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ABSTRACT
	The present investigation was conducted to determine the Cl. perfringens type A,B,C,D,Einfection rate in domestic and zoo animals and in human beings suffering from various types of ailments and lesions. A total of 1250 samples of morbid material were collected and analyzed. A total of 250 cattle, 250 sheep, 250 goat, 250 horses, 250 camels, 10 species of zoo animals, including 28 deer, 7 Wildebeest, 16 monkeys, 10 zebra, 1 Elephant, 9Yaks 5 foxes, 6 jackals, 8 baboons, 8 bears and 100 cases of Gas Gangrene in human served as source of morbid material. From these samples a total of 829 strains of Clostridium perfringens comprising of 185 strains of Clostridium perfringens Type A, 176 strains of Clostridium perfringensType B, 165 strains of Clostridium perfringens Type C, 287 strains of Clostridium perfringens Type D, and 16 strains of Clostridium perfringens Type E were isolated and biochemically characterized.All the findings were later confirmed by toxin-antitoxin reactionusingmomo-clonal antitoxins. It was observed that the adult animals were mainly the potential carriers of Cl. perfringens, infections the death of animals in this study was attributed to enterotoxaemia caused by the Cl. perfringens. The epidemiological difference between various species of animals and within the type of Cl.perfringens was not significant (P> 0.05).
INTRODUCTION
Members of the genus Clostridium are strictly anaerobic, gram-positive, non-motile, spore bearing long narrow rods, visualized singally and in short chains.  Under the oil immersion lens the vegetative cells of clostridia appear as long cigar shaped bacilli, having rounded ends. The organism produces spore that may be equatorial, sub-terminal or terminal. These spore may sometimes be thicker than the parent cell causing it to bulge. The spores are usually wider than the vegetative organisms in which they arise, and give the bacteria typical spindle shaped appearance. The younger cells generally stain Gram-positive. However, the older cells may show a Gram negative staining reaction but the cell walls retain gram-positive color; Clostridial spores can be easily viewed in gram-stained smears as the cell incorporates the dye while the spores remain unstained. With the exception of Cl. perfringens, all members of the genus Clostridium are motile.
 Cl. perfringens is the most commonly isolated pathogen (Smith and Williams 1984), from the soil, intestine of herbivorous animals and in the manured soil. The vegetative cells are susceptible to the action of atmospheric oxygen and usually die soon after their exposure to oxygen. The spores are very resistant to the environmental factors and may remain viable for quite longer periods in soil and the animal dung.  The clostridial infections are endemic in nature and their incidence may assume epidemic occurrence following stress of rains and floods. In the body of the host these toxic chemicals cause lyses of proteins, ferment carbohydrates, and severely damage the affected tissue, and are, therefore, mainly responsible for the morbidity and mortality, caused by Cl. perfringens.  The identification of different strains of Cl. perfringens is based on the production of various toxins. The A, B, C, and D toxin types of Cl. perfringens were established in 1931 (Glennyet al. 1933) and the toxin type E was included in the group in 1943 (Bosworth 1943).Looking at paucity of literature in pakistan present work was carried out to isolate and characterize the Cl.perfringens from animals and human population then further characterize and bio-type the new isolated of cl.perfringens.
MATERIALS AND METHODS

Specimens:s
A total number of 1450 samples collected from various sources of domestic animals such as cattle (250 samples), sheep (250 samples), goat (250 samples), horses (250 samples), camel (250 samples), zoo animals (100 samples), and human population (100 samples) were analyzed for isolation of Cl. perfringens and its toxins (Table-1)
Table-1. Details of sample Collection
	Species of animal/ number examined
	Outbreaks
	Feces
	Total samples

	
	Intestine

	Kidney
	Liver

	
	

	Cattle
	17
	17
	16
	200
	250

	Sheep
	34
	33
	33
	150
	250

	Goat
	34
	33
	33
	150
	250

	Camel
	17
	17
	16
	200
	250

	Horses
	17
	17
	16
	200
	250



Details of human samples

	Human
	Tissues gangrene
	Swabs	
	Total samples

	
	17
	83
	100




Primary isolation: The suspected material (intestinal contents, feces, dust) and morbid tissue, samples after appropriate preliminary processing, were mixed with cooked meat medium containing 0.2% soluble starch and heated to 750C for 20 minutes (Dowell et al. 1977; Willis 1990). The heat exposure killed all the vegetative cells leaving the spore intact. Under appropriate conditions these spore germinate into vegetative cells. This treatment was given to highly soiled tissue and fecal material samples.
Procedure Used for the Isolation of Clostridia
Clinical specimen(liver and kidney, fecal material) Suspension

