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1. INTRODUCTION 

Sheep represent an important source of meat and wool in Egypt. 

Egypt considered as one of the five tope sheep exporting Arab countries 

(Baghasa, 2006). The estimated Egyptian population number of sheep is 

an ascending matter from 1976, 1996 till 2008. The number is 2 millions, 

3.5millons and 5.02 millions respectively (Anon, 1976 and 1996 and  

FAO 2010).  

Recently feed lot sheep farms are increasing in many villages at 

Egypt. Infectious diseases of sheep become more important due to their 

role in minimizing its production and number of sheep population. 

Clostridial diseases are considered the most important disease of sheep 

industry. The commonest one of them is enterotoxaemia (Eman 2004). 

Sheep enterotoxaemia had been reported to be produced by 

clostridium perfringens. It is a normal inhabitant of the intestine of most 

animal species, but when the intestinal environment is altered by sudden 

changes in the diet or other factors, clostridium perfringens proliferates in 

intestinal mucosa and produces potent toxins that act locally or are 

absorbed into general circulation with usually devastating effects on the 

host (Uzal  and Songer 2008).   

All five types of clostridium perfringens had been incriminated as a 

cause of enterotoxaemia in sheep. The role of type A in disease production 

is considered doubtful by some researchers. Type A strain of clostridium 

perfringens which produce only α toxin (phospholipase) are commonly 

found as a part of the normal intestinal microflora and lack some powerful 

toxins produced by other types of clostridium perfringens (Gkiourtzidis et 

al., 2001). 

The principal ovine diseases caused by clostridium perfringens are 

lamb dysentery, haemorrhagic enteritis, struck and pulpy kidney. 

Occasionally type A has been held responsible for haemorrhagic enteritis, 



haemolytic disease or gas gangrene. Other diseases in the enterotoxigenic 

category are abomasitis and toxaemia (Clostridium sordelli) and braxy 

(Clostridium septicum) (Lewis 2000). 

Because of the common occurrence of a number of clostridium 

diseases in an area. It has become a common practice in recent years to use 

multivalent bacterin – toxoid containing clostridium septicum, clostridium 

chauvoei, clostridium novyi, clostridium sordelli and clostridium 

perfringens types C and D (Radostitis et al., 2007). 

Due to the importance of sheep and great losses caused by clostridial 

enterotoxaemia caused by clostridium perfringens this work was done to throw 

light on clinical, epidemiological, bacteriological and immunological 

characters of clostridial enterotoxaemia in sheep.  

This was done through:  

1- Description of  the clinical findings  of enterotoxaemia in sheep. 

2-Isolatation of  clostridium perfringens from diseased, clinically healthy 

animals and from the soil of different types. 

3-Classification of the bacterial isolates based on detection of toxin genes using 

multiplex PCR. 

4-Investigation the presence of Cpb2 gene among the bacterial isolates which is 

responsible for β2 toxin (newly discovered toxin). 

5-Studying some epidemiological criteria of enterotoxaemia in sheep.  

6-Evaluation of  the immune response against the most common clostridial 

vaccines used in veterinary field in Egypt. 

 

 

 

 

 

 



2. Literature  

Sheep clostridial enterotoxaemia was the most common clostridial diseases 

affecting sheep caused by Clostridium perfringens. This group includes diseases 

as lamb dysentery, haemorrhagic enteritis, struck and pulpy kidney. On 

occasions type A Clostridium Perfringens had been responsible for 

haemorrhagic enteritis and haemolytic disease or gas gangrene. Other diseases 

in the enterotoxaemia category are abomositis and toxemia that caused by 

clostridium sordelli and braxy that caused by clostridium septicum (Lewis, 

2000). 

2.1. Etiology: 

2.1.1. Bacterial causes: 

Clostridium perfringens produced diseases in sheep which generally 

called enterotoxaemia. This micro-organism is gram positive anaerobic 

thick, straight sided and encapsulated bacilli that arranged singly or in 

pairs. It is characterized by oval or sub terminal spores. Its colonies 

appeared after 24 hours of incubation and are usually 3-5 mm in 

diameter, grayish and circular with inner complete zone of haemolysis 

and less complete outer zone (Mainil et al., 2004).  

Clostridium perfringens had been classified into 5 toxinogenic types 

(A, B,  C, D and E) according to production of 4 major toxins, namely 

alpha, beta, epsilon and iota as shown in the following table (Uzal 2004). 

Clostridium 

perfringens types 

Major toxins produced 

Alpha Beta Epsilon Iota 

A + - - - 

B + + + - 

C + + - - 

D + - + + 

E + - - + 

(+) = toxin produced             (-) = toxin is not produced 



Clostridium perfringens can produce up to 15 toxins in various 

combinations, including lethal toxins such as perfringolysin, enterotoxin 

and beta2 toxins (Uzal and Songer 2008). 

Enteric clostridium perfringens infections in sheep, goat and other 

species are generally called enterotoxaemia as because toxins produced in 

the intestine may be absorbed into the general circulation. The main 

diseases belonged to enterotoxaemia group illustrated in the following 

table (Uzal and Songer 2008). 

Clostridium 

perfringens types 

Disease in sheep 

A Yellow lamb disease 

B Lamb dysentery and Hemorrhagic enteritis 

C Struck  

D Pulpy kidney disease 

E Enterotoxaemia (scant information available) 

Identification of the clostridium perfringens types that present in the 

soil and animals' intestine was of interest from the epidemiological point 

of view.  

Examination of 403 cases of gastro-enterohepatotoxaemia (of which 

304 were in sheep, 40 in cattle, and 25 in pigs) resulted in isolation of 

clostridium perfringens type A 264 times and type D 119 times 

(Moraillon and Yalcin 1966). 

Examination of 88 healthy young sheep for clostridium perfringens 

resulted in isolation of 21 isolates. Four  isolates were type B, 10 isolates 

were type D and 7 isolates were of unidentified type (Guven et al., 1970). 

Examination of 583 sheep suffered from clinical symptoms of 

necrotic enteritis resulted in isolation of clostridia organism in 79% of 

cases. Clostridium perfringens type A, mixed infection of clostridium 

perfringens type A with clostridium novyi type B and few cases of  



clostridium perfringens type C were identified in percent of 12% and 

10% , respectively (Katitch et al., 1973). 

Clostridium perfringens were isolated from 25 intestinal samples out 

of 143 intestinal samples from sheep with enterotoxaemia. Eight were 

type A, 3 were type C and 14 were type D (Harbola et al., 1975). 

Examination of enterotoxaemia in lambs showed that the disease 

was caused by clostridium perfringens type A in 53% of cases, 

clostridium perfringens type D in 32% of cases and in 15 % of cases 

caused by both types (Urban et al., 1975).  

Studies of enterotoxaemia in sheep revealed that clostridium 

perfringens type A was the cause of enterotoxaemia in 32 dead animals 

and 213 sheep emergency slaughtered (Volkova and Dzhamgyrchieva 

1976). 

Examination of 211 soil samples collected from different Egyptian 

district resulted in 147 (83.4%) samples carried clostridium perfringens. 

Type A, type B, type D and type C represent 69.7%, 22.3%, 11% and 

4.7%, respectively (Nagi 1977).  

One hundred and eighty one strains of clostridium perfringens were 

isolated from 534 soil samples collected from different Egyptian soil. The 

incidence of isolation from animal dwelling was 19.85%, cultivated field 

was 9.74%, sandy soil was 3.93% and virgin soil was 0.37% (El-Sayed 

1979).  

The percentage of soil samples contaminated with clostridium 

perfringens was 34%. The highest contamination rates was in samples of 

animal houses (20%), followed by cultivated soil (10%), virgin soil 4% 

and sandy soil 0.4%. Ninety three percent of the isolates were pathogenic 

(El-Ghani et al., 1982). 

Examination of 19 cases of naturally occurring enterotoxaemia in 

sheep and lambs resulted in isolation of clostridium perfringens type D 



from 4 cases and clostridium perfringens type A from 14 cases (Popoff 

1984). 

Twenty nine strains of clostridium perfringens were isolated from 42 

apparently healthy slaughtered sheep, 25 were identified as type A (86%), 

one as type B (3.4%) and 3 as type C (10.34%) (Benaouda 1985). 

Two hundred and thirty nine strains of clostridium perfringens were 

isolated from the faeces of apparently healthy sheep. The percents of 

isolated type A, type B, type C, type D, and type E were 53.1%, 7.1%, 

5.9%, 18.4% and 7.9%, respectively. The percent of untypable isolates 

was 7.5% (Itodo et al., 1986). 

Examination of 40 sheep that died from suspected clostridial 

infections in central of Portugal resulted in isolation of clostridium 

perfringens from 5 cases (12.5%) (Amado 1990). 

In Nigeria 58.85% (153 out of 260) of sheep died suddenly due to 

clostridium perfingens type D. (Itodo 1991). 

Five hundred and seventeen strains of clostridium perfringens were 

isolated from apparently healthy and diseased sheep. Type A, B, C and D 

had been isolated at percent of 50.3%, 12.4%, 4.45% and 5.03%, 

respectively (Secasiu 1992). 

The percent of Clostridium perfringens isolated from succumbed 

animals was 26.67% (40 out of 150). The incidences of clostridium 

perfringens types D, B and C were 55%, 27.5% and 17.5%, respectively. 

The percent of Clostridium perfringens isolated from the slaughtered 

clinically healthy sheep was 17.74% (22 out of 124). They were type D 

and C at percent of 15.33% and 2.4%, respectively. Examination of soil 

samples in Assuit governate revealed that 53.33% of soil samples were 

contained clostridium perfringens; type B, type C and type D  at percent 

of  21.05%, 10.53% and 68.42%, respectively (Osman 1993). 



Two hundred and fifty two strains of clostridium perfringens had 

been isolated from 778 fecal samples from 29 sheep flocks. Type D was 

present in 55% of samples while type B and C were isolated from 7% of 

the samples (Younan et al., 1994). 

One hundred and thirty nine samples (46 cattle, 7 foals, 49 pigs, 16 

sheep and 21 fowls) had been examined for clostridium species. 66 

isolates of clostridium species were isolated. Clostridium perfringens was 

accounted for 61 (92.4%) isolates. Thirty two strains (52.45%) were 

serotype A, 3 of which were in sheep. Serotype D was isolated from 8 

(13.11%) cases of enterotoxaemia in sheep (Cygan and Buczek 1997). 

Seventeen strains of clostridium perfringens had been isolated from 

sheep and goat in Iran. 7 (41.17%) of which belonged to type B, 8 

(47.05%) strains were type D, one (5.88%) was type A and one (5.88%) 

strain was untypable (Ghazi et al., 1997). 

Clostridium perfringens type D had been isolated from all 52 

animals with pathological signs of enterotoxaemia. Thirteen strains of  

clostridium perfringens type A and two strains of clostridium perfringens 

type D were isolated from 18 healthy animals (Miserez et al., 1998). 

One hundred and thirty two intestinal specimens of small ruminants 

with suspected enterotoxaemia were examined for clostridium 

perfringens.  Fifty one specimens were positive, from which 28 were 

identified as type D, 16 as type C and 7 as type A (Ozcan and Gurcay 

2000). 

One hundred and seventeen lambs with dysentery were examined to 

determine the prevalence of the clostridium perfringens. The most 

prevalent type was type B representing 46% of the cases with clostridial 

dysentery. Clostridium perfringens type C was isolated from 20%, 

clostridium perfringens type D was isolated in 28% and the recently 



discovered beta 2 toxigenic type of clostridium perfringens was 

represented in 6% (Gkiourtzidis et al., 2001). 

Ninety eight healthy sheep were examined in Benin. Seventy  

isolates of clostridium perfringens were isolated. Sixty one (87%) were 

type A and 9(13%) were type C  (Aschfalk et al., 2002). 

Samples from small intestine as well as faeces of domestic and 

exotic ruminants suffering from enterotoxaemic signs or having died 

within days after onset of toxemia were collected and examined for 

clostridium perfringens. Clostridium perfringens types A, B, C and D 

were identified. Type A was the most predominant type in domestic 

sheep (Sipos et al., 2003). 

Two hundred and sixty samples of intestinal content from sheep 

with suspected enterotoxaemia and 35 clinically healthy sheep were 

examined for incidence of clostridium perfringens. Two hundred and 

twenty samples (84.61%) was positive, from which 104 (47.27%).  

twenty (9.09%), 10 (4.54%) and 86 (39.07%) were identified as 

clostridium perfringens type A, B, C and D,  respectively (Gokce et al., 

2007). 

 

 

 

 

 

 

 

 

 

 

 



2.1.2. Predisposing causes: 

2.1.2.1. Pathogen risk factors: 

Clostridium perfingens produced 17 virulence factors. These factors  

were alpha (α), beta (β), gamma (λ), delta, epsilon (ε), eta, theta (θ), iota 

(ί), kappa, lambda, mu , nu toxins, neuraminidase, sialidase, enterotoxin, 

non-alpha-delta-theta hemolysin, and metabolic active sustance. The 

mechanism of action of these factors belong to one of three groups. Some 

of these virulence factors, such as the alpha toxin, which is phospholipase 

C, and the kappa toxin, which is a collagenase, are enzymes that 

hydrolyze substances essential to the integrity of membranes or other 

body structures. Other virulence factors, such as the beta, epsilon, and 

iota toxins, act primarily on the vascular endothelium, causing increased 

capillary permeability, especially in the brain. Still others, such as the 

delta and theta toxins, are essentially hemolysins. Theta toxin is similar in 

action and serologically related to streptolysin O (Louis1979). 

Alpha toxin or phospholipase is truly multifunctional metalloenzyme 

and possesses both phospholipase C and sphingomyelinase activities, 

which responsible for the cytotoxicity, necrosis and hemolysis (Stevens et 

al., 1988). 

The alpha toxin is commonly produced by all five types of 

clostridium perfringens. It is phospholipase C that can hydrolyze lecithin 

into phosphoryl choline and diglyceride and it is believed to be a major 

factor responsible for the organism's tissue pathology. The major lethal 

effects associated with this toxin are necrotic enteritis and enterotoxaemia 

in animals (Awad et al., 1995).  

Like alpha and beta toxins; the epsilon toxin is both lethal and 

necrotizing. The spsilon toxin is produced in precursor form and had been 

activated following the proteolytic removal of a 14-amino acid residue 

peptide from the NH2 terminus of the protoxin. Proteolysis could be 



resulted from the action of clostridium perfringens proteases such as 

gamma toxin or the effect of trypsin in the intestine. The iota toxin is the 

last of the four major lethal toxins produced by clostridium perfringens 

and normally associated with type E strain that produced necrosis. The 

theta (θ) toxin produced by all five types of clostridium perfringens. This 

is known as θ- hemolysin or the thiol-activated cytolysin. These 

cytolysins use cholesterol as a receptor and form large pores in the target 

cell membrane. Neuraminidase produced by all types of clostridium 

perfringens. It cleaved acetylneuraminic acid residues from glycoprotein, 

glycolipids, and oligosaccharides and might play a role in disease by 

destroying receptor molecules on cell surface or by disrupting connective 

tissue. The mu (µ) toxin is hyaluronidase which degrades hyalouronic 

acid an important constituent of connective tissue (Rood and Cole 1991). 

 The epsilon toxin increased the intestinal permeability, entered the 

blood circulation and damaged the vascular endothelial causing typical 

lesions of enterotoxaemia in sheep. These included swollen hyperaemic 

kidneys, lung and brain edema and exudates in the pericardium, thoracic 

and abdominal cavity (Miserez et al., 1998). 

The beta toxin is an important agent of necrotizing and 

inflammatory disease necrotic enteritis. The toxin is lethal to the animals 

and dermonecrotic but not hemolytic. The toxin directly or indirectly acts 

not only on the central nervous system but also on peripheral nerves (Jun 

and Masahiro 2006). 

The β2-toxin is newly discovered toxin produced by clostridium 

perfringens that was isolated from many animal species suffering from 

enteric diseases. This suggesting the β2-toxin might play a key role in the 

pathogenesis of the diseases caused by clostridium perfringens; but its 

role in enteric disease is not completely known (Klaasen et al., 1999, 

Garmory et al., 2000 and Alphons et al., 2008). 



2.1.2.2: Environmental risk factors: 

Lush herbage, frost bitten herbage, cold and change of diet were 

considered as predisposing factors for enterotoxaemia. The incidence of 

enterotoxaemia due to type D was prevalent in summer and autumn 

(Butozan and Mihajlovic 1959).  

Heavy infestation with Muellerius  Capillaris and its migratory stage 

predispose to clinical enterotoxaemia (Gardiner and Parnell 1960).  

Dying cases from enterotoxaemia were reported after dosing with 

phenothiazine drug (Jansen 1960). 

The change of feeding habits predisposed to enterotoxaemia caused 

by clostridium perfringens type B, C and D (Bullen 1963). 

