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CHAPTER 1 

INTRODUCTION 

 

Agriculture is the main contributor in the economy of Pakistan with the share of 19.50 % in 

country’s Gross Domestic Product (GDP). Livestock contributes 58.33% to the agriculture 

economy and has a pivotal role in the development of agriculture. Livestock has a share of 

11.6% in the national GDP. Livestock provides milk, meat, eggs, hides, skin and wool which 

have a pivotal role in the livings of the people of Pakistan. Nearly 8 million families are 

depended upon livestock, raising their income.   

Livestock has a very crucial role in the economy of rural areas and has impact on the 

socio-economic status of rural people. It plays a role in the cash income and alleviates the 

poverty from the life of people of Pakistan. Pakistan has 44.4 and 37.7 million cattle and buffalo 

population respectively while sheep and goats are 30.1, 72.2 million, respectively (Pakistan 

economic Survey, 2016-2017).  

 Infectious diseases are the major threat to the livestock industry. Despite of improved 

management practices, treatment strategies and preventive measures, diarrhea is still most 

common and costly disease that is affecting small ruminants especially neonates. Diarrhea is the 

major cause of lambs and kids mortality in Pakistan. Major infectious causes of diarrhea in sheep 

and goats are Clostridium perfringens (C. perfringens), Escherichia coli, Cryptosporidium spp, 

and Salmonella spp. Animals with diarrhea become weak and more prone to secondary 

complications, electrolyte imbalance, immune suppression and stress.  

Enterotoxemia in sheep and goats is caused by C. perfringens. Enterotoxemia is a general 

name for the enteric disease caused by all types of C. perfringens. Enterotoxemia word indicates 
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C. perfringens toxin involvement in the intestine and blood. C. perfringens is a Gram’s positive, 

spore forming bacteria. It is anaerobic in nature and normally present in the intestinal contents of 

animals and humans but, whenever, finds suitable environment becomes highly pathogenic and 

produces large amount of lethal toxins (Bergey, 2009; Quinn et al. 2002; Li et al. 2013; 

Ezzeldeen et al. 2016). 

It is a normal inhabitant of the gastrointestinal tract (GIT) of humans and animals. C. 

perfringens is commonly found in the soil (García and Heredia, 2011; Li and McClane, 2007). C. 

perfringens produces highly potent and lethal exotoxins. There are two types of toxins produced 

by C. perfringens, 1
st
 is major toxins and 2

nd
 is minor toxins. Major toxins are those which are 

permanent character of bacteria and C. perfringens toxino-types division (classification) based 

upon these major toxins. Four major toxins produced by C. perfringens are alpha (α), beta (β), 

epsilon (ε) and iota (ι). 

 There are some minor toxins, produced by C. perfringens like beta2 (β2) and 

enterotoxins which are also responsible for the disease in various animals although their presence 

not necessarily associated with the disease. Minor toxins are not always present with some 

specific type that’s why these minor toxins are not considered during classification of 

toxinotypes (strains) of C. perfringens. C. perfringens is classified into 5 major toxinotypes (A, 

B, C, D, and E) depending upon the presence of different combinations of the 4 major toxins 

(Gamboa et al. 2011; Sawires and Songer, 2006). 

C. perfringens type ‘A’ produces only (alpha) α toxin, while, type ‘B’ produces 3 toxins, 

α, β, and ε. C. perfringens type ‘C’ produces ‘α’ and ‘β’ toxins while type ‘D’ produces ‘α’ and 
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‘ε’ toxins. C. perfringens type ‘E’ is a rare form of bacteria and only produce iota toxin along 

with alpha toxin (Petit et al. 1999; Songer, 1996). 

C. perfringens in general causes enterotoxaemia in sheep and goats. C. perfringens all 

types can cause diarrhea in animals especially in lambs and kids although C. perfringens type D 

is involved most of the times (Uzal and McClane, 2011). C. perfringens type D causes 

neurological signs in sheep as the epsilon toxin of C. perfringens is neurotoxic whereas in goats 

signs are diarrhea and sudden death.  

Enterotoxemia is an acute form of disease and most of the time treatment is ineffective. 

Treatment should include aggressive supportive therapy along with antitoxins administration. 

