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ABSTRACT 
Background: C perfringens is one of the most widely spread pathogens in the environment and an important cause of food poisoning. Seafood is a 
poor vehicle of C. perfringens food transmission. The enterotoxigenic strains are a common cause of food poisoning outbreaks worldwide. The 
symptoms, predominantly diarrhea and abdominal pain, appear 6 to 24 h after ingestion of contaminated food. Vomiting and feve
Objective: The objective of this work to study the prevalence of 
(Shrimp and Crab) and Molluscs (Calm)], through isolation, identification and rapid detection of their toxins and 
Conventional PCR and SYBR Green real time PCR
(Shrimp and Crab) and Molluscs (Calm)] collected from different supermarkets
serotyping of the isolates showed that C.perfringens 
exanimated samples in Tilapia, Shrimp, Crab and 
salmon at all. Twenty seafood samples were identified as 
by uniplex PCR and SYBR Green real time PCR for 
respectively. Conclusion: Good hygienic conditions, prevent the cross contamination of 
Green real time PCR more sensitive, qualitative and quantitative to rapidly detection
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C.perfringens being responsible for food poisoning; it also causes a number of human diseases ranging from 

necrotic enteritis to wound infection and life threatening gas gangrene. Such pathogenicity is associated with the 
lethal extracellular toxin which has defined as enzyme activity as collagenas, hyalauronidase and 
deoxyribonuclease[1]. 

PCR-based techniques are used increasingly in food
applied as culture confirmation tests, they are reliable, fast and sensitive. PCR methods offer a sensitive and specific 
detection of C.perfringens and its enterotoxins in food samples 
the detection of food-borne pathogens to replace the time consuming culture based classical techniques 
which are time consuming and laborious. However, products of PCR can also be detected by using a DNA 
binding dye, such as SYBR Green Real
can also quantify PCR products with greater
processing, thus preventing carryover contamination 
from seafood samples using of multiplex PCR for typing 
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is one of the most widely spread pathogens in the environment and an important cause of food poisoning. Seafood is a 
food transmission. The enterotoxigenic strains are a common cause of food poisoning outbreaks worldwide. The 

symptoms, predominantly diarrhea and abdominal pain, appear 6 to 24 h after ingestion of contaminated food. Vomiting and feve
The objective of this work to study the prevalence of C.perfringens in seafood samples [Finfish (Salmon

)], through isolation, identification and rapid detection of their toxins and cpe 
SYBR Green real time PCR. Results: one hundred and fifty seafood samples [Finfish (Salmon

)] collected from different supermarkets in El Dakahlya Governorate, Egypt
C.perfringens isolates were detected with an incidence of 13%. The prevalence of 

and Calm were 10%, 36.6 %, 13.3% and 6.6%, respectively. While C.perfringens 
samples were identified as C.perfringens type "A" (alpha toxin) by using Multiplex

Green real time PCR for cpe gene detection, results showed the positive results for cpe 
Good hygienic conditions, prevent the cross contamination of C.perfringens from environment to raw seafood. 

more sensitive, qualitative and quantitative to rapidly detection C.perfringens and their toxins directly from seafood

Clostridium perfringens, toxins, enterotoxin, Conventional PCR, Syber Green Real time PCR. 

INTRODUCTION  

being responsible for food poisoning; it also causes a number of human diseases ranging from 
necrotic enteritis to wound infection and life threatening gas gangrene. Such pathogenicity is associated with the 

toxin which has defined as enzyme activity as collagenas, hyalauronidase and 

based techniques are used increasingly in food-microbiology research as they are well developed and when 
applied as culture confirmation tests, they are reliable, fast and sensitive. PCR methods offer a sensitive and specific 

and its enterotoxins in food samples [2,3].Many authors have proposed the use of PCR for 
borne pathogens to replace the time consuming culture based classical techniques 

which are time consuming and laborious. However, products of PCR can also be detected by using a DNA 
binding dye, such as SYBR Green Real-time PCR assays can be automated and are sensitive and rapid. They 
can also quantify PCR products with greater reproducibility while eliminating the need for post
processing, thus preventing carryover contamination [6].This study was aimed to rapid diagnosis of 

multiplex PCR for typing C.perfringens through detection of their toxins gens
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is one of the most widely spread pathogens in the environment and an important cause of food poisoning. Seafood is a 
food transmission. The enterotoxigenic strains are a common cause of food poisoning outbreaks worldwide. The 

symptoms, predominantly diarrhea and abdominal pain, appear 6 to 24 h after ingestion of contaminated food. Vomiting and fever are unusual. 
Salmon and Tilapia), Crustaceans 

cpe genes in seafood samples by 
Salmon and Tilapia), Crustaceans 

in El Dakahlya Governorate, Egypt. Culturing, identification and 
isolates were detected with an incidence of 13%. The prevalence of C.perfringens in the 