		


	Direct Inoculation				Guinea pig inoculationa



	Fresh blood agar, aerobic			Death: necropsy, impression
anaerobic or specialized				smear from liver
		agar medium



								       Inoculate



						                     Fresh blood agar or
							      Specialized agar medium


Typical colonies							Typical colonies


Thioglycollate and cooked					Thioglycollate and cooked
meat medium						     meat medium



Inoculate pure culture					Inoculate pure culture
on differential media like			        		 on differential media like
Bullock’s Heart, Tarrozi, Egg yolk        			Bullock’s Heart, Tarrozi, 
and blood agar						Egg yolk and blood agar
Young adult guinea pigs were preferred.
Processing of Tissue Samples: The morbid tissue sample was taken out from plastic bags, and its superficial surface was seared with red hot spatula, and 5 to 10 gm of tissue was sliced out aseptically, cut into small bits and macerated with sterile sand in a sterile pestle and mortar. The macerated tissue was suspended in 10-15ml of sterile physiological solution (8.5g NaCl dissolved in 1000ml sterile distilled water). Smears of tissue suspension were prepared on clean glass slides, fixed and stained with Gram’s procedure and examined under oil immersion lens. Each tissue suspension was streaked onto duplicate sets of Blood Agar Medium and Egg yolk Medium plates which were incubated at 360C, both aerobically and anaerobically, for 48 hours. The material was also cultured in Tarrozi Bullock heart broth and Thioglycolate medium. Prior to inoculation the Tarrozi Bullock heart broth and Thioglycolate medium tubes were treated with boiling Water Bath, for 10 minutes and seeded immediately on cooling to 37 0C from the suspension of the sample, adding 1ml suspension to 10 ml of liquid media. These plates were then examined for the evidence of growth, colonial morphology and haemolysis. Carbohydrate fermentation Media used for observing the biochemical reactions of the isolates, consisted of two components e.g. peptone water and stock carbohydrate solution which were mixed together whenever required. Peptone water was used for studying the bacterial biochemical characteristics and for the Indol test. Peptone was dissolved in deionized sterile distilled water in accordance with the instructions of the manufacturer and sterilized in autoclave at 15 lbs pressure (Psi) for 15 minutes at 121oC. Stock Carbohydrate solution was prepared by dissolving 10 grams of the carbohydrate in 100 ml of sterile deionized water. The stock solution was sterilized either in steam sterilizer or by filtration. The platting and tubing of media were carried out under the Flow Lab Culture Hood to avoid its extraneous bacterial or viral contamination. 
For disposing off the used culture plates, tubes, slides and other contaminated material, autoclaving was performed at 15 lbs pressure for 30 minutes.To avoid extraneous contamination, the pouring of medium was carried out using Flow Lab Culture Hood, The media were poured into sterilized petri plates, screw capped tubes, test tubes, McCartney bottles.To check their sterility the plates and tubes containing the medium were placed in incubator for 24 hours at 370C and those tubes and plates showing evidence of any type of bacterial growth were discarded. The sterile plates and tubes were stored in refrigerator at 4°C till used. Carbohydrate fermentation test was performed.To a sterilized test tube, 10 ml of peptone water working solution was added. An inverted Durham tube was put in it and by gently inverting the test tube the vial was filled with solution. The preparation was color marked (for identification) and sterilized in autoclave, at 15 lbs, p.s.i. for 10 minutes. Under strict aseptic conditions 1 ml of stock sugar solution was added and gently mixed. The preparation was inoculated with a loopful of test culture and incubated at 370C for 24 hours. Sugar fermentation was indicated by change of color of the medium. Then Indol Test was performedTrypticase nitrate broth tubes were inoculated with a loop full of morbid material from Bullock’s Heart medium and anaerobically incubated for 48 to 96 hours. One ml of ether was added to