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ORIGINAL ARTICLE

Clostridium perfringens incriminated in many diseases among different species of animals due to its ability to
produce many virulence factors. In the current study, 135 intestinal samples were collected from different animal
species of different localities in Egypt. Samples were subjected to isolation and identification (morphologically and
biochemically) for obtaining Clostridium perfringens isolates (n=26, 19.25%). The PCR was carried out to elucidate
the virulence factors. It was indicated that all the 26 Clostridium perfringens isolates had CPA gene and Clostridium
perfringens enterotoxin (CPE gene), whereas 23% of isolates of chicken and cattle intestinal samples contained
CPA, Net B, and CPE genes as virulence factors. Consequently, those isolates are highly recommended to be used in
the preparation of enterotoxemia and necrotic enteritis vaccines as they are more virulent strains.
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ABSTRACT

INTRODUCTION
Clostridium perfringens (C. perfringens) is considered to be one of the most pathogen that is widely distributed in nature
(Uzal et al., 2014), two key features that cause wide pathogenicity are the potential of production many virulence factors
and the ability to form resistant spores. Virulent C. perfringens isolates produce 16 protein toxins that are important for
the development of different diseases, such as food poisoning, antibiotic associated diarrhea, fatal gas gangrene,
enterotoxaemia, and hemorrhagic gastroenteritis (Jihong et al., 2016). C. perfringens is a Gram-positive, spore forming
anaerobic bacterium that causes serious infections in humans and animals by producing different toxins (Mariele et al.,
2020). C. perfringens isclassified into five toxin types (A, B, C, D, and E) according to the production of four major
toxins namely alpha (CPA), beta (CPB), epsilon (ETX) and iota (ITX) (Ferreiraet al., 2016). C. perfringens type A
strains are defined by producing alpha toxin, while type B produces alpha, beta and epsilon toxins, Alpha and beta toxins
produced by type C while type D produces alpha and epsilon toxins, whereas type E produces alpha and iota toxins
(Garmory et al., 2000).
The alpha toxin of C. perfringens (CPA) is a 43 k Da protein consists of 370 amino acids. It has been formed by
two domains, an alpha-helical N-terminal domain harbouring the phospholipase C active site, and C-terminal domain
which is involved in membrane binding α-toxin and has lethal, haemolytic, phosphatidylcholine Phospholipase C(PLC)
and sphingomyelinase activities (Yang et al., 2018). The four major lethal toxins are not the only biomedically important
toxins as some of the C. perfringens isolates produce C. perfringens enterotoxin (CPE), and necrotic enteritis B-like
toxin (Net B) (Gibert et al., 1997). Enterotoxin (CPE) is a 35 k Da polypeptide and it consists of three domains. Domain
I which is C-terminal, responsible for binding of receptors while domain II is responsible for oligomerization and
membrane insertion, and domain III takes part in physical changes in course of insertion into membranes (Kitadokoro et
al., 2011). Net B has been associated with enteric diseases in a wide range of animals (Boujon et al., 2005). It is an
accessory toxin in C. perfringens mediated antibiotic associated diarrhoea (Fisher et al., 2005). Net B gene distinguishes
virulent strains of C. perfringens that are capable of inducing necrotic enteritis in poultry from strains that do not cause
this syndrome (Keyburn et al., 2006).
This study was aimed to evaluate the virulence factors among C. perfringens and consequently use the most
virulent isolates in preparing the vaccines to control necrotic enteritis and enterotoxaemia among animals.
MATERIALS AND METHODS
Ethical approval
All procedures were performed according to Egyptian ethical standards of the National Research Committee.
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Sample collection
A total number of 135 intestinal samples were collected from different animal species (20 cattle samples, 20 sheep
samples,40 rabbit samples, 30 chicken samples, 20 turkey samples, and 5 ostrich samples) during September and
October of 2019 in Anaerobic Research Department, Veterinary Serum and Vaccine Research Inst., Cairo, Egypt. These
samples were collected from different localities in El-Giza, El-Fayoum and Beni-Suef governorates in Egypt. Samples
were collected just recently after death of sick animals and the parts of intestine (duodenum, ileum, caecum, and
