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Abstract : A 6-year-old, female, Siberian husky was referred with mucous diarrhea. On fecal examination, numerous
clustered and individual large epithelial cells and rod-shaped, spore-forming bacteria were examined. By bacterial culture
and molecular typing, the bacteria was identified as Clostridium perfringens (C. perfringens), and by toxin analysis
of C. perfringens, production of a-toxin was confirmed. Based on these results, the dog was diagnosed as enteritis
caused by C. perfringens producing a-toxin, and was treated with amoxicillin/clavulanate. After 1 week, the diarrhea
was disappeared and no spore-forming bacteria were examined on fecal examination. This report shows that the rapid
and exact diagnosis keeps a effective treatment for enteritis caused by C. perfringens producing o-toxin in dogs.
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Introduction

Clostridium perfiingens (C. perfiingens) is a gram-positive,
anaerobic bacteria that is responsive of enteritis and fatal
enterotoxemia in domestic animals (1,4,15). The pathogenesis
of this organism is associated with exotoxins and enterotoxin
(8,11). Based on the synthesis of four major lethal toxins,
alpha, beta, epsilon and iota, C. perfiingens is classified into
five types, A, B, C, D and E (19). Type A produces only
alpha toxin, type B produces alpha, beta and epsilon toxin,
type C produces alpha and beta toxin, type D produces alpha
and epsilon toxin and type E produces alpha and iota toxin.
Enterotoxin is most often produced by type A; however it
may be produced by all of the toxin types (6). Thus, detection
of the four major toxins plays an important role in diagnosis
of C. perfringens-induced enteric disease (14).

This report describes a case of type A C. perfiingens-induced
enteritis in a dog. This report shows that a rapid identifica-
tion of the bacteria and its toxin, and treatment is effective
for type A C. perfiingens-induced enteritis in a dog.

Case

History

A 6-year-old, intact female, Siberian husky was referred to the
Veterinary Medical Center at the College of Veterinary Medi-
cine, Chungbuk National University with mucous diarrhea.
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The diarrhea was firstly detected 1 week previously, and was
slowly progressive. Before the onset of clinical sign, the dog
had received a surgery for intranasal foreign bodies and had
received oral cephalexin and prednisolone for 1 month. The
dog was alert and responsive, and no other abnormalities
were found on physical examination.

Laboratory examination

Because of mucous diarrhea, wet-mount and direct smear
of the feces were prepared for microscopic examination. The
feces appeared grossly yellowish and mucoid. The smears
contained numerous clustered and individual large epithelial
cells and rod-shaped bacteria (Fig 1). More than 70% of bacte-
ria contained a spore in its body. Highly degenerated neutro-
phils and broken RBCs were also observed. The CBC and
serum biochemical analysis showed no abnormalities except
highly elevated ALP concentration (1,260 U/L; reference range
29-97 U/L). Because of the cell clusters and many bacteria,
the enteritis caused by spore-forming bacteria was suspected.

Culture and Molecular identification of the bacteria

The feces was cultured for bacteria at 37°C for 3 days in a
Muller-Hinton broth (Becton Dickinson, USA) in aerobic and
anaerobic conditions. Under anaerobic conditions, the culture
showed growth of gram-positive rod that were similar to
those observed in microscopy of stained feces.

The bacteria was identified by molecular typing. The genomic
DNA was extracted by using Dynabeads™ DNA Direct Uni-
versal (Invitrogen Life Technologies, Inc., USA), and was
amplified using the primers CIPerl and CIPer2 as described
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Fig 1. Microscopic examination of the feces showing clustered
and individual large epithelial cells and rod-shaped, spore-forming
bacteria. Diff-Quik, x1000.

previously (16). The PCR amplification was performed in a
total volume of 50 pL. The final reaction conditions were as
follows: 50 mM KCI, 10 mM Tris-HCI (pH 8.3, 25°C), 1.5
mM MgCl,, 200 uM of each dNTP, 100 ng of each primer,
and 5 units of Taq polymerase (iNtRON Biotechnology, South
Korea). The PCR was performed in a TaKaRa Thermal Cycler
Dice (Takara Bio Inc., Japan) under the following conditions:
an initial denaturation at 94°C for 2 min 30 s, followed by 30
cycles of 94°C for 30 s, 56°C for 30 s, and 72°C for 1 min,
and a final run at 72°C for 5 min. The PCR product was sep-
arated by electrophoresis for 50 min at 100 V in a 2% agarose
gel and was stained with ethidium bromide for visualization
under ultraviolet light. The amplicon was sequenced using an
ABI Prism® BigDye™ Terminator Cycle Sequencing Ready
Reaction Kit v3.1 (PE Applied Biosystems, USA). A compar-
ison with the gene sequences deposited in GenBank revealed
that the sequence of the isolated bacteria were 99% similar to
the C. perfringens sequence that had been deposited in Japan
(GenBank accession number AB045284). Thus, we identi-
fied the bacteria isolated from the dog as C. perfiingens.

