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Clostridium perfringens causes diarrhea and other diseases in animals and humans. We investigated the prevalence, toxin gene profiles, and 
antibiotic resistance of C. perfringens isolated from diarrheic dogs (DD) and non-diarrheic dogs (ND) in two animal hospitals in Seoul, Korea. 
Fecal samples were collected from clinically DD (n = 49) and ND (n = 34). C. perfringens was isolated from 31 of 49 DD (63.3%) and 21 
of 34 ND dogs (61.8%). All C. perfringens strains were positive for the  toxin gene, but not for the , , or  toxin genes; therefore, all strains 
were identified as type A C. perfringens. All isolates were cpe-negative, whereas the 2 toxin gene was identified in 83.9% and 61.9% of 
isolates from DD and ND, respectively. Most isolates were susceptible to ampicillin (94%), chloramphenicol (92%), metronidazole (100%), 
moxifloxacin (96%), and imipenem (100%). However, 25.0% and 21.2% of isolates were resistant to tetracycline and clindamycin, 
respectively. Molecular subtyping of the isolated strains was performed by using pulsed-field gel electrophoresis. Fifty-two isolates were 
classified into 48 pulsotypes based on more than 90% similarity of banding patterns. No notable differences were observed among the isolates 
from DD and ND.
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Introduction

Clostridium perfringens causes numerous gastrointestinal 
infections, such as necrotic enteritis, enterotoxemia, and 
hemorrhagic gastroenteritis, in many mammalian species 
[26,28,33]. Toxins of C. perfringens have received considerable 
attention as critical virulence factors for C. perfringens-associated 
diseases in animals and humans [28]. Most diseases caused by 
C. perfringens are mediated by one or more toxins [26]. C. 
perfringens is classified into five types (A–E) based on its 
production of four major toxins:  (CPA),  (CPB),  (ETX), 
and  (IAP) [26,29]. In addition to these major toxins, C. 
perfringens strains can express other toxins, such as 
perfringolysin O (PFO), enterotoxin (CPE), and CPB2 (2) 
toxin [33]. CPE is suspected to be associated with diarrhea in 

dogs, humans, and other animals [5,29,33].
In companion animals, such as dogs and cats, C. perfringens 

can cause conditions ranging from mild diarrhea to fatal 
necrohemorrhagic enteritis [28]. Evaluation of the distribution 
of C. perfringens strains and assessment of their traits, such as 
toxin profiles, are important to elucidating the role of C. 
perfringens in canine diarrhea. Although there have been 
numerous reports on the prevalence of C. perfringens strains 
and their toxin profiles in fecal samples from diarrheic dogs 
(DD) and non-diarrheic dogs (ND) [2,9,10,15,20,22,29,32,34], 
studies detailing the prevalence of toxin genes, relatedness 
between DD and ND strains, and their antimicrobial susceptibility 
profiles have not been conducted in Korea.

As limited information about the in vitro or in vivo 
susceptibilities of C. perfringens strains from canine feces is 
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Table 1. Polymerase chain reaction primers and reaction conditions used in this study

Target gene Amplicon size (bp) Sequence (5’–3’) Annealing temperature (oC) Reference

cpa 324 For-GCTAATGTTACTGCCGTTGA
Rev-CCTCTGATACATCGTGTAAG

55 [21]

cpb 611 For-TCCTTTCTTGAGGGAGGATAAA
Rev-TGAACCTCCTATTTTGTATCCCA

55 [1]

ext 396 For-TGGGAACTTCGATACAAGCA
Rev-TTAACTCATCTCCCATAACTGCAC

55 [1]

iap 293 For-AAACGCATTAAAGCTCACACC
Rev-CTGCATAACCTGGAATGGCT

55 [1]

cpe 506 For-GGGGAACCCTCAGTAGTTTCA 
Rev-ACCAGCTGGATTTGAGTTTAATG

55 [1]

cpb2 567 For-AGATTTTAAATATGATCCTAACC
Rev-CAATACCCTTCACCAAATACTC

54 [3]

For, forward; Rev, reverse.

available, the drug of choice for treating canine diseases 
associated with this bacterium has been determined based on 
results from human cases [12,14]. Antimicrobials recommended 
for the treatment of C. perfringens-associated diarrhea in 
canines include beta-lactams, macrolides, metronidazole, and 
tetracycline [14]. Administration of antibiotics below their 
minimum inhibitory concentration (MIC) may increase the 
resistance of C. perfringens toward them, making treatment 
difficult [14,27].

