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Abstract: Nine Clostridium perfringens strains were isolated from fifteen intestinal content samples collected
from commercial broilers which suffered from necrotic enteritis NE. Molecular typing of C. perfringens was
performed by PCR using three sets of primers specific for toxin -producing genes of C. perfringens [alpha
(900bp), beta (236bp) and epsilon (541bp)]. Six strains of C. perfringens type A and three strains type D were
fully identified. Comparison of alpha toxin genes among C. perfringens type A and D field isolates by
nucleotide  sequence  analysis  revealed  somewhat  similarity  between  them  and published toxin genes of
C. perfringens in gene bank with percentage 84 and 75% respectively also dissimilarity between type A and
D field isolates was recorded with percentage 54%.
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INTRODUCTION activating the arachidonic acid cascade and protein

Clostridium perfringens is a widely distributed as the main virulence factor for NE in poultry because
pathogen commonly isolated from the environment and birds are about 200 times more susceptible to alpha  toxin
the  gastrointestinal  tract  of  birds  and  mammals  [1- 3]. than  to  beta  or epsilon toxin [12]. The alpha-toxin has
C. perfringens isolates are classified into five types (From therefore been regarded as the major factor responsible
A to E) according to the production of four major toxins: for the pathogenesis of gas gangrene caused by this
Alpha, beta, epsilon and iota [4] C. perfringens types A, organism.
C and D have been shown to cause necrotic enteritis (NE) The aims of this study were to confirm the occurrence
[5, 6] which is a serious disease of chickens and turkeys of C. perfringens as a main cause of chickens’ necrotic
[7]. enteritis cases in private Giza farms and to study the

NE occurs when C. perfringens proliferates to high diversity  between  alpha  toxin nucleotide sequences of
numbers in the small intestine and produces extracellular C. perfringens types A and D.
toxins that cause intestine damage; the major toxin
responsible for this action is alpha-toxin [8]. Alpha-toxin MATERIALS AND METHODS
that produced in case of NE in chickens leads to
destruction of mucosal tissue manifested as macroscopic Sample Collection and Isolation of Bacteria: Fifteen
lesions that are usually seen in jejunum and ileum but can samples of intestinal contents and scrapings were
also appear in duodenum [9]. Alpha-toxin is a potent collected  from brioler  flock which suffered from N.E. The
toxin with hemolytic, lethal, dermonecrotic, vascular samples were inoculated directly into cooked meat broth
permeabilization and platelet aggregation properties [10], medium (Oxoid) [13] and incubated anaerobically in an
in addition to that it has direct effects on host metabolism anaerobic Gas pack jar for 24 h at 37°C. A loopful of
including  inhibition  of  neutrophil   chemo   taxis, growth was streaked onto 5% sheep blood agar (Oxoid)
vasoconstriction, hemolysis of erythrocytes, necrosis of supplemented with neomycin sulphate [14]. The plates
other body cells and modulation of cell metabolism by were    incubated     anaerobically     for    24    h    at   37°C.

kinase-C [11]. The gene encoded alpha toxin is considered
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Table 1: Primer sequences for the toxin genes: alpha ( ), beta ( ) and epsilon ( ) of C. Perfringens.

Type of toxigenic gene Primer  sequence Amplified Product size

CP ALPHA (F) AGT CTA CGC TTGGGATGG AA (R) TTTCCTGGG TTG TCC.ATTTC 900bp

CP BETA (F)ACTATACAGACAGATCATTCAACC (R)TTAGGAGCAGTTAGAACTACAGAC 236bp

CP EPSILON (F)ACTGCAACTACTACTCATACTGTG(R)CTGGTGCCTTAATAGAAAGACTCC 541bp

The colonies were subjected to macroscopic examination 2.5 µ 10 × PCR buffer, 0.25 µof 5 U/µ Taq DNA polymerase
(shape, size, hemolysis and texture) on blood agar plates (Vivantis, Malaysia), 1 µ of each of the primers (10 pmol/µ)
and microscopically by Gram-stained films. and 6.75 µdistilled water. The PCR reaction mixtures were

Identification of Bacterial Isolates: All isolates were denaturation for 5 min at 94°C, the samples were subjected
subjected  to  biochemical  tests  according to to 30 cycles of denaturation at 94°C for 1 min, annealing
Cruickshank et al. [15] and Koneman et al. [16]. at 55°C for 1 min and extension at 72°C for 1 min. After the

Typing of Isolates: The isolated and performed.
identified C. perfringens isolates were typed by
dermonecrotic reaction in Albino Guinea pigs which was
carried  out according to Stern and Batty [17] and Quinn
et al. [18].