Toxin analysis

To verify whether the bacteria produce its toxin, we ana-
lyzed bacterial toxin using DNA extracted from the feces col-
lected on first presentation. o, B, B2, €, T, and enterotoxin of
C. perfiingens were analyzed as previously described (7).
The final reaction conditions were same with that of bacterial
identification, and the PCR was performed under the follow-
ing conditions: an initial denaturation at 94°C for 2 min 30 s,
followed by 30 cycles of 94°C for 30 s, 55°C (multiplex PCR
for a, B, €, and t-toxin) or 53°C (for B2-toxin) or 48°C (for
enterotoxin) for 30 s, and 72°C for 1 min, and a final run at
72°C for 5 min. The PCR product was separated by electro-
phoresis for 50 min at 100 V in a 2% agarose gel and was
stained with ethidium bromide for visualization under ultravi-
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Fig 2. The results of molecular analyses for the identification of
C. perfringens and its toxin typing. Lane 1: 18S rRNA gene of
C. perfiingens (481 bp), lane 2: multiplex PCR for a (402 bp),
B (236 bp).e (541 bp) and t-toxin (317 bp), lane 3: B2 toxin (573
bp), lane 4: enterotoxin (233 bp), lane 5: 100 bp ladder.

olet light. The electrophoresis revealed that the bacteria pro-
duced a-toxin (Fig 2). Based on the results of bacterial
identification and toxin analysis, the case was diagnosed as
enteritis by C. perfiingens producing o-toxin.

Treatment

The patient was treated with amoxicillin/clavulanate (Kuhnil
Pharm, South Korea) 30 mg/kg, PO, bid, for 1 week. By the
seventh day, the diarrhea was disappeared, and there were no
spore-forming bacteria on fecal examination.

Discussion

This report describes a case of enteritis caused by type A
C. perfiingens in a dog. a-toxin is an enzyme, chemically
known as phospholipase-C (lecithinase-C), which hydrolyzes
lecithin into phosphorylcholine and a diglyceride (12). As the
membranes of most cells consist of lipoprotein complexes
containing lecithin, o-toxin leads to their destruction. The
resultant biological effect is hemolysis, necrosis or death,
depending on tissues accessible to the toxin. In dogs, C. per-
firingens has been associated with 28-34% of diarrheic cases,
ranging in severity from a mild self-limiting diarrhea to a
potentially fatal acute diarrhea according to the toxin (3,10,13).
Enterotoxemia due to type A C. perfringens infection causes
sudden death as a result of systemic toxemia in many animals
(5,12,13). In this study, the dog was diagnosed as enteritis
caused by type A C. perfringens, and was treated success-
fully with amoxicillin/clavulanate. It shows that the rapid diag-
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nosis and proper treatment are effective in dogs with enteritis
caused by type A C. perfringens producing o-toxin.

In animals, C. perfringens usually forms a part of the nor-
mal microbial flora (12). To exclude the possibility that C.
perfiingens was cultured selectively during the bacterial cul-
ture, we additionally performed the bacterial identification
using DNA extracted from the feces collected on the first pre-
sentation. In the PCR for 16S ribosomal RNA (16S rRNA)
gene (18) and direct sequencing, we confirmed that only one
product (confirmed as C. perfringens in direct sequencing)
was amplified. As the primers we used in additional test is a
universal primer for bacterial 16S rRNA gene (18), this result
indicates that C. perfiingens was only bacteria in the feces,
along with the result of the bacterial culture. Thus, we con-
firmed that the dog has enteritis caused by C. perfringens.

Classically, toxin typing of C. perfiingens is performed
with toxin neutralization test in guinea pigs or mice (9). This
procedure is complex and time-consuming, and also con-
sumes a lot of antisera and experimental animals. Recently,
there have been several reports of immunoassay, including
immunoelectrophoresis, latex agglutination, immunodiffusion,
and ELISA (14). These are, however, also complex and time-
consuming. Instead, molecular analyses such as PCR have
been used to type C. perfiingens (2,9,14,17,20). Primers
derived from the sequence for several toxin-producing genes,
such as cpa, cpb, etx, and iA, have been successfully detected
in PCR assays. In this study, we performed molecular analy-
ses for toxin typing, and confirmed that the bacteria produces
o-toxin, that can induce a fatal enterotoxemia in dogs (13).

In conclusion, this report describes a case of type A C. per-
fringens diagnosed by molecular analyses of the bacteria and
its toxin type. Although the high pathogenicity, this report
indicates that the rapid diagnosis and proper treatment are
effective in dogs with enteritis caused by type A C. perfiin-
gens producing a-toxin.
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