Examination of outbreak of diarrhea in intensively reared lambs kept 

on straw bedding, explained that the disease was caused by coccidian 

with superimposed increase in number of clostridium perfringens type A 

(Taylor et al., 1973). 

Enterotoxaemia was predominantly in winter and spring in newly 

born lambs. The seasonal character of the disease was connected to some 

degree with mineral deficiencies in newly born animals. In addition to 

change from milk to solid food diet (Urban et al., 1975).  

Infection of lamb with coccidiosis predisposed to enterotoxaemia 

(Paliwal et al., 1977). 

The enterotoxaemia in lambs had been appeared after over eating of 

fattening diets or after sudden change from poor to rich diets (Popoff 

1984). 

Multiplication of clostridium perfringens and expression of epsilon 

protoxin in the intestine was promoted by change of food and application 

of protein rich diet or by over feeding (Miserez et al., 1998).   

Enterotoxaemia caused by clostridium perfringens not depends only 

on the presence of the bacteria or more precisely their toxins, but on other 



factors that alter the balance in digestive tract. After a sudden shift to 

food rich in proteins and ⁄or carbohydrates, undigested items of high 

nutritional value reach the small intestine. This creates optimal condition 

for growth of clostridium perfringens which eventually produce large 

quantities of toxins that may lead to an outbreak of fatal per acute 

toxicosis (Aschfalk et al., 2002). 

Several factors had been cited as predisposing to the occurrence of 

enterotoxaemia, with the most important including sudden dietary 

changes and reduction in intestinal transit (Josir et al., 2006). 

Sudden changes in diet (grazing lush, rapidly growing pastures or 

young cereal crops) or heavy grain feeding enables the bacteria to 

multiply rapidly. Toxemia occurs when the movement of food in the 

intestine slows or the organisms multiply and produce toxin faster than 

can be removed or neutralized (Gokce et al., 2007). 

Fatal infection may occur when predisposing factors allow rapid 

multiplication of clostridium perfringens in gut and the powerful toxins 

are released. The enterotoxaemia arises mainly at the beginning of rainy 

season, associated with an oversupply of young fresh fodder plants as 

well as after sudden shift to food rich in proteins and /or carbohydrates, 

undigested items of high nutritional value reach the small intestine. This 

creates optimal conditions for growth of clostridium perfringens, which 

might eventually produce large quantities of toxins that may lead to an 

outbreak of per acute toxicosis (Mohammed and Mohammad 2008). 

Sudden change in diet plays an important role in causing 

enterotoxaemia in sheep and goat including high grain diets and access to 

lush green pasture after rains. Overeating was also another important 

factor (Javed et al., 2009). 

 

 



2.2. Economic importance : 

Clostridial infections were considered an important cause of sudden 

death in sheep. Bacteriological examination was made for 128 case of 

suddenly dead animals from 18 farms in Morocco. Clostridial infections 

were present in 43 sheep (33.6%), colisepticemia in 24 (18.8%), septic 

pasteurellosis in 11 (8.6%), other septicemias in 10 (7.8%), 4 (3.1%) had 

unidentified bacterial infections, and 36 (28.1%) had no important 

bacteria (El Idrissia et al., 1992). 

It is well known that enterotoxaemia causes considerable economic 

loss to the sheep industry due to a high case fatality rate, decreased 

productivity, and increased treatment costs (Ozcan and Gurcay 2000 and 

Greco et al., 2005). 

A study was conducted to estimate the economic losses due to 

enterotoxaemia and to analyse the factors influencing those losses. The 

data were collected from 42 enterotoxaemia-affected sheep farms 

randomly selected from 6 states in India. The average annual economic 

loss due to enterotoxaemia was estimated to be Rs.2161.00, Rs.4039.58 

and Rs.4792.74  in small, medium and large farms, respectively, in which 

the loss due to mortality formed the greater proportion with around 94% 

in all size categories. All the affected animals died, the economic loss 

involved was just more than the value of animals lost, considering the 

treatment cost (Senthilkumar et al., 2008). 

Enterotoxaemia ranked as a third in importance as a cause of death 

in sheep. Its costs of prevention programs were the largest expenditure of 

all disease prevention programs in the feedlots (Mohammed and 

Mohammad 2008). 

Clostridium perfringens caused a number of diseases in animals and 

human. Sheep enterotoxaemia was considered an important disease due to 

large losses related to it. These losses represented in deaths of infected 



animals, costs of treatment and control and the reduction in herd 

production with increasing the animals culling and replacement rates that 

increase the economic losses (Hamad et al., 2009).  

2.3. The host and incidence of the disease: 

The incidence of enterotoxaemia was highest in October and March 

than other months (Ozsay and Tekin 1962). 

Enterotoxaemia was predominantly in Winter and Spring in newly 

born lambs. The seasonal character of the disease was connected to some 

degree with mineral deficiencies in newly born animals (Urban et al., 

1975). 

The percentage of enterotoxaemia was higher in winter and spring 

than other seasons (Osman 1993). 

Two studies were carried out in Turkey to investigate  the 

prevalence rate of clostridial enterotoxaemia in sheep flocks of different 

ages. The prevalence rates were 38.63% in the first study and 50% in the 

second study (Ozturk 1996 and Ozcan &Gurcay 2000). 

Reports from countries around the world had recorded prevalence 

rates of enterotoxaemia ranging between 24.13% and 100% (Halil et al., 

2007). 

The prevalence rate of the disease in sheep flocks varies greatly but 

seldom exceeds 10% (Radostitis et al., 2007). 

In Iran, the prevalence rate of enterotoxaemia in sheep at spring 

season was relatively low about 0.14% and the highest incidence of the 

disease in suckling lamb between 3 and 10 weeks of age (Mohammad  

and Mohammad 2008). 

In Nigeria, the enterotoxaemia affect both sexes without difference, 

and had prevalence rate as high as 51.1% with peak incidence during the 

months of July to September (Itodo et al., 2009). 



Enterotoxaemia was reported to be the major disease of sheep in 

Pakistan with prevalence of up to 40% (Javed et al., 2009). 

2.4. Morbidity and mortality rates: 

The mortality rate of enterotoxaemia caused by clostridium 

perfringens type C among ewes was 7.63% (Danko et al., 1975). 

The mortality rate of enterotoxaemia caused by Cl. Welchii type C. 

in five day old lambs was 10-15 % ( Greig 1975). 

The mortality rate of enterotoxaemia was 12.5% among lambs 

(Hosli et al., 1980). 

The morbidity and mortality rates of enterotoxaemia during study in 

Upper Egypt were 15.87% and 100%, respectively (Osman 1993). 

Clostridium perfringens represented 8.3% of the bacterial causes of 

neonatal mortality in lambs and kids in Jordan (Sharif et al., 2005). 

The average of mortality rate ranged between 10% and 20% and 

may reach in some instances to 40% (Greco et al., 2005). 

The mortality rate of flocks suffered from enterotoxaemia was 

ranged between 3.2% and 23.3% (Halil et al., 2007). 

Study carried out in Iran showed that the average case fatality rate 

was 40% and the case fatality rate in each flock ranged between 0 and 

80% (Mohammed and Mohammad 2008). 

 

 

 

 

 

 

 

 

 



2.5. Diagnosis of clostridial enterotoxaemia : 

2.5.1. The clinical findings: 

The symptoms of acute enterotoxaemia in newly born lambs which 

caused by Cl. Perfringens type C. were weakness prostrate and death with 

no rise in body temperature or mainly subnormal body temperature. 

Shivering and other signs of chilling were frequently, followed by 

prostration, tetanic spasms and death (Griner and Johnson 1954). 

The first sign of enterotoxaemia caused by Cl. Perfringens type B. 

was sudden death of apparently strong lambs within the first few days of 

life. The lambs stopped sucking start to bleat continuously and have 

tucked up appearance with obvious abdominal pain, prostration and death 

with or without central nervous signs occurs within a few hours. 

Dysentery may or may not be a feature (Watt 1960).  

The symptoms of acute enterotoxaemia which caused by Cl. 

Perfringens type D. in 3 outbreaks of sheep for 3-14 days before death 

were lateral recumbency, opisthatonus, galloping leg, twitching of face 

muscles, nystagmus and hyperesthesia (Pienaar and Tharnton 1964).  

The major clinical findings of affected sheep with enterotoxaemia 

before death were signs of hemorrhagic enteritis (Ardehali 1969). 

The signs of enterotoxaemia caused by Cl. Welchii type C. in five 

days old lambs were depression and production of grey black faeces 

preceded death (Greig 1975). 

Nineteen cases of enterotoxaemia in lambs and sheep showed typical 

nervous signs (opisthotonos and convulsions) 12 hours maximum before 

succumbing and death shortly after that (Popoff 1984). 

Sheep and lambs affected with Cl. Perfringens were suffering from 

profuse diarrhea. (Baelen and Devriese 1987). 

The resulted symptoms of experimentally intraduodenal infusion of 

Cl. Perfringens type D in 6-12 week old lambs were lethargy, passed of 



loose faeces and paddling movements lasting 3 to 5 minutes immediately 

prior to death (Blackwell et al., 1991). 

The clinical picture in the animals suffered from enterotoxaemia 

caused by clostridium perfringens type B lasted only a few hours. 

Affected lambs were in great pain, stop suckling and soon collapse and 

die. There might be semi fluid yellowish or blood tinged diarrhea. The 

animals with enterotoxaemia caused by clostridium perfringes type D 

were seen a live and those may show various neurological signs, strtorous 

breath and collapse (Karl and Mary 1993). 

Animals affected with clostridium enterotoxaemia suffered from 

depression and anorexia followed by death within one to two days. Adult 

sheep revealed dullness, slight salivation, grinding on the teeth with 

convulsion, body temperature were usually normal (38.3°c) but 

hypothermia was noticed in some cases with irregular shallow respiration. 

Three cases of adult sheep were observed suffering from muscular 

tremors with characteristic position of the body in which the head and 

hind legs were bent backwards. The trunk somewhat was arched forward 

followed by death. Signs of catarrhal to hemorrhagic enteritis were 

observed. Lambs which showed no marked signs, the observed clinical 

symptoms were refusing suckling, marked bloating and passing of brown 

faeces mixed with blood before death. Some lambs were suffering from 

death without obvious clinical symptoms (Osman 1993). 

Yellow lamb disease caused by clostridium perfringens type A 

characterized by depression, anemia, icterus and hemoglobinura (Songer 

1998).  

The first indication of enterotoxaemia caused by Cl. Perfringens 

type C. was the finding of dead sheep usually recumbent on their 

sternum. If found a live they were dull, unable to move and lame. The 

enterotoxaemia caused by Cl. Perfringens type D. was characterized by 



per acute form and death occurred often within less than two hours after 

onset of the disease. Those observed a live exhibit ataxia, progressing 

recumbency with opisthotonus and convulsions with or without 

nystagmus. In rare cases of animals surviving for short period there was a 

profound dullness and diarrhea. The signs of enterotoxaemia caused by 

Cl. Perfringens type A. were similar to those caused by Cl. Perfringens 

type B. (Lewis 2000). 

Lamb dysentery was manifested by abdominal pain, recumbency 

and bloody diarrhea in almost all of cases. In some cases sudden death of 

the animals was the primary signs (Gkiourtzidis et al., 2001). 

The animals suffered from clostridial enterotoxaemia were 

displaying variety of clinical signs such as abdominal pain, bloat, and 

mild to sever (blood tinged to bloody) diarrhea, recumbency. In some 

animals nervous symptoms (dullness, muscular tremors, opisthotonos and 

convulsions) were observed (Greco et al., 2005). 

Highly fatal hemolytic disease known as yellow lamb disease 

associated with clostridium perfringens type A. infection in lamb. There 

was an acute onset of severe depression, collapse, and jaundice with 

haemoglobinuria; dyspnea, presence of severs abdominal pain and the 

body temperature ranged from normal to 41°C. Most affected animals 

died within 12hours from onset of the illness. The signs of 

enterotoxaemia caused by clostridium perfringens type B. could be 

manifested by sudden death without premonitory signs in per acute cases. 

In acute cases there was loss of sucking drive and sever abdominal pain 

manifested by bleating, stretching and looking to abdomen. Lambs pass 

brown, fluid feces sometimes containing blood. Defecation was often 

accompanied by painful straining. Deaths occur after period of 

recumbency and coma within 24 hours from onset of illness. The clinical 

picture in older lambs was manifested by chronic abdominal pain and 



reluctance to suck without diarrhea. Enterotoxaemia caused by 

Clostridium. Perfringens type D. was characterized by very short course 

of illness in lambs often less than 2 hours and never more than 12 hours. 

Many lambs were found dead without previously manifested signs. The 

first signs might be dullness, depression and anorexia. Severe clonic 

convulsions with frothing at mouth and rapid death also were inspected. 

Cases that survive for a few hours a green pasty diarrhea, staggering, 

opisthotones and sever clonic convulsions were observed. Temperature 

usually normal but might be elevated if convulsions were severe. Cases of 

adult sheep usually survived for longer periods up to 24 hours; they lag 

behind the flock and show staggering, knuckling and champing of jaws 

with salivation and shallow irregular respiration (Radostitis et al., 2007). 

Lamb dysentery caused by clostridium perfringens types B and C 

were clinically manifested by death that may occur without premonitory 

signs, although there was usually abdominal pain with distended 

tympanic abdomen and bloody diarrhea. The more chronic form of the 

disease occur in the older lambs was manifested by loss of condition and 

depression, reluctance to suck and peculiar stretching when the animals 

rise (Uzal and Songer 2008). 

During study about the sheep enterotoxaemia in Iran a variety of 

clinical signs were recorded as abdominal pain, bloat, mild to sever 

(blood tinged to bloody) diarrhea, and recumbency. As well as in some 

animals nervous symptoms (dullness, muscular tremors, opisthotonos and 

convulsions) were observed, while in other cases death was the only 

clinical sign observed (Mohammed and Mohammad 2008). 

The most consistent clinical sings were temperature below 37.8 ºC, 

respiration rate 24/min, heads dropped down, sit in isolated area, Tongue 

protruded out and turning of eyes outwards (Javed et al., 2009). 

2.5.2. The postmortem finding: 



Infection by clostridium type B and C in sheep induce an excess 

amount of serosanguineous fluid in abdominal cavity (Barker et al., 1993) 

The postmortem findings of sheep dead by clostridium perfringens 

type B enterotoxaemia were focal hemorrhagic enteritis in the jejunum, 

wide spread discrete to confluent ulceration of the intestinal mucosa can 

be discerned through the serous surface as yellowish areas surrounded by 

hemorrhagic margins. There might be gas formation in the gut mucosa. 

Gut contents were mixture of bloody and frothy yellow fluid. The 

mesenteric lymph nodes were edematous. The liver might be pale and 

friable with swollen kidneys and congested lung. The postmortem 

findings of sheep dead by enterotoxaemia caused by clostridium 

perfringens type C revealed the presence of large amount of pale or pink 

fluid in body cavities. The small intestines were hyperemic and might be 

ulcerated with hemorrhages in the pericardial and subepicardial areas. 

The animal died due to enterotoxaemia caused by clostridium perfringens 

type D was in good condition, and showed pale yellow fluid and fibrin in 

pericardial sac, subepicardial hemorrhages. Intestinal contents were fluid, 

with congested intestine and the kidneys were swollen and autolysed 

rapidly. In some animals there was bilateral symmetrical necrotizing 

lesion in brain (Karl and Mary 1993). 

The necropsy findings observed in freshly (150) succumbed sheep 

were hemorrhagic enteritis with ulcerative lesions of the alimentary tract, 

particularly ileum. The ileum of succumbed animals was distended and 

contained much amount of dark blood. Some portions of small intestine 

and abdominal wall were congested, mesenrtic lymph nodes were 

swollen. Liver of some adult succumbed animals was darked, enlarged 

and friable. Pericardial sac contains considerable amount of serous fluid 

tinged with blood. Similar fluid was also observed in peritoneal cavity. 



Kidneys of some animals appeared as a plastic bag containing gelatinous 

material and they were soft and easily friable (Osman 1993).  

The postmortem findings associated with lamb dysentery were 

hemorrhagic enteritis with excess of sanguineous serous fluid in 

abdominal cavity. The lesions occur as localized area of necrosis. The 

intestinal mucosa was congested and dark red with ulcers up to 2.5 cm in 

diameter penetrating deeply into the serosa predominately in the ileum. 

The postmortem findings associated with struck were epicardial and 

thoracic effusions, abdominal cavity frequently contained large amount of 

pale pinkish fluid and hemorrhagic enteritis affects areas of jejunum and 

ileum. If necropsy had been delayed for few hours the muscles reveal 

fairly marked putrefactive changes. The carcass of animal died of pulpy 

kidney was in good condition and if necropsy was delayed there is rapid 

decomposition with marked purple discoloration of the skin and muscles. 

The body cavities contain excess straw colored fluid. There was patchy 

congestion with or without hemorrhages of the intestine. The kidneys 

were soft, pulpy and if held under a stream water the parenchyma washed 

away leaving the frond like cortical stroma (Lewis 2000).          