(Garcia et al. 2012). Young lamb and kids are more prone to this disease and mortality rate is 

high in young ones than adults. A diarrheic animal loses large amount of mineral, vitamins and 

fluid including important mineral like sodium, potassium, calcium and chloride ion. These 

mineral and other electrolytes are needed for the various body vital functions and metabolism. 

Most of the times, death of the animal in diarrheic animals is due to dehydration, acidosis and 

essential electrolyte deficiency. 

Clostridial disease always difficult to treat but prevention is easy with proper vaccination 

schedule. Vaccination of pregnant dam about 3 week before delivery of young ones and 

subsequent vaccination of offspring can prevent the disease outbreaks. High quality colostrum is 

also very important in prevention of the disease in the young lambs and kids. 

Different toxinotypes produce different pathological condition in sheep and goats. C. 

perfringens type ‘A’ causes ‘yellow lamb disease’ in sheep and also involve in the per-acute 

form of enterotoxemia in goat kids (Tammy, 2004). C. perfringens type ‘B’ causes ‘lamb 
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dysentery’ and ‘hemorrhagic enteritis’ in sheep and goats respectively. C. perfringens type ‘A’ 

also causes necrotic enteritis in kids and gas gangrene in animals as well as in humans. Struck is 

a disease of adult sheep caused by C. perfringens type C, while, C. perfringens type ‘D’ causes 

‘pulpy kidney disease’ in sheep and goats (Uzal, 2004). Bacterial toxins produce lethal effects 

locally to the intestines and absorb to blood circulation and damage different organs. Diphtheritic 

colitis condition in goat kids produces due to epsilon toxin of C. perfringens. Epsilon toxin of C. 

perfringens is considered as 3rd most potent toxin after botulinum and tetanus (Harkness et al. 

2012; Gil, 1982). Beta toxin causes necrotic enteritis in lambs. C. perfringens type ‘E’ is 

uncommon and little information is available about this type in sheep and goats.  

Enterotoxemia outbreaks are observed in the study area in spite of vaccine program there. 

So it was need of the time to evaluate the C. perfringens types in the animals. C. perfringens 

toxinotyping can be done either by detection of toxin in the intestinal contents or detection of 

toxin gene in the bacterial genome.   Detection of toxin traditionally has been done through toxin 

neutralization test in mice that is difficult, time consuming and having ethical issues. PCR base 

detection of toxin gene in the bacteria is more accurate and time efficient method for the typing 

of C. perfringens as every toxin has a specific toxin gene in the genome of bacteria. Toxin genes 

are located either on chromosome (cpa) or they are plasmid base (cpb, cpb2, etx, iap) (Songer, 

1996).  

C. perfringens is a normal inhabitant of the gastrointestinal tract (GIT) of animals, it 

proliferates in large numbers following alterations of the intestinal environment due to diet 

change or other factors. For the presumptive diagnosis of enterotoxaemia history, clinical signs 

and post-mortem lesion are indicative but require laboratory testing. C. perfringens cultural 
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growth is not merely diagnostic for the disease because of the natural presence of the bacteria in 

the intestine. However quantification of the bacterial culture from fecal samples can be 

diagnostic for the disease. In the disease conditions, C. perfringens bacterial count elevates 

usually above than normal range 10
4
–10

7
 CFU/g (Lewis, 2000; Uzal, 2004). 

Enterotoxemia caused by C. perfringens is a risk factor oriented disease. As the C. 

perfringens is a normal inhabitant of gastro-intestinal tract of ruminants and a normal range of 

bacterial count (10
4
-10

7
 CFU) per gram of the feces is present normally (Uzal, 2004).  So the 

disease is attributed with the suitable conditions for the proliferation of C. perfringens in the 

intestines. C. perfringens bacterial count increases and large amount of toxins are produces 

which destroy the intestinal lining and absorb in the blood and causes systemic pathological 

conditions by affecting different organs. There are certain factors which are considered that they 

enhance the growth of C. perfringens in the intestine. Some of them are overcrowding, 

carbohydrate rich diet, sudden change in diet, vaccination and deworming schedule, age and 

season also. Elevated environmental temperature is observed favorable for the disease.   