proximal colon) were tied from two sides and transfer to laboratory for isolation. These animals before death were suffer
from sudden onset of diarrhoea with offensive odour specially in cattle and sheep samples, rabbit suffer from sever
distension and diarrhoea prior to death and post mortem examination revealed that there was severe inflammation and
haemorrhage in walls of small intestine and caecum.
Bacteriological isolation
Samples were diluted in PBS (1/10), incubated at 80°C for 10 minutes (Ahsani et al., 2010) and subsequently a
loopful from each sample was cultivated on 5% sheep blood agar and anaerobically incubated using Gas pack system
(Oxoid Ltd., England) at 37°C for 24 hours. Selected colonies were inoculated into cooked meat medium and incubated
anaerobically at 37°C for 24 hours (Willis, 1977).
Identification of the isolates
Microscopic examination
Prepared smears from suspected colonies were stained by Gram staining and examined under oil immersion
microscope (magnified 100x) according to Wilson and Miles (1975).
Colonial morphology
The Size and morphology (visual appearance of bacterial colonies on blood agar) as well as the haemolytic activity
(zone of haemolysis) of the suspected colonies were examined according to Vaikosen and Muller (2001).
Biochemical and sugar fermentation tests
The catalase (by adding hydrogen peroxide and examine the formation of gas bubbles), oxidase (oxidase reagent
was added and the positive results indicated if color changed), Indole (by using indole reagent and examine the change of
color) and sugar fermentation tests were performed on suspected cultures according to Eyre (2009). Gelatin liquefaction
test was done to detect the ability of the organism to produce gelatinase which hydrolysis the gelatin, according to
Macfaddin (2000).
Nagler test
The Nagler test was done on Egg yolk agar plates according to Forbes et al. (2007) for the identification of
lecithinase activity of alpha toxin of C. perfringens.
Dermonecrotic reaction
One side of shaved back of albino Guinea pig was injected by the prepared toxin while the other side injected by
toxin after neutralization with standard antitoxin. The lesion of the reaction was interpretive according to Sterne and
Batty (1975).
Toxicity test of the isolates
Toxin production medium were inoculated by pure colonies of isolates according to Chou (1971) and incubated at
37°Cand pH 7.4 for 4 hours. Sample was collected and centrifuged at 6000rpm/20min. The supernatant was taken and
assayed for determination of lethality of the toxin as described by Fu et al. (2004).
DNA extraction
DNA extraction from samples was performed using the QIA amp DNA Mini kit (Qiagen, Germany, GmbH) with
modifications based on the recommendations of manufacturer. Briefly, 200 µl sample from suspension was incubated
with 10 µl of proteinase K and 200 µl of lysis buffer at 56° C for 10 min. After incubation, 200 µl of 100% ethanol was
added to the lysate. The sample was then washed and centrifuged following the manufacturer’s recommendations.
Nucleic acid was eluted with 100 µl of elution buffer provided in the kit.
PCR amplification
Oligonucleotide primers that used in current study were supplied from Metabion (Germany) and they have been
listed in Table 1. The multiplex PCR for toxins was performed according to Meer and Songer (1997). The primers were
utilized in a 50- µl reaction containing 25 µl of Emerald Amp® Max PCR Master Mix (Takara, Japan), 1 µl of each
primer of 20 pmol concentration, 11 µl of water, and 6 µl of DNA template. The reaction was performed in an Applied
bio system 2720 Thermal Cycler. The Uniplex PCR for Net B or CPE was performed. The primers were used in a 25- µl
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reaction containing 12.5 µl of Emerald Amp® Max PCR Master Mix (Takara, Japan), 1 µl of each primer of 20 pmol
concentration, 5.5 µl of water, and 5 µl of DNA template. The reaction was performed in an Applied bio system 2720
Thermal Cycler.
Analysis of the PCR products
Electrophoresis (1.5% agarose gel, AppliChem, Germany, GmbH) was performed to separate the products of in 1×
TBE buffer at room temperature by using gradients of 5V/cm. In each gel slot, 30 µl of the products was loaded. The
fragment sizes were determined by using Gelpilot100 bp DNA Ladder (Qiagen, Germany, GmbH). The gel was
photographed by a gel documentation system (Alpha Innotech, Bio metra) and the data was analysed through computer
software (Automatic Image Capture, USA).