the tubes containing 5 ml of medium and the mixture was thoroughly shaken and allowed to stand for 1 minute or until the ether rose to the top of the culture tube. Kovacs reagent, 0.5ml, was added slowly alongwith the side of the tube. The development of deep red color of the culture medium was a positive indol test. For Methyl Red (MR) Test the tubes containing methyl red broth were inoculated with a loopful of morbid material (young age culture) and incubated, anaerobically at 370 C, for 48 hours. Five drops of methyl red reagent were added to the tube and mixed well; the reaction was read soon after addition of MR reagent. Development of yellow coloration in the culture tubes was considered as a negative reaction (Cruicekshank, 1968). For Nitrate Reduction Test The tube of nitrate broth were inoculated with a loopful of growth from agar slants and incubated at 370C under anaerobic conditions. The inoculated tubes were examined at 24 and 48 hours for the presence of nitrogen gas which accumulated in the Durham’s tubes. After 48 hours incubation, 5 drops of each indicators were added to the tubes. Development of red color in 1 to 2 minutes indicated positive nitrate reduction reaction (Fingold and Martin, 1982).For Hydrogen Sulfide (H2S) Production test Sodium thioglycalate medium tubes were ino lead acetate stripe was inserted with the plug culated with young culture at the depth of about ½" from the surface. The tubes were incubated anaerobically at 200C for 7 days. Hydrogen sulfide production was evident by the blackening of the lower portion of the strip (Fingold and Martin, 1982).
Pathogenicity Test: The bacterial growth colonies obtained from any of the faecal material were mixed with 5ml of sterile distilled water and injected intra-venously into the guinea pigs. The inoculated animals developed acute disease and died within 48 to 72 hours post inoculation
The tubes were incubated anaerobically at 200C for 7 days. Hydrogen sulfide production was evident by the blackening of the lower portion of the strip (Fingold and Martin, 1982). The dead animals were opened aseptically and material from their liver, and heart blood were collected and processed for bacterial isolation. Impression smears were prepared from the liver tissue and examined, for the presence of Cl. perfringens.  The pieces of tissue were also streaked on to the freshly poured plates of blood agar, and egg yolk agar, and placed in Tarrozi Bullock’s heart broth and thioglycolate medium. The inoculated plates and tubes of media were incubated anaerobically at 370C for 24 hours. Detection of lethal toxins
Cl. perfringens produced a number of lethal toxins for the mice. These toxins were isolated from the stomach and intestinal contents, of the host and in the supernatant part of the liquid medium in which organism was grown. Toxicity test: The stomach or intestinal contents were diluted with an equal amount of sterile physiological solution, mixed well, and centrifuged at 3000rpm for 30 minutes to sediment bacteria and particulate matter. The supernatant fluid was withdrawn with the help of a pipette and added to a sterile McCartney tube. The broth cultures were also centrifuged in the same manner and supernatant was recovered using a sterile pipette. To the culture supernatant, trypsin solution (0.1% aqueous trypsin solution) was added and the mixture was allowed to stand for 60 minutes at 370C for trypsinization. The supernatant recovered from intestine was not trypsinized, as the proto toxins produced in the intestine had been already activated by the intestinal trypsin and the prepared filtrate was tested in mice. The mice were restrained for intravenous inoculation in a metallic carton having holes for respiration. The mouse was allowed to enter the carton and the lid was screwed on and the tail was gently pulled out from the hole. Each of the 3 mice was inoculated intravenously, into the tail vein, with 0.3ml of the supernatant. The inoculated animals died within 10 hours post inoculation, and showed typical lesions of acute toxicity. Deaths occurring within few minutes post inoculation were attributed to injection shock and were therefore, disregarded. 