C. perfringens various types involve in the human pathological conditions and in food 

contamination. It is one of the major causes of food poisoning, gas gangrene, and skin infection 

in humans (Skariyachan et al. 2010).  C. perfringens also contaminates meat and meat products 

and one of the main causes of food poisoning in humans (Tassew et al. 2010). C. perfringens 

type A food poisoning is ranked 3
rd

 in food borne diseases by bacteria after Campylobacter and 

Salmonella (Bos et al. 2005). 

C. perfringens is a spore forming bacteria and food especially meat may get contaminate 

with the spores. Upon heating these spore may germinate in the cooked food (Ryan and Ray, 
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2010). Usually most of the bacteria entering through food are killed by stomach pH, but if the 

bacterial count is too much high in the contaminated food then some vegetative cells may pass 

through stomach and reach to intestine where they proliferate and produce large amount of toxins 

which are responsible for the enteric diseases like food poisoning in humans (Garcia and 

Heredia, 2011).  

Due to irrational use of antibiotics, bacteria are getting resistance day by day against 

commonly available antibiotics including anaerobic bacteria. Anaerobes are becoming resistant 

against the antibiotics once consider the most effective ones (Hedberg and Nord 2003; 

Loivukene and Naaber 2003). 

Little information is available about C. perfringens prevalence, its different toxinotypes 

and current resistance profile in the Sargodha division of Pakistan. Keeping in view the 

importance of this disease, this project was designed to investigate the prevalence of C. 

perfringens in Punjab, Pakistan, its different strains (toxinotypes) and current antibiotic 

resistance profile of this bacterium against commonly using antibiotics in the field conditions.  
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CHAPTER 2 

REVIEW OF LITERATURE 

 

2.1 History of C. perfringens:  

William Henry Welch in 1982 isolated Gram’s positive bacteria from gangrenous 

wounds. That bacterium was bacillus in shape and anaerobic. It was named as Bacillus 

aerogenescapsulatus (Lucey and Hutchins, 2004). Later it was called as Clostridium welchii and 

now it is Clostridium perfringens (Redondo, 2011). 

2.2 C. perfringens characteristics: 

Family Clostridiaceae have a genus Clostridium that consists of Gram’s positive 

anaerobes. Clostridium perfringens is a spore forming anaerobic bacterium that produces 

exotoxins. In genus Clostridium almost 150 species that produces exotoxins and some of them 

are very lethal for animals and humans (Dworkin, 2006; Quinn et al. 2002; Hirsh et al. 2004). 

Most of the species are harmless or minor pathogens but some are included in the major 

pathogens like C. botulium, C. perfringens, C. tetani, C. chauvoei. C. perfringens are non-motile 

bacteria that are fastidious in nature regarding laboratory growth (Wise and Siragusa, 2005). 

These bacteria remain in singular form and do not form chains and produces different types of 

toxins and enzymes, some of them are lethal  (Quinn et al. 2002; Dworkin, 2006). 

C. perfringens is ubiquitous in the environment and involved in various tissue infections 

in the humans and animals. In a study by Das et al. (2018), different characteristics of the C. 

perfringens were revealed. A total of 91 isolates of C. perfringens were studied which were 

isolated from animals with enteric diseases. CPE gene was found responsible for the animal’s 

enteric problems and human food poisoning cases. A total of 60.43% of the isolates were 
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positive for the CPE gene that were involved in the disease conditions. 76.3% of the CPE genes 

isolates were based on the chromosome, while, rest of the genes was plasmid borne. C. 

perfringens type A and C were found in the isolates. It was concluded that cpn60 UT nucleotide 

sequence can be used to differentiate the C. perfringens isolates with CPE +ve and –ve strains.  

Dwivedi et al. (2015) studied different proteins of C. perfringens type A and C. As the C. 

perfringens is declared as potential bioterrorism organism by CDC so the concern about the 

prevention and countermeasures have been increased. A total of 134 C. perfringens proteins 

were identified from type C and A. Proteins from type A which showed altered expression were 

also elucidated. C. perfringens proteins were divided into 3 discrete groups. From which one and 

two showed no significant difference in the phylogenetic analysis.  