The objective of this study was to investigate the prevalence 
of toxin genes and antibiotic resistance of C. perfringens 
isolates obtained from DD and ND in animal hospitals in Korea. 
In addition, pulsed-field gel electrophoresis (PFGE) was 
performed in order to compare subtype patterns between the C. 
perfringens isolates from dogs.

Materials and Methods

Collecting samples
Stool samples were collected from 83 dogs, 49 DD and 34 

ND, between 2011 and 2013. All samples were obtained from 
hospitalized dogs at two animal hospitals: A (university animal 
hospital) and B (local animal hospital). Fecal samples were 
collected directly from the rectum by using a swab method. A 
sterilized cotton swab was inserted into the rectum and rotated 
gently to collect a sample of fecal matter. All feces were stored 
at 4oC and were used for the isolation of C. perfringens within 
24 h after collection.

Isolation of C. perfringens
A small portion of feces on a cotton swab was directly 

inoculated onto tryptose sulfite cycloserine (TSC; Oxoid, UK) 
agar with 5% egg yolk (Oxoid). The remaining sample was 

enriched in 10 mL of cooked meat media (Oxoid) followed by 
incubation at 37oC for 24 h. After enrichment, a loopful of 
culture was inoculated onto TSC agar. All plates were incubated 
under anaerobic conditions at 37oC for 24 to 48 h. Suspicious 
black colonies with lecithinase production from each plate were 
subcultured under aerobic and anaerobic conditions on blood 
agar. Colonies showing double hemolysis and growing only 
under anaerobic conditions were regarded as presumptive C. 
perfringens strains, and were selected and stored at –70oC.

Polymerase chain reaction (PCR) amplification 
A colony subcultured on blood agar was removed and 

genomic DNA was extracted by applying the boiling method 
[4]. Table 1 shows primer sequences and cycling conditions for 
PCR amplification of toxin genes cpa, cpb, cpe, cpb2, etx, and 
iap, encoding , , entero, 2, , and  toxin, respectively 
[1,3,21]. The amplification was conducted by using a PCR 
reaction mixture (20 L) consisting of Frenche PCR PreMix 
(iNtRON Biotechnology, Korea), 50 ng of template DNA, and 
500 nM of each primer. Each PCR product was analyzed on 
1.5% agarose gel containing ethidium bromide (EtBr; Promega, 
USA). Gel images were visualized by using a GelDoc XR gel 
analyzer (Bio-Rad, USA) under ultraviolet light. Strains ATCC 
3624, NCTR 3626, KNIH_CL_D, KNIH_CL_E, 
KNIH_Kim_1, and PM_S44 were used as the control strains for 
cpa, cpb, ext, iap, cpe, and cpb2 genes, respectively.

Antibiotic susceptibility test
MIC values of antibiotics against C. perfringens were 

determined by using E-test kits (bioMérieux, France). Each 
isolate was suspended in Mueller-Hinton broth (Sigma-Aldrich, 
USA) to achieve a McFarland turbidity of 0.5 and then 
inoculated onto Brucella agar with 5% sheep blood, hemin, and 
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Table 2. The prevalence of Clostridium perfringens and toxin 
gene profiles 

No. of strains

Diarrheic dogs (%) Non-diarrheic dogs (%)

C. perfringens 31/49 (63.3)a 21/34 (61.8)a

Toxin gene  31/31 (100)a 21/21 (100)a

   0 (0)  0 (0)
   0 (0)  0 (0)
   0 (0)  0 (0)
cpe   0 (0)  0 (0)
2  26/31 (83.9)a 13/21 (61.9)b

Different superscript letters (a, b) within a row indicate a significant 
difference (p ＜ 0.05) in the number of positive samples. The number of 
positives in diarrheic and non-diarrheic dogs was compared by using 
Fisher’s exact test in GraphPad InStat software (ver. 3.05; GraphPad 
Software).

vitamin K1 (BD Difco, USA). An E-test strip of each antibiotic 
(ampicillin, chloramphenicol, metronidazole, moxifloxacin, 
tetracycline, clindamycin, and imipenem) was placed on the 
plate and followed by incubation at 37C for 48 h under 
anaerobic conditions. The MIC value was noted according to 
the manufacturer’s instructions, and susceptibility and resistance 
were determined according to the Interpretive Standards for 
Anaerobes in Clinical and Laboratory Standards Institute [6]. 
C. perfringens ATCC 13124 was used as the quality control 
strain.