Extension

Final extension

References

CATGTAGTCATCTGTTCCAGCATC

Annealing

GTTGATAGCGCAGGACATGTTAAG
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denaturation

Alpha

Primers sequences

Amplification (35 cycles)
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denaturation

Target
gene

Amplified segment
(bp)

Table 1. Primers sequences, target genes, amplicon sizes and cycling conditions that were used for PCR amplification of
DNA extracts of Clostridium perfringens isolates
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5 min.

94˚C
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50˚C
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YOO et al.
(1997)

560

94˚C
5 min.

94˚C
30 sec.

58˚C
40 sec.

72˚C
45 sec.

72˚C
10 min.

Datta et al.
(2014)

247

94˚C
5 min.

94˚C
30 sec.

55˚C
30 sec.

72˚C
30 sec.

72˚C
10 min.

Kaneko et
al. (2011)

402

ACTATACAGACAGATCATTCAACC
Beta
Epsilon
Iota
Net B
Enterotoxin
(CPE gene)

TTAGGAGCAGTTAGAACTACAGAC
ACTGCAACTACTACTCATACTGTG
CTGGTGCCTTAATAGAAAGACTCC
GCGATGAAAAGCCTACACCACTAC
GGTATATCCTCCACGCATATAGTC
GCTGGTGCTGGAATAAATGC
TCGCCATTGAGTAGTTTCCC
ACATCTGCAGATAGCTTAGGAAAT
CCAGTAGCTGTAATTGTTAAGTGT

236
541
317

RESULTS
Bacterial identification of isolates
Morphological characterization

Figure 1. Colonies streaked on blood agar plate have
shown a double zone of hemolysis (inner zone shown
complete zone of hemolysis, and outer zone for
incomplete hemolysis)

Figure 2. Gram staining of smear from suspected
colonies that have shown Gram-positive bacilli
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Biochemical characteristics
The number of 26 C. perfringens isolates were collected from 135 intestinal samples as presented in Table2.Those
colonies that presented double zone of hemolysis when inoculated in blood agar and revealed as Gram-positive bacilli
were further examined for their biochemical reactions and toxicity test, as they were catalase, oxidase, and Indole tests
negative and liquefies gelatin. Sugar fermentation (glucose, sucrose, maltose and lactose) of isolates was positive and
also their Nagler’s reaction was positive. Figure 3 indicated clear opalescence zone in the antitoxin free side (right) while
it was inhibited in the left side where the antitoxin was added (no clear opalescence) due to toxin-antitoxin
neutralization.

Figure 4. Dermonecrotic reaction performed on Guinea
pig, the right side was inoculated by toxin and
antitoxin, while the left side has indicated lesion on skin
due to incubation only by toxin.

Figure 3. Nagler`s reaction on egg yolk agar for the
isolates

Toxicity test
All 26 isolates that have been inoculated in three mice for each isolate caused that inoculated mice died within 24
hours.
Table 2. Genotyping of Clostridium perfringens isolates from different animal species
Animal
specie
Cattle
Sheep
Rabbit
Chicken
Turkey
Ostrich

No. of
samples
collected
20
20
40
30
20
5

Genotypes of C. perfringens isolates positive %

C. perfringens
positive %

CPA

CPB

ETX

CPIi

Net B

CPE

(4/20) 20
(6/20) 30
(10/40) 25
(2/30) 6.66
(3/20) 15
(1/5) 20

(4/4) 100
(6/6) 100
(10/10) 100
(2/2) 100
(3/3) 100
(1/1) 100

0
0
0
0
0
0

0
0
0
0
0
0

0
0
0
0
0
0

(4/4) 100
0
0
(2/2) 100
0
0

(4/4) 100
(6/6) 100
(10/10) 100
(2/2) 100
(3/3) 100
(1/1) 100

Figure 6. Agarose gel for Uniplex of Net B. Lane (L):
100bp DNA Ladder, Lane Positive: Positive control for
Net B gene, Lane Negative: Negative, Lanes (1-6):
Samples isolated. 1: Turkey, 2: Chicken, 3: Ostrich, 4:
Rabbit, 5: Sheep, and 6: Cattle.