Serum neutralization test in mice Five standard antitoxins i.e from A-E were obtained from Burroughs Welcome Laboratory UK, against Cl. perfringens  for typing the toxins.
Since the clostridial organisms were difficult to differentiate from each other on basis of morphology, following characteristics of the isolated strains were used for their differentiation of Cl. perfringens from other species of genus Clostridium. 
Biochemical Characteristics: Clostridia fermented most of the carbohydrates producing acid and gas. Reaction in iron litmus milk was very specific,
The biochemical tests, reproduced below, provided a clue for the preliminary characterization of various Clostridial species, final identification was however, made on the basis of toxin-antitoxin reactions.
Motility Test: A 16-18 hours old culture was used for motility testing using the hanging technique. 
Vaccine Production
Selection of strains: The selected strain of Cl. perfringens was grown in Bullock’s Heart Medium for 6 to 8 hours at 370C. Upon evidence of growth by turbidity of supernatant, the culture was examined for its purity.

Toxin titration: 
Dilution: The supernatant of the liquid culture was recovered through centrifuging it at 3000rpm under aseptic conditions, and it was diluted in sterile physiological saline, in 1:10 ratio. A total of ten tubes were arranged in a row. Nine ml saline was added to the 1st tube and 5ml saline to each subsequent 9 tubes. One ml of supernatant was added to the 1st tube and mixed thoroughly. Five ml of this diluted mixture was added carefully to 2nd tube and mixed well, and using a new sterilized pipette every time 5 ml of this mixture was added to each subsequent tube, till the 10th. A 5 ml quantity of material from 10th tube was discarded. The dilutions so achieved were 1:10, 1:20, 1:40, 1:80, 1:160, 1:320, 1:640, 1:1280 etc.Animal inoculation: A group of 3 mice was selected and for each of the test dilution, a mice was injected i.v. with 0.3 ml of the test dilution from No. 1 to No 10. The experimental animals were identified using color marks and observed for 24-72 hours. Toxicity and suitability of the test culture was established when all the mice in a group were killed by dilutions 1 through 8. The LD50 of the culture suspension was calculated using Reed and Muench method, and the test culture killing all mice at 1:80 dilutions was selected for the vaccine production.
Mass production of vaccine
	A batch of 450 litres Nutrient Broth included 1% glucose and pH adjusted at 7.8 was  prepared, autoclaved and sterilized by incubation at 37°C for 24 hours.
Culturing of flasks of type B and D 
Two flasks of 5 liter capacity containing nutrient broth were cultured against Cl. perfringens type D and B. The cultured flasks were sealed with sterilized liquid paraffin in 2ً thick layers and incubated at 370C for 24 hours. A sample of the growth of clostridia in each flasks was collected aseptically and tested for purity of the organisms, and upon confirmation of purity whole batch of 90 flasks was cultured for type B and D.
Trypsinization:
	  The flasks of Cl. perfringens type D culture were trypsinized @ 0.1% and placed at room temperature for the activation of epsilon toxin of type D culture while type B cultured flasks were not trypsinized.
Formalization: 
Formalin (37% formaldehyde) @ 0.5% was added to both types B and D culture flasks and incubated at 370C for 24 hours. 450 gram of Potassium Aluminium fosphate and 1125 grams of Cabolic Acid.
Aluminization and Carbolization
0.1% Potassium aluminium sulphate was added as adjuvant and 0.25% Carbolic acid was added to check contamination of vaccine at room temperature for 72 hours.
Safety and sterility testing
A sample of pooled vaccine was collected aseptically and tested in anaerobic media i.e. Bullock’s Heart, Tarrozi, Nutrient agar, and Nutrient Broth and incubated anaerobically at 37C for 24-48 hours. This sample was also tested in 3 mice by injecting each with 0.5 ml subcutaneously and observing the inoculates for 72 hrs. The safety of vaccine was also tested in 2 guinea pig each being injected with 1ml of vaccine subcutaneously and two sheep each of which was inoculated with 2.00ml of vaccine subcutaneously. The inoculates were observed upto 72 hrs.
Comparative efficacy of vaccines: Sera from the surviving animals was collected and diluted in PBS in 2 fold dilution to a titer of 1: 512.   Each dilution was tested in 3 tubes of HeLA cell line/ injected subcutaneously into a group of 3 mice. 
Cell culture evaluation:  The medium from tubes indicating a good contiguous growth was removed and the cells were covered with serum diluted in PBS and placed in hot water bath at 370C for 30 minutes.  The serum containing fluid was removed and replaced with toxin dilution, prepared above, and incubated for 48 hours at 370C. The highest serum dilution inhibiting CPE was regarded as the antibody titer of the serum. The efficacy of vaccine was correlate with antibody development titres in the inoculates.
Animal inoculation: A group of five mice was inoculated with each serum dilution subcutaneously and challenged simultaneously with 100MLD50 of the toxin. Survival of animal to challenge of toxin indicated the protection and presence of antibodies to toxin. Vaccines provoking highest antibody titers were regarded as better than the other preparations.
RESULTS AND DISCUSSIONS
In the present work a total of 1250 specimens of morbid material, collected from different species of animals such as 250 cattle, 250 sheep, 250 goat, 250 horses, 250 camels; and a total of 170 samples from 11 species of zoo animals, including 28 deer, 7 Wildebeest, 16 monkeys, 10 zebra, 1 Elephant, 9 Yaks, 5 foxes, 6 jackals, 8 baboons, 8 bears and 100 cases of Gas Gangrene in humans under treatment at various hospitals were examined. From all these samples a total of 829 isolations of Clostridium perfringens, characterized as 185 strains of Cl. perfringens Type A; 176 strains of Cl. perfringensType B; 165 strains of Cl. perfringens Type C; 287 strains of Cl. perfringens Type D, and 16 strains of Cl. perfringens Type E were possible  (Table-2). In all animal species adult, and living animals were considered as potential sources and carriers of Cl. perfringens; whereas the dead animals were considered as victims of Cl. perfringens enterotoxaemia.  The epidemiological difference between the species of animals and within the strains of Cl. perfringens was not significant (p> 0.05).
Table- 2: Toxigenic strains of Cl. perfringens isolated from different species of domestic and zoo animals and human beings.
	