 

Necropsy findings in type A enterotoxaemia of sheep were not 

specific. It characterized by generalized icterus with enlarged, pale and 

friable liver and spleen. Red urine could be found in the urinary bladder 

(McGowan et al., 1985 and deferrer et al. 2002). 

The necropsy revealed the presence of peritoneal and pericardial 

bloody effusions, pale friable liver; enteritis ranged between catarrhal and 

hemorrhagic in small and large intestine. Ecchymotic hemorrhages were 

found on myocardial and kidney cortex and blood clots in the ureters. 

Older animals surviving developed focal symmetrical encephalomalacia 

(Greco et al., 2005). 



The post-mortem examination of cases died from enterotoxaemia 

revealed that there was a moderate amount of reddish gelatinous fluid in 

both abdominal and pericardial cavities. Congestion, small ulcers and 

edema were observed in the mucous membranes of both abomasum and 

intestine. The duodenum was markedly hemorrhagic. Congestion and 

enlargement were also observed in the liver, kidney, lung, and spleen. In 

addition to these, many petechiation were observed in the small intestine, 

kidney, epicardium and bladder (Gokce et al., 2007). 

Infection by clostridium perfringens types B and C in sheep resulted 

in similar intestinal lesions consisting of diffuse or multifocal 

hemorrhagic and necrotizing enteritis predominantly in ileum which 

could be observed grossly as blood-red fibrin filled loop. Type D 

enterotoxaemia induced several gross finding such as excess pericardial, 

pleural and ⁄or abdominal fluid with or without fibrin strands which might 

clot on exposure to air were also noticed. Serosal petechiation and lung 

edema. Pathognomic gross changes in sheep were rarely observed in 

brain and consist of herniation of the cerebellar vermis in acute and sub 

acute cases and focal symmetrical encephalomalacia in chronic cases 

(Uzal and Songer 2008).  

The postmortem findings in sheep died from enterotoxaemia 

revealed the presence of swollen kidneys, enteritis and straw colored 

transudation in the peritoneal cavity, thoracic cavity and pericardium 

(Javed et al., 2009).   

2.5.3. Histopathological examination: 

The histopathological picture of clostridium perfringens type D 

enterotoxaemia consisted of focal symmetrical necrosis in corpus 

striatum, thalamus, mid brain and cerebellar peduncles. The basic lesions 

were prevascular edema, vascular hemorrhages and focal malacia (Karl 

and Mary 1993). 



The histopathological changes of enterotoxaemia by clostridium 

perfringens type A, B and C in sheep and goat were not specific and 

therefore do not had specific diagnostic significance although they could 

be suggestive of the disease. The histopathological changes of 

enterotoxaemia by clostridium perfringens type D epsilon toxin in the 

brain were unique and pathognomonic, and consist of perivascular 

proteinaceous edema consistent of acidophilic lakes of protein 

surrounding small and medium sized arteries and veins. In the chronic 

form of the disease a lesion was characterized by necrosis of white 

matter, hemorrhage, astrocyte and axonal swelling. No significant 

histopathological changes were found in the intestine of sheep dying from 

enterotoxaemia (Uzal 2004). 

Generally the histopathological findings of sheep clostridial 

enterotoxaemia were periacinar necrosis of the liver. Splenic congestion 

and nephrosis with hemoglobin casts and pulmonary congestion and 

edema. Histopathological changes in caprine and ovine type B and C 

enterotoxaemia were not specific but could be highly suggestive of these 

infection. The changes were acute coagulative intestinal necrosis, with 

thrombosis of mucosal and submucosal vessels with diffuse or multifocal 

distribution of gram positive bacilli in the intestinal lumen (Uzal and 

Songer 2008). 

The histopathological examination of sheep died from 

enterotoxaemia were striking changes in kidneys due to hydropic 

degeneration in renal tubular epithelial cells and increased Bowman's 

space with congestion of liver and lungs (Javed et al., 2009). 

2.5.4. Molecular typing of clostridium perfringens isolates: 

Detection of major toxins (in the gut, the blood stream, serous 

exudates of affected animals and in the supernatant fluids of culture) 

plays a predominant role in diagnosis of clostridium perfringens induced 



enteric diseases. A problem had been that the standard assay in serum 

neutralization test performed in guinea pigs or mice which had become 

increasingly undesirable due to expense, complexity, disfavor on 

humanitarian ground and lack of sensitivity and specificity (Songer and 

Meer 1996).  

In laboratory diagnosis and typing of clostridium perfringens 

isolates had been replaced by rapid and easy to use enzyme linked 

immunosorbent assay (ELISA). Although ELISA allowed reliable typing 

of clostridium perfringens isolates, the options for subtyping were limited 

as for example no ELISA was available to detect the β2 toxin; in addition 

high level of enterotoxin had been shown to be present during sporulation 

(Baums et al., 2004).   

Recently PCR based DNA amplification of the genes for the toxins 

α, β, ε, and ί had been developed for rapid and accurate typing of 

clostridium perfringens (Daube et al., 1994; Buogo et al., 1995 and Uzal 

et al., 1996). Diagnosis of enterotoxaemia relies on the detection of either 

the toxin with bioassays or the toxin genes by PCR (Albini et al., 2008).   

PCR analysis of samples from all 52 diseased animals and 13 

samples of 18 healthy animals indicated that α-toxin gene present in all 

strains of clostridium perfringens isolated from diseased and healthy 

animals. While ε- toxin gene present in strains isolated from sick animals 

and in only two strains from healthy animals. This means that clostridium 

perfringens in these animal group was type D (Miserez et al., 1998). 

PCR analysis or typing of clostridium perfringens isolates from 

lambs with dysentery indicated that 54 cases harbored clostridium 

perfringens containing the toxin genes cpa, cpb and etx characteristic for 

clostridium perfringens type B. Thirty two cases infected with clostridium 

perfringens contained toxin genes cpa and etx characteristic for type D; 

One strain contained in addition to the toxin genes characteristics for 



clostridium perfringens type D had cpb2 gene of the β2 toxin. Twenty four 

cases were found to harbor clostridium perfringens with cpa and cpb 

toxin genes and only six cases harbor clostridium perfringens with cpb2 

gene of the β2 toxin (Gkiourtzidis et al., 2001). 

PCR toxin genotyping for clostridium perfringens isolated from 

lambs suffered from enterotoxaemia revealed that the most prevalent 

toxin type of clostridium perfringens was type A that represent 84% of 

cases with clostridium enterotoxaemia. No clostridium perfringens type 

B, C and E were detected. Clostridium perfringens type D was isolated 

from 16% of cases. A variable prevalence of cpb2 gene across the 

different clostridium perfringens types was observed. cpb2 gene was 

presented in 4 of 21type A isolates and 1of 2 type D isolates (Greco et al., 

2005). 

In Turkey PCR genotyping of clostridium perfringens isolates from 

diseased sheep revealed that 64% from isolates was type A,  21% was 

type D and 15%  was type C. The genotyping of clostridium perfringens 

isolates from clinically healthy animals revealed that 95% was type A and 

5% was  type D (Kalender et al., 2005). 

PCR genotyping of clostridium perfringens isolates from cases of 

sheep enterotoxaemia  in Syria revealed that 47 isolates were type A (47 

%), 38 were type D (38%), and 15 were type C (15%) (Hamad et al., 

2009). 

PCR genotyping of clostridium perfringens isolates from vaccinated 

and unvaccinated healthy sheep in Iran revealed that  2 strains isolated 

from the vaccinated sheep were type D. The strains isolated from 

unvaccinated sheep were types A, B, C and D; 14.8% (4 out of 27), 22.2 

(6 out of 27), 40.7% (11 out of 27) and 22.2% (6 out of 27), respectively 

(Ahsani et al., 2010). 

 



2.6. Vaccination: 

Clostridial diseases were ideal candidates for control by vaccination. 

Modern vaccines were based on the purified toxoids of lethal toxins 

causing disease. Theses toxoids were very antigenic. The exception was 

clostridium chauvoei for which it was necessary to include cellular 

material to achieve solid immunity (Lewis 2000). Because of the 

common occurrence of a number of clostridial infections in an area it had 

become a common practice in recent years to use multivalent bacterin-

toxoids containing Clostridium Chauvoei, Clostridium Septicum, 

Clostridium Novyi, Clostridium Sordelli and Clostridium Perfringens 

types C and D  (Radosititis et al., 2007). 

Sheep responded to the individual components of combined vaccine 

(Clostridium chauvoei, Clostridium septicum, Clostridium tetani, 

Clostridium odematiens and Clostridium perfringens) than to single 

vaccine (Sterne et al., 1962). 

Double immunization of sheep with octatoxoids (Clostridium 

botulinum type A, B, C and E, Clostridium tetani, Clostridium 

perfringens and Clostridium oedmatiens) with an interval of 30-60 days 

between injections gave better antitoxin titers than a single injection 

(Vygodchikov et al., 1962). 

The maximal basic immunity against enterotoxaemia in sheep 

achieved by two injections of alum precipitated toxoids spaced was at 2 

to 6 weeks. This gave protection for about 9 months (Jansen 1967). 

Alum precipitated vaccine against Clostridium perfringens type A, C 

and D as formalized broth cultures was used to vaccinate 5000 ewe. Two 

injections were given, the first injection was given a month before 

lambing, the second injection was in 21 days after the first and the third 

was within six months after the second. It was shown that the 



enterotoxaemia did not appear in the vaccinated flocks (Katitch et al., 

1967). 

Serum of sheep immunized with alum precipitated vaccine against 

Clostridium perfringens types B and C had been tested for the level of 

beta antitoxin at weekly intervals to 98 days and again at one year. In 

sheep vaccinated once only, the beta antitoxin titers was reached to a 

stable level of 1 IU / ml at 70 days after vaccination and remained at that 

level for one year; and in sheep vaccinated twice the titres remained at 2 

IU / ml from 77 to 365 days. Revaccinations after one year at least double 

these antitoxin titres (Borojevic 1968). 

Twelve sheep were vaccinated with polyvalent clostridial toxoid at 

dose rate 3 ml and revaccinated with 2 ml of the vaccine 4 weeks later, 

followed by titration of serum samples for the presence of antibodies, 

Clostridium novyi alpha, Clostridium perfringens type D epsilon 

antitoxins were found in nearly all animals for at least 5 months, while 

Clostridium perfringens beta antitoxin was present in only 64% of the 

animals. The IM route was superior to the SC route in respect of the 

duration of the immunity (Kagan et al., 1968). 

Sheep immunized with Clostridium perfringens type D toxoid had 

epsilon antitoxin titre of 0.1 IU / ml of serum protected sheep from 1 

MLD of the toxin and this was regarded as adequate protection against 

type D enterotoxaemia. A titre of 1 unit / ml was sufficient to protect 

against 40 – 80 MLD of toxin (Barabanov 1969). 

The immune response in 6 lambs aged 10-14 months immunized 

with two injections of 2 ml of polyvalent clostridial toxoid (Omnivax®) 

given 21 days apart was studied. It was found that antitoxin titres 

obtained in lambs inoculated IP with toxoid plus liquid paraffin adjuvant 

were 50% higher, and their serum contained more beta globulin than 

lambs inoculated SC. Still higher titres were obtained when alum 



precipitated toxoid was used for the second IP injection and this produced 

increases in the proportion of gamma – globulin in the serum (katitch et 

al., 1970). 

Beta and epsilon antitoxin titres were measured in the serum of 

sheep following a single or a second vaccination (three weeks after the 

first) with an enterotoxaemia vaccine containing Clostridium perfringens 

type C and D. this revealed that the second vaccination increased the beta 

and epsilon antitoxin titres from 0.25 to 5-20 IU and from 1.25 to 3.3-5 

IU, respectively (Nadas et al., 1970). 

Four breeds of sheep vaccinated with four different types of alum 

precipitated clostridial vaccines (Clostridium perfringens type C and D, 

Clostridium novyi and Clostridium tetani) by two doses with 3 weeks 

interval. This indicates there was no breed correlation between primary 

and secondary responses (Robert et al., 1970). 

Comparison was done between the antigenic responses of local 

multicomponent alum precipitated vaccine with the Burrough Wellcome 

Covexin® which was also alum precipitated vaccine in sheep. This 

revealed that the covexin proved to be better than the multicomponent 

vaccine in antigenic response for C. perfringens type D and Clostridium 

novyi type B. while both vaccines gave the same response against 

Clostridium septicum and Clostridium perfringens type B exceeding the 

international standards (Gadalla et al., 1971). 

Thirty sheep aged between 3-4 months were injected with an 

aluminium hydroxide polyvalent vaccine with two doses 14 day apart. 

Antitoxin titres in blood were measured 2, 4 and 10 days after the first 

and at intervals between 2 and 40 days after second injection. Antitoxin 

titre of blood was higher between 20 and 60 days after vaccination 

(Kadymov 1973). 



 Comparison was done between the antigenic response of local 

polyvalent alum precipitated vaccine and Omnivax® vaccine. The 

response to both was nearly the same (Farrag et al., 1975).  

The polyvalent toxoids prepared from Clostridium novyi type B , 

clostridium perfringens types C and D and clostridium septicum was 

superior to the existing polyvalent whole culture vaccine in the strength 

of immunity which was produced (Urguev et al., 1976). 

Comparison was done between the antigenic responses of two types 

of polyvalent vaccine; a formaldehyde inactivated whole culture vaccine 

with aluminium hydroxide adjuvant and polyvalent toxoids. The toxoid 

vaccine elicited a stronger and more persistent immune reaction than the 

whole culture vaccine (Ustarkhanov and Kolomeitseva 1977). 

The monovalent vaccines gave immune response better than that of 

the polyvalent vaccine even from the same biological products. Although 

the levels of antitoxin were reduced after vaccination with polyvalent 

vaccine, it was still enough compared successfully with the standard (El- 

Seedy 1983). 

Five groups of sheep were vaccinated with one of the five local 

monovalent vaccines (lamb dysentery, pulby kidney, black leg, gas 

gangrene and black vaccine) for each group and compared with 

polyvalent vaccine. It was found that each monovalent vaccine induced 

higher antitoxin titre than that of the group vaccinated with polyvalent 

vaccine (Hussein et al., 1984). 

Vaccination of ewes twice at an interval of at least 1 month to be the 

last vaccination approximately 4 weeks before lambing by activated alum 

precipitated toxoid was the common vaccine against clostridium 

perfringens type D. The result was good passive immunity in young 

lambs with 97% of lambs having protective antibody level at 8 weeks of 

age and significant proportion at 12-16 weeks of age (the protective level 



of epsilon antitoxin was 0.15 Wellcom units per milliliter of serum). 

Older ewes that have been previously year vaccinated received a single 

booster vaccination 4 weeks before lambing. Sheep vaccinated for 3 

consecutive years can be considered to be permanently immune and to 

acquire no further vaccination (Wallace 1964 and Cristina et al., 1997) 

The best time interval was 8 weeks between the first and booster 

vaccination of sheep against Clostridium perfringens Type D  using  

aluminium hydroxide-adjuvanted monovalent vaccine . This due to 

prolonged titre of antibodies develops with such time schedule than other 

programs giving booster at 2, 4 and 6 weeks intervals (Bernath et al., 

2004).   

Sheep were protected against the disease when vaccines of high 

immunogenic power and adequate immunization strategies were used and 

remain protected for a year when a booster dose was applied 28-42 days 

after the first vaccination (Josir et al., 2006). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



3. Materials and Methods 

3.1. Materials 

3.1.1. Animals: - 

3.1.1.1 Field animals: - 

Eight hundred sheep were regularly visited during the period from 

December 2008 to November 2009 to inspect the animals for clinical signs of 

enterotoxaemia  and to investigate the postmortem findings for dead animals 

after showing clinical symptoms or those suddenly died. The sheep of different 

ages and sexes. Sheep had been reared in flocks located at Desert road, 

Waedielnatron, Merkz bader and Sadat city. 

3.1.1.2. Animals at slaughter house: - 

At El–Moonib slaughter house the sheep were  examined clinically before 

slaughtering. 

3.1.1.3. Animals used for vaccines evaluation: - 

Twenty ewes of 2.5 to 3 year of age at the farm of the Faculty of 

Veterinary Medicine – Sadat City had been selected for evaluation of some 

clostridial vaccines used in Egypt. 

3.1.2. Samples: 

3.1.2.1. Soil samples:  

One hundred soil samples were collected. They composed of fifty soil 

samples were taken from sheep houses at village areas and fifty soil samples 

were taken from sheep farms at newly reclaimed areas.  

3.1.2.2. Samples from diseased and dead animals: 

Two hundred samples from diseased and dead animals  had been taken (70 

fecal samples were collected from sheep showing symptoms such as diarrhea 

and/or nervous symptoms &130 intestinal samples in form of portions of small 

intestine with its contents). Portions of brains, kidneys, livers and small 

intestines had been collected for histopathological examination. 