PFGE subtyping
PFGE was performed for subtyping of the 52 C. perfringens 

isolates from 49 DD and 34 ND according to the procedure 
described by Matushek et al. [18] with a few modifications. A 
single colony was grown in 10 mL of brain heart infusion broth 
(Sigma-Aldrich) at 37C for 48 h under anaerobic conditions 
and centrifuged. Cultures were suspended in 1 mL of TE buffer 
(10 mM Tris-HCl, 1 mM EDTA, pH 8.0) to achieve an 
absorbance level of 1.5 to 2.0 at 600 nm. The cells (100 L) 
were mixed with 80 L of 2× lysis buffer (10 mM Tris [pH 8.0], 
0.2 M EDTA [pH 8.0], 1 M NaCl, 0.5% sodium lauryl sarcosine, 
0.2% sodium deoxycholate, and 0.5% polyethylene glycol 
hexadecyl ether) and 200 L of 1.5% low melting point agarose 
(Life Technologies, USA), and the mixture was then placed in 
a rectangular mold and solidified. The solid plugs were 
incubated overnight in 5 mL of lysis buffer with lysozyme (1 
mg/mL; Sigma-Aldrich) and mutanolysin (20 U/mL; 
Sigma-Aldrich) at 50C with agitation at 95 rpm. The lysis 
buffer was removed and each plug was incubated at 37C for 4 
h in 5 mL of buffer (0.5 M EDTA, pH 8.0, 1% sodium lauryl 
sarcosine) with proteinase K (1 mg/mL; Research Products 
International, USA). Plugs were rinsed twice with TE buffer 
and then incubated at 50C for 30 min in TE buffer containing 1 
mM phenylmethylsulfonyl fluoride (Sigma-Aldrich). Each plug 
was rinsed twice in TE buffer and sliced into small pieces. The 
plugs were digested overnight in restriction buffer with 40 units 
of SmaI (Fermentas, USA). Electrophoresis was carried out in 
1% of SeaKem Gold agarose gels (Lonza, Switzerland) 
prepared in electrophoresis buffer (0.5% Tris-borate-EDTA 
buffer; Sigma-Aldrich). The digested DNA was separated by 
using a CHEF Mapper (Bio-Rad) with the following conditions: 
low molecular weight (MW) = 30 kb, high MW = 600 kb, initial 
switch time = 0.5 sec, final switch time = 40 sec, included angle 
= 120o, and running time = 21 h. The gels were stained with EtBr 
for 30 min and then washed in distilled water for 20 min. The 
gels were visualized on the Gel Doc (Bio-Rad) and the images 
were saved as TIFF files. Banding patterns and dendrograms 
were created by determining the distance matrices and using an 
unweighted pair group method with arithmetic mean clustering 
method. Subtyping patterns were analyzed by using 
BioNumerics software (ver. 7; Applied Maths, USA). For the 

construction of dendrograms, a 1% position tolerance shift 
between similar bands was used.

Results

Prevalence of C. perfringens in DD and ND 
The prevalences of C. perfringens in samples from 49 DD and 

34 ND and their toxin gene profiles are presented in Table 2. 
The prevalence of C. perfringens was not statistically different 
(p ＞ 0.05) between the DD (31 of 49, 63.3%) and ND (21 of 34, 
61.8%) groups. All presumptive C. perfringens strains were 
positive for cpa, and none was positive for cpb, iap, or etx. Thus, 
all isolated strains were identified as type A C. perfringens. All 
isolates screened by PCR were cpe-negative. However, cpb2 
was identified in 83.9% (26 of 31) and 61.9% (13 of 21) of 
isolates from DD and ND, respectively, and the difference 
between the groups was statistically significant (p ＜ 0.05).

Antibiotic susceptibility
The MIC values of antibiotics against C. perfringens are 

summarized in Table 3. The antibiotic susceptibility profile of 
each strain is presented in Fig. 1. Most isolates were susceptible 
to the tested antibiotics, but 25.0% and 21.2% of isolates were 
resistant to tetracycline and clindamycin, respectively (Table 
3). Among the 52 isolates, four strains from hospital A (KDD_3, 
12, 19, and KND_19; Fig. 1) were resistant to three different 
classes of antibiotics, indicating multidrug resistance. No 
notable differences were observed in terms of antibiotic resistance 
between strains from DD and ND.