C.perfringens was not recorded in 
Multiplex PCR and these were tested 

cpe gene were 15% and 20% 
from environment to raw seafood. SYBR 

and their toxins directly from seafood. 

enterotoxin, Conventional PCR, Syber Green Real time PCR. 

being responsible for food poisoning; it also causes a number of human diseases ranging from 
necrotic enteritis to wound infection and life threatening gas gangrene. Such pathogenicity is associated with the 

toxin which has defined as enzyme activity as collagenas, hyalauronidase and 

microbiology research as they are well developed and when 
applied as culture confirmation tests, they are reliable, fast and sensitive. PCR methods offer a sensitive and specific 

Many authors have proposed the use of PCR for 
borne pathogens to replace the time consuming culture based classical techniques [4, 5].Both of 

which are time consuming and laborious. However, products of PCR can also be detected by using a DNA 
time PCR assays can be automated and are sensitive and rapid. They 

reproducibility while eliminating the need for post-PCR 
study was aimed to rapid diagnosis of C.perfringens 

of their toxins gens and 
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using uniplex PCR and real time SYBR Green to directly detect cpegene in DNA extracted from seafood 
samples and comparison between them according results. 

 
MATERIAL AND METHODS 

 
Sampling: 

One hundred and fifty seafood samples including Finfish (Salmon and Tilapia), Crustaceans (Shrimp and Crab) 
and Molluscs (Calm), 30 each, were collected randomly from supermarkets in El-dakahlya Governorates, Egypt. The 
collected samples were prepared according to previously published protocol [7, 8] under aseptic condition. 
 
Isolation and identification of C.perfringens: 

Each sample was inoculated onto a tube of sterile freshly prepared cooked meat medium (CMM) then the tube 
was incubated anaerobically at 37°C for 24-48 hours after that a loopful from the previously incubated tube was 
streaked onto the surface of 10% sheep blood agar with neomycin sulphate (200 µg /ml) and the plate was incubated 
anaerobically at 37°C for 24-48 hrs. [9].Bacterial colonies were purified individually based on the size, shape, 
color, hemolysis pattern. The suspected colonies of C. perfringens were picked up and examined for their 
morphological and culture characters microscopical examination of stained films with Gram’s stain and 
biochemical tests such as gelatinase, fermentation of sugars, gelatin liquefaction, litmus milk, catalase, indole 
tests were identified [10]. 
 
C.perfringens enumeration [9]: 

Appropriate 1 ml of dilution was spread over the surface of duplicate TSC agar plates. Plates were overlaid with 
TSC agar and incubated at 37°C for 24hours in an anaerobic jar. Black CFU was counted as presumptive 
C.perfringens/g of sample. Black colony confirmed by lactose sulphid. 
 
Nagler’s Test by Half Antitoxin Plate [11]: 

Detection of lecithinase activity of C.perfringens alpha toxin on lecithin of an enriched egg yolk agar 
medium. 
 
Typing of C. perfringens toxins by dermonecrotic test in albino guinea pigs: 

It was applied by preparation of the toxins and their treatment [11], application of dermonecrotic test I/D of 
an albino guinea pig [12, 13] and interpretation of the results according to colour degree of the dermonecrotic 
reaction and its neutralization [14]. 
 
Toxin antitoxin neutralization test: 

It was performed by injection of the toxin antitoxin mixture intraperitoneally in mice or intradermally in an 
albino guinea pig [15]. 

 
Molecular Assay for identification of C.perfringens: 

Extraction of DNA according to QIAamp DNA mini kit instructions using 200 μl of seafood sample for 
using in Conventional and Syber green real timePCR. 
Conventional PCR: 

Preparation of PCR Master Mix for preparation of four Clostridium toxins and preparation of uniplex PCR 
Master Mix for cpe gene and Cycling conditions of the primers during cPCR temperature and time conditions of 
the primers during PCR according to Emerald Amp GT PCR mastermix (Takara) Code No. RR310A kit: 
multiplex and uniplex PCR-based protocol is described with 5 primer sets to simultaneously identify the toxins 
together with all primers used in the study, 