 



3.1.2.3. Samples from apparently healthy animals: 

Fifty fecal samples were collected from apparently healthy sheep. And 

fifty samples from the intestinal contents of apparently healthy sheep those 

slaughtered at El–Moonib slaughter house were collected. For investigation of 

the carrier state among sheep population. 

The number and types of collected sample for isolation of Clostridium 

perfringens had been illustrated in the following table : 
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Newly reclaimed area50 

  E
xa

m
i

n
ed

  

S
u

sp
ec

te
d

  

Fecal samples 70 
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Fecal samples  

50 

Intestinal contents50 

Total 400 

 

3.1.2.4. Blood samples: 

Blood samples were collected monthly from 20 ewes that were used to evaluate 

the vaccines. 

3.1.3. Media used for isolation and identification of clostridium perfringens: 

3.1.3.1. Cooked meat medium (Oxoid): 

It was used to support the growth of clostridium pathogen. It was 

supplemented with 1% glucose to enhance anaerobiosis and 200 µg / ml 

neomycin sulphate for inhibition of contaminants. 

Distribute one gram of media granules in to tubes and add 10 ml of 

distilled water then sterilized by autoclaving at 121ºc / 15 minutes. 

3.1.3.2. 10% sheep blood agar (Oxoid): 



It was used for isolation, purification and observation of colonial 

morphology and hemolytic activity. 

The medium was prepared by adding sterile defibrinated sheep blood in 

10% concentration, to sterile blood agar base at 50ºc in addition with neomycin 

sulphate in concentration of 200 µg / ml then the media mix carefully and 

poured immediately. 

3.1.3.3. Perfringens agar medium LAB 194 (Lab M): 

Used for purification and detection of lecithinase activity of clostridium 

perfringens. 

The medium prepared by addition of D-Cycloserine in concentration of 

400 mg / liter with 50 ml of egg yolk emulsion to sterilized medium that cooled 

to 47 ºc then mix well and poured immediately. 

3.1.4. Media used for Biochemical reactions: 

3.1.4.1. Indole media (Badia, 1997): 

For detection of indole production using Kovac’s reagent. It composed of 

Peptone 20 gm and sodium chloride 5 gm and distilled water up to one liter. PH 

was adjusted to 7.4 and autoclaved at 121 ºc for 15 minutes. 

3.1.4.2. Sugar fermentation media: 

1% peptone water plus 1% Andrade's indicator was adding to 1% of each 

of the following sugars: glucose, sucrose, mannitol, maltose, mannose, lactose, 

arabinose and trehalose. 

3.1.4.3. Gelatin media (oxoid): 

The media was put in tubes and sterilized by tyndalization. It used for 

detection of the proteolytic activity of the tested organisms. 

3.1.4.4. Christensen’s urea agar (Oxoid): 

It was used for testing urease enzyme activity.  

3.1.4.5. Nitrate broth (Oxoid):  

It was used for nitrate reduction test. 

3.1.4.6. Triple sugar iron agar (Oxoid):  



It was used for detection of hydrogen sulphide production. 

3.1.5. Reagents and Chemicals: 

3.1.5.1. 3% hydrogen peroxide solution:  

3 % freshly prepared solution of H2O2 was used For catalase test. 

3.1.5.2. Kovac’s reagent:  

For indole test. It was prepared as follow (Badia, 1997): 

  Amyl alcohol                              150 ml 

  Di-methyl amino benzaldhyde   10 gm 

  Hcl (concentrated)                      50 ml 

3.1.5.3. Urea solution (oxoid):  

10% urea solution used in dedection of urease activity. 

3.1.5.4. Nitrate reduction test reagents: (Nadra 1998): 

Reagent A: 

             α – Naphthylamine                    5 gm. 

   N acetic acid 30%                     1 liter 

Reagent B: 

         Sulfanilic acid                            8 gm 

  N acetic acid 30%                     1 liter 

3.1.6. Antibiotics:  

3.1.6.1. Neomycin sulphate (Upjohn): 

Of potency of 700000 units per gram. 

 3.1.6.2. D-Cycloserine x 194 (Lab M): 

For use with perfringens agar base at final concentration of 400 mg / 

liter. 

3.1.7. Stain: 

3.1.7.1. Gram's stain: 

Used routinely in this work. 

 

 



3.1.8. Materials used for multiplex PCR: 

3.1.8.1. Materials for DNA extraction: 

3.1.8.1.1. Cell lysis buffer (pH8.0):  

10mM Tris Hcl  

1mM EDTA 

0.1% (w/v) SDS 

3.1.8.1.2. Ethanol 70% :  

       Ethanol was used for precipitation and washing of the DNA pellets. 

It was supplied by Amersco, Cleveland, Ohio, USA.  

3.1.8.1.3. Ispopropanol: 

       Isopropyl alcohol was used for precipitation of DNA. Obtained from Gama 

group for laboratory chemicals. 

3.1.8.1.4. Potassium acetate solution: 

       60 ml of 5M potassium acetate 

       11.5 ml glacial acetic acid 

       28.5 ml of H2O  

3.1.8.1.5. Proteinase K (20mg /ml): 

In 1ml of sterile distilled water 20 mg of proteinase K well mixed in 

eppendorf  tube then make small parts  ready to use and stored at -20◦C. 

3.1.9.2. Materials used for Polymerase Chain Reaction (PCR): 

3.1.9.2.1. Dream Taq green DNA polymerase  (Fermentas #EP0712): 

   Dream Taq green polymerase is combination of Dream Taq DNA 

polymerase (5U / µL) and 10X Dream Taq green buffer. (contains KCL and 

(NH4)2SO 4  at a ratio optimized for robust performance in PCR and includes 

MgCL2  at concentration of 20 mM). 

3.1.9.2.2.Deoxyribo-nucleotides triphosphatase (DNTPS) (Fermentas #R0191): 

Mixture of the four nucleotides and supplies as 10mM of each /µl. 

3.1.9.2.3.Water nuclease free (Fermentas #R0581): 



 Used for dilution of primers and added to adjust the final volume of the 

PCR. 

3.1.9.2.4. Primers:  

       Primers were synthesized by Bioneer Company,                                                     

Germany. The nucleotide sequences of primers used for PCR 

amplification of genes for clostridium perfringens toxins α, β, β2, ε and ί 

were illustrated in the following table according to (Greco et al., 2005). 

Toxin/gene Oligonucleotide sequences Fragment length 

bp 

α/cpa 5-TGC TAA TGTTAC TGC CGT TGA TAG-3 

5-TGC TAA TGTTAC TGC CGT TGA TAG-3 

247 

β/cpb 5-AAC TTA ACT GGA TTT ATG TCT TCA-3 

5-ATA GTA GAA AAA TCA GGT TGG ACA-3 

317 

β2/cpb2 5 -GAA AGG TAA TGG AGA ATT ATC TTA 

ATG C-3 

5-GC A GAA TCA GGA TTT TGA CCA TAT ACC

573 

ε/etx 5-ATT AAA ATC ACA ATC ATT CAC TTG-3 

5-CTT GTG AAG GGA CAT TAT GAG TAA-3 

206 

ί/iap 5-TTT TAA CTA GTT CAT TTC CTA GTT A-3 

5-TTT TTG TAT TCT TTT TCT CTA GGA TT-3 

298 

 

3.1.9.3. Materials used for electrophoresis 

3.1.9.3.1.Agarose: 

       Agarose was purchased from International New Technologies in 

New Hoven, Connecticut, USA. This agarose was DNase and RNase free 

and prepared as 1.5% concentration. 

3.1.9.3.2. TBE buffer: 

       Tris Boric acid EDTA buffer (pH 8) was prepared from Tris Hcl, 

EDTA and boric acid according to (Sambrook and Russel 2001). 



3.1.9.3.3. Loading buffer: 

       1% Bromophenol was used for depositing PCR products in the gel 

wells and was prepared as 6 x concentration. It supplied from Fermentas, 

Germany 

3.1.9.3.4.Molecular marker (DNA marker): 

       DNA molecular weight marker was obtained from Fermentas, 

Germany as 100bp DNA ladder. 

3.1.9.3.5.Ethidium bromide: 

       (2.7 Diamino 10 ethyl – 9 phenyl phenathridium bromide, 

(Applichem) 10 mg/ml of double distilled water was used as a fluorescent 

dye to stain DNA during examination by UV tranillumination. 

3.1.10. Vaccines used for evaluation of some clostridial vaccines used in 

veterinary field in Egypt: 

Three commonly used vaccines against clostridial diseases were used. The three 

vaccines are polyvalent vaccine in form of bacterin and toxoid:  

1- Product A: two doses were administrated by subcutaneous route 

the first dose was 2 ml followed by booster dose of 2ml  4 weeks 

later. two milliliter were repeated half annually. 

2- Product B:  two doses were administrated by subcutaneous route 

the first dose was 2.5 ml followed by booster dose of 2.5ml 4 

weeks later. two and half milliliter were repeated half annually.. 

3- Product C:  two doses were administrated by subcutaneous route 

the first dose was 5 ml followed by booster dose of 3ml 4 weeks 

later. three milliliter were repeated half annually. 

3.1.11. Materials used for ELISA: 

3.1.11.1.Plates: 

96 well flat-bottomed microtitre polystyrene plates. 

 

 



3.1.11.2. Reagents: 

 3.1.11.2.1. ELISA coating buffer (pH 9.6)  : 

• Sodium carbonate ……………………1.59g 

• Sodium bicarbonate…………………...2.93g 

• Distilled water ………………………..1 liter 

3.1.11.2.2. ELISA phosphate buffer saline (PBS) 0.02 M pH 7.2 (washing 

buffer): 

• Sodium chloride……………………………...8.0g 

• Potassium chloride……………………….......0.2g 

• Di-sodium monohydrous phosphate…………2.9g 

•  Di-potassium monohydrous phosphate..........0.24g  

• Tween 20 ………………………………  ….0.5ml 

The salts were dissolved in appropriate amount of water, the pH was 

adjusted to 7.4.and then 0.2 ml of tween 20 was added. 

3.1.11.2.3. ELISA blocking buffer (Bovine serum albumin BSA 3%: 

• BSA ……….………………………3 g 

• PBS………………………………100ml 

3.1.11.2.4. Diluting buffer: 

0.5% bovine serum albumin in PBS containing 0.05% tween. 

3.1.11.2.5. Stopping buffer: 

2 M of H2SO4 ( 55 ml conc. Sulphric acid + 445ml distilled water ). 

3.1.11.2. 6. Conjugate:  

Anti-Sheep IgG – heavy and light chain antibody conjugated with horse 

radish peroxidase (HRP). (Bethyl laboratories). 

3.1.11.2.7. Substrate: 

TMB peroxidase substrate. (Bethyl laboratories). The substrate consisted of 

3,3, 5,5-tetramethylbenzidine at a concentration of 0.4g/l in an organic base. 



The concentration of H2O2 in the peroxidase solution is 0.02% in citric acid 

buffer. 

3.1.11.2.8. Sera: 

120 sera samples of the four sheep groups collected through 6 months 

were used. 

3.1.11.2.9 Vaccines A, B and C: 

Used as antigens as previously reported by (Rasha 2008). 

3.1.12. Equipment and apparatus: 

3.1.12.1.Gaspak anaerobic jar (BBL): 

The jar was used for the production of anaerobiosis by using a 

disposable hydrogen carbon dioxide bags with socket. When the 

water was introduced into the socket, hydrogen and carbon dioxide 

gases were produced in side the closed jar. These sockets were 

manufactured under patent names as (deoxopelletts), (Baker 

platinum LTD, London).  

3.1.12.2.Spectrophotometer (Spectronic 601 Milton Roy Company, 

USA).  

It was used for estimation of the extracted DNA concentration and 

purity.                

3.1.12.3.Programmable thermal controller (PCR machine): 

A DNA thermal cycler- Biometra T personal/Germany S/N 1205334 

for amplification of DNA.  

3.1.12.4. Electrophoresis unit with its power supply: 

Used for running of the PCR product in the agrose before reading by 

gel documentation system.  

3.1.12.5.Gel documentation system (UVP): 

This system was used for reading and recording a permanent photo 

for the result of PCR by visualization of the bands in the gel after 

running of the PCR product in the gel electrophoresis unit. It consist 



of UV Trans- illuminator (UVP), dark room, Olympus camera 

(Japan S/N 284771089) and operated through computer soft ware. 

3.1.12.6.ELISA reader (Mini reader 11 Dynatch USA): 

     Read the developed color at specified wave length.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



3.2. Methods 

3.2.1. Clinical examination:  

Each sheep flock examined clinically according to (Radostitis et al. 2000). 

Clinically healthy and diseased sheep were examined. Clinical  symptoms of 

clinically diseased sheep were recorded. 

3.2.2. Necropsy findings: 

Necropsy findings of the dead animals were recorded according to (Ian 2005). 

3.2.3. Epidemiological study: 

Morbidity, mortality and fatality rates among examined sheep flocks were 

calculated  according to (Michael 1996). 

3.2.4. Sample collection: 

3.2.4.1. soil samples: 

About 10 grams of soil were collected in sterile plastic bags after removal of the 

superficial layer of the soil at depth of 20 cm and transmitted to laboratory 

according to (Osman 1993). 

3.2.4.2. Samples from diseased and dead animals according to (Eman 2004): 

1- Fecal swabs collected directly from the rectum of diseased sheep after 

disinfecting of the premium region then the swabs inserted in sterile tubes 

containing normal saline and sent as rapidly as possible to the laboratory under 

cooling condition. 

2- Portions of small intestine (congested and/or ulcerated) were ligated 

from both ends, cut and put in sterile plastic bags then sent as rapidly as 

possible to the laboratory under cooling condition. 

3- Portions of brain, kidneys, liver and small intestine had been collected 

and preserved in neutral buffer formalin for histopathological examination. 

3.2.4.3. Samples from apparently healthy animals: 

1- Fecal pellets were collected directly from the rectum healthy sheep and 

put in sterile plastic bags and sent as rapidly as possible to the laboratory under 

cooling condition. 



2- The intestinal contents were collected in sterile bottles after slaughtering 

of sheep then sent as rapidly as possible to the laboratory under cooling 

condition. 

3.2.4.4. Blood samples: 

One hundred and twenty blood samples (at month interval for 6 months) 

were collected from twenty ewes under aseptic condition by using veinoject into 

sterile tubes and transferred in ice box to laboratory  then the tube centrifugated 

at 1500 rpm / 15 minutes for serum separation. The serum preserved at -20°C.  

3.2.5. Histopathological study of intestine, kidneys and brain of dead sheep: 

This study was carried out in Pathology Department. Faculty of Veterinary 

Medicine. Sadat city branch . Menoufia University.   

1-Tissue samples were fixed in 10% neutral buffered formalin. 

        2-Tissue was trimmed and dehydrated in ascending grades of ethyl 

alcohol. And cleared in methyl benzoate . 

         3-Tissue was trimmed and dehydrated in ascending grades of ethyl 

alcohol. And cleared in methyl benzoate .Then they were embedded in paraffin 

wax , sectioned and stained with Haematoxyline and Eosin stains for light 

microscope investigation (Bancroft and Gamble, 2002)  

3.2.6. Isolation of Clostridium perfringes (Willis 1977):-  

One gram of the intestinal content or fecal swabs or two pea size particles 

of each fecal samples or soil samples were inoculated into freshly prepared 

boiled and cooled cooked meat media. The inoculated tubes had been put in 

boiled water bath for 10 minutes for killing nonpathogenic bacteria. The tubes 

incubated anaerobically for 24 hours at 37 °C.  Loopful from the fluid medium 

was streaked onto neomycin sulphate sheep blood agar. The streaked plates 

were incubated anaerobically for 24 hours at 37 °C. in gaspak jar. Another 

loopful from the fluid medium was streaked on sheep blood agar incubated 

aerobically for controlling.  



The colonies showed double zone of hemolysis and were grown only 

under anaerobic condition were picked up. These colonies were subcultered on 

to 10% sheep blood agar for purification. The pure colonies were stored in 

cooked meat media for further identification.  

3.2.7 Identification of the isolates (Cruickshank et al., 1975 and Koneman et al., 

1988):- 

All the suspected colonies or isolates were identified for their:  

1- Colonial morphology: 

The colony was round, smooth, opaque, glistening and showing double 

zone of hemolysis on sheep blood agar.  

2- Microscopical characters: 

Gram stained film from the purified isolates were examined 

microscopically. The  bacilli of clostridium perfringes was arranged singly 

or in pairs, encapsulated, thick, straight sides (box car shaped) gram 

positive. 

3- Biochemical characters: 

The obtained Suspected purified isolates were identified according to 

Knoeman et al., (1988) Using the following tests:  

 1- Gelatin hydrolysis test. 

 2- Indole production test. 

 3- Nitrate reduction test. 