Freedman et al. (2015) studied the plasmids of the C. perfringens all toxinotypes (A-E). 

C. perfringens plasmids have significant role in the intestinal infection as the most of the toxins 

are encoded by the plasmids. C. perfringens toxins are highly lethal in the intestinal diseases of 

the animals. Plasmid genes are more prone to insertion, deletion and alteration so its sequence 

changes rapidly and new toxin genes generated with common backbone in the plasmid genome. 

In the study it was found that most of the plasmids contained locus which involved in the 

conjugation. Conjugative plasmids provide more virulence flexibility in the intestinal infection.  

 

 

2.3 C. perfringens ecology: 

C. perfringens is widely distributed in natural environment including soil, water, marine 

sediments and sewage waste (Lisle et al. 2004). It is normal inhabitant of gastrointestinal tract of 

animals as well as humans. It is also present in the intestines of birds as normal microflora. 
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(Pedersen et al. 2003; Asaoka et al. 2004). C. perfringens type A is a normal inhabitant of  

animals and humans. Most of the times C. perfringens type A is known as human microflora, 

while, other types of C. perfringens are considered as animals pathogens.  

In a recent study Hashimoto et al. (2016) studied the C. perfringens distribution 

especially the enterotoxin positive C. perfringens among the human fecal sewage and animals 

sewage water. The purpose of the study was to evaluate the fact that enterotoxin positive C. 

perfringens presence shows the water is contaminated with human fecal material. So this strain 

can be used as a fecal indicator in the aquatic environment. For this purpose, distribution of C. 

perfringens spores in the human sewage and animal farms sewage were analyzed. A total of 804 

C. perfringens spores were isolated. From 804 spores, human related sewage spores were 366, 

while, animals related sewage spores were 128; cattle, 129; pigs, 72; chicken, 109; abattoir 

wastewaters. These spores were analyzed through multiplex PCR for the toxin genes of C. 

perfringens. Most of the isolates from human sewage were found positive for the C. perfringens 

type A only. Most of the type A were positive with enterotoxin with or without beta2 toxin 

genes. In the human related sewage 33 spores of C. perfringens found positive with alpha toxin 

gene along with enterotoxin gene, while, in 76 of the spores were positive for the cpa, cpb2 and 

cpe toxin genes. In the different animals sewage only one spore of C. perfringens was found 

positive for the cpe gene in the cattle sewage water.  So the enterotoxin positive C. perfringens 

isolation from any aquatic samples in the environment can be considered that it is contaminated 

with the human fecal contents. It is also concluded that human sewage water is the potential 

source of pollution of C. perfringens enterotoxin positive strain.  
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In a recent study (Karunakarnan et al. 2018), the toxino typing of the C. perfringens was 

done which were isolated from the cattle and buffalo calves in India. Fresh fecal samples of 

healthy (n=559) and diarrheic (n=123) neonatal calves of cattle and buffalo were collected from 

different farms. The toxinotyping was done through multiplex PCR. The overall prevalence was 

found 37.2 % in the healthy and diarrheic calves. In the healthy buffalo calves the prevalence 

was 40 %, while, in diarrheic calves it was (30%) less than the healthier ones. Contrary to this, 

the prevalence was high (36.3%) in the healthy calves of cattle. There was insignificant 

difference found in the prevalence of C. perfringens in the healthy and diarrheic cattle and 

buffalo calves. Similarly no statistically significant difference was there in the sex and age 

factors of calves. C. perfringens type A prevalence was found 59.6%, while, type C was the least 

dominant strain (0.4%). Some of the strains had entertoxin gene (14.6%).  

2.4 Toxino-typing: 

C. perfringens have 5 major strains (toxino-types) A, B, C, D and E. This classification of 

bacterial strains depends upon the ability of the bacteria to produce different major toxins 

including alpha (α), beta (β), epsilon (ε) and iota (ι) (Sawires and Songer 2006; Gamboa et al. 

2011). All the C. perfringens toxinotypes produce alpha toxin (α) toxin so this toxin gene 

identification is confirmatory for the presence of the C. perfringens in the samples. C. 

perfringens type ‘A’ produces only alpha (α) toxin, while, type ‘B’ produces 3 toxins, α, β, and ε. 