	
	
	Cl.  perfringens types
	
	
	

	Sample source
	Morbid material
	Obs.
	A
	B
	C
	D
	E
	Total
Isolates
	Ana.
variance
	Total isolations

	Cattle
	Individual**
Outbreak***
	200
50
	20
4
	7
4
	20
33*
	16
32*
	3
1
	66
74
	NS
NS
	140

	Sheep
	Individual
Outbreak
	150
100
	5
1*
	10
80
	18
0
	22
19
	2
1
	57
101
	NS
NS
	158

	Goat
	Individual
Outbreak
	150
100
	3
5
	3
20
	20
30
	60
30
	1
2
	87
87
	NS
NS
	174

	Horses
	Individual
Outbreak
	200
50
	40
15
	10
5
	15
5
	13
4
	5
1
	83
30
	NS
NS
	113

	Camel
	Individual
Outbreak
	200
50
	0
0
	10
8
	5
5
	40
17
	0
0
	55
30
	NS
NS
	85

	Deer
	Individual
Outbreak
	22
6
	1
0
	2
2
	3
1
	10
2
	0
0
	16
5
	NS
NS
	21

	Wildebeest
	Individual
Outbreak
	4
3
	1
0
	1
1
	0
0
	1
1
	0
0
	3
2
	NS
NS
	5

	Monkey
	Individual
Outbreak
	12
4
	1
0
	1
1
	1
0
	1
1
	0
0
	4
2
	NS
NS
	6

	Zebra
	Individual
Outbreak
	5
5
	0
0
	1
1
	1
1
	1
1
	0
0
	3
3
	NS
NS
	6

	Elephant
	Individual

	1

	0

	0

	0

	1

	0

	1
	NS
	1

	Yak
	Individual
Outbreak
	5
4
	1
0
	1
1
	1
1
	1
1
	0
0
	4
3
	NS
NS
	7

	Foxes
	Individual
Outbreak
	3
2
	0
0
	0
1
	1
0
	2
1
	0
0
	3
2
	NS
NS
	5

	Jackals
	Individual
Outbreak
	4
2
	0
0
	1
1
	1
0
	1
1
	0
0
	3
2
	NS
NS
	5

	Baboons
	Individual
Outbreak
	7
1
	0
0
	2
0
	2
1
	1
0
	0
0
	5
1
	NS
NS
	6

	Bear
	Individual
Outbreak
	6
2
	0
0
	1
1
	0
0
	1
1
	0
0
	2
2
	NS
NS
	4

	Dromedary
	Individual
Outbreak
	1
	0
	0
	0
	1
	0
	1
	NS
	1

	Human
(Gangrene)
	Swabs
Tissue
	83
17
	73
15
	0
0
	0
0
	2
2
	0
0
	75
17
	NS
NS
	92

	Total

	
	
	185
	176
	165
	287
	16
	829
	
	829

	
	
	AV
	ab
	ab
	Ab
	a
	b
	
	
	