  4- 0.4 semisolid agar motility test 

  5- Fermentation of glucose, lactose, sucrose, mannitol, maltose, trehalose 

and arabinose. The inoculated sugar were incubated anaerobically at 37°C for 

24 hours and examined periodically. 

The presumptive identification of members of genus clostridium according 

to Knoeman et al., (1988) . 

 

 



2.8. Typing of clostridium perfringes using multiplex PCR: 

3.2.8.1. Extraction of DNA from bacterial isolates (Sambrook and Russell 

2001):  

1- 1 ml of over night culture in fluid thioglycollate broth (FTB) with D 

– cycloserine was centrifuged for 20 minutes at 13000 rpm. 

2- The pellets were suspended in microfuge tube containing 600 µl of 

ice cold cell lysis buffer,  vigorously mixed then add 3 µl of 

proteinase K solution to the  lysate to increase the yield of genomic 

DNA and incubate at 55 °C 3-16 hour.  

3- Allow the digest to cool at room temperature then add 200 µl of 

potassium acetate solution and mix the contents by vortexing 

vigorously for 20 seconds  

4- Pellet the precipitated protein / SDS complex by centrifugation at 

14000 rpm for 3 minutes at 4°C.  

5- Transfer the supernatant into clean eppendorf containing 600 µl of 

isopropanol then precipitate DNA by centrifugation at 14000 r.p.m 

at room temperature for 1 min.  

6- Remove supernatant then add 600µl 70% ethanol to pellet DNA and 

centrifuge the tube at maximum speed for 1 min. at RT. 

7- Carefully remove the supernatant by aspiration then let the DNA 

pellet to dry at room temperature for 15 min. 

8- Redisolve DNA pellet in 100 µl of tris EDTA buffer (TE) at 55 °C 

for 2 hour. Then stored at -20 °C for further analysis.  

 

 

 

 

 

 



3.2.8.2. Estimation of purity and concentration of DNA (Sambrook and 

Russell 2001): 

 The concentration and purity of DNA that had been extracted was 

determined by estimating the optical density at wave length of 260 nm and 280 

nm using the spectrophotometer (Spectronic, 2000 – USA). 

 The concentration was calculated as follow: 

• 1 OD 260 = 50 µg /ml. 

                                           O.D. at 260 nm 

• Purity of DNA =.........................................  

                                           O.D. at 280 nm 

Purity of DNA had been ranged from 1.8-2.  

3.2.8.3. Running of Multiplex PCR  (Greco et al., 2005): 

The reactions were performed in 50 µl volumes in micro amplification 

tubes (PCR tubes). The reaction mixture consists of 10 µl DNA template , 5 µl 

of 10X Dream Taq green buffer, 3 µl of  dNTPS 10mM  of each, 0.5 µl of 

Dream Taq polymerase (2.5 u), 1 µl of each primer (50 pmoles/ µl) and 21.5 µl 

of DNA free water. 

The PCR was carried out with preliminary step at 95°C for 5 minutes 

followed by 35 cycles consisting of: 

• 1 minute of denaturation at    94°C. 

• 1 minute of annealing at         50 °C. 

• 1 minute of extension at         72 °C. 

After last cycle, final extinction performed at 72 °C for 10 minutes. The 

PCR products were stored in the thermal cycler at 4°C until they  

were collected. 

 

 

 

 



3.2.8.4. Screening of PCR products (Sambrook and Russell 2001):  

1. 2 gm of powdered agarose was added to 100 ml of 10% Tris boric 

Acid EDTA (TBE) buffer “electrophoresis buffer” in conical 

flasks. The agarose was autoclaved for 10 minutes. 

2. 0.5 µg Ethidium bromide / ml of agarose was added and left to cool 

at room temperature.  

3. The gel tray was trapped and the warm agarose was poured in. The 

comb was inserted in the agarose which was left to polymerize.  

4. After hardening, the tray was untapped, the comb was removed and 

the gel was applied to the electrophoresis cell.  

5. The cell was filled with 10% TBE buffer. 10 µ l of each of the PCR 

product samples mixed with 2 µl loading buffer were applied on a 

piece of parafilm. Each mixture was applied to a slot using 10 µ l 

pipette. Also, 5 µ l of molecular marker was applied to a slot after 

mixing with 2 µl loading buffer.  

6. The electrophoresis cell was covered and the power supply was 

turned on and adjusted at 10 volt/cm. 

7. The gel was taken out from the cell and examined under short 

wave UV transilluminator.  

8. The gel was photographed in order to obtain a permanent record 

using a Digital camera fixed above UV transilluminator. 

 

 

 

 

 

 

 



3.9. Evaluation of polyvalent vaccines against clostridial diseases in veterinary 

field in Egypt: 

Twenty ewes (2.5-3 year of age) were divided in to four equal group were 

used in the experiment. They reared at the farm of faculty of veterinary 

medicine – Sadat City. They kept in wide yard with hygienic condition and 

good plane of nutrition in which the sheep fed daily on 1.5 kg concentrates plus 

hay or green bressem. They were administrated 200 µg ivermectin per kg of 

body weight. The first group, The second group and The third group  were 

vaccinated by  product A, product B and product C respectively. Each group 

revaccinated with booster dose 4 weeks after the first dose. The  fourth group 

used as control group. 

3.10. Calibration of antibody titre in sheep groups vaccinated by polyvalent 

vaccines against clostridial diseases in veterinary field in Egypt by using 

indirect ELISA (Rasha 2008): 

a-Antigen checkerboard titration (Soliman and Selim 2005): 

 This had been done for determination of the exact antigen concentration 

used for coating the microtitre plate: 

1. Firstly adjust the concentration of antigen protein to be 100 mg/ ml. 

2. Prepare double fold serial dilution of the antigen begin with 1:10, 

then 1:20 to 1: 640. As well as prepare double fold serial dilution of 

positive serum sample begin from 1:100  then 1:200 and so on.  

3. In a 96 – well microtitre plate pipette 100 µl of the first dilution in to 

all 12 wells of the row A. 100 µl of the second dilution in to all 12 

wells of the row B and so on until row G. Put 100 µl of PBS in to all 

12 wells of row H. The plate was incubated overnight at 4◦C . 

4. The antigen was removed by flicking the plate, washing with tape 

water and subsequently soaking in PBS-T 3 times each for 3 

minutes. 



5. 100 µl of blocking buffer were added to each well and the plate was 

incubated 1 hr at room temperature. 

6. Wash the plate with PBS-T. three times and knock to dry. 

7. In each well of  column 1 add 100 µl of 1: 100 positive serum 

dilution , to each well of  column 2 add 100 µl of 1:200 and so on. In 

each well of column 12 add 1:100 dilution of the negative serum 

sample. Incubate at room temperature for 1-2 hr. 

8.  Wash the plate with PBS-T 3 times and knock to dry. 

9. 100 µl of anti- sheep HRP conjugate IgG. (1:20000) were added to 

all wells  and incubate 2hr at room temperature. 

10.  Wash the plate with PBS-T 3 times and knock to dry. 

11.  Add 100 µl of freshly prepared  substrate to each well and incubate 

at room temperature for 30 minutes 

12.  Add 100 µl of stopping buffer to all plate wells. 

13.  Inspect the plate:  

a-) The appearance of the plate should be with strong color in the top 

left hand and fading to weaker color in bottom left corner. Row H 

and column 12 should have very little color provide the back 

ground.  

b-) The lowest antigen concentration at which positive result still 

obtained should be selected for coating. 

b-Indirect ELISA for determination of antibody titre in serum (Rasha 2008). :  

1. ELISA plate was coated with 100 µl / well of antigen at the 

concentration of 5 µg protein / ml after checker board titration 

which applied to determine the optimal antigen concentration and 

serum dilution. The plate was incubated over night at 4°C.  

2. Plate was washed three times with PBS  Tween – 20 then blocked 

with blocking buffer (100 µl / well), incubated at room temperature 

for 2 hours.  



3. Plate was washed three times with PBS Tween – 20.  Add 100 µl / 

well of ( 1:100, 1:200, 1:400, 1:800, 1:1600, 1:32000, 1:64000, 

1:12800) diluted serum samples from the four sheep group. In the 

column 12 add 100 µl of  1: 100 negative serum . The plate was 

incubated for 2 hours at 37 °C with shaking. 

4. The plate was then washed 3 times with PBS 0.05% Tween – 20.  

Then 100 µl / well of anti- sheep HRP conjugate IgG. ( 1: 20000) 

for one hours at 37 °C with shaking. 

5. The plate was washed 3 times with PBS 0.05% Tween – 20.  Then 

100 µl / well of substrate solution were added to all wells and the 

plates were incubated 30 minutes at 37°C.  

6. 100 µl / well of 2M H2SO4 were added for stopping the reaction. 

7. The optical densities (OD) were read at 450 nm with micro-ELISA 

reader system. The sera were considered positive when the 

absorbance values were as or more than the cut off value (the cut of 

value = the double of the mean of negative sera). The antibody titre 

was estimated as the last serum dilution that give positive result. 

3.11. Statistical analysis: 

Statistical analysis was performed using Chi- square test (X²) and multiple 

analysis of variance (ANOVA) according to (Hill, 1979). 

 

 

 

 

 

 

 

 

 



4. Results 

4.1.Description of the clinical and post-mortem findings associated with sheep 

enterotoxaemia: illustrated in table (1): 

Table (1): Clinical and post-mortem findings of enterotoxaemia in sheep: 

Items 
  

Cl. perfringens type A 
infection 

(Yellow lamb disease / hemolytic 
disease of sheep) 

 

Cl. perfringens type B 
infection 

(Lamb dysentery / haemorrhagic 
enteritis) 

Cl. perfringens type D 
infection 

(Pulpy kidney disease) 

 
Clinical 
findings 
 
 
 

1-Acute onset of depression 
and pallor mucus membrane. 
2-Collapse and dyspnea. 
3-Sever abdominal pain. 
4-deaths within the same day 
of onset of illness. 
5-Some animals may survive 
for several days. 
 
 
 
 
 
 

 

1-Sudden death. 
2-Collapse, depression and 
stop of suckling. 
3-Abdominal pain. 
4-Sever diarrhea (bloody or 
greenish) with straining. 
5-Some animals may 
survive for several days. 
  
 
 
 
 
 

 

1-Sudden death of few cases 
without history of illness. 
2-Increase in number of dead 
cases week or more later. 
3-Diarrhea, inappetance, 
depression, collapse and death. 
4-Progressive weakness, and 
some sheep showing nervous 
signs such as dullness, ataxia, 
incoordination and convulsive 
movement of the head and 
finally neck rest laterally on 
the shoulder.  
5-the course of the disease in 
some case extend for more 
than 72 hours followed by 
death. 
 

N.B: The number of animals showing per acute and acute form (sudden death to death within 
24hours was 80 from 200 (40%). while those showing sub acute  form (death within 72 
hours was 120 from 200 (60%). 

 
 
Postmortem 

findings 
 

 

1-Bloody fluid in body 
cavities fig.(1). 
2-The small intestine was 
severely congested fig. (2) 
and filled with gases fig.(3). 
3-Flabby heart with large 
amount of fluid in pleura and 
pericardium with swollen 
kidneys. 

1-Bloody fluid in body 
cavities fig.(1). 
2-The small intestine was 
severely congested fig. (2) 
and ulcerated. 
3-Congested liver and 
kidneys.  
4-Other cases no post-
mortem findings had been 
reported. 

1-Bloody fluid in body cavities 
fig.(1). With flabby heart. 
2-The liver and kidney were 
friable. 
3-Congestion in the brain and 
its meninges. 
4-The small intestine was 
severely congested fig. (2)  
5-Overloaded rumen with 
ingesta fig. (4). 
4-Other cases no post-mortem 
findings had been reported. 

  



  

 

 

 

  

  

  

  

 

  

  

Fig.(1): bloody fluids in body cavities.  

  

  

 

 

 

 

 

 

 

 

 

  

 

 

Fig.(2) severely congested part of sheep small intestine.  

  

  



  

 

  

 

 

 

 

  

  

 

 

  

Fig.(3): severely congested sheep small intestine with gases. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

  

Fig.( 4 ): rumen of sheep overloaded with 



4.2.Histopathological findings associated with sheep enterotoxaemia: 

The histopathological findings associated with enterotoxaemia in 

sheep mainly related to the action of the toxins not to direct 

inflammatory process.  

The main lesions in brain were congestion, prevascular oedema, 

prevascular haemorrhages with malacia and demyelination in both 

cerebrum and cerebellum fig. (5), (6), (7) and (8). 

In kidneys there were hypercellularity with red blood cells 

infiltration in Bowman's space, medullary haemorrhages and nephrosis 

with necrosis in proximal and distal convoluted tubules fig. (9), (10) 

and (11). 

The main lesions in liver were dissociation of hepatic cords, 

haemorrhages, congestion of central vein, oedema under the 

endothelial lining hepatic sinusoid with portal oedema and coagulative 

necrosis fig.   (12) and (13). 

   In intestines there were sever necrosis and destruction of 

intestinal villi, haemorrhages, oedema in lamina propria with severely 

congested blood vessels fig. (14) and (15).     

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.(5):malacia, congestion in cerebrum H&E (x20).    

Fig.(6): capillary congestion with edema in cerebellum H&E (x20).  

Fig.(7):early malacia with demylination and 
preneural edema in cerebellum H&E (x20).    



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.(8):prevascular hemorrhages with 
demylination in cerebrum H&E (x40).    

Fig.(9): dilatation of Bowman's space with red 
blood cells infiltration and necrosis in 
convoluted tubules H&E (x40). 

Fig.(10): Medullary hemorrhages with  
necronephrosis  H&E (x20).   



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.(11): hemorrhages, vacuolation and 
destruction in  distal convoluted tubules H&E 
(x40). 

Fig.(12): dissociation of hepatic cord with 
coagulative necrosis H&E(x20). 

Fig.(13): congestion in central vein, hepatic hemorrhages, 
dilation in hepatic sinusoid with edema under the 
endothelial lining H&E(x20). 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.(14): sever necrosis and destruction of 
intestinal villi, haemorrhages, oedema in lamina 
propria with severely congested blood vessels 
H&E (x4).  

Fig.(15):sever necrosis and destruction of 
intestinal villi with haemorrhages H&E (x10). 
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4.3.Epidemiological findings associated with sheep enterotoxaemia: 

     4.3.1Morbidity rate and mortality rate and Case fatality percent: 

Eight hundred sheep had been examined during this study only 200 

sheep showed signs of enterotoxaemia. The table (2) illustrate the 

morbidity rate, the mortality rate and the case fatality rate. 

Table (2) illustrate the morbidity rate, the mortality rate and the case 

fatality rate. 

Number 

of animals 

examined 

 

Number of 

clinically 

diseased 

animals 

Number 

of dead 

animals 

Morbidity 

rate 

Mortality 

rate 

Case 

fatality 

rate 

800 

 

200 130 25% 16.25% 65% 

4.3.2Effect of sex on the incidence of disease occurrence : 

The study of the effect of sex on the incidence of the disease 

occurrence revealed that the percentage of diseased condition in male 

and female animals were 28.125% (90 from 320) and 22.916% (110 

from 450), respectively. The statistical analysis showed that the 

incidence of disease was not significantly correlated to sex of the 

animals (At P = 0.05 and Chi² = 2.778) as illustrated in fig. (16). 

 

  

 

 

 

 

 

 

 

 

Fig.(16): The percent of diseased animal in relation sex of the sheep. 



4.3.3.Effect of age on the incidence of disease occurrence:  

The study of the effect of age on the incidence of the disease 

occurrence revealed that  : 

The percent of infection with clostridium perfringens type B (lamb 

dysentery) was higher than infection with clostridium perfringens type 

A (yellow lamb disease ) and type D (pulpy kidney disease) within 

sheep group under 3 months of age. The percent of infection was 

10.07%, 2.54% and 0% respectively. The statistical analysis showed 

there was no significant correlation incidence of infection and the age 

in this group (At P = 0.05 and Chi² = 3.302). Tables (3). 

The percent of infection with clostridium perfringens type A (yellow 

lamb disease), clostridium perfringens type B (lamb dysentery)  and  

type D (pulpy kidney disease) within sheep group over 3 months  of 

age to less than 12 month of age were 10.2%, 8.47% and 2.54% 

respectively. The statistical analysis showed there was significant 

correlation incidence of infection and the age in this group (At P = 0.05 

and Chi² = 62.620). Tables (3). 