Genotyping of  Isolates Using PCR Assay
and Sequence Analysis: Genomic DNA of C. perfringens
was extracted by using an extraction kit (QIA amp mini kit,
Qiagen). Specific oligonucleotide primers for the alpha ( )
toxin genes were used according to Baums et al. [19].
Other specific oligonucleotide primers for beta ( ) and
epsilon ( ) of C. perfringens toxins were used according
to Effat et al. [20]. Table (1) illustrates the sequences of
the respective oligonucleotide primers. 

This protocol was used to detect alpha
toxin gene according to Shanmugasamy and Rajeswar
[21].

Two µl template DNA, were added to a 50 µl reaction
mixture with the following reagents 1.25 U Taq DNA
polymerase, 50 mM Pottassium chloride, 30 mM Tris-Hcl,
1.5 mM Mg2 , 200 µM of each dNTP and 50 picomoles of++

each primer. The PCR reaction mixtures were placed in a
Biometra PCR thermal cycler. Following initial
denaturation for 2minutes and 30 seconds at 95°C,
denaturation for 1 minute at 95°C, annealing at 55°C for 1
minute  and extension at 72°C for 1 minute respectively.
Six µl of the amplicons were separated on 1.5% agarose
gel according to standard procedure.

This protocol was used to detect beta and
epsilon toxin genes according to Effat et al. [20]. 

The PCR reaction mixture (25 µl) contained 5 µl of
bacterial lysate as template DNA, 2.5 µl of 2 mM  dNTP’s,

placed in a Biometra PCR thermal cycler. Following initial

last cycle, a final extension for 10 min at 72°C was

The PCR reaction mixtures (10 µ) were analyzed by
electrophoresis on a 1.5% (w/v) agarose gel in the
presence of 100-bp DNA ladder (Fermentas Life Science,
EU).

Sequence Analysis for Alpha Toxin Gene: PCR products
were purified using the QIA quick kit (QIAGEN, Hilden,
Germany) according to the manufacturer’s instructions
and sequenced at (Promega Lab. Technology) by using
forward primer of alpha toxin gene listed in Table (1). 

RESULTS AND DISCUSSION

NE is emerged as a worldwide problem and it is a
common disease found in all poultry growing areas of the
world [22].

In the present study, nine C. perfringens strains were
isolated from fifteen intestinal samples of broilers; the
isolates were reconfirmed on the basis of morphological
and cultural characteristics. C. perfringens colonies were
circular, flat, greyish and surrounded by zone of double
hemolysis  after  cultured anaerobically on blood agar at
37°C for 48 hrs as described by El-Jakee et al. [23].
Microscopically   all   isolates   were   Gram-positive
spore-forming bacilli, biochemical identification of the
isolates showed both catalase and lecithinase positive,
production of gas and acid from glucose, fructose,
lactose, sucrose and mannitol was seen, these results also
stated by Quinn et al. [18].

Dermonecrotic reaction results in albino Guinea pigs
demonstrated that six out of nine isolates of C.
perfringens showed irregular areas of yellowish to green
necrosis and the lesions tend to spread downward which
were diagnosed as (C. perfringens type A). On the other
side  three  out  of nine isolates of C. perfringens showed
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Photo 1: Amplification of cpa gene ( 900 bp). M: 100 bp It  was  concluded  from  this study that six out of
ladder, lane 1: Negative, lane 2- 10: C. nine strains of C. perfringens are type A and the rest
perfringens type A. (Three strains) are C. perfringens type D, these results

Photo 2: Duplex PCR for amplification of beta (236 bp) illustrated in Figure (1).
and epsilon genes (541 bp) of C. perfringens. Sequence analysis of C. perfringens type D revealed
M: 100 bp ladder, lane 1-3: C. perfringens type some similarities (75%) with strain RAN_21b alpha toxin
D gene (Gene Bank accession number JQ071570.1). 

circular  white  necrosis  which  was  fully  developed D and strain RAN_21b alpha toxin gene was illustrated in
within  24  hrs  and  surrounded  by  small  areas of Figure (2).
purplish  hemorrhagic  necrosis  and  were  diagnosed  as The  comparison   between   alpha   toxin    gene   of
(C. perfringens type D). These characteristic features of C. perfringens type A and D field strains revealed that the
dermonecrotic test agree with Heba [24] and Khelfa et al. similarity between them was 54%. 
[25]. Alignment of alpha toxin gene of C. perfringens type

According  to  the result of amplification of alpha A and D field isolates was illustrated in Figure (3).
toxin  gene,  all  isolates  produced  the  predicted Alpha toxin gene sequences revealed somewhat
amplification  size  at  900bp  as   showed   in   photo  (1) similarity with  published  sequences   on   gene  bank
so  all  of  them  were  alpha  toxin producing  strains  of and  less  similarity  between  type  A  and  D  field
C. perfringens, these results are similar to those of isolates from necrotic enteritis cases, these results
Engstrom  et  al.  [27]  who  reported  that  all  the  isolates disagree with Effat [33] who mentioned that that PCR
are belonged to the C. perfringens type A. Several products  of  alpha toxin gene of C. perfringens from five

authors  also  noted  that  C.  perfringens strains which
are  isolated  from  NE  cases are alpha toxin producers
[21, 28].