                                             The difference of scripts =  (P < 0.05)
* = mixed infection.  * * = fecal material.   * * * = morbid tissue material.
Bio-typing of Toxigenic Cl. perfringens types
           Of the total 829 strains of Cl. perfringens isolated during present investigation, 185 (22.3%) strains were characterized as Cl. perfringens Type A; 176 (23.9%) strains as the Cl. perfringensType B; 165 (22.4%) strains as Cl. perfringens Type C; 287 (34.6%) strains as Cl. perfringens Type D and 16 (2.2%) strains as Cl. perfringens Type E.  Cl. perfringens Type D was the most common isolate from 283 the morbid tissue (38.4%) samples obtained from domestic and zoo animals, followed by Cl. perfringensType B isolation from 176 (23.9%) of the samples; Cl. perfringensType C from 165 (22.4%) samples and the Cl. perfringensType E which was isolated from 16 (2.2%) samples. Of the 73(88%) samples from the cases of the human gas gangrene 73 strains of Cl. perfringens Type A, and from 4 (4%) samples 4 strains of Cl. perfringens Type D were isolated. The findings of the present investigation are congruent with those reported by Rood et al. (1983), Chauhanet al. (1983), Fagerberget al. (1984), Smith and Williams (1984), George and Finegold (1985), Benaouda, (1985), Harris and Portas, (1985), Youssef et al. (1986) Roeder et al. (1987), and Niilo, (1987). Awadet al. (2000) also isolated different biotypes of Cl. perfringens from a variety of animals, including foals, piglets and lambs. 
Bergey’s Manual of Systematic Bacteriology has reported 83 species in the genus Clostridium (Cato et al. 1986), while the International Committee on Systematic Bacteriology in the approved list of bacterial names has listed 75 species (Skermanet al. 1989), and the Cl. perfringens, formerly known as Clostridium welchii, is one of those species. This organism was first described by Welch and Nuttall (1892) as Bacillus aerogenescapsulatus, and in the honor of Welch it was named as Cl. welchii, especially in the UK A sample containing Cl. perfringens is inoculated into chopped meat broth (or CMCS) and is incubated for 4 h at 45C, or until the first indication of bacterial growth is observed. If the culture is transferred after several 4 h intervals, the only organism present in the later transfers should be Cl. perfringens because of its ability to outgrow any other organisms (Smith and Williams, 1984). The species of Genus Clostridium are widely distributed in nature. These organisms seem to have two predilection habitats i.e. the soil and the intestine of animals (Smith and Williams 1984; George and Finegold 1985).Some of the clostridia appear to be common inhabitants of intestinal canal of animals and humans. It is more likely that the primary habitat of most of the anaerobes is soil and the vegetation growing on it gets contaminated, during grazing or with feeds and fodders, clostridia are ingested thus inhabiting temporarily or permanently in the intestinal canal of the various types of hosts. Colonization of human intestinal tract occurs in the very early stages of life.  Clostridia frequently appear in dust, milk and meat, and sewage. Though they usually lead a saprophytic existence, some of the species are related to well recognized diseases of humans and animals. Among the species most frequently isolated from animals, humans, and soil is Cl. perfringens; and in fact this bacterium has been found in almost every soil sample which was actively investigated (Smith and Williams 1984). Isolation of Cl. perfringensfrom the morbid tissues and fecal material samples in present investigation reinforces the findings of Smith and Williams (1984), and George and Finegold (1985).
Species of Clostridium perfringensproduce a variety of exotoxins and toxic factors. These factors are very potent lethal chemicals, and in very minute quantities can produce cytotoxic, cytocidal, hemolytic, and/or neurotoxic effects. In the body of the host these toxic chemicals bring about lyses of proteins, ferment carbohydrates, and severely damage the affected tissue, and are therefore mainly responsible for the morbidity and mortality of the host.  The identification of different strains of Cl. perfringens is based on the production of these toxins and toxic factors. The A, B, C, and D toxin types isolation from Cl. perfringens was established in 1931 (Glennyet al. 1933) and the toxin type E isolation and its inoculation in the group of Cl. perfringens toxins was established in 1943 (Bosworth 1943). The toxins, on basis of their lethality in mice and other toxic behaviors, have been grouped as majosr toxins and minor toxins. The major toxins are Alpha () (Tso and Seibel, 1989), Beta () (Sakurai &Fujii (1987), Epsilon () (Habeeb (1969), and Iota () (Stiles and Wilkins 1986) (Table x). The minor toxins and toxic factors are Enterotoxin, Delta (δ) toxin, Theta () toxin, Kapa (κ) toxin, Lambda () toxin, Mu (µ) toxin, Vu () toxin, Neuraminidase, and -Toxin and-Toxin (McDonel, 1980; Smith and Williams, 1984). In the present work 5 toxigenic strains of Cl. perfringens were isolated and identified from the samples of morbid material obtained from domestic and zoo animals and the humans. These findings support the work of above research workers (TSO and Seibel, 1989; Sakurai and Funjii, 1987; Habeeb, 1969; Stiles and Williams, 1986).
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