The percent of infection with clostridium perfringens type A (yellow 

lamb disease), clostridium perfringens type B (lamb dysentery) and 

type D (pulpy kidney disease) within sheep group over 12 month  of 

age were 22.88%, 0% and 43.22% respectively. The statistical analysis 

showed there was significant correlation incidence of infection and the 

age in this group (At P = 0.05 and Chi² = 36.237). Tables (3). 
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Table (3) : Effect of age on the incidence of disease occurrence: 

Clostridium perfringens types  

Positive 

isolation 

 

Suspected  

diseased 

 

Total 

examined 

 

Isolates types 
D 

Pulpy kidney 

disease 

NO             % 

B 

Lamb 

dysentery 

NO              % 

A 

Yellow lamb 

disease 

NO          % 

Age of sheep 

 

0           0%    

 

12   10.17% 

 

3       2.54% 

 

15 

 

34 

 

200 

 

Under 3 months 

 

3       2.54% 

 

10     8.47% 

 

12     10.2% 

 

25 

 

54 

 

250 

Over 3 months to 

less than 12 month 

 

51   43.22% 

 

0            0% 

 

27   22.88% 

 

78 

 

112 

 

350 

Over 12 month of 

age  

 

54   45.58% 

 

22   18.64% 

 

42     35.6% 

 

118 

 

200 

 

800 

 

Total  

 

4.3.4.Effect of breed on the incidence of disease occurrence : 

The incidence of  clostridial enterotoxaemia had been studied on two 

breeds of sheep. In the Barky breed the incidence of the disease 

occurrence was 26.66% (120 from 450) . The  incidence of the disease 

occurrence in the Baladi breed was 22.857% ( 80 from 350). The 

statistical analysis showed that the incidence of the disease occurrence 

was not significantly correlated to the breed of the animals (At P = 

0.05 and Chi² = 1.524)  as illustrated in fig. (18). 
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Fig.(18): The percent of diseased animal in relation breed of the sheep. 

4.3.5.Effect of seasons of the year on diseased occurrence :  

This study carried out during the period extended from the spring of 

2008 to spring of 2009 to study the effect of seasons and 

environmental changes on the incidence of diseased condition. The 

percentage of clostridial enterotoxaemia  in spring was 49% (98 from 

200), in winter was  26.63% (58 from 220), in autumn  was 15.55% ( 

28 from 180) and in summer was 8% (16 from 200). Statistical analysis 

showed that the percentage of the disease occurrence  was significantly 

correlated to the seasons of the year Significant (At P = 0.05 and Chi² 

= 101.5). as illustrated in fig (19). 

 

 

 

 

 

 

 

 

 

 

Fig.(19):  The percent of diseased animal in relation to seasons of the year. 

• Significant variance between groups as  P Value <0.0001 and F value was 

14.637. 

• Significant variance between (spring) and (winter) as  ( q = 4.187 at P <0.05) 

and significant variance between (spring) and (autumn and summer) as ( q = 

7.327 and 8.583 at P<0.001) respectively 

• Non significant variance between (winter) and (autumn) as ( q = 3.140 at P 

>0.05) but significant variance between (winter) and (summer) as ( q = 4.396 

at P <0.05). 

• Non significant variance between (autumn) and (summer) as ( q = 1.256 at P 

>0.05). 



 

4.4.Results of bacteriological examination: 

4.4.1.Identification of isolated bacteria: 

The clostridium perfingens had been isolated and showed the typical 

colony morphology on sheep blood agar with characteristic double 

zone of haemolysis fig.(20). On perfringens agar medium 

supplemented with D-cycloserine and egg yolk emulsion appeared as 

small black colonies surrounded by halo area due to lecithinase activity 

fig.(21). Gram stained smear from the colonies revealed the typical 

appearance of gram positive straight sided rods arranged singly or in 

pairs fig.(22). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.(20): Clostridium perfringens colonies on sheep blood agar with 

characteristics double zone of haemolysis. 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

Fig.(21): Black colonies of clostridium perfringens surrounded by halo 

zone on perfringens agar medium. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.(22): Gram stained smear of clostridium perfringens appears as gram 

positive straight sided rods arranged singly or in pairs showing oval 

subterminal spores 



4.4.2.The percentage of clostridium perfringens isolation from the 

soil,  apparently healthy and diseased sheep: 

The percentage of bacteria isolated from clostridium perfringens 

isolation from the soil was, apparently healthy and diseased sheep  were 

41%, 12% and 59% respectively table (3) and fig.(23) . 

Table (4): The percentage of bacteria isolated from clostridium 

perfringens isolation from the soil,  apparently healthy and diseased 

sheep. 

 

 

Diseased sheep 

 

 

Apparently healthy sheep 

 

Soil 

 

 

 

 

200 

 

100 

 

100 

Number 

examined 

 

118 

 

12 

 

41 

Positive 

samples 

 

59% 

 

12% 

 

41% 

 

percentage 

 

Fig.(23): The percentage of bacteria isolated from clostridium perfringens isolation 

from the soil,  apparently healthy and diseased sheep. 
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4.4.3.Effect of sex on the incidence bacterial isolation from clinically 

diseased animals: 

The study of the effect of sex on the incidence of bacterial isolation 

from both sexes were 62.222% (56 from 90) and 56.363% (62 from 

110), respectively. The statistical analysis showed that the incidence of 

bacterial isolation was not significantly correlated to sex of the animals 

(At P = 0.05 and Chi² = 0.7024) as illustrated in fig. (24). 

 

               Fig.(24): The percent of bacterial isolation in relation to sex of the sheep. 

4.4.4.Effect of breed on the incidence of bacterial isolation from 

clinically diseased animals: 

The incidence of clostridium perfringens isolation had been studied on 

two breeds of sheep. In the braky breed incidence of bacterial isolation 

was 58.33% (70 from 120). The  incidence of bacterial isolation in the 

baladi breed was 60% (48 from 80)  respectively. The statistical 

analysis showed that the incidence bacterial isolation was not 

significantly correlated to the breed of the animals (At P = 0.05 and 

Chi² = 0.05512) as illustrated fig. (26). 
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Fig.(26): The percent of bacteria isolation in relation to breed of the sheep. 

4.4.5.Effect of seasons of the year on the incidence of bacterial 

isolation from clinically diseased animals: 

This study carried out during the period extended from the spring of 

2008 to summer of 2009 to study the effect of seasons and 

environmental changes on the incidence of bacterial isolation from 

diseased animal. The percentage of bacterial isolation in spring was 

65.30% (64 from 98), in winter was  68.96% (40 from 58), in autumn  

was 35.71% ( 10 from 28) and in summer was 25% (4 from 16). 

Statistical analysis showed that the percentage of bacterial isolation  

was Significantly correlated to the seasons of the year (At P = 0.05 and 

Chi² = 20.867) as illustrated in fig (27). 
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Fig.(27):  The percent of bacterial isolation in relation to seasons of the year. 

• Significant variance between groups as  P Value <0.0001 and F value was 

17.197. 

• Non significant variance between (spring) and (winter) as (q = 3.571 at P <0.05) and 

significant variance between (spring) and (autumn and summer) as ( q = 8.034 and 

8.926 at P<0.001) respectively. 

• Significant variance between (winter) and (autumn and summer) as ( q = 4.463 and 

5.463 at P >0.05 and <0.01) respectively. 

• Non significant variance between (autumn) and (summer) as ( q = 0.8296 at P >0.05). 

4.4.6.The effect of soil type on the incidence of  isolation of clostridium 

perfringens : 

The percentage of isolation of clostridium perfringens from each 

soil type was illustrated in table (4) and fig.(28). The percentages of 

isolation of clostridium perfringens from village soil and new 

reclaimed soil were 26% and 56% respectively. The statistical analysis 

showed that the percentages of  bacterial isolation is significantly 

correlated to type  of soil as the Chi² at P = 0.05 was 8.103. 
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 Table (5):The percentage of clostridium perfringens isolation 

from the soil and effect of soil type on the incidence of isolation : 

Positive isolation Total 

examined 

 

Soil type % NO 

 

13%* 

 

13 50 Village soil 

 

28%* 

 

28 

 

50 

New reclaimed soil 

 

41% 

 

41 

 

100 Total 

        * Significant (At P= 0.05 and Chi² = 8.103). 

 

 

Fig.(28): The incidence of clostridium perfringens isolation from the soil and effect of 

soil type on the incidence of isolation. 

 

 

 

 

 



4.5.Molecular typing of clostridium perfringens isolates using multiplex 

PCR:   

Molecular typing of clostridium perfringens using multiplex PCR 

depends on detection of toxin genes; cpa gene that responsible for 

alpha toxin production, cpb gene that responsible for beta toxin 

production, etx gene that responsible for epsilon toxin production and 

iap gene that responsible for iota toxin production. Isolates contain 

only cpa gene considered as clostridium perfringens type A, isolates 

contain  cpa, cpb and etx genes considered as clostridium perfringens 

type B, isolates contain cpa and etx genes considered as clostridium 

perfringens type D and isolates contain cpa and iap genes considered as 

clostridium perfringens type E fig. (29).  

The percent of clostridium perfringens type A was 45.03% ( 77 

from 171isolates);11isolates (6.43%) from village soil,18 isolates 

(10.52%) from new reclaimed soil, 6 isolates (3.5%) from clinically 

healthy animals and 42 isolates (24.56%) from diseased animals table 

(6) and fig (30).  

The percent of clostridium perfringens type B was 14.61% ( 25 from 

171 isolates); 0 isolates (0%)  from village soil, 3 isolates (1.75%) from 

new reclaimed soil, 0 isolates (0%) from clinically healthy animals and 

22 isolates (12.86%) from diseased animals table (6) and fig.(30). 

  The percent of clostridium perfringens type D was 40.35% ( 69 

from 171 isolates); 2 isolates (1.16%) from village soil, 7 isolates 

(4.09%) from new reclaimed soil, 6 isolates (3.5%) from clinically 

healthy animals and 54 isolates (31.57%) from diseased animals table 

(6) and fig.(30).  

     

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.(29): Agarose gel electrophoresis of PCR products of clostridium 

perfringens isolates. M: 100 pb DNA ladder (Fermentas), -ve: control negative, 

lane 1,2and 3 clostridium perfringens isolates from clinical cases; in lane 1 alpha 

toxin only(type A perferingens), in lane 2 alpha, beta and epsilon toxins.( type B 

perferingens) and in lane 3 only toxin alpha and epsilon (type D perferingens). Lane 4 

and 5were type A and D perfringens isolated from clinically healthy animals while 

lane 6, 7 and 8 were type A, B and D perfringens isolated from soil. 

 

 

 

 

 

 



0.00%

10.00%

20.00%

30.00%

40.00%

percentage of different types of clostridium 
perferingens in relation to source of isolation

soil 16.95% 1.75% 5.26%

c.healthy 3.50% 0% 3.50%

diseased 24.56% 12.86% 31.57%

type A type B type D 

Table (6): illustrate the percentage of different clostridium perfringens 

types isolated from soil , clinically healthy  and diseases animal 

 
Total  
 
 
 

 
Type D 
 
NO                   %  

 
Type B  
 
NO               % 

 
Type A  
 
NO            % 

 
Isolates types 

Source of 
isolates 

 
13 

 
2              1.16% 

 
0               0% 

 
11        6.43% 

 
Village  
soil 

 S
oi

l  
 

 
28 

 
7             4.09%    

 
3            1.75 % 

 
18      10.52% 

Newly 
reclaime
d soil 

 
12 

 
6              3.5% 

 
0               0% 

 
6          3.5%  

 
Clinically healthy 

 
118 

 
54           31.57% 

 
22         12.86% 

 
42      24.56% 

 
Diseased 

 
171 

 
69            40.35% 

 
25        14.61% 

 
77    45.03% 

 
Total  

 

 

 

 

  

 

 

 

 

 

 

 

 

Fig.(30): The percentage of different types of clostridium perfringens in relation to 

source of isolation 

 

 

 



4.5.1.The relation between sheep age and type of clostridium prferingens : 

The relation between sheep age and type of clostridium prfringens was 

illustrated in fig.(31). 

The incidence of type A infection (yellow lamb disease) in lambs under 3 

months of age and those over 3 months and less than 12 month were  

2.54% and 10.20%  respectively. The percent of infection (hemolytic 

disease) in sheep over 12 month of age were 22.88%. Statistical analysis 

showed that no significant variation between percent of infection among 

first two age group (q= 3.530 at p<0.05) and presence of significant 

variation between the third group with other two groups (q= 9.414 at 

P<0.001 and q= 5.883 at p<0.01 respectively). 

 The incidence of type B infection (lamb dysentery) in lambs under 3 

months of age and those over 3 months and less than 12 month were  10 

17% and 8.47% respectively. The percent of infection in sheep over 12 

month of age were 0%. Statistical analysis showed that no significant 

variation between percent of infection among first two age group (q= 

1.155 at p<0.05) and presence of significant variation between the third 

group with other two groups (q= 6.928 at P<0.001 and q= 5.774 at 

p<0.01 respectively). 

The incidence of type D infection (pulpy kidney disease) in lambs under 

3 months of age and those over 3 months and less than 12 month were  

0% and 2.54%  respectively. The percent of infection in sheep over 12 

month of age were 43.22%. Statistical analysis showed that no significant 

variation between percent of infection among first two age group (q= 

1.470 at p<0.05) and presence of significant variation between the third 

group with other two groups (q= 24.984 at P<0.001 and q= 23.515 at 

p<0.01 respectively). 
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Fig ( 31): The relation between sheep age and type of clostridium perfringens. 

*Significant variance between groups as  P Value <0.0001 and F value 

was 22.615. 

**Significant variance between groups as  P Value <0.0001 and F value was 

13.778. 

***Significant variance between groups as  P Value <0.0001 and F value 

was 196.56. 

 

 

 

 

 

 

 



4.6.The presence of Cpb2  gene among the isolated isolates which is responsible 

for β2 toxin: 

Cpb2 gene responsible for β2 toxin production was not found among any types 

of isolated clostridium perfringens.  

4.7.Results of estimation of antibodies titres in different sheep groups 

vaccinated by clostridial vaccines used against clostridial diseases in veterinary 

field in Egypt by using indirect ELISA: 

Table (7) illustrated the means of antibodies titres of sheep vaccinated by 

different commercial vaccines (A, B and C) and means of antibody titres of 

control group. Statistical analysis by using repeated measures analysis of 

variance (ANOVA) indicated presence of very significant variation between 

groups as  P Value was 0.0027 and F value was 6.921. 

Statistically  there was no significant variance between vaccinated groups with 

vaccines A and B ( q = 0.2280 at P <0.05). While there was significant variance 

between group vaccinated with vaccine A and both group vaccinated with 

vaccine C and control group ( q = 3.200 and 3.454 at P <0.05 respectively). 

Statistically there was significant variance between group vaccinated with 

vaccine B and group vaccinated with vaccine C ( q = 2.972 at P <0.05) and 

there was significant variance between group vaccinated with vaccine B and 

control group ( q = 3.226 and at P <0.05). 

Statistically there was  no significant variance between group vaccinated with 

vaccine C and  control group ( q = 0.2535 at P <0.05) 

    

 

 

 

 



Table (7): The means of antibodies titres of sheep vaccinated by different 

commercial vaccines (A, B and C) and means of antibody titres of control 

group:  

 

 

Time of serum 

collection post 

immunization 

Antibodies titres of serum of different sheep groups* 

Group a 

vaccinated 

with A 

vaccine 

Group b 

vaccinated 

with B 

vaccine 

Groupc 

vaccinated 

with C 

vaccine 

  

Control group 

Zero time 200 200 200 200 

First month 960 1120 200 120 

Second month 5120 3840 400 90 

Third month 6400 6400 440 90 

Fourth month 1920 3200 240 80 

Fifth month 1920 1120 240 60 

Sixth month 1120 640 200 35 

 

* very significant variance between groups as  P Value was 0.0027 and F value was 

6.921. 
a non significant variance between A and B vaccines ( q = 0.2280 at P <0.05) while 

there was significant variance between A and C vaccines and control group ( q= 

3.200 and 3.454 at P <0.05 respectively).  

b significant variance between B and C vaccines and control group  ( q = 2.972 and 

3.226 and at P <0.05 respectively). 
c non significant variance between C vaccine group and control group ( q = 0.2535 at 

P <0.05). 



Fig.(32) illustrated the changes of means of antibodies titres of sheep 

group vaccinated with vaccine A through 6 months. The mean of 

antibodies titers at zero time was 200 that became one month later after 

first dose was 960 then after booster dose administration at second month 

of injection was 5120 and reached 6400 at third month of injection after 

that the means of antibodies titres decreased to 1920 after four months of 

injection and remained 1920 at the fifth month of injection then decreased 

again at sixth month of injection to 1120. 

Fig.(33) illustrated the changes of means of antibodies titres of sheep 

group vaccinated with vaccine B through 6 months. The mean of 

antibodies titers at zero time was 200 that became one month later after 

first dose was 1120 then after booster dose administration at second 

month of injection was 3840 and reached 6400 at third month of injection 

after that the means of antibodies titres decreased to 3200, 1120 and 640 

at fourth, fifth and sixth months of injection respectively. 