Figure 5. Agarose gel for Multiplex PCR of toxins.
Lane (L): 100bp DNA Ladder, Lane Positive: Clostridium
perfringens strains type B and E served as a positive control,
Lane Negative: Negative, Lanes (1-6): samples isolated 1:
Turkey, 2: Chicken, 3: Ostrich, 4: Rabbit, 5: Sheep, and 6:
Cattle.
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Figure 7. Agarose gel for uniplex of CPE. Lane (L): 100bp DNA Ladder, Lane Positive: Positive control for CPE gene,
Lane Negative: Negative, Lanes (1-6): Samples isolated. 1: Turkey, 2: Chicken, 3: Ostrich, 4: Rabbit, 5: Sheep, and 6:
Cattle.
Genotyping of the isolates
The 26 number of C. perfringens collected isolates (19.25%) from 135 intestinal samples were all CPA and CPE
genes positive by multiplex PCR which included the number of 4 isolates (20%) from total 20 cattle samples, 6 isolates
(30%) from total 20 sheep samples, 10 isolates (25%) from total 40 rabbit samples, 2 isolates (6.66%) from total 30
chicken samples, 3 isolates (15%) from total 20 turkey samples and 1 isolate (20%) from total 5 ostrich samples. The Net
B gene was positive in six isolates (two isolates from chicken and four isolates from cattle).
DISCUSSION
C. perfringens can produce four major toxins (α, β, ε, and ɩ) and is accordingly divided into five serotypes, from A to E
(Zhang et al., 2020). All five serotypes of C. perfringens carry and express the alpha toxin structural gene, but most of
type A strains produce alpha toxin, while beta toxin is a major lethal toxin produced by both types B and C strains of C.
perfringens. Epsilon toxin is produced as a proto toxin and activated by the proteolytic enzymes that produced by the
same organism (Popoff, 2014). Mainly iota toxin secreted by type E of C. perfringens and consists of two separate
proteins that are immunologically and chemically distinct (Awad et al., 2001).
Several virulence factors of C. perfringens including enterotoxins and Net B toxin have been studied (Silva et al.,
2013). C. perfringens enterotoxin (CPE) is a 35kDa polypeptide consisting of three domains. The CPE forms an active
pore that enhances calcium influx, consequently leads to cell death and intestinal damage (Freedman et al., 2016).
Results from current study revealed that all isolates characterized by presence of CPE gene, and it comes in accordance
with Li et al. (2010) who mentioned that the most CPE gene positive strains of C. Perfringens was classified as type A,
moreover, type C and D strains are fairly common to produce the enterotoxin
In this study, 135 intestinal samples from different animal and poultry species were taken and the causative
organism was isolated on cooked meat medium then streaked on blood agar as illustrated in figure 1double zone of
hemolysis of the colonies (inner shown complete zone of hemolysis, and outer incomplete zone of hemolysis) have been
detected in 26 samples from 135 intestinal samples, then the colonies of each blood agar plate were smeared and Gram
stained separately, where Gram-positive bacilli seen in 26 out of 135 of the smears (Figure 2).
Biochemical tests for the isolates revealed that they were oxidase, catalase and indole tests negative, the isolates
positively ferment glucose, sucrose, maltose and lactose. Figure 3 indicated that the isolates showed clear opalescence
zone in the antitoxin free side, while in the side where the antitoxin was added, it was inhibited due to toxin-antitoxin
neutralization. These results primarily concluded that 26 isolates from the 135 collected samples were C. perfringens as
mentioned by Willis (1977).
Genotyping of the isolates was done by multiplex PCR using primers sequences, for the four major toxins genes as
indicated in table1. The PCR results revealed that alpha toxin gene (402bp) was only detected among the major toxin in
the obtained isolates (Figure 5). These results came in contact with the fact that alpha toxin is the virulence factor which
is produced by all types of C. perfringens (Titball et al., 2000).
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Uniplex PCR for Net B and CPE genes by using their specific primer sequences 546 and 247 bp respectively, was
performed separately as it has been presented in table 1. Figure 6 based on the Agarose gel of uniplex PCR using Net B
primer revealed that six isolates(two from chicken and four from cattle)which previously had been isolated, were the
only ones that contained Net B gene as a virulence factor beside the major alpha toxin, these results were in complete
agreement with Anthony et al. (2006) as they stated alpha toxin is not the only essential causative agent of necrotic
enteritis in chickens and this provides the basis for further studies to identify virulence factors. Moreover, Anthony et al.
(2010) identified Net B in C. perfringens type A strains isolates from chickens suffering necrotic enteritis. Also, Thomas
and Joan (2009) detected Net B gene in isolates of American strains of C. perfringens from chickens and cattle.
The results in Table 2 indicated that the C. perfringens type A isolates had Net B gene obtained from infected
chickens which recently died and had sever inflammation in caecum and enteritis. This finding proved by Keyburn et al.
(2010) who found that the majority of strains isolated from necrotic enteritis affected birds were Net B gene positive and
there was correlation between Net B and in vitro expression of Net B protein and provide the evidence that Net B is
important in pathogenesis as virulence factor for C. perfringens.
On the other side, the results from the Uniplex PCR by using CPE primer which has been illustrated inFigure7,
revealed that C. perfringens enterotoxin secreted by all of the 26 isolates. Freedman et al. (2016) previously concluded
that most CPE positive strains classify as C. perfringens type A and also added that during the disease when C.
perfringens sporulates in the intestines, CPE produces, a process that in volves several sporulation specific alternative
sigma factors.
CONCLUSION
Based on results from current study, it could be concluded that among 26 Clostridium perfringens isolates from different
species, six isolates that have been isolated from chicken and cattle (two and four respectively) contained CPA, Net B
and CPE genes as virulence factors and hence can be used in preparation of enterotoxaemia and necrotic enteritis
vaccines from Clostridium perfringens type A as they are the more virulent strains.The authors of present study also
recommend further studies on the virulence factors of Clostridium perfringens.
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