The oligonucleotide primers used in this study and their amplicon sizes are listed in Table 1 (16, 17). 
Uniplex PCR was performed in 25 μl of reaction volume consisting of 12.5 μl of Emerald Amp GT PCR 
mastermix (2X premix) (Takara) Code No. RR310A kit, 1 μl of 20 pmole of each primer (Sigma, USA), 6μl of 
template DNA and water nuclease free up to 25 μl. PCR cycling program was performed in PTC-100 TM 
programmable thermal cycler (Peltier-Effect cycling, MJ, Research, INC., UK)  for detection of Alpha, Beta, 
Iota and Epsilon genes as following: initial denaturing step at 95°C for 10 min; followed by 35 cycles of 94°C 
for 5 min, 94 for 1 min, 55°C for 1 min, and 72°C for 1 min; and a final extension step at 72°C for 10 min [16]  
and for detection of cpe gene as following: initial denaturing step at 95°C for 10 min; followed by 35 cycles of 
94°C for 30 sec., 94 for 30 sec, 55°C for 30 sec, and 72°C for 30 sec; and a final extension step at 72°C for 
7min[17].Aliquot of each amplicon, along with a 100-600 bp molecular weight DNA ladder (QIAGEN, USA) 
were subsequently separated by electrophoresis on 1.5% molecular biology grade agarose gel (Sigma, USA) 
stained with 0.5μg/ml ethidium bromide (Sigma, USA) on a mini slab horizontal electrophoresis unit (Bio-Rad, 



176Nashwa A. Ezzeldeenet al, 2016 
Advances inEnvironmental Biology, 10(4) April 2016, Pages: 174-181 

 

USA) at 100 V for 30 min. DNA bands were visualized under UV transilluminator (Spectroline, USA) and 
photographed[18]. 
Table 1: Oligonucleotide primers sequences Source: Midland Certified Reagent Company_ oilgos (USA). 

M.O. Toxin Primer 
Amplified 
product(bp) 

Annealing 
temp. (°C) 
 

Ref 

C.perfringens 

Alpha 
GTTGATAGCGCAGGACATGTTAAG 

402 

55 
1 min. 

16 

CATGTAGTCATCTGTTCCAGCATC 

Beta 
ACTATACAGACAGATCATTCAACC 

236 
TTAGGAGCAGTTAGAACTACAGAC 

Epsilon 
ACTGCAACTACTACTCATACTGTG 

541 
CTGGTGCCTTAATAGAAAGACTCC 

Iota 
GCGATGAAAAGCCTACACCACTAC 

317 
GGTATATCCTCCACGCATATAGTC 

Enterotoxin 
(cpe gene) 

GGAGATGGTTGGATATTAGG 
233 

50 
30 sec. 

17 
GGACCAGCAGTTGTAGATA 

 
Real time PCR Amplification and cycling protocol (MX3005P QPCR system) it was applied in the 

following steps: 
 
QPCR reaction setup: 

 DNA samples were amplified in a total of 25 μl of the following reaction mixture: 12.5μlQuantiTect SYPR 
Green (2X), 0.5μl of each primer (50 pmol), 7 μl template DNA and 4.5 μl water, nuclease-free. The samples 
were transferred to each well of a PCR plate. 

 
Running of the QPCR: 

 It was applied in 40 cycles according to the following program: enzyme activation at 94°C for 5 minutes, 
denaturation at 94°C for 30 seconds then annealing 50°C for 30 seconds, extension at 72°C for 30 seconds. PCR 
results were given as the increase in the fluorescence signal of the reporter dye detected and visualized by The 
MX3005P QPCR system. Ct values (threshold cycle) represent the PCR cycle in which an increase in 
fluorescence, over a defined threshold, first occurred, for each amplification plot. 
 
Analysis of the results using the standard curve method [19]:  

The standard curve method is based on using a DNA sample of known concentration to construct a standard 
curve. Once the standard curve has been generated, it can then be used as a reference standard for the extrapolation of 
quantitative information regarding the unknown concentration.  

 
RESULTS AND DISCUSSION 

 
In this study C.perfringens was detected in seafood samples 20 (13%) out of 150 collected samples. The 

prevalence of C.perfringens in Tilapia and (Shrimp, Crab and calm) was 10% and 18% (36.6, 13.3 and 6.6) %, 
respectively. 100% of Salmon fish samples were free from C.perfringens (Table 2). 