Fig.(34) illustrated the changes of means of antibodies titres of sheep 

group vaccinated with vaccine C through 6 months. The mean of 

antibodies titers at zero time was 200 that did not changed after first dose  

but increased after second booster dose and became 400 and 440 through 

second and third months respectively and then decreased to 240, 240 and 

200 through the fourth, fifth and sixth months respectively.  

the antibodies titres of control group decrease through the 6 months as 

follow 200, 150, 90, 90, 80, 60 and 35 respectively. 
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Fig.(32): The changes of means of antibodies titres of sheep group 

vaccinated with vaccine A through 6 months. 
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Fig.(33): The changes of means of antibodies titres of sheep group 

vaccinated with vaccine B through 6 months. 
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Fig.(34): The changes of means of antibodies titres of sheep group 

vaccinated with vaccine C through 6 months. 

 

 

 

 

 

 

 

 



5. Discussion 

Clostridial enterotoxaemia of sheep caused considerable 

economic losses to sheep industry due to high case fatality, decreased 

productivity and treatment and control costs (Ozcan and Gurcay 2000 

&Greco et al., 2005). It ranked a third as a cause of death in sheep 

(Mohammad and Mohammad 2008). 

The repeated occurrence of clostridial enterotoxaemia attacks in 

sheep flocks in Egypt regardless vaccination of sheep flocks by 

polyvalent clostridial vaccines directed our attention to investigate 

such problem from different aspects. 

Eight hundred sheep belonged to different flocks were examined 

for presence of clostridial enterotoxaemia after suffering from sudden 

death and other signs. The investigation begun at spring 2008 and 

continued to summer 2009. The effect of age, sex, breed, and the 

season of the year on the incidence of disease occurrence and bacterial 

isolation had been studied. The role of the soil as main source of 

infection and effect of soil type on incidence of bacterial isolation also 

had been studied. 

Repeated occurrence of attacks in vaccinated flocks with 

polyvalent vaccine directed our attention to isolation of causative 

bacteria with application of modern typing technique using multiplex 

PCR that ensure accurate typing method and discover new types which 

no antitoxin present. In addition comparative study of the most used 

polyvalent clostridial vaccines in Egyptian market had been done using 

ELISA.  

 

 

 

 



The clinical findings recorded in sheep flocks suffered from 

enterotoxaemia were beginning by sudden death to few cases. One 

week later there were increase in number of  deaths with appearance of 

different symptoms on many animals in the flocks such as diarrhea 

(bloody and might be yellowish or black greenish).  Depression, 

weakness and nervous manifestation were observed. These findings 

were recorded by Griner and Johnson 1954; Watt 1960; Baelen and 

Devriese 1987, Osman 1993, Lewis 2000 and Radostitis et al., 2007.  

The course of the disease in some cases extend for long period 3-4 

days. This finding was more than time recorded by Osman 1993, Lewis 

2000 and Radostitis et al., 2007. The presence of subacute form in this 

study might be due to presence of low amount of antitoxin in animal 

serum. 

The postmortem examination of dead cases or slaughtered 

animals revealed the presence of large amount of bloody fluid in body 

cavities, percarditis, overloaded rumen with ingesta, severely 

congested small intestine with gases and flabby heart and kidney. 

These findings similar to that described by Karl and Mary 1993; 

Osman 1993; Greco et al., 2005; Uzal and Songer 2008 & Javed et al., 

2009. 

The histopathological findings associated with enterotoxaemia in sheep 

were mainly related to the action of the toxins not to direct 

inflammatory process. The most characteristic changes were in brain in 

form of congestion, prevascular oedema, prevascular haemorrhages 

with malacia and demyelination in both cerebrum and cerebellum.In 

kidneys there were hypercellularity with red blood cells infiltration in 

Bowman's space, medullary haemorrhages and nephrosis with necrosis 

in proximal and distal convoluted tubules. With presence of less 

important changes in  liver and intestine.  This post-mortem picture 



were agreed with findings recorded by Karl and Mary 1993, Uzal 

2004, Uzal and Songer 2008 and Javed et al., 2009     

During the examination of 800 sheep only 200 were suffered from 

manifestation of enterotoxaemia. This mean that the morbidity rate was 

25%. This rate was coincided with the range of Blood and Radostits 

1989 who reported that the morbidity rate of enterotoxaemia between 

20%-30%; and also agreed with range cited by Halil et al., 2007 who 

reported the rate between 24.13% and 100%. The morbidity rate in this 

study was higher than that reported by Osman 1993 who reported the 

morbidity rate in two flocks in upper Egypt  was 15.87%. The high 

morbidity rate in this study might be attributed to examine more flocks 

and animals over 12 month period in different areas.  

The mortality rate during our investigation was 16.25%. This 

percent located within the range cited by Greco et al., 2005 and Halil et 

al., 2007. They reported the range was 10%-20% and 3.2%-23.3%, 

respectively. But higher than mortality rates reported by Danko et al., 

1975; Hosli etal., 1980; Sharif et al., 2005. They reported the mortality 

rate was 7.63%, 12.5% and 8.3%, respectively. 

The case fatality reported during our investigation was 65%. This 

percent was with in the range reported by Mohammad and Mohammad 

2008 who recorded the case fatality range as 0%-80%. Our rate was 

higher than the rates reported by Stable Forth and Gallaway 1959; 

Findly and Butain 1968 & Grieg 1975 who reported the rates were 

50%,  10% and 10%-15%, respectively. The case fatality rate in this 

study was lower than reported by Osman 1993 who reported the rate 

was 100%. The difference in case fatality among different 

investigations might be due to difference in the time between the 

beginning of infection and medical interference in each flock and 

status of immunity in each flock. 



Fig (16) illustrated the results of study the effect of sheep sex on 

the percent of disease occurrence. It revealed that the occurrence 

percent of disease in female was 28.12% and in male 22.91%. Fig (23) 

illustrated the results of study the effect of sheep sex on the percent of 

bacterial isolation. It revealed that The percent of bacterial isolation in 

female and male was 62.22% and 56.36% respectively. Statistical 

analysis indicated non significant correlation between sheep sex with 

percent of disease occurrence and percent of bacterial isolation. This 

agree with Itodo et al., 2009 who reported that enterotoxaemia affect 

both sexes without difference. 

The relation between the age of sheep and type of clostridium 

perfringens infection had been illustrated in table (3) and Fig. (29). The 

incidence of infection had been studied in 3 groups sheep under 3 

months of age, sheep over 3 months and less than 12 month of age and 

sheep over 12 month of age. Clostridium perfringens type  A infection 

had been reported in all age group at percent of 2.54%, 10.2% and 

22.88% respectively. This agree with Urban et al., 1975, 

Volkova&Dzhamgyrchieva 1976, Greco et al., 2005 and Radostitis et 

al., 2007. Clostridium perfringens type  B infection had been reported 

in first two groups at percent of 10.17% and 8.47% respectively but did 

not reported in sheep over one year of age this agree with Osman 1993, 

Gkiourtzidis et al., 2001 and Radostitis et al., 2007. Clostridium 

perfringens type  D infection mainly reported in sheep over one year of 

age at percent of 43.22% and never reported in sheep under 3 months 

of age this agree with Osman 1993 and Radostitis et al., 2007. 

Fig (17) illustrated the results of study the effect of sheep breed 

on the disease occurrence. The percentages of disease occurrence were 

26.66% and 22.85% in Braky and Baladi breeds ,respectively.  Fig (24) 

illustrated the results of study the effect of sheep breed on bacterial 



isolation. The percent of bacterial isolation in Braky and Baladi sheep 

were 58.33% and 60%, respectively. Statistically there no significant 

correlation between the type of the breed and incidence of both disease 

occurrence and bacterial isolation. This mean that the type of sheep 

breed had no effect on incidence of enterotoxaemia in sheep. 

The effect of the season on the disease occurrence was illustrated 

in fig (18). The percent of occurrence of enterotoxaemia increase 

during spring and winter than in autumn and summer. The percents of 

disease occurrence were 49%, 26.63%, 15.55% and  8%  in spring, 

winter, autumn and summer, respectively. Fig (25)  illustrated The 

effect of the season on the incidence of bacterial isolation. The 

percents of bacterial isolation in spring, winter, autumn and summer 

were 65.30%, 68.96%, 35.71% and 25%, respectively. Statistical 

analysis illustrated the presence of significant correlation between the 

season of the year and incidence of disease occurrence. Also there was 

significant correlation between the season and incidence of bacterial 

isolation. This agreed with Urban et al., 1975; Osman 1993.  Who 

reported that enterotoxaemia was prevalent in winter and spring. But 

disagreed with Butozan and Mihajovic 1959 who reported that 

enterotoxaemia was prevalent in summer and autumn. 

The increase in the incidence of enterotoxaemia in spring and 

winter in our study might be related to the pattern of feeding which 

depended on free access of  green fodder along the day that causing 

overloading of rumen and intestine with succulent fodder that  caused 

stasis to intestinal tract and give chance for growth and multiplication 

of clostridium perfringens with toxin production. In addition stress of 

parturition and parasitic infestation during this period of the year 

decrease the immune status of the animals and increase the chance of 

disease occurrence. 



The percent of bacterial isolation from soil was 41%. This ensure 

the role of the soil as source of infection in enterotoxaemia. This 

agreed with Sidorenko 1965; Abdel-Kerim 1968; Tyutikov et al., 1971; 

Ipatenko 1973; Nagi 1977; Elsayed 1979; El-Ghani et al., 1982 and 

Osman 1993; they isolated pathogenic clostridium perferingens from 

soil.  

The statistical analysis of data illustrated that there was significant 

correlation between soil type and percent of bacterial isolation. The 

percent of bacterial isolation from newly reclaimed soil was 28%. It 

was higher than the percent of bacterial isolation from village soil that 

was 13%. The high incidence of bacterial isolation from newly 

reclaimed soil revealed the high bacterial load in it than the village soil. 

This might be due to in newly reclaimed areas the soil under the 

animals did not changed except after long period while in village areas 

there were frequent removal of dirty soil reducing the bacterial load; as 

well as the removed contaminated soil from village areas used as 

fertilizer in new reclaimed areas that helped in increasing the bacterial 

load in newly reclaimed soil. 

Table (4) presented the result of bacteriological examination of 

100 samples from apparently healthy sheep. It revealed that 12% were 

positive for bacterial isolation. This result was less than that reported 

by Bullen 1952; Guven et al., 1970; Itman 1976; Mahmoud 1991; 

Osman 1993 and Aschfalk et al., 2002. They reported the percent of 

isolation of clostridium perfringens from apparently healthy 

slaughtered sheep were 19.90%, 23.86%, 48%, 66.5%, 17.74% and 

71.4%, respectively. 

The same table illustrated the result of bacteriological 

examination of samples from diseases or dead sheep. 118 samples were 

positive for isolation of clostridium perferingens from 200 samples. 



This mean that the percent of isolation was 59%. This was close to the 

percent reported by  Ali 1980 (59.60%) and Itodo 1991 (58.85%). The 

present percent was higher than percents by Harbola et al 1975; Danko 

et al; 1975; Daire and Ionta 1977; Hosli et al., 1980; Haghour and 

Murad 1984; Osman 1993; Ozcan and Gurcay 2000; and  Gokce et al., 

2007. Who reported the percents of isolation of clostridium perfringens 

from diseased animals were 17.49%, 7.6%, 5%, 12.5%, 18.60%, 

26.67%, 38.63% and 84.61%, respectively. 

Typing of clostridium perfringens isolated during this study had 

been done by using multiplex PCR. Five pairs of specific primers had 

been used for detecting α, β, ε, ί and β2. toxin genes this ensure 

accurate typing of the obtained isolates. 

Figure (27) illustrated agarose gel electrophoresis of the PCR 

products of clostridium perfringens. By using multiplex PCR. Three 

types of clostridium perfringens had been detected. It were clostridium 

perfringens type A, type B and type D. that ensuring the successful 

using of multiplex PCR in accurate and rapid typing of clostridium 

perfringens isolates. This agree with Daube et al., 194; Buogo et al., 

1995; Uzal et al., 1996, Bauns et al., 2004 and Albini et al., 2008. 

Table (5) and figure (28) illustrated the percents of each 

clostridium perfringens type isolated from soil, clinically healthy and 

diseased sheep. Clostridium perfringens type A; isolated as total 

percent of 45.03% that divided as 6.43% from village soil, 10.52% 

from newly reclaimed soil, 3.5% from clinically healthy sheep and 

24.56% from diseased sheep. Type B; clostridium perfringens isolated 

as a total percent of 14.61% that divided as 1.75% from newly 

reclaimed soil and 12.86% from diseased sheep. No isolates had been 

detected in samples from village soil and from clinically healthy sheep. 

Clostridium perfringens type D; isolated as total percent 40.35 % that 



divided as 1.16% from village soil, 4.09% from newly reclaimed soil, 

3.5% from clinically healthy sheep and 31.57% from diseased sheep.  

The most prevalent type of clostridium perfringens isolated from 

soil was clostridium perfringens type A followed by clostridium 

perfringens type D and the lowest one was clostridium perfringens type 

B. This result was parallel to  Nagi 1977 who found that clostridium 

perfringens type A was the predominant isolate from soil samples. 

Clostridium perfringens type A and D were equally isolated from 

clinically healthy sheep. This agree with Kalender et al., 2005 who also 

isolated both types only from clinically healthy slaughtered sheep; but 

disagree with Osman 1993 who found that clostridium perfringens type 

D was the predominant isolate from clinically healthy slaughtered 

sheep. Clostridium perfringens type D was the predominant isolate in 

diseased sheep followed by clostridium perfringens type A and the 

lowest isolate was clostridium perfringens type B. This agree with 

Osman 1993 and Miserez et al., 1998. Who found that the predominant 

isolate from diseased sheep was clostridium perfringens type D. But 

disagree with Gkioutzidis et al., 2001, and Greco et al., 2005. who 

found the predominant isolate from diseased sheep were clostridium 

perfringens type B and A. This might be due to they study clostridium 

enterotoxaemia among lambs only.   

Cpb2 gene responsible for β2 toxin production did not found 

among any types of isolated clostridium perfringens. This disagree 

with Gkiourtzidis et al., 2001who found only 7 isolates from 117 of 

clostridium perfringens contained cpb2 gene  and Greco et al., 2005 

who found only 5 isolates contained cpb2 gene from 23 isolates of 

clostridium perfringens. The absence of Cpb2 gene in our isolates might 

be due to the separate and far rearing of sheep in Egypt away from 

pigs. Because the pigs were the main species harbored clostridium 



perfringens with cpb2 gene as reported by Bueschel et al., 2003 and 

Sting 2009. 

Concerning to vaccinated groups of sheep with 3 different 

commercial polyvalent clostridial vaccines. The polyvalent vaccines 

resulted in production of  increase in antibody titres against the 

clostridial infection; this agree with Sterne et al., 1962; Vygodchickov 

et al., 1962; Katitch et al., 1970; Ustarkhanov and Kolomeitseva 1977; 

and Radostitis et al., 2007; who ensured the use of polyvalent 

clostridial  vaccines produced increase in antibody titres the disease. 

Injection of two doses 4 weeks apart resulted in increase in 

antibodies level between the first and second dose. This agree with 

Vygodchickov et al., 1962; Jansen 1967andCristina et al., 1997.  but 

disagree with Bernath et al., 2004 who found that the best time interval 

between first and booster dose was 8 weeks. 

Table (7) illustrated the means of antibodies titres of sheep groups 

vaccinated by different commercial vaccines and control group. 

Statistical analysis indicated the presence of significant difference 

between the groups. The analysis of variance between groups indicated 

the presence of significant difference between the means of antibody 

titres of groups vaccinated with A & B vaccines with group vaccinated 

with C vaccine and with control group. There no significant difference 

between the means of antibody titres of group vaccinated with A 

vaccine and group vaccinated with B vaccine. Also There no 

significant difference between the means of antibody titres of group 

vaccinated with C vaccine and control group. This mean that the 

vaccine A & B characterized by good antigenic components 

stimulating good immune response. While the vaccine C characterized 

by poor  antigenic components unable to initiate good immune 

response.  



Following up changes in the level of immune response of sheep 

groups vaccinated with A & B vaccines; indicating that there were  

high elevation of level of antibodies titres after second dose and 

continue till 4th month of vaccination. The  level of antibodies titres 

begun decrease through 5th and 6th months of vaccination.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

6. Summary and Conclusions. 

In between spring 2008 to spring 2009,  800 sheep of different ages, 

sex and breeds had been investigated clinically and laboratory for 

dedection of enterotoxaemia cases. Seventy fecal samples and 130 

samples of intestinal content had been collected from clinically 

diseased and dead sheep. Fifty fecal samples and fifty intestinal content 

of clinically healthy sheep and 100 soil samples had been collected. All 

these samples were examined bacteriologically for isolation of 

clostridium perferingens. The isolates had been typed using multiplex 

PCR. All isolates had been examined for the presence of newly 

discovered Cpb2 gene which responsible for β2 toxin production.  

Histopathological study had been done. Finally comparative study on 

the immune response for 3 commercial polyvalent clostridial vaccines 

had been done using ELISA technique to know the most efficient one 

of them. 

