerobic, Gram-positive, rod- 
shaped, and produced a double zone of haemolysis on 
blood were preliminarily considered to be C. perfringens. 
Reverse Christie-Atkins-Munch-Peterson (CAMP) test- 
ing [16] was performed on colonies accompanied by posi- 
tive controls (Streptococcus agalactiae ATCC 27956 and 
C. perfringens internal control of Istituto Zooprofilattico 
Sperimentale della Lombardia e dell’Emilia Romagna- 
Sezione di Parma, Italy). 

All isolates were stored on cryopreservation beads 
(MAST Diagnostics, D.I.D, Diagnostic International Dis- 
tribution S.p.A., Italy) at −70˚C. 

2.3. Reference Strains for PCRs 

C. difficile VPI 10463 and 51377 were used as C. diffi- 
cile tcdA+/tcdB+ and cdtA+/cdtB+ controls, respectively. 
C. perfringens ATCC 12917 cpa+/cpe+ was utilized as 
positive control for duplex and multiplex PCRs. C. per- 
fringens NCTC 8346, ATCC 373, and ATCC 27324 
were used as cpa+/etx+, cpa+/cpb+/cpb2+ and cpa+/iap+ 
/cpe+/cpb2+ controls, respectively, for multiplex PCR. 

2.4. Rapid Immunoassays 

The, in vitro, toxin production by C. difficile was de- 
tected by two distinct immunological tests (ProSpecT 
Clostridium difficile Toxin A/B, Remel, USA, and C. diff 
Quik Chek CompleteTM, TechLab, Princeton, USA) on 
isolate following 3 and 5 days of anaerobic growth into 
cooked meat broth. C. difficile VPI 10463 was used as 
TcdA+/TcdB+ positive control. 

2.5. Extraction of C. difficile and C. perfringens 
DNA 

For each C. difficile C. perfringens or strain, a 100 l 

suspension of cells in sterile water was vortexed, incu- 
bated at 100˚C for 5 and 10 min., respectively, and cen- 
trifuged at 12,000 g (Microliter Centrifuge, Hermle Z 
233 M-2, Delchimica Scientific Glassware s.r.l.) for 2 
min. Five l of this preparation were used as the DNA 
template for all PCR assays. All PCRs were performed 
with a Techne TC-32 thermal cycler (Barloworld Scien- 
tific Ltd, Milano, Italy). 

2.6. Duplex PCRs for the C. difficile TcdA/B and 
Binary Toxin Encoding Genes 

All C. difficile isolates and the reference strains were 
PCR-screened for the presence of (a) TcdA/B-encoding 
genes (624-bp tcdA and 412-bp tcdB gene fragments), as 
previously described by Spigaglia and Mastrantonio [17], 
and (b) binary toxin genes (375-bp cdtA and 510-bp cdtB 
gene fragments), as described by Stubbs et al. [18]. The 
reaction products were subjected to 1.5% agarose gel 
electrophoresis (120 V, 1 h) and visualized by ethidium 
bromide staining and ultraviolet light exposure. 

2.7. Duplex PCR for the C. perfringens  
Phospholipase C (PLC) and CPE Encoding 
Genes 

All C. perfringens isolates and the ATCC 12917 refer- 
ence strain were PCR-screened for the presence of PLC 
and CPE-encoding genes as previously described by 
Fach and Popoff [19]. Amplified products were subjected 
to agarose gel electrophoresis as above mentioned. 

2.8. Multiplex PCR for the C. perfringens Toxins 
Encoding Genes 

All C. perfringens isolates, along with the four reference 
strains, were PCR-subjected for the detection of α (cpa), 
β (cpb), ε (etx), CPE (cpe), ι (iap), and β2 (cpb2) toxin 
encoding genes, as described by Baums et al. [20]. The 
reaction products were subjected to agarose gel electro- 
phoresis as above. 

3. Results 

Sixty-five of the 110 faecal samples (59.1%) resulted 
positive: 38 for C. difficile and 17 for C. perfringens 
(15.4% = 17 of 110). One sample tested C. perfringens 
and C. difficile-positive, at the same time: on the whole, 
39 C. difficile isolates (35.4% = 39 of 110). Thirty-eight 
of the 39 C. difficile-positive samples belonged to healthy 
swine and the strains resulted tcdA/tcdB and cdtA/cdtB- 
negative by PCRs and toxins A/B-negative by immu- 
nological tests. 

On the contrary, the C. difficile strain isolated, at the 
same time, from a C. perfringens cpb2-positive diarrhoeic 
sample was tcdA/tcdB-positive (Figure 1) and cdtA/cdtB- 
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positive by PCRs, and toxins A/B-positive by immuno- 
assays. 

Out of the 17 C. perfringens strains, 10 (58.8%) were 
from diarrhoeic swine. All C. perfringens isolates were 
type A; eight of them (47.1%), belonging to diarrhoeic 
animals, were also cpb2-positive by multiplex PCR (Fig- 
ure 2). 

4. Discussion 

Clostridium difficile is ubiquitous in the environment. In 
addition to humans, C. difficile has also been found in 
calves, ostriches, chickens, elephants, dogs, horses, and 
pigs, but its role in infection and its pathogenesis in ani-  

 

 
Lanes 1 and 2: C. difficile tcdA+/tcdB+strain, amplified in duplicate; lanes 3 
- 5: C. difficile tcdA-/tcdB-strains; lane 6: negative controls (“0 DNA”); lane 
7: C difficile positive control (tcdA+/tcdB+); lane 8: molecular size markers 
(100 bp Molecular Ruler, Biorad, Italy). 