Upon  performing duplex PCR on the nine strains of
C. perfringens (Previously identified as positive alpha
toxin  genes)  by using beta and epsilon sets of primers,
it was found that three out of nine strains reveal epsilon
toxin gene band (541bp) suggesting being C. perfringens
type D as showed in photo (2). This result is in harmony
with Effat et al. [20] and El-Jakee et al. [23]. On the other
hand, all nine C. perfringens isolates gave no band with
beta toxin primers exhibiting the absence of C. perfringens
types B and C. 

agree with Das et al. [29] and Heier et al. [30].

Nucleotide Sequence and Alignment: Alpha toxin is
believed to be a major factor responsible for the
organism's tissue pathology and has been suggested to
be a key virulence determinant and predominant product
of C. perfringens type A [31, 32]. Sequence analysis was
performed  randomly  on  one  isolate  from each type of
C. perfringens type A and D in order to detect genetic
diversity of alpha toxin gene. Sequence analysis of alpha
toxin gene of C. perfringens type A revealed some
similarities (84%) with Clostridium perfringens A strain
KadCpA1 alpha toxin gene (Gene Bank accession number
JX091649.1).

Alignment of alpha toxin gene of C. perfringens type
A field strain and strain KadCpA1 alpha toxin gene was

Alignment of alpha toxin gene of C. perfringens type
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Fig. 1: Alignment of the alpha toxin gene of C. perfringens type A field strain with strain KadCpA1 alpha toxin gene

Fig. 2: Alignment of the alpha toxin gene of C. perfringens type D field strain with strain RAN_21b alpha toxin gene.

Fig. 3: Alignment of the alpha toxin gene of C. perfringens type A and D field strains

types A (chicken and rabbit strains), B, C and D were conserved. Furthermore, Scott et al. [32] demonstrated
separately sequenced and aligned with all published alpha high homology to mammal derived strains rather than to
toxin genes of C. perfringens. He added that the identities the only avian derived strain. Lone et al. [34] analyze the
among all studied alpha toxin gene sequences with the genetic diversity of the a-toxin encoding plc gene and the
published ones are nearly 96-98%, suggested to be highly variation in -toxin production of Clostridium perfringens
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type A strains isolated from presumably healthy chickens 2. Hatheway, C.L., 1990. Toxigenic clostridia. Clin.
and chickens suffering from either necrotic enteritis (NE)
or cholangio-hepatitis. They reported that truncated
amino acid sequences show close similarity (>98% at the
level of amino acid) to previously reported sequences
from chicken-derived C. perfringens isolates. However,
variations were observed in 23 out of 379 amino acid
positions leading to the definition of 26 different alpha
toxin  sequence  types  among the 60 strains. On the other
side our results agree with Anders et al. [35] who used
pulsed-field gel electrophoresis (PFGE) to examine the
genetic diversity of 95 C. perfringens type A isolates from
eight different sources (various animals, food poisoning
outbreaks and sludge ),the authors mentioned that PFGE
(pulsed-field gel electrophoresis) reveal a wide genetic
diversity  among  the  C.  perfringens  type  A  isolates
and  the  genetic  relatedness of the isolates ranges from
58 to 100%. They also examined the presence of the beta2
toxin gene (cpb2) from 28 cpb2-positive isolates.
Sequence comparison of the partially sequenced cpb2
gene revealed two genetically different populations.
These results support our study which explained
somewhat similarities between alpha toxin gene of C.
perfringens field isolates and published isolates on gene
bank from one side and dissimilarity between them from
the other side.

CONCLUSION

C. perfringens types A have been shown to be the
main cause of necrotic enteritis in broilers also C.
perfringens types D were detected. PCR is a
rapid,sensitive and accurate assay to detect toxigenic
isolates of C. perfringens. Nucleotide sequence analysis
of alpha toxin gene showed diversity among C.
perfringens field isolates type A and D isolated from
necrotic enteritis cases, the degree of similarities with
published data on gene bank were 84 and 75%
respectively and similarity between them was 54%. 

The study recommended further researches on alpha-
toxin gene in order to determine the causes of low
similarity between alpha-toxin genes of C. perfringens
type A and D. 
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