Molecular subtyping
The dendrogram generated from the obtained PFGE patterns, 
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Table 3. Comparison of antimicrobial susceptibility profiles and minimum inhibitory concentrations (MIC) for 52 Clostridium 
perfringens isolates from 83 dogs

MIC values 
(g/mL)

No. of C. perfringens isolates 

AMP CHL MTZ MOX TET CLI IMP

＜ 0.125 37   1 10 15
0.125  1   4 19
0.19  2   1   1   9
0.25  1 11   0   4
0.38  3   1 28   1
0.5  1   5   6
0.75  2   9   2   2
1  2 11
1.5  0 19   1   4   2
2    1*   5   1   4   1
3  1   4   2   1   3
4 18 10
6  1 16   1 13   4
8   7     1* 11     2*
12   2   1 12   1
16   1     3*     0*
24   5   1
32     1*     0*   1   1
48   1
64   1
96   1
＞ 256   3   1   6
R (%)† 3 (5.8) 4 (7.7) 0 (0) 2 (3.8) 13 (25.0) 11 (21.2) 0 (0)
MIC50 ＜ 0.125   6   1 0.38   8   3   0.125
MIC90   0.75 16   2 0.75 24   6 0.25

AMP, ampicillin; CHL, chloramphenicol; MTZ, metronidazole; MOX, moxifloxacin; TET, tetracycline; CLI, clindamycin; IMP, imipenem; MIC50, 50% MIC; 
MIC90, 90% MIC. *Breakpoint for each antibiotic. †No. of resistant strains (%). 

virtual gel images, and profiles of each strain is summarized in 
Fig. 1. It has been reported that PFGE analysis can strongly 
discriminate phenotypically similar C. perfringens isolated 
from human clinical samples, food products, and veterinary 
samples [23,24]. Based on the PFGE banding patterns with ≥ 90% 
similarity, the strains were classified into 48 pulsotypes (Fig. 1). 
The PFGE banding patterns of the isolates were not associated 
with the source hospital, distribution of toxin genes, or 
antibiotic resistance patterns (Fig. 1). Moreover, there was no 
remarkable difference in PFGE banding patterns between the 
isolates from DD and ND. Although some strain pairs, such as 
KND_5 and 6 and KDD_12 and 13, showed high similarity 
(＞ 95%) in banding patterns, most strains were genetically 
unrelated, indicating genetic diversity among the C. perfringens 
isolates from fecal samples of the DD and ND groups (Fig. 1). 
Each strain pair showing high similarity, KND_5 and 6 (96.3%) 
and KDD_12 and 13 (96.5%), could be distinguished because 
they had different antibiotic resistance and toxin profiles.

Discussion

The prevalence of C. perfringens found in this study is similar 
to those reported in other studies, which demonstrated that 61% 
to 94% DD subjects and 56% to 88% ND subjects had C. 
perfringens in their feces [2,9,10,15,20,22,29,32,34]. Although 
some researchers have found a significant difference between 
C. perfringens prevalence in DD and ND [15,34], it has been 
reported that a high occurrence frequency of the bacterium is 
not an indicative or diagnostic sign of C. perfringens-associated 
disease [9].

In this study, no isolate had the cpe gene. In previous studies, 
the percentage of C. perfringens strains harboring cpe or related 
genes was 0% to 34% in DD and 0% to 14% in ND [15, 
16,34,35]. Although some studies reported non-significant 
associations between the detection of cpe and the presence of 
diarrhea [9,10,15,35], the CPE toxin has been strongly 
implicated as a cause of canine diarrhea [15,32,34]. However, 
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Fig. 1. Pulsed-field gel electrophoresis profiles of Clostridium 
perfringens from diarrheic and non-diarrheic dogs. Cut-off value
was 90% similarity. 

the pathogenesis of C. perfringens-associated diarrhea in dogs 
has not been fully described, and the diagnostic criteria for 
establishing CPE-mediated animal disease are lacking, because 
CPE is also detected in ND [16,30,33]. In this study, the results 
revealed that diarrhea in dogs is not CPE-mediated.

However, the information generated in this study is limited 
because the quantity of cells in each fecal sample was not 
considered. Although most previous studies have focused on 
finding a correlation between presence of bacteria (or toxin) and 
diarrhea [9,15,16,20,22,32], the pathogenesis of C. perfringens- 
associated diarrhea in dogs has remained unclear. In future 
research, the correlation between quantity of bacteria in feces 
and diarrhea should be considered, since the number of bacteria 
could affect elucidation of the mechanism involved in C. 
perfringens-associated diarrhea.