Figure 1. Duplex PCR for tcdA and tcdB genes of Clostrid-
ium difficile isolates from swine. 

 

 
Lanes 1, 3, 4, 5 and 8: type A strains (cpa+); lanes 2, 6 and 7: type A strains 
(cpa+/cpb2+); lane 9: C. perfringens positive control (cpa+/cpb+/cpe+/etx+ 
/iap+/cpb2+); lane 10: negative control (“0 DNA”); lane 11: molecular size 
markers (100 bp Molecular Ruler, Biorad, Italy). 

Figure 2. Multiplex PCR of Clostridium perfringens isolates 
from swine. 

mals are largely poorly understood and possibly underes- 
timated [21-23]. 

This bacterium is an important cause of enteric disease 
in humans. It is the most commonly diagnosed cause of 
hospital-and antimicrobial agent-associated diarrhoea in 
people. Similarly, any association between antibiotic us- 
age and C. difficile colonization or diarrhoea in animals 
is less well documented than that in humans, although 
the acquisition of C. difficile in dogs and cats during 
hospitalization in an intensive-care unit was associated 
with the development of diarrhoea [24]. 

Clostridium difficile has been reported as an agent of 
neonatal swine enteritis and represents a significant con- 
cern to the pork industry [25,26]. 

Recent evidence suggests that it may be emerging as 
an important community-associated pathogen. In fact, 
this organism has also been found in retail meat, and 
concerns about the role of food in the epidemiology of 
community-associated C. difficile infection (CDI) have 
been expressed [22]. 

Clostridium perfringens may be one of the most wide- 
spread pathogen. It is commonly found in terrestrial and 
marine environments and is also readily found in intesti- 
nal contents of healthy humans and other animals [27, 
28]. 

This organism can cause gas gangrene and food poi- 
soning in humans; necrotic enteritis in poultry; entero- 
toxaemia in lambs and calves; and enteritis in pigs, cattle, 
dogs, and horses [3,10]. 

Clostridium perfringens type A is the most common of 
all the C. perfringens types. This bacterium produces 
alpha toxin (CPA) as well as other non-typing toxins, 
such as enterotoxin (CPE) and β2 (CPB2) [29-31]. 

Enterotoxin has been associated with diarrhoeal dis- 
ease in some animal species, and, more importantly, with 
food poisoning in humans [3,15]. The β2-toxin has been 
associated with the onset of enteritis in pigs, horses, and 
cattle [11,14]. 

Type A strain, that produce only CPA among the ma- 
jor toxins, is a member of the normal flora of warm- 
blooded animals and is recovered from environment con- 
taminated by faeces. However, when properly equipped 
genetically and placed in opportune situations, the or- 
ganism can cause gas gangrene, food poisoning, and gas- 
trointestinal illness in humans, necrotic enteritis in chick- 
ens, necrotizing enteritis in piglets, and abomasitis, tym- 
pany, and hemorrhagic enteritis in calves [3,28,32]. 

Although C. perfringens type A has been linked to 
abomasal ulcers and inflammation, as well as necrotic 
enteritis, in calves and cows, and CPA- and CPB2-en- 
coding genes have been detected in some of these cases, 
the bacteria have also been isolated from the intestinal 
content of healthy animals. Therefore, its role as an in-
testinal pathogen is still unclear [31]. 
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In this study, the 38 C. difficile-positive swine samples 
belonged to healthy animals and these isolates were non- 
toxigenic (tcdA/tcdB and cdtA/cdtB-negative by PCRs 
and toxins A/B-negative by immunological tests); in one 
C. perfringens cpb2-positive diarrhoeic sample, a toxi- 
genic C. difficile strain (2.56% = 1 of 39 isolates) was 
also isolated. It tested tcdA/tcdB and cdtA/cdtB-positive 
by PCRs and toxins A/B-positive by immunoassays 
(0.9% = 1 isolate of 110 samples). 

There was 100% correlation between the results of 
PCRs and the toxin phenotype. 

We found a higher isolation percentage (34.5% = 38 of 
110 samples) of C. difficile non-toxigenic strains in 
swine than in other studies [33]. Really, C. difficile read- 
ily colonizes the large intestines of neonates of most spe- 
cies mammals [26]. 

Out of the 17 C. perfringens type A swine isolates 
(15.4% = 17 of 110), 10 (58.8%) were from diarrhoeic 
swine and eight of them (80.0%) were also cpb2-positive. 
Percentages of positive cultures were different in diar- 
rhoeic and healthy swine (23.2% = 10 of 43, versus 
10.4% = 7 of 67). However, this difference was not sta- 
tistically significant (two-tailed Fisher’s P = 0.103). Proba- 
bly, the high rate of occurrence of cpb2-positivity among 
swine strains isolated from animals with enteritis could 
be consistent with the contention that CPB2 plays a role 
in pathogenesis of the disease [34,35]. On the contrary, 
the detection of strains harbouring cpb2 in healthy ani-
mals is not a necessary risk in itself, although β2-toxi- 
genic C. perfringens can become an emerging health 
threat if circumstances appear which provoke enteric 
dybiosis or immunosuppression [14]. 

We could conclude that, since C. difficile and C. per- 
fringens, in particular non-toxigenic strains, can be found 
in healthy pigs, as commonly in the colon of clinically 
normal animals, their isolation may have little diagnostic 
relevance. 

The molecular genotyping/toxinotyping should be ap- 
plied to establish a final diagnosis and to assess properly 
the full implications and the epidemiological impact of 
these findings in particular in samples of healthy animals 
and aid in the development of effective intervention 
methods for controlling clostridial disease outbreaks. 
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