C. perfringens type ‘C’ produces ‘α’ and ‘β’ toxins, while, type ‘D’ produces ‘α’ and ‘ε’ toxins. 

C. perfringens type ‘E’ is a rare form of bacteria and only produce iota toxin along with alpha 

toxin (Petit et al. 1999; Songer, 1996).  
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Some minor toxins are also produced by C. perfringens like β2 or enterotoxins. But these 

toxins are not linked with the typing of bacteria as their presence is not always sure with some 

specific type (Garmory et al. 2000; Rood, 1998). Although any toxin gene presence not 

necessarily associated with the presence of that toxin but phenotype and genotype of bacterial 

strains match in the 99 % of the cases (Meer and Songer, 1997). 

C. perfringens genome revealed many unknown protein genes. These protein have 

unknown function. These proteins are also called hypothetical proteins and their role was studied 

through bioinformatics tool and their protective potential was studied immunologically. A 

hypothetical function was given to these proteins using alogorithms. There was no evidence of 

horizontal gene transfer for the gene of HP- CPF-0876 when the phylogenetic analysis was 

performed. A unique protein HP CPF_2918 was found abundant. It is an extracellular protein 

which is present in all the strains of the C. perfringens and its genes showed non-significant 

match in the genome database. A recombinant protein CPF_2918 was cloned and with the 

reaction of anti-CPF_2918 in the serum of mouse revealed surface localization on the cells of C. 

perfringens. Recombinant protein CPF_2918 induced serological response and provided partial 

protection in the immunized mice. These mice were challenged directly with the C. perfringens 

(Alam and Dwivedi, 2016)  

All the strains (toxino-types) of C. perfringens produce alpha toxin (α). Alpha toxin is 

basically phospholipase enzyme with lecithinase and sphingomyelinase activity. It breakdowns 

the phospholipids and sphingolipids of  tissues, epithelial cells and blood cells. It increases the 

permeabiltiy of capillaries (Sakurai et al. 2004). C. perfringens type ‘B’ and ‘C’ produces beta 

(β) toxin. Beta toxin is lethal to animals and causes necrotic enteritis. 
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Recently, Robinson et al. (2017) studied the effects of different inhibitors at the epsilon 

toxin of C. perfringens. These inhibitors belonged to the beta-cyclodextrin derivate. Cyclodextrin 

compound has been used in pharmaceutical sciences because of its activity in enhancing the drug 

solubility and stability of organic compounds.  

About 200 derivatives of this compound were studied on the epsilon toxin. Epsilon toxin 

is a highly lethal toxin produced by the type D and B of C. perfringens and CDC put it into 

category B bioterrorism agents. There is no specific treatment available for this toxin. So this 

study focused on the blocking of the pores caused by this toxin in the cells of the host animals. 

Beta-cyclodextrin’s derivate have symmetrical identification with the pores made by epsilon 

toxin. So these compounds block the pores and reduce the lethal effect of the toxin on the cells. 

The same compounds also inhibit the activity of the Bacillus anthracis. These inhibitors can be 

used for the treatment of these bacterial diseases. As a conclusion of this study, 200 various beta-

cyclodextrin derivate have inhibitory effect on the epsilon toxin cytotoxicity and further it can be 

processed in the development of drugs that can be used in the disease conditions of 

enterotoxemia it the animals.  

Epsilon is considered as third most potent toxin produced by C. perfringens type ‘B’ and 

‘D’. Other two toxins are botulinum and tetanus.  It is category B bioterrorism toxin declared by 

Center for Disease Control (CDC) (McClane et al. 2006; Miyata et al. 2002; Petit et al. 2003). 