Salmon fish samples were free from C.perfringens[20, 21, 22]and C.perfringens was highly detected with a 
percentage of 84% [23].C.perfringens was detected from tilapia with a percentage of 1%, 4%, 6%, 16%, 
16.92%,18.35%, 18.36%, 27.24%, 84 %, 30% and 62.5 % [20, 24, 25, 26, 27, 28, 29, 30, 23, 31, 
21].C.perfringens was isolated from seafood (shrimp, crab and clam) with percentage of 17%, 9%, 7%, 6% and 
4.7%, 0%[31, 24, 22, 26, 32, 20] 

The obtained results revealed that the average C.perfringens counts of seafood samples (tilapia, shrimp, crab 
and clam) were 6.5×102, 1.7×103, 1.3×103 and 2.2×103 CFU/g (Table 2). The average count value of 
C.perfringens results were 1.82 - 4.26 ×10 and 3.5 ×10 CFU/g obtained by [23, 27].  

Seafood might have come from contaminated water bodies, which in turn get infected due to excretion of 
the organism in feces of various carrier animals or man or the water used for washing seafood might be 
contaminated [25]. 

Poor hygiene from fishing to marketing is main purpose of prevalence of and multiplication of 
C.perfringens and poor conditions of storage such as the environments attracted flies and insects and prolonged 
preservation facilitate the reproduction of C.perfringens spores which might also have contributed to the higher 
bacterial counts and  hence poor quality of fish are presented to costumers[33]. 
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Table 2:Prevalenceof C.perfringens in seafood samples 

Seafood Samples 
(No.) 

C.perfringenstype A 
NO. (%) 

Count of C.perfringens 
Minimum count 

(CFU) 
Maximum count 

( CFU ) 
Average (CFU) 

Finfish 

Salmon 
(30) 

0(0)* 
0 0 0 

Tilapia 
(30) 

3(10)* 10 1.3×103 6.5×102 

Crustaceans 

Shrimp 
(30) 

11 (36.6)* 2×10 3.4×103 1.7×103 

Crab 
(30) 

4(13.3)* 
7×10 2.5×103 1.3×103 

Molluscs 
Calm 
(30) 

2(6.6)* 
4×10 4.3×103 2.2×103 

Total 150 20(13)** ------------------------------------------- 
* % of positive samples of C.perfringens according to total No. of each type of samples. 
**% of positive samples of C.perfringens according to total No. of samples. 

 
Regarding to conventional methods for identification of C.perfringens recovered from seafood the present 

results revealed that C.perfringens was Gram positive short plumb rarely sporulated and non-motile bacilli. It 
was apparent that sheep blood agar with neomycin sulphate (200 µg/ml) was a perfect medium for isolation of 
C.perfringens rather than other Clostridiumspp and gave double zones of haemolysis. All the recovered strains 
in this work were fermentative to different sugars as glucose, maltose, lactose, sucrose and mannitol with 
production of acid and gases, gelatin liquefiers, litmus milk positive, catalase, oxidase and indole tests 
negative[34,35, 36]. 

Nagler`s test represented the action of C.perfringens  alpha toxin (lecithinase) on lecithin of egg yolk onto 
enriched egg yolk agar medium which appeared as pearly opalescence zone surround the colonies while this 
reaction was inhibited by C.perfringens alpha toxin antiserum[15]. 

Biotyping of C.perfringens isolates was applied by dermonecrotic reaction in albino gunia pigs[14]. 
All C.perfringens isolates recovered from seafood (Tilapia, Shrimp, Crab and Calm) were identified into 
toxigenic strains type A100%[28, 30,31,37]. 

Rapid identification of pathogens may prevent foodborne diseases through better control of foods. 
Pathogenic bacteria that were previously isolated and identified by conventional testing procedures can be 
easily detected quickly and reliably by rapid testing methodologies, including molecular biological assays. 
However, DNA based techniques can be adversely affected by interfering substances in the sample or lack the 
sensitivity needed to detect bacteria in very low levels[37]. Therefore, in this study, we first developed sensitive 
and specific representative molecular assays. However, even though molecular methods are often touted as 
being highly sensitive (detection limit of 1 to 10 gene targets), they are generally not of value if employed 
directly for the detection of organisms in food or environmental samples [38].  

In this study, Conventional PCR for Detection of the presence of C.perfringens toxins in seafood samples 
by using Multiplex PCR results. All the examined seafood samples were identified as C.perfringens type "A" 
(alphatoxin) and gavecharacteristic bands at 402 bp.Figures (1,2). 
 