The clinical findings associated clostridium enterotoxaemia were 

sudden death of few cases without previous illness followed by 

increase in number of deaths through the next week. In lambs there 

were sever diarrhea streaked with blood, stopping of suckling, 

depression and death. In older lambs and adult the clinical findings 

were progressive weakness, depression for two days proceeding death. 

Other cases showing nervous signs such as incoordination and 

convulsive movement of head and neck.  

The postmortem findings were bloody fluid in body cavities, rumen 

overloaded with ingesta, the small intestine was severly congested 

filled with gases, and the brain with its meninges were congested. In 

some cases congestion of kidneys and liver was observed. 



The characteristic histopathological changes found in brain and 

kidneys. Congestion, prevascular oedema, prevascular haemorrhages 

with malacia in the former while in kidneys there were red blood cells 

infiltration in Bowman's space, medullary haemorrhages and necrosis 

in proximal and distal convoluted tubules.  

The epidemilogical findings of clostridial enterotoxaemia revealed that 

the mordidity, mortality and the case fatility rates were 25%, 16.25% 

and 65%, respectively. The incidence of disease in the male and female 

sheep was 28.12% and 22.91%, respectively.  The incidence of 

bacterial isolation in male and female sheep were 62.22% and 56.36% 

respectively. The incidence of type A infection  in lamb under 3 

months of age, lamb from 3 to 12months and in sheep over one year 

were 2.54%, 10.2% and 2.88%, respectively; The incidence of type B 

infection were 10.17%, 8.47% and 0%, respectively; The incidence of 

type D infection were 0%, 2.54% and 43.22%, respectivel.The 

incidence of disease and bacterial isolation in Braky and Baladi sheep 

was 26.66% &22.85% and 58.33% & 60%, respectively.  

The incidence of disease bacterial isolation and during spring, winter, 

autumn and summer was 49%, 26.63%, 15.55% & 8% and  65.30%, 

68.96%, 35.71% & 25%, respectively. 

The incidence of isolation of clostridium perfringens from diseased and 

dead sheep, apparently healthy sheep and soil  was 59% and 12% and 

41% (13% from village soil and 28% from newly reclaimed soil), 

respectively. 

  Typing of clostridium perfringens isolates from soil, apparently 

healthy sheep and clinically diseased sheep by multiplex PCR revealed 

that the percentage of type A was 45.03%, 3.5% and 24.56%, 

respectively. The percentage of type B was 14.61%, 0% and 12.86%, 

respectively. The percentage of type D was 40.35%, 3.5% and 31.57%, 



respectively.  Molecular screening of isolated strains revealed the 

absence of  Cpb2 gene. 

Type A and B commercial polyvalent clostridial vaccines produced 

high level of antibody titers in vaccinated sheep compared by type C. 

From the previous results we conconcluded that:  

1- The most characteristics clinical finding of clostridial 

enterotoxaemia in sheep was sudden death of few cases without 

proceding signs followed by increasing of mortalities through the 

following days.  

2- The post mortem findings that suggestive for clostridial 

enterotoxaemia were severly congested small intestine with bloody 

content, bloody fluid in body cavities and brain odema and congestion. 

3- The histopathological picture of noninflammatory changes in brain 

and kidneys were suggestive for clostridial enterotoxaemia. 

4- Infection by clostridium perfringens type A age reported in all age 

groups. Infection by clostridium perfringens type B reported only in 

sheep under ione year of age . Infection by clostridium perfringens 

type D mainly reported in sheep over 12 month of age. Most cases 

occurred during spring and winter seasons. Sex and  breed of sheep did 

not significantly affecting the incidence of disease. 

5- Soil consider the main source of infection for sheep. The incidence 

of isolation of clostridium perfringens from Newly reclaimed soil was 

higher than that from village soil. 

6- Multiplex PCR considered as easy, rapid and accurate technique for 

typing of clostridium perfringens isolates. 

7- Clostridium perfringens types A and D were the more frequently 

isolated strains from all types of samples than type B clostridium 

perfringens. 



8- Cpb2 gene which responsible for β2 toxin production could not be 

detected from any isolates. 

We recommended the following: 

1- The changes in the course of clostridial enterotoxaemia in sheep 

should be considered during field diagnosis. 

2- Sheep breeders should elevate the control measures especially in 

newly reclaimed area and during winter and spring. 

3- Vaccination should be repeated every 4 months in endemic areaes. 

4- Application of biosecurity in sheep farms with regular vaccination 

programme.  

5- Molecular typing of clostridium perfringens isolates using 

multiplex PCR have several advantages as rapid, accurate and 

allowed subtyping of isolates by detection of new genes. 

6- Type A clostridium perfringens should be included within the  

local and imported polyvalent clostridial vaccines to ensure 

complete protection of the sheep. 

7- Regular and periodic evaluation of the commercial vaccines in 

different laboratories with informing the producers about the best 

one to use. 

8- Further studies should be applied on the Cpb2 gene in clostridium 

perfringens isolates isolated from sheep and other animal species to 

understand its role and importance in diseaes production and its 

prevalence among animal species. 

9- Further studies should be done to evaluate the immune response 

against each components of different polyvalent clostridial 

vaccines. 
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ا
5LQ و0Hوث <VQK 59 ا
EA,@ ا

9 وا�4H(ن 59 ا�/C(ء ePء وا)C/ت ا�;D< 59 0�0| V4:> د�bوو Lp)A
  وا�و*, ا


�DLض ا�<5  ,y)-�
  :وأX:�ت ا
0را� ا

•   -)666F0666ل ا�C/25 %  6669(ة�
 ا	666EP�666ق % .16.25وKA
 ا	666EP 666(ت  وP8,�اL

 -)UD
 %.65ا

 59 اP(ث ا�AN(م  •-)F0ل ا�C/22.91 % م)AN28.12و59 ذآ�ر ا� % ~P)وآ
 ا
eCل ا
	�4Qي /. اP(ث ا�AN(م 	EP56.36 % م)AN62.22و59 ذآ�ر ا�.% 


�Aع    •)6- -)6F06ل ا�C/A, B, D          �6DC
569 ا
6D8;ن <6t ~68;ث |6:�ر /6. ا

6D8;ن اآ	6t .6/ �6;ث |6:�ر      و59 ا. *5L ا
�4ا
5 0%و  %10.17, 2.54%

و569 ا�6AN(م اآ	56L* .    �6 ا
�64ا
5   % 2.54و % 8.47و% 10.2واcp /6. *6(م  
 . *5L ا
�4ا
5% 43.22و% 2.54و %0/. *(م

•  5p�	
 59 ا�AN(م ا-)F0ل ا�C/26.66 %    6(مAN�64ي /6. ا�Q	
 ا
eCل ا	EPو
 ):A/ -)UD
 ا
eCل ا
	�4Qي 59% 58.33ا	EPو -)Fا� 	EP ~P)م  وآ)ANا�

 .*5L ا
�4ا
5% 60و % 22.85ا
	0Lي 

•         5>G)66~ آP)آ h,6U
 569 ا
�-,6+ وا
46x(ء و ا
h6��M وا-)F0ل ا�C/49 % و
وآ66(ن /066Cل ا
e66Cل ا
	�664Qي /566L* . .66 ا
�664ا
5% 8و % 15.55و % 26.63

 5>G)آ h,U
 >;ل ا
�-,+ وا
4x(ء و ا
h��M وا-)UD
% 65.30ا
8,�اP(ت ا
 .*5L ا
�4ا
5% 25و % 35.71و % 68.96و 



6666 ا
766668K ا
	�66664Qي 
6666A,CL(ت *e6666* .6666ل /,�6666Qوب        J,4P �6666ت:X�0��46666= وا��LQ
ا
IA,JP�66,9ر�,-  	66EA- 66-�4
66 و %  66A,* .66/42) %13(ت ا,K��
66-�4 ا
66-�4 % 66/28. ا
/66. ا

)_�066H 8L66U4ED
 X(ه��66(  ) ا,DL66E
 ا
e66Cل /66. ا�66AN(م ا	66EPل /66. % 12وe66C
 ا	66EP ~66P)و آ
 وا-)UD
�9 ا�AN(م ا)A
59%  

أh,A66U> �66:X ا
�664Cات -(�0M466ام ا>4	66(ر ا
	�66DLة ا
c66ELE4D ا
066C4Dد *66. و�66bد 66t;ث      
آD( أD . �:Xوا
�Aع  Bو ا
�Aع  Aه= ا
�Aع  ا
�0��4��LQ= -,�رIA,JP�,9*�4ات /.  /,�Qوب 

         .,6b �6دb06د *6. *06م وC4D
β2   569ا
�l6EDل *6. ا64P(ج �Cpb2       =6ا>4	6(ر ا
	�6DLة ا
c6ELE4D ا

eCDو
ا
�4Cات ا.  

 *e6ل  	EP ~P)آ  IA,JP�6,9�0��46= -,�ر��LQ
A/6. ا
�6Aع    ا    45.03 ) %6.43 %  .6/
 و ,K��
 ا-�4
8 �0H_( و % 10.52اLU4ED
 ا-�4
 X(ه��6( و     % 3.5/. اD,L6E
/6. ا�6AN(م ا

24.56 %�9)A
 وا-)UD
  )./. ا�AN(م ا

 *e6ل  	EP ~P)آ  IA,JP�6,9�0��46= -,�ر��LQ
/B   14.61 ) %1.75 %   .6/6. ا
�6Aع    ا
8 �0H_( و LU4ED
 ا-�4
�9%12.86ا)A
 وا-)UD
  )./. ا�AN(م ا

 *e6ل  	EP ~P)آ  IA,JP�6,9�0��46= -,�ر��LQ
/D   40.35 ) %1.16 %  .6/6. ا
�6Aع    ا
 و ,K��
 ا-�4
8 �06H_( و     % 4.09اL6U4ED
6-�4 ا
 X(ه��6( و     % 6/3.5. اD,L6E
/6. ا�6AN(م ا

31.57 % ./�9)A
 وا-)UD
  ).ا�AN(م ا

 =:A,- .,4*�J- م)ANا� .,U8> 0C- �Pا اe,
 4او8Z~ درا� <�,= ا
H)�L(ت -(�0M4ام ا�
 b,0ة -,DA( ادي <B   .,6U8 ا
�L(ح و Aا�(-,+ -(�0M4ام آ; /. ا
�L(ح ,*)A/ -)J40وث ا�H .*

 أC  cpا�AN(م -(�0M4ام ا
�L(ح ,*)A/ -)J40وث ا�H .*.  

�
� ا���  و�� 	���:  


06Cد /068ود /6. ا
G)68ت  -06ون ا*�6اض        -1 sb)K/ 0وث /�تH 5ه ,QA,Lاه= ا�*�اض ا�آ
66 /X +66:�66ر hC66Z *66(م وا*�66اض     ,
)4
 66t= <�664ا
5 از�66(د /066Cل ا
�66,9(ت >66;ل ا��66(م ا,66Z�/

,	U* .           6�,p0
6�9 *6. و�6bد ا6K4H(ن |0�06 و6N(زات 569 ا�/6C(ء ا)A
واوz��x>  zZ ا
G)68ت ا
  .�bد �(cy د/�ي J> 59(و�h ا
EJ= /+ ا�4H(ن 59 ا
wC- 59 }D ا
G)8توو


�Aع  -2)- -)F0وث ا�HA     ع�A
)6- -)6F06 ا�
569 ا�6AN(م ا08�B     c6pث 59 آc ا�*D(ر و<eد

�Aع )- -)Fداد ا�e>م و)* ./D       �6 /6. *6(م	6(م ا�آAN6( 569 ا�X�8L/ ا�0اe> .   تG06C/ ازادات

	
 وآ1
V ا
eCل ا-)F4(ءا�x

;AN(م 5LU9 59 ا
�-,+ وا 	EA
  .�4Qي -(

 ا
8,�ان و/0Cل ا
e6Cل   -3-)F0ل اC/ ./ ;5 آL* 8,�ان
�AC/ �,t)> 0b��Gي 
IAJ و�;
 ا
-)UD
  .ا
	�4Qي /. ا
8,�اP(ت ا

�6AN(م      -4
 	6EA
 /. اه6U/ =6(در ا
06Cوي -(-�4
 ا
e6Cل        . ا	6EP 569 6��AC/ 6(ك ز�6(دةAوآ6(ن ه
ا
	�4Qي /. <�,K��
 ا�را5Z ا-�> .* )_�0H 8LU4ED
 ا�را5Z ا-.  

5-  66
66 و��66* وآ66K(ءة h,A66U> 5669 ا
�664Cات ا
eCDوp066د اآ_�66 دC4D
ا>4	66(ر ا
	�66DLة ا
c66ELE4D ا

  .وآ1
V 59 ا
hxQ *. ا
A,J(ت ا
0�0Jة 59 ا
	��4Q( ا
eCDو

 b,0ة *. ا�B 4 ا
�L(ح و Aا�0M4ام ا
�L(ح  -6,*)A/ -)J45 ا�
  .0MCام ا
�L(ح ادي ا

  

  

  



����� ���� ���  :و��� 

�5L* �J ا�^	(ء ا
	,��q. ا�>1 59 ا�*4	(ر ا
�4,� ا
1ي ^�أ *cQ| 5L ا
�Dض أAt(ء  -1
5L�8
  .ا
Mx4,7 ا

 e/ 59راع ا�4P(ج ا
8,�ا5P و>F�U( ا
oxADة 59  -2�)p�
�5L* �J ا
�D-,. ر�4E/ +9ي ا

8 �0H_( و>;ل 5LU9 اLU4ED
  .4x(ء وا
�-,+ا
AD(^[ ا

3- y�-�D
 أ|:� 59 ا
AD(^[ اC-ار cآ .,U84
  . �5L* �J ا
�D-,. ا

8 q> )_�0H	�P ],(م ا�/(ن ا
8,�ي وا<	(ع  -4LU4ED
 59 ا
AD(^[ اF)<و .,-�D
�5L* �J ا
  .�P(م ا
U84,. ا
0وري وازا
 *�ا/c ا
�qM >;ل �49ات <eا�0C/ 0ل 0Hوث ا
�Dض 

5- L	
ا
�D =�0��4��LQة ا
cELE4D ا
0C4Dد h,AU> 59 *�4ات /,�Qوب ا�0M4ام <c*)K ا
IA,JP�,9ا -,�رe,
G(ر ا	ان وا>4�lK
  .-G0 /. ا>4	(ر ا
C4(دل ا
5DE 59 ا

6-  5L* .,U84
ا4P(ج <0C4/ .,U8د ا
�4Cات /. ا
	��4Q( ا
eCDو
 /5L* ),L8 ان �cD4x ا
IA,JP�,9�0��4= -,�ر��LQ
A/. ا
�Aع  ا    .  

7- ,�4
  .= ا
0وري 
H)�L(ت ا
�b�Dدة 59 ا
�Eق وا*;ن y)4P@ ا
5L* =,�4 ا
�D-,.ا

8-  5L* 8(ث-G0را�(ت وا
9  β2ا
�lEDل *. ا4P(ج �=   bCpb2,. ا
0�eD /. ا�CD
 VL
وذ
 وآ1
V دور� 0H 59وث ا
�Dض و KL4MD
 و�bدة 59 ا
�4Cات ا
eCDو
 /. ا
8,�اP(ت ا	EP

  .<to,�ة *�F �,�> 5Lرة ا
�Dض

9-  .,U84

�Q/ cQن /. /P�Q(ت ا ,*)AD
 ا-)J45 <�,= ا��L* 8(ث-G0را�(ت وا
ا
0�eD /. ا
  .ا
0H 5L* +/)Jة

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 �   �ع ا���دات - "���� ا��!� �

� ا�)( ا���)�ي�
  آ

�� وا���,+!-��  /�� ا���اض ا�

  

  

  

  درا�(ت *5L ا
DE4= ا
�CDي ا
qD_5 59 ا�AN(م
  
  
  

� ����1,�� ��ر  

  أ�D8/ 0DHد *	0ا
�ا5L* 0H ا
5K,U/ب.ط

 ��q,	
 ا,	q

�ر�I ا
�LCم ا)Q-2003 

 ��q,	
 ا,	q
�0(/(4Eb,� ا
�LCم اC/ 2007) أ/�اض  

,9�AD
 اC/)b  

  

  

  <8~ ا|�اف

  ه(EH h��� 5P./ د.أ
A^)	
  أ�4(ذ ا�/�اض ا

�0CD
 واA^)	
  ورEp I,y= ا�/�اض ا

4

�lxن ا ,LQ
  LC,= وا
q;بووآ,c ا

 ا
�q ا
	,�qي,Lآ-  ,9�AD
 اC/)b- دات)E
  �9ع ا

  

 �

�45ل 2�  

��q,	
 ا,	q
 ا
0آ�4راة 59 ا
�LCم اKEL9 bدر  

�0C/ أ/�اض  

2011 

 