Epsilon is the most lethal toxin of C. perfringens that damages locally to the intestines and 

systemically absorb in blood, damages brain, kidney and other tissues. It increases the 

permeability of blood vessels of kidney, brain and intestines (Tamai et al. 2003; Finnie, 2003). 
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Hassan et al. (2015) studied the gene sequences of 5 toxinotypes of C. perfringens isolated from 

different samples. C. perfringens can be isolated from different environmental sources like soil, 

marine and fresh water sediments. It is normal inhabitant of gastrointestinal tract of animals so it 

can be isolated from fecal samples of animals and humans as well. C. perfringens also have some 

industrial application like degradation of biochemicals. But most of the times it is seen as an 

infection agent which cause damage to the soft tissues of humanas and animals. In case of C. 

perfringens, damage of tissue is due to different toxins produced by the bacteria. Depending 

upon the ability of these toxins, C. perfringens is classified in five major toxino type groups from 

A-E. These are extracellular enzymes that cause damage to the cells and tissue of the animals 

and humans. Twelve different genome sequences of the C. perfringens have been submitted to 

date. These sequenced C. perfringens were belonged to the diverse group of environment 

including human, animal’s infections and industrial isolates. Most of the C. perfringens which 

were sequenced belong to the type A. However, other strains genome was also sequenced. 

Analysis of these sequences indicated the type A C. perfringens lack characteristic features 

which were involved in making this strain. C. perfringens type B-E sequences represented many 

unique genes that were their specific characters. Some more genes of the toxinotypes need to be 

sequenced to study more characteristics.    

C. perfringens also produces some minor toxin in addition to major toxins. Researchers 

do not consider minor toxins into the classification of C. perfringens toxino-types classification. 

This is because minor toxins presence is optional with some specific toxinotype. Minor toxins of 

pathogenic importance are enterotoxins and beta2 toxins which play role in the disease. C. 
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perfringens enterotoxin has a cytotoxic activity that damage intestinal cell membrane, increase 

membrane permeability and ion transport (Winkler et al. 2009).  

Enterotoxin is also involve in humans as a food borne toxin and causes sporadic diarrhea 

in humans (Sparks et al. 2001). C. perfringens all types can produce beta2 toxin. It is highly 

pathogenic and causes enteric diseases in animals as well as in humans (Bueschel et al. 2003; 

Songer and Uzal, 2005; Fisher et al. 2005). Iota is rare form of toxin present in C. perfringens 

type ‘E’, little information is available about this type and disease caused by type ‘E’ (Uzal, 

2004). 

Kalender et al. (2005) studied the C. perfringens isolates from diseased and healthy 

sheep. Multiplex PCR technique was used to detect the major toxin (alpha, beta, epsilon, iota) 

genes in the genome of C. perfringens bacteria. There were 52/104 and 61/194 samples found 

positive for C. perfringens from diseased and healthy sheep fecal samples respectively. The 52 

isolates of C. perfringens from diseased sheep fecal samples were subjected to genotyping and 

results showed that C. perfringens type A was 64%, while, type B, C and D were 0%, 15% and 8 

% respectively. The isolates (n=61) from healthy sheep fecal samples revealed C. perfringens 

type A was 95% and type D was 5%. No other type of C. perfringens was observed and it was 

found that enterotoxin was not involved in the animal disease.   

Alves et al. (2014) reviewed the epsilon toxin of C. perfringens type B and D. 

Enterotoxemia is a lethal disease that has major impact on the farm economics if there is an 

outbreak occurs. Although epsilon toxin has many similarities in structure with other toxins in 

this family but it is more potent than others. It has LD50, 100ng/kg in mice. 



Review of literature 

 

15 

 

Due to its high potency, Center for Disease Control and Prevention (CDC) categories epsilon 

toxin as B category biological agent that is a potential bioterrorism agent. Epsilon toxin is 

produced in protoxin inactive form then some proteolytic enzymes breakdown it into active form 

of toxin. 

Recently a new form of toxin named as perfringolysin O (PFO) is identified in the C. 

perfringens isolates. This toxin may involve in the disease development in the humans and 

animals. Characteristically this toxin is cholesterol-dependent cytolysin in nature and has a 

activity of pore-forming. This monomer toxin undergoes structural changes whenever get attach 

to the membrane surface of the cell and converted into oligomer. Perfringolysin O can be express 

in all the toxino-type of C. perfringens. It has shown some interesting traits that’s why it may 

prove potential source in the disease development by C. perfringens. There is limited data 

available about the perfingolysin toxin and its role in the disease development yet. But scientists 

have shown its role in the gas gangrene and enteritis