It has been reported that C. perfringens-associated diarrhea in 
dogs may not be mediated by CPE alone and other toxin genes 
might help in propagation of the disease [31]. Interestingly, the 
prevalence of cpb2 reported in this study was considerably 
higher than previously reported rates of 1% to 22.7% in ND and 

5% to 32% in DD [9,29,31]. Moreover, the number of cpb2- 
positive isolates from DD (83.9%) was significantly higher than 
that of cpb2-positive isolates from ND (61.9%). Some studies 
have found an association between type A C. perfringens 
positive for cpb2 and the occurrence of diarrhea in pigs and 
horses [11,13]. Although the role of 2-toxigenic C. perfringens 
in dogs is not well described [29], it has been suggested that 2 
toxin alone, or in combination with enterotoxin, probably 
contributes to diarrhea in dogs [31]. The high rate of occurrence 
of cpb2 among isolates from DD indicates that the toxin may 
play a role in pathogenesis of diarrheal disease in dogs. However, 
the observation that its presence in ND was also very high raises 
some concerns about whether cpb2 is responsible for diarrheal 
disease in dogs. More studies are necessary to elucidate the role 
and importance of 2 toxin in C. perfringens-associated diarrhea 
in dogs.

Although C. perfringens is one of the most common canine 
pathogens, few studies have evaluated the susceptibility profile 
of this bacterium to antibiotics used to treat diarrhea related to 
C. perfringens. Marks and Kather [14] tested antibiotic 
resistance of 131 C. perfringens strains from feces of DD and 
ND. They reported that most strains were highly susceptible to 
ampicillin and metronidazole, and that 21% of the strains had a 
MIC of over 16 mg/L for tetracycline. These results were 
consistent with the results of our antimicrobial susceptibility 
tests. Kather et al. [12] reported in their follow-up study that 
41% of tested canine isolates were positive for both tetracycline 
genes, tetA and tetB, although they found only 21% of strains 
were phenotypically resistant to tetracycline. Based on our 
results, the use of tetracycline and clindamycin, especially at 
low doses, should be avoided because the exposure of 
microorganisms to antibiotics below the MIC can result in an 
increase in resistance, making treatment difficult [14]. Multidrug 
resistant (MDR) C. perfringens strains were resistant to three 
different classes of antibiotics used in this study. Several studies 
have documented MDR strains of C. perfringens in different 
animals, but few reports are available on canine isolates 
[7,8,14,25]. The in vitro antimicrobial susceptibility of the C. 
perfringens isolates described in this study could help optimize 
antibiotic treatment for C. perfringens-associated diarrhea in 
dogs, particularly in cases of increased resistance of anaerobic 
bacteria isolated from both humans and animals [12,19]. 
Moreover, the discovery of MDR C. perfringens and its high 
rate of resistance toward tetracycline and clindamycin indicates 
the importance of continuous surveillance of antibiotic resistance 
of C. perfringens isolated from dogs [14].

There were no identical strains detected in this study, but 
cross-contamination of pathogenic C. perfringens between 
hospitalized dogs may occur through hospital environments 
and direct contact because C. perfringens persists as a spore for 
long periods even under unfavorable conditions [17]. Although 
C. perfringens can cause enteritis in humans and other animals, 
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there are few studies on the epidemiology of C. perfringens in 
canines. Isolation of strains followed by subtyping can elucidate 
transmission patterns and risk factors. Thus, our results could 
serve as a reference for further epidemiological research to 
trace the source of C. perfringens in outbreaks caused by 
transmission between companion animals and humans.

In the present study, we genotypically and phenotypically 
characterized C. perfringens in fecal samples from DD and ND 
by investigating the isolates toxin profiles, antibiotic resistance, 
and molecular subtyping patterns. Our study has some limitations; 
for example, we could obtain limited information about the 
clinical history of the dogs in the study, such as hospitalization, 
onset of diarrhea, and antibiotic exposure within 6 months of 
fecal analysis, information that may influence the presence of 
C. perfringens and its toxicity and antibiotic susceptibility. 
However, as this is the first such study in Korea, the data in this 
study could provide important information about the 
occurrence and characteristics of C. perfringens isolated from 
dogs.
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