 
Fig. (1)Fig. (2) 

 
Fig.1,2:  Muliplex PCR analysisby Agarose gel electrophoresis of representative C.perfringens type A, B, C and 

D "alpha, beta, epthilon, iolta toxins gene" amplicons. Lane M: Marker 100 bp DNA ladder 
(Pharmacia). Lane P:positive control forharbouringC.perfringens alpha, beta, epthilon and iolta toxins 
gene obtained from reference laboratory for veterinary in animal health research institute, Dokki, 
Giza 
Lane N:Negativecontrol for C.perfringens. Lane 1-20 seafood samples positive for alpha toxin gene 
of 402bp fragment only. 



178Nashwa A. Ezzeldeenet al, 2016 
Advances inEnvironmental Biology, 10(4) April 2016, Pages: 174-181 

 

Multiplex PCR was used as a sensitive technique and time saver than traditional methods to detect C.perfringens 
in seafood. All seafood samples were examined were identified as C.perfringens type "A" (alpha toxin)[30, 31]. 

The genotyping by PCR suggested that alpha toxin is linked to C.perfringens type A in fish and seafood. 
Type A was the most predominant one which was responsible for potential food poisoning and 
gastroenteritis.[28] 

UniplexPCRresults showed that 3 out of 20 samples (15%) positive for C.perfringens enterotoxin gene and 
gavecharacteristic bands at 233 bp[31] Table (3) andFigures(3, 4). 

Real Time PCR technique based SYBR Green dye for detection of cpewere show 4/20seafood samples (20%) 
gave a positive result by amplification of cpegene Table (3) and Figures (5, 6)[28]. 

SYBR Green real time PCR, with its combination of speed, sensitivity,  specificity ,qualitative and quantitative 
technique detection of C.perfringensstrains (1-10) gene targets in a wide range of food homogenate 
samplesharbouring the enterotoxin gene cluster in seafood [37, 38, 39]positive results was showed as curve. 

The presence of cpegene in C.perfringens type A is very uncommon, and <5% of global C.perfringens type 
A isolates are cpepositive [28]. 

Isolates carrying the C.perfringens enterotoxin gene (cpe) are the most important food borne pathogens. 
Previous surveys indicated that cpe positive C.perfringens isolates are present in only 5% of nonoutbreak food 
samples and then only at low numbers, usually less than 3 cells/g.[38] 
 
Table 3: Detection of C.perfringens enterotoxin genes in seafood samples using uniplex PCR and SYBR Green real time PCR: 

C.perfringens enterotoxin genes  

 Code number  Samples (NO.) SYBR Green RT PCR 
Uniplex PCR  

Ct* Result 

- - - 1, 4,7, 9, 11, 15, 17, 18 Shrimp (8) 
- - - 2,6,8 Tilapia (3) 
- - - 3,10 Clam (2) 
- - - 5,19,20 Crab (3) 
24.34 + + 12 Shrimp (1) 
26.17 + - 13 Shrimp (1) 
24.57 + + 14 Shrimp (1) 
23.56 + + 16 Crab (1) 

                              *Ct:Cycle thresholder 

 
Fig. (3)        Fig. (4) 

Fig. 3,4: Agarose gel electrophoresis of cpe gene amplicons. 
Lane M: Marker 100 bp DNA ladder (Pharmacia). Lane P:Positive control obtained from reference 
laboratory for veterinary in animal health research institute, Dokki, Giza.       Lane 
N:Negativecontrol.Lane 12 and 14 shrimp samples and Lane 16 crab sample were positivefor cpe gene 
of 233bp. 
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Fig. 5:Data sheet of RT-PCR showing amplification curves of DNA of standard samples and seafood samples 

number 1-10 for detection of cpe gene (the colour of each curve is corresponding to well content in data 
sheet). Amplification plot was generated by Stratagene MX3005P software. The fluorescence emission 
intensity is plotted on the Y axis versus the cycle number on the X axis. 

 

Fig. 6:Data sheet of RT-PCR showing amplification curves of DNA of standard samples and seafood samples 
number 11-20for detection of cpe gene.Display Real-Time PCR amplification plots that appeared from 
the (23.56 to 26.17 cycles). Samples were negative which appeared under threshold line. 

 
Conclusion: 

This work revealed the presence of C.perfringensin seafood. Seafooda probable health risk for consumers 
of raw seafood. Improvement of the effective sanitary conditions inhandling and processing operations from 
fishing to marketing is needed to minimize therisk of infections associated with consumption of these products. 
SYBR Green real time PCR more sensitive, qualitative and quantitative than Conventional PCR to detect food 
microorganism and their toxins directly from seafood for rapidly  diagnosis of food poisoning outbreak. 
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