
135 

RESEARCH JOURNAL OF FISHERIES AND HYDROBIOLOGY, 10(14) October 2015, Pages: 135-146 

Nashwa A .Ezzeldeen et al, 2015 

 

RESEARCH JOURNAL OF FISHERIES AND HYDROBIOLOGY 

 
© 2015 AENSI Publisher All rights reserved 

ISSN:1816-9112  
Open Access Journal 

Copyright © 2015 by authors and American-Eurasian Network for Scientific 
Information. 

 
This work is licensed under the Creative Commons Attribution International 

License (CC BY). http://creativecommons.org/licenses/by/4.0/ 

  

 

"Incidence of C. Perfringens in Laboratory 
Animals and Rapiddetection of C. 
Perfringens Toxin by using PCR with 
Special Reference to effect by C. 
Perfringenstoxin on Vero Cells and MDBK 
Cells" 
1Nashwa A .Ezzeldeen,²Mamdouh Mahmoud El Shorbagy,³Abdullah N.Z. 
Alshehri and 4Heba Mohammad Diaa Abd El-Hafez 

 

ABSTRACT 
The aim of the work is assess the value of using biotechnology in rapid detection of 
C.perfringens toxins and cytopathic effect on vero cells and MDBK cells to toxins in 
laboratory animal diseases and to determine the incidence of C .perfringens in laboratory 
animal.A total of four hundred and eighty (480) samples were collected from apparently 
healthy and diseased laboratory animals (Rat and rabbits) as well as from drinking water 
and pellets offered to these laboratory animals.One hundred and twenty (120) samples 
from apparently healthy rat (Internal organs) by percentage (25%) , Fifty five (55) samples 
from apparently healthy rabbits (Internal organs) by percentage (11.5%).One hundred and 
thirty (130) samples from diseasedrats (Internal organs) by percentage (27%) , Sixty (60) 
samples from diseasedrabbits (internal organs) by percentage (12.5%), forty  five (45) 
samples from drinking water of rats and rabbits by percentage (9.4%) and Seventy (70) 
samples from pellets offered to examined rats and rabbits by percentage (14.6%),were 
bacteriologic ally identified and typed. The isolates were 136 of type (A) by percentage 
(54.8%), 56 of type (D) by percentage(22.6%)  ,and 56 were non toxigenic isolates by 
percentage (22.6%).The highest percentage of isolates (77.4%) could beisolated from 
diseased rats and rabbits.Typing of Clostridium perfringens isolates from apparently 
healthy diseased rats, rabbits, water and pellets offered to these studied type (A) by 
percentage (52.5%)while type( D) by percentage (22.1%) , finally non toxigenic isolates by 
percentage (25.4%) .The prevalent isolates of obligatory anaerobic organism hadthe 
sensitivity to antimicrobial discs like , which appeared sensitive to Penicillin G (90%), 
Clindamycin (90%) followed by lincomycin(80%) finallyTylosin (75%) while C.perfringens 
isolates resist to Caphloride (40%)  ,Ampicllin (35%) , Cholramphenicol (30%), 
Erthromycin (25%), and finally Oxytetracycline 10%).In the present study, polymerase 
chain reaction (PCR) has been proved to be a reliable, sensitive and specific protocol for 
detection of genes encoding alpha and epsilon of C.perfringens strains recovered from 
diseased laboratory animal as a recent confirmatory technique for conventional 
microbiological methods and to identify the recovered untypable strains.  Six C.perfringens 
isolates were subjected to conventional PCR and the results had confirmed that 5 isolates 
had alpha toxin gene which gave characteristic bands at 1167 bp, 2 isolates had epsilon 
toxin gene that gave characteristic bands at 960 bp. Moreover, six C.perfringens isolates 
were identified by multiplex PCR and the results revealed that four of the tested isolates 
had alpha toxin gene which gave characteristic bands at 402 bp and identified C.perfringens 
type A and 2 isolates had epsilon toxin gene which gave characteristic bands at 514 bp 
identified as C.perfringens type D.Cytopathic effect on vero cells and (MDBK) Madin-Darby 
bovine kidney cells (African green monkey kidney cells) were used for assay and detection 
of these enterotoxins. The effect of toxins on vero cells and (MDBK)Madin-Darby bovine 
kidney cells showed that most of bacterial toxins induced a marked cytopathic effect (CPE) 
.Different parameters were applied during this assay as a type of verocells. Rate of dilution 
of toxins and percentage of cytotoxicity during different intervals according to the used 
type of C.perfringens toxins. The rate of dilution of C.perfringens toxins (undiluted, 1/10, 
1/100, 1/1000) played an important role for detection of the progression of cytotoxicity on 
vero cell during different times (6, 12, 24, 18, 48 hours). 
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INTRODUCTION 
 
 Laboratory animal diseases constitute one of the most important problems and do not occur as a single 
caused event, but are the end result of interactions of the microorganism's laboratory animals includes (Rat, 
Mice, Rabbits and Guinea pigs). Clostridia are large Gram positive rods, mostly motile, sporeforming 
fermentative and catalase negative. It is widely distributed in soil and presents as normal commensals in 
gastrointestinal tracts of many animal species and man (Brynestad and Granum, 2002) (rood and cole, 1991). A 
classification based on the production of four major toxins (Alpha, Beta ,Epsilon and Iota) divides the C. 
perfringens into five toxigenic biotypes (A) to (E) (petit et al ., 1999).It causes dramatic infections and 
intoxications as protein exotoxins either singly or in combination are the major virulence factors that determine 
the clinical manifestation, morbidity and mortality (Steven and Bryant, 1993).The spores of some Clostridia 
species are very heat resistant and may survive to the heat treatment of canned foods. If the surviving spores 
germinate and the vegetative cells grow, spoilage will occur (Banwart, 1989). Alpha toxin is the principle lethal 
toxin of C .perfringens, and a multifunctional phospholipase that produced mainly by all types of the species 
(Urbina et al., 2009) Epsilon toxin is protease activated protoxin that produced mainly by C. perfringens types B 
and D (Cole, 1995). Enteritis in laboratory animals mainly after weaning is the major cause of economic losses 
in the commercial laboratory animals the anaerobic bacteria including Clostridium spp. as etiological agents in 
necrotic enteritis in laboratory animals, many pathogenic anaerobic bacteria are normal inhabitants of the 
bacterial flora in animals (Szemerediet al., 1983). Diagnosis of enteritis that caused by C.perfringens in 
laboratory animals mainly based on evaluation of clinical sings, gross and microscopically lesions, and 
bacteriological culture of specimens and also detection of toxins in the specimens (Hoeffling, 1989). 
Dermonecrotic test in albino guinea pig is a helpful method for typing of C.perfringens isolates (Stern and 
Batty, 1975).  

 The prevalent isolates of obligatory anaerobic organism had the sensitivity to antimicrobial discs like, 

which  appeared sensitive toPenicillinG(90%),Clindamycin(90%) followed by Lincomycin (80%), finally 

Tylosin (75%) while, C.perfringens isolates resist to Cephaloridine (40%), Ampicillin (35%), Choramphenical 

(30%) Erythromycin (25%), and finally Oxytetracycline (10%).Polymerase chain reaction (PCR) has been 

applied for detection of the genes encoding major toxins of C.perfringens. This method has been highlighted as 

a rapid and accurate method for detection of low copy numbers of genes. Also, the sensitivity and specificity of 

this method were confirmed by amplification of specific target DNA under a unique condition .This method is 

more accurate and faster than seroneutalization with mice or guinea pigs (Uzal et al., 1997).Tissue culture was 

used in among laboratory technique such as diagnosis and detection of bacteria toxins. the toxigenicity of 

C.perfringens toxins on Vero cell and MDBK in different dilutions was examined at different interval . The 

characteristic (CPE) cytopathogenic effect. The objective of this work is to examine some C.perfringens 

toxigenic strain to detect cytopathic effect of this toxin on Vero cells to demonstrate the role of them for 

detecting C.perfringens. MDBK (Madin-Darby bovine kidney cells) for determination of cytopathic effect 

(CPE) of toxin on it. 

 

MATERIAL AND METHOD 

3.1. Samples: 

 A total of four hundred and eighty (480) were used in this study. Samples were collected from apparently 

healthy rats (120), apparently healthy rabbits (55), diseased rats (130) and diseased rabbits 60 (internal organs, 

liver, kidney, spleen, intestine) while (45) water samples and (70) samples of pellets offered to theses rats and 

rabbits. Total numbers of examined samples were illustrated as shown in table (1). 

 
Table 1: show distribution of total examined samples recovered from apparently healthy and diseased rats, rabbits, pellets and drinking 

       water.  

Samples ( Sources) 
Number of examined 

samples 
 

% 

1- apparently healthy rats (internal organs) 120 25 

2-apparently healthy rabbits(internal organs) 55 11.5 

3-diseased rats(internal organs) 130 27 

4-diseased rabbits(internal organs) 60 12.5 

5-water 45 9.4 

6-pellets of rats and rabbits 70 14.6 

Total 480 100 

 

Culture media used: 

Media used for isolation and identificationofC.perfringens: 

-Cooked meat medium (Oxoid):`  

-Nutrient agar medium (Oxoid): 

-Neomycin sulphate sheep blood agar medium (Carter and Cole, 1990): 

-Exotoxin production medium (Roberts et al., 1970): 
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MATERIALS AND METHODS 
MATERIALS AND METHODS 

MATERIALS AND METHODS 

 -Enriched egg yolk medium(Cruickshank et al., 1975): 

 

Media used for biochemical tests: 

-Sugar fermentation medium (Cruickshank et al., 1975): 

-Aesculin hydrolysis medium (Carter and Cole, 1990): 

-Gelatin medium (Smith and Holdman, 1968) : 

-Indole medium (Carter and Cole, 1990) :   

 

Media used for Antibiotics: 

-Neomycin sulphate (Up john). 

-Antibacterial discs used for antibiotic sensitivity test (Oxoid): 

 

Diagnostic antitoxin: 

 Diagnostic C. perferingensantitoxin type A, B, C, D and E which was occurred in Animal Health Institute. 

(Burroguns, Welcome, Bechenham, London, England's) are used for typing of C. perfringens . 

 

These antisera represent: 

C. perfringens. Type "A" batch number K 5423810. 

C. perfringens . Type "B" batch number K 590110. 

C. perfringens . Type "C" batch number K 8265. 

C. perfringens . Type "D" batch number K 675510. 

C. perfringens . Type "E" batch number K 7899. 

 

Reagents and solutions used in biochemical test: 

 Physiological saline solution (8.5% Sodium Chloride) - Hydrogen peroxide -Kovac'sindole reagent- 

Lecithovitellin suspension 

 Stain (Gram's Stain) :Gram's stain was used for staining of the isolates during this investigation 

(Cruickshank et al., 1975). 

 

Gas generating Kits (Oxoid): 

Materials used for polymerase chain reaction (PCR): 

 A)Buffers and reagents used for conventional PCR (Buogoet al., 1995 Yamagishi et   al.,1997 and Tong 

and labbe, 2003):Table (2) Specific oligonucleotide primers sequence used for the toxins genes (Cpa) alpha-

toxin and (Etx) epsilon-toxin of C. perfringens. As shown in tab. (2). 

 Table (2) Specific oligonucleotide primers sequence used for the toxins genes (Cpa) alpha-toxin and (Etx) 

epsilon-toxin of C. perfringens. 

 B) Buffers and reagents used for multiplex PCR(Augustynowicz et al .2000 :   Primers for the two toxin 

genes (alpha, epsilon,) of C. perfringens were selected from published paper (Augustynowicz et al., 2000) 

shown in tab.(3) 

 
Table 2: Primers for the two toxins genes of C. perfringens used in   multiplex PCR.    

Primer name and 

direction 
Nucleotide sequence 

Amplified 
Product size 

(bp) 

Cpa 

Forward 
Reverse 

 

5` GTT GAT AGC GCA GGA CAT GTT AAG 3` 
5 `CAT GTA GTC ATC TGT TCC AGC ATC  3` 

402 

Cpe 

Forward 
Reverse 

 

5ACT GCA ACT ACTACT CAT ACT GTG   3`` 
5`CTG GTG CCT TAA TAG AAA GAC TCC 3` 

541 

C) Agarose gel electrophoresis buffers and reagents (Sambrooket al., 1989). 

 

a): for conventional PCR : 

α toxin : (TECHNE TC-512). 

€ toxin: (Ptc-100 programmable thermal controller – Peltier – Effect cycling MJ Reasearch,INC). 

b): For multiplex PCR). 

(PROGENE thermal cycler MJ Research).  

 

Material for Tissue culture cell: 

 A) Tissue culture cell lines: Vero (African green kidney cells), MDBK (Madin-Darby bovine kidney cells) 

for determination of cytopathic effect (CPE) of toxin on it. These cells have been undergone several serial 

passages for growing of healthy cell monolayer sheet and were examined daily. 
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B) Mediatissue culture medium: 

 Growth medium:: Eagles minimal essential medium (EMEM) was originally purchased from flow 

laboratories U.K. ,and was prepared according to the instruction of manufacture. 

 Maintenance medium :supplement with 10% calf serum for preparation of growth medium which used for 

all tissue culture cell lines before isolation of bacteria toxins 

 

Methods: 

3.2.1Collection of samples: 

      Four  hundred and eighty (480)samples were collected from  (internal organs of laboratory 

animal)apparently healthy rats (120) and apparently healthy rabbits (55) while diseased rats (130) and diseased 

rabbits (60), water samples (45) and 70 samples from pellets of rats and rabbits as well as sample from internal 

organ (liver ,kidney, spleen ,intestine).The samples were kept in sterile polyethylene bags, labeled and carried 

on ice tank to be transferred as soon as possible to the laboratory for bacteriological examination. 

 

3.2.2.Bacteriological examination : 

3.2. 2.1. Isolation of Clostridium perfringens (ICMSF, 1978) :  

 The surface of each sample was sterilized by using hot spatula and three bean size pieces were obtained 

from the deeper parts of samples. Then inoculated separately into three tubes of freshly prepared, previously 

boiled and cooled cooked meat medium. A loopful from each tube was then streaked on 10% sheep blood agar 

plates. 

 

3.2.3. Identification of the isolates of Clostridia (Koneman et al., 1992) : 

Identification of Clostridia depends mainly on: 

3.2.3.1. Microscopical appearance : 

 Prepared smears from suspected colonies were stained with Gram's stain and examined microscopically for 

Gram positive bacilli rarely had central or oval non bulging endospores. 

 

3.2.3.2. Colonical appearance (macroscopically) : 

 This includes size of the colony, elevation edges, structure, opacity, pigments, consistency, emulsifiability 

and haemolytic activity. C. perferingenscolonies are flat olive colour with double zone of haemolysis(Vaikosen 

and Muller, 2001). 

 

3.2.3.3.Biochemical tests :as shown in table (4): 

 The following biochemical tests were carried out mainly according to McFaddin (2000). 

A) Catalase test :  

B) Gelatin liquefaction test :  

C) Indole test : 

D) Nitrate reduction test :  

E) Sugar fermentation test :  

F) Hydrogen Sulphide production test (Oxoid) : 

G) Litmus milk medium (Cruickshank et al., 1975): 

 
Table 3: Biochemical identification key of genus Clostridiumperfringens (Koneman et al., 1992). 

Co Spore shape & Position 

+ Gelatin 

 +Glucose 

 +Lactose 

 +Sucrose 

 -Mannitol 

 -Indole 

 +Nitrate Redustion 

 +Haemolysis 

 +H2S 

 -Urease 

+ Lecithinase 

- Galactose 

 +Maltose 

 +Mannose 

(+): Positive reaction 
(Co): Central oval 

(-): Negative reaction 
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3.2.3.4. Nagler's test by half antitoxin plate (Smith and Holdman, 1968) : 

 This test was applied by spreading of C. perfringens type A,B,C,D and E antitoxins separately on the half of 

egg yolk agar plate then was allowed to dry in the incubator for half an hour. The suspected colonies were 

streaked across the plate starting from the half of the plate without antitoxin and ending to the half with 

antitoxin. The attack of alpha toxin (that produced by all types of C.perfringens, Joklik et al., 1980) on lecithin 

was inhibited by alpha antitoxin. In positive cases, opalescence was clear on the side of the plate without 

antitoxin. 

 

3.2.3.5. Typing of Clostridium perfringens toxins bydermonecrotic test in albino guinea pigs: 

II– Application of dermonecrotic test (Oakley and Warrack, 1953 and Quinn et al., 2002): 

 A) The hair of the back and two sides of albino guinea pigs were shaved carefully and market longitudinally 

on to both sides. 

 B) On the right 0.2 ml of 6 hours or trypsinized 48 hours supernatant of each culture was injected 

intradermal and the neutralized one was injected in the side by the same and arrangement. 

 C) The injected guinea pigs were kept under observation for 48 – 72 hours and examined every day to 

determine any dermal reaction. 

 

II– Interpretation of the results: 

 The results were interpreted by the colour degree of the dermonecrotic reaction and its neutralization 

according to Stern and Batty (1975) as in table (5): 

 
Table 4: Interpretation of the results of dermonecrotic test (Stern and Batty, 1975). 

Types of C. 

perfringens 
Dermonecrotic reaction 

Type " A" 
Toxin produces an irregular area of yellowish necrosis and the lesion tends to spread down word 

( alpha toxin). 

Type "B" 
Toxin produces purplish yellow haemorrhagic necrosis 

(beta toxin) 

Type "C" Toxin produces a reaction which was intensively purplish than that produced by type B filtrates. 

Type "D" 
Toxin produces a circular white necrosis which is fully developed in 24 hours (epsilon toxin) Few small area 

of purplish haemorrhagic necrosis may be present. 

Type "E" 
Toxin produces a reaction similar to that elicited by type "D" but with irregular outline and more market 

purplish haemorrhagic appearance (iota toxin). 

 

3.2.3.6. Toxin antitoxin neutralization test (Smith and Holdman, 1968): 

It was performed by: 

1) Addition of 0.1 ml of specific antisera to 0.3 ml of the centrifuged supernatant cooked meat culture of each 

type (A, B, C, D and E) of C. perfringens. 

2) C. perfringens type D, E supernatant culture fluid was treated with 0.1% trypsin for 45 minutes at 37˚C (for 

activation of epsilon toxin). 

3)  The toxin antitoxin mixture was kept at37˚C for 30 minutes. 

4)  Injection of 0.5 ml of the previously prepared mixture into two mice intraperitoneally or two guinea pigs 

intradermally and the animals were kept under observation for 1 – 3 days. 

5)  The supernatant fluid of the cooked meat culture without adding any antiserum was used as control 

positive while sterile saline solution was used as control negative. 

 

3.2.3.7.-Antibiogram sensitivity test(oxiod) for C.perfringens: 

 Different types of sensitivity discs with variable concentrations were   Applied in the laboratory to detect 

the susceptibility of the isolates. The agar disk diffusion technique (ADDT) was adopted according to the 

NCCLS protocol (2004). 

 

3.2.4.9.PCR for genotyping of C. perfringens: 

3.2.4.9.1. DNA extraction and purification (Sheedyet al. 2004): 

A) Extraction of C.perfringens DNA: 

 Pure colonies of C. perfringens that showed double zone of haemolysis on blood agar were grown over 

night in 15 ml brain heart infusion supplemented with 1% sodium thioglycolate at 37°C under anaerobic 

condition.  

 

B) Purity assessment: 

 The concentration of DNA in µg/ml was measured at 260 and 280 nm by ultra-violet spectrophotometer 

(Shimadzu, Japan) then the ratio 260/280 was calculated.  
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3.2.4.9.2. PCR Amplification and cycling protocol: as shown in table (6): 
 A) For conventional PCR  (Buogoet al. 1995 ; Yamagishi et al., 1997 and Tong and Labbe, 2003): 
 
Table 5: PCR cycling protocol for alpha and epsilon toxin genes of   C. perfringens (Bougoet al. 1995 Yamogishi et al., 1997 and Tong 
Labbe, 2003). 

Amplified DNA Initial denaturation Actual cycles Final extension 
Amplicone 
Size (bp) 

C.perfringens alpha 
toxin 

94°C for 5minutes 

35 cycles of: 
Denaturatio: 94°C for 1 

min. 
Annealing: 53°C for 

1min. 
Extension: 72°C for 1 

min. 

72°C for 5 minutes 
1167 
 

 
C.perfringens epsilon 

toxin 
93°C for 7 minutes 

30 cycles of: 
Denaturation: 

95°Cfor30 sec. 
Annealing: 57°C for 30 

sec. 
Extension: 73°C for 1 

min. 

72°C for 5 minutes 
960 

 

 
 B) For multiplex PCR (Augutynowicz et al., 2000)as shown in table (7) 
 
Table 6: PCR cycling protocol for two genes of C. perfringens using a multiplex PCR (Augstunowicz et al., 2000). 

Amplified DNA Initial denaturation Actual cycles Final extension 
Amplified product size 

(bp) 

C.perfringens toxin 
genes (alpha,epsilon ) 

94˚Cfor 3mintes 

30 cycle of : 
Denaturation:94 C for 

1minute 
Annealing:55 C for 1 

minute 
Extention:72: C for 1 

minute le of : 

72 C for 5 minute 
Cpa:402 
Cpe:541 

 
3.2.4.9.3.detection of PCR products (Augustynowiczet al. 2000): 
 Aliqaots of amplified PCR products were mixed with gel loading buffer and electrophoresed in 1.5% 
agarosegel.Specificamplicon were observed under U/V trasillumination, compared with the marker and 
photographed by a digital camera. 
 
3.2.3.10.Tissue culture cells (effect of C. perfringens type A on vero cells and MDBK):  
 Vero cells (African green kidney cells and MDBK (Madin-Darby bovine kidney cells) were prepared 
according to (Versteeg, 1985). 
 The cells were passaged by dispersing from confluent monolayer in Roux bottles or small cell culture flasks 
by trypsinization.  
 trypsinization was accomplished by adding 10 ml of 0.25ml trypsin - versene solution  for 1 minute at room 
temperature .The solution was then poured off and the flasks were allowed to incubate for 5 minutes at37Cº. 
 The flasks were then shaken a few times by hand , twenty ml of growth medium containing 10% calf serum 
were added , and the cell suspension was gently shaken for 10 minutes on a magnetic stirrer.  
 Effect of C.perfringens type A toxins in suspected diseased cases on tissue culture monolayer.  
 The vero cells and MDBK subjected to C. Perfringens type A was microscopically examined after 
6,12,18,24hours following injection of toxin. 
 
.Table 7: Incidence of C.perfringens in apparently healthy and diseased rats, rabbits and its pellets and water samples. 

Type of samples 
No. of examined 

samples 
positive samples Negative samples 

No. % No. % 

Apparently healthy rats 120 80 66.6 40 33.3 

Apparently healthy rabbits 55 35 63.6 20 36.4 

Diseased rats 130 110 81.2 20 18.1 

Diseased rabbits 60 52 86.6 8 13.3 

Water 45 23 51.1 22 48.8 

Pellets of rats and rabbits 70 40 57.1 30 42.8 

Total 480 340 70.8 140 29.1 

 
Results: 
 Incidence of C.perfringens form apparently healthy and diseased rats and rabbits and its pellets and water 
samples: 
 Four hundred and eighty (480) were used in this study. Samples were collected from apparently healthy rats 
(120), apparently healthy rabbits (55), diseased rats (130) and (60) diseased rabbits (internal organs, liver, 
kidney, spleen, intestine) while(45)  water samples and (70) samples of pellets offered to theses rats and 
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rabbits.As shown in table (8), it was noticed that 66.6%, 63.6%, 81.2%, 86.6%, 51.1% and 57.1% of examined 
samples were positive for presence of C. perfringens microorganism, respectively. 

 

 
 

Photo (1):C.perfringens shows double zone of haemolysis onto Neomycin sulphate sheep blood agar. 

Photo (2):C.perfringens shows Gram positive short plumb rarely sporulated bacilli stained with                               

Gram`s stain and examined u nder OIL (1000 times). 

Photo (3):Nagler`s test by half antitoxin plate                                                                                                              

a): Opalescence on egg yolk agar medium detects the action ofC.perfringens alpha toxin on lecithin. 

b): Neutralization of C.perfringens alpha toxin by its specific antitoxin. 

Photo (4): Dermonecrotic reaction of C.perfringens alpha toxin(Type A) On the skin of an albino guinea pig. 

Photo (5):Dermonecrotic reaction of C.perfringens epsilon toxin(type D) on the skin of albino guinea pig. 

Photo (6): Toxin antitoxin neutralization test in albino guinea pig. 

a): Action of C. perfringens alpha toxin on the skin of an albino guinea 

pig. 

b): Neutralization of C. perfringens alpha toxin with its specific antitoxin. 

Photo (7):Agarose gel electrophoresis of C.perfringens epsilon toxin  genes amplicons. 

Lane"1": 100 bp DNA ladder (pharmacia). 

Lane"2": Negative for C.perfringens epsilon toxin gene field isolate (1) 

Lane"3": C.perfringens epsilon toxin gene field isolate (2). 

Lane"4": Control positive of epsilon toxin gene field isolate (3). 

Photo (8): Sensitivity of multiplex PCR for detection ofC.Perfringens toxins genes. 

           Lane"1": 100 bp DNA ladder (pharmacia). 

           Lane"2": C.perfringens types "A'' field isolate (1). 

           Lane"3": C.perfringens type "D" field isolate (2). 

           Lane''4'': C.perfringens types ''A'' field isolate (3). 

           Lane''5'': C.perfringens type ''D'' field isolate (4). 

           Lane'' 6'': C.perfringens types ''A'' field isolate (5). 

           Lane ''7'': C.perfringens type ''A'' field isolates (6). 

           Lane ''8'': Control positive of alpha toxin No. ATCC 13124and control positive of epsilon toxin gene  
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fieldisolate(7). 

Photo (9): MDBK cell monolayer exposed to undiluted C. perfringens type A toxin 24 hours post infection.   

Photo (10): MDBK cell monolayer exposed to undiluted and 1/2 diluted and 1/4 C. perfringens type A toxin 12 

hours post infection. 

Photo(11):Vero cell monolayer exposed to 1/32undilutedC. perfringens type A toxin 24 hours post infection.   

 
Table 8: Typing of 480C.perfringens strains isolated from apparently normal and diseased rats and rabbits as well as pellets and water. 

Non toxigenic isolates 

 

 

Types of toxigenic isolates 

No. of    
isolates 

Types of stains isolated from 
different  samples 

D A 

 %No.  %No. % No. 

26 32 27.5 33 45.8 55 120 Apparently normal   rats 

34.5 19 20 11 45.45 25 55 Apparently normal  rabbits 

15.3 20 19.2 25 65.5 85 130 Diseased  rats 

10 6 28.3 17 61.6 37 60 Diseased rabbits 

28.8 13 20 9 50.1 23 45 Water 

21.4 15 14.5 10 64.2 45 70 Pellets of rats and rabbits 

21.8 105 21.8 105 56.25 270 480 Total 

 
Table 9: Effect of time of contacts of clostridium perfringens type A on MDBK cells. 

Time Of 

Contact 

CPE% 

Crude extract 1/2 1/4 1/8 1/16 1/32 1/64 1/128 1/256 

6 hr 30 30 20 10 10 - - - - 

12 hr 50 50 50 20 20 10 10 - - 

24 hr 90 75 75 75 50 50 50 30 10 

48 hr 100 80 80 80 50 50 50 30 30 

 
Table 10: Effect of time of contacts of clostridium perfringens type A on vero cells. 

Time Of 

Contact 

CPE% 

Crude extract 1/2 1/4 1/8 1/16 1/32 1/64 1/128 1/256 

6 hr 20 20 10 - - - - - - 

12 hr 40 20 10 - - - - - - 

24 hr 70 70 70 50 50 50 30 30 10 

*Antibiogram studies of the prevalent isolates of C.perfringens.   

 

 As shown in table (11) 

 
Table 11: Antibiogram studies of the prevalent isolates of C. perfringens. 

Antimicrobial discs Concentration 
C. perfringens (20) 

No. % A.A. 

Ampicillin 10 µg 7 35 R 

Cephaloridine 30 µg 8 40 R 

Chloramphenicol 30 µg 6 30 R 

Clindomycin 2 µg 18 90 S 

DoxycillinHCl 30 µg 5 25 R 

Erythromycin 15 µg 5 25 R 

Gentamicin 10 µg 6 30 R 

Lincomycin 15 µg 16 80 S 

Nalidix acid 30 µg 5 25 R 

Oxytetracycline 30 µg 2 10 R 

Pencillin G 10 i.u 18 90 S 

Streptomycin 10 µg 5 25 R 

Tylosin 16 µg 15 75 S 

Amxicillin 10 µg 16 80 S 

Enrofoxacin 5 µg 18 90 S 

Cefoperazone 70 µg 15 75 S 

No. = number of sensitive isolates: % = percentage of sensitive isolates in relation to total isolate species.A.A. = Antiobiogram Activity. 

 

Discussion: 

 Anaerobic organisms are nationwide distribution. Although there is much that obligate anaerobic organisms 

are probably the principle sources of infection in human beings and domestic animals (Niilo, 1993).Usually, C. 

perfringens has been classified into five toxigenic types (although E) on the basis of its ability to produce the 

major lethal toxins (Hatheway, 1990). 

.      Therefore, type A exhibits several powerful toxicities, and infection with type A may result in myonecrosis, 

hemolysis, an increase in vascular permeability and platelet aggregation (Katayama et al., 1993andDaubeet al., 

1994). The major lethal effects associated with this toxin are gas gangrene in human and necrotic enteritis and 

enterotoxaemia in animals (Daubeet al., 1994).Epsilon toxin is produced by types B and D of C. perfringens and 

is responsible for a rapid fatal enterotoxaemia in economically important livestock (Hunter et al., 1992).This 
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toxin is secreted as relatively inactive protoxin and is activated to a potent heat-liable toxin with the loss of an 

N-terminal peptide by a proteolytic enzyme produced by the organism (Bhown and Habeeb, 1977). The 

activated protein is highly toxic and lethal, and has lethal, dermonecrotic activities (Batty and Glenny, 1947). 

Neutralization with mice or guinea pigs has been performed to type C. perfringens(Miyashiroet al., 2007). 

Neutralization depends mainly on having all the specific antitoxins against α, β, ε and iota toxins. Therefore, the 

aim of the work is to assess the value of using biotechnology in rapid detection of C.perfringens toxins, to 

evaluate the role of C.perfringens toxins in laboratory animal diseases and to determine the incidence of 

C.perfringens in laboratory animals. In this study, four hundred and eighty samples were collected from 

apparently healthy rats (120) apparently healthy rabbits (55), diseased rats (130), diseased rabbits (60), water 

(45) and pellets of rats and rabbits (70). Numbers of positive samples were 80, 35, 110, 52, 23 and 40, 

respectively. This result agrees with that recorded by Johnson and Gerding (1997).All the isolates were 

identified microscopically, colonial morphology, biochemical characteristics and analysis of fatty acids 

(Lecthinase test). All isolates were identified as C. perfringens were subjected to typing with mice serum 

neutralization test using commercial diagnostic antitoxin against alpha, epsilon and toxins (Burrough’s 

Welcome, U.K.).All toxigenic isolates collected from apparently healthy rats classified into 2 types A and D 

types only .Result in table (9) show that isolates obtained from apparently healthy rats were 55 type A and 33 

type D and 32 non toxigenic isolates . Isolates recovered from apparently normal rabbits were classified as 25 

type A, 11 type D and 13 non toxigenic C. perfringens. On the other side, isolates recovered from diseased rats 

were 85 type A and 25 type D and 20 non toxigenic and diseased rabbits 37 type A and 17 type D and 6 non 

toxigenic. Finally in pellets of rats and rabbits 45 type A and 10 type D and 15 non toxigenic and in water 23 

type A and 9 type D and 4 non toxigenic. Regarding to conventional methods for identification of C.perfringens 

recovered from laboratory animal, the obtained results revealed that C.perfringens is Gram positive short plumb 

rarely sporulated and non-motile bacilli. It was apparent that sheep blood agar with neomycin sulphate (200 

ug/ml ) is a perfect medium for isolation of C.perfringens rather than other Clostridium species and gave double 

zone of heamolysis. All the recovered strains in this work were fermentative to different sugars as glucose, 

maltose, lactose, sucrose and mannose with production of acid and gases, gelatin liquefiers, litmus milk positive, 

Catalase, Oxidase, and Indol test negative. Similar results were recorded by several authors as (Han et al., 

(1997); and Assis et al., (2002). 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. These results go 

hand in hand with those recorded by Smith and Holdeman (1968) who applied Nagler`s test using half antitoxin 

plate to detect lecithinase activity of alpha toxin of different types of C.perfringens.Dermonecrotic test in albino 

guinea pigs. The isolated strains from laboratory animals were type A, D and. Action of C.perfringens type "A" 

isolates (producing only alpha toxin) appeared as an irregular area of yellowish necrosis tented to spread 

downward while that of type "D'' (produced alpha and epsilon toxin) appeared as a circular white necrosis with 

few small areas of purplish haemorrhagic necrosis as shown in (photo4 and 5).These dermonecrotic criteria 

agree with those recorded by  (Oakley and Warrack, 1953 and Stern and Batty, 1975) for typing 

of.C.perfringens isolates recovered from laboratory animal were identified by dermonecrotic reactions in albino 

guinea pigs into toxigenic and non-toxigenic strains. Typing of toxigenic C.perfringens strains recorded that 

C.perfringens type A was the most predominant one. 

         In the present study, toxin antitoxin neutralization test on the skin of albino guinea pigs and lethal toxicity 

test I/P in mice were applied using specific antitoxin to detect and identify the toxigenic strains of C.perfringens 

recovered from laboratory animal. The obtained results revealed that C.perfringens type A was the most 

predominant one among the total recovered isolates. These results are in accordance with (Songer and Dale 

2005).   As shown in table (12) C. perfringens isolates were highly sensitive to Penicillin G (90%), Clindamycin 

(90%), Lincomycin (80%), Tylosin (75%),Amxicillin,Enrofoxacin,Cefoperazone but the same strains were 

resistant to Cephaloridine (40%), Ampicillin (35%), Chloramphenicol (30%), Gentamicin (30%), followed by 

DoxycllineHCl (25%), Erythromycin (25%), Streptomycin (25%), Nalidexic acid (25%) and finally 

Oxytetracycline (10%). 

 Polymerase chain reaction (PCR) allows the specific and exponential synthesis of a predetermined DNA 

region via the use of two small and specifically designed fragments of DNA (primers or oligonucleotides) which 

form the two termini of the nucleic acid molecule to be amplified. PCR amplification reactions in general are 

highly specific and the specificity being determined by the correct hybridisation of primer specific sequences 

tobe complementary sequences present on the target DNA molecule to be amplified (Van Pelt et al., 2008).PCR 

is used for diagnostic purposes as it is much faster than conventional microbiological techniques for isolation 

and identification of causative agents. It has been proved to be a very sensitive and specific technique for 

detection of the genes encoding alpha and epsilon exotoxins of C.perfringens for rabid typing and evaluation of 

the virulence of the microorganism (Daube et al., 1994a; Buogo et al., 1995; Yamagishi et al ., 1997; Miserez et 

al., 1998; Karda et al.,1999 and Aschfalk and Muller2002). 
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 In the present work, conventional PCR was applied to detect the genes encoding alpha and epsilon of 

C.perfringens strains recovered from laboratory animals as a recent confirmatory technique for the traditional 

methods of identification.The recorded results revealed that C. perfringens type A contained alpha toxin gene 

which gave a characteristic band at 1167bp when visualized under UV light. Similar results were recorded by 

several authors asFach and Guillou (1993); Augustynowicz et al., (2002a) and Eman et al.,(2006).Different 

results were obtained by Piatti et al., (2004) who developed a PCR assay for detection of C.perfringens alpha 

toxin gene using different oligonucleotide primers than those used in this study and it gave a characteristic band 

at 324 bp.C.perfringens type D isolates were proved to contain alpha and epsilon exotoxins which gave 

characteristic bands at 1167 and 960 bp respectively. These results coincide with several authors asUzal et 

al.,(1996); Warren et al., (1999); Gkioutzidis et al., (2001) and Eman et al., (2006). 

 In the present study, multiplex PCR was proved to be a reliable and sensitive protocol for genotyping of the 

untypableC.perfingens isolates recovered form laboratory animals. PCR primers were selected for the genes 

encoding alpha and epsilon exotoxins of C.perfringens.The recorded results revealed that all tested strains were 

identified as C.perfringens type A and gave a characteristic band at 402 bp and tested isolates number (3 & 5) 

were identified as C.perfringens type D and gave a characteristic band at 514bp.These results go hand in hand 

with those obtained by Augustynowicz et al., (2000) who developed a multiplex PCR assay for determination of 

the toxin genes of C.perfringens and found that C.perfringens alpha toxin gene amplicon was recorded in all 

testes isolates and gave a characteristic band at 402 bp. And C.perfringens epsilon toxin gene amplicon was 

recorded in isolates number (3 &5) and gave a characteristic band at 514 bp. 

 The cytotoxic activity against tissue culture cells has seen reported to be sensitive means of detecting 

Clostridial toxins ( McDonel and McClane,1981). They have described a highly sensitive and reproducible 

biological assay for C. perfringens enterotoxin that uses vero cells grown in tissue culture. They found that very 

small doses of enterotoxin inhibited the planting efficiency of the cells and this inhibition could be used to 

detect as alittle as 0.1 of enterotoxin, and linear does response curve was obtained with 0.5 to 5 ng. (Welch et al 

., 1985 ) used a simple method for detection of cytotoxin as a mean for diagnosis of diseases associated with gut 

cytotoxin in faecal samples(e.g. C.difficle and C.perfringens ) .they used cover slip monolayers of cells from 

vero cells in the detection and identification of toxigenic microorganism. Moreover Knight 

et.al.,(1990)mentioned that the cell culture indicator system was more sensitive than in vivo indicators (I/V 

injection into mice or I/D into guinea pigs) permitting detection of substainally lower titer of C.septicum toxin 

than possible using in vivo indicators. 

 In This study a highly sensitive, reproducible and reliable assay was described for recognition and possibly 

typing of C. perfringens type Awith the specific antitoxin. Although the animal inoculation method for detecting 

and typing C. perfringenstoxinis still in routine use allover the world, comparison of bioassays indicates that the 

tissue culture assay was the most sensitive as a small amount of crude toxincan be detected. 

 As the LD₅ₒ for C. perfringenstype A toxin could be detected at dilution of 1/28 after 24 hr of infection of 

MDBK cells and at the dilution of 1/256 after 48 hourof infection . 

 The main advantage of the system for tissue culture proposed here are that the vero cells and the MDBK 

cells are established cell line that multiplies rapidly and facilities required are readily available in routine 

microbiology laboratories. However aseptic technique and specialized skill in performing techniques for tissue 

culture are necessary. 

 In the present studyit was found that MDBK cells were more sensitive to C. perfringens type A where the 

toxin could be detected after 6 hr at dilutions of 1/2 and 1/16 respectively compared with the vero cell that were 

not affected by C. perfringens type A toxin after 6 hour. . 

 The antiserum of C. perfringens type A showed toxicity on cells tell the dilution of 1/4 therefore, it was 

necessary to dilute the antiserum more than 1/4 to avoid the adverse effect of the antiserum on the cells .this 

would have a disadvantage , when the concentration of toxin was high , as the antiserum will be further diluted 

and will not exert complete neutralization effect forC. perfringens type A toxin , this diluted antiserum 

neutralized 50% of crude toxin 80% of 1/2,1/4,1/8 diluted toxin and complete neutralization for 1/32 till 1/256 

toxin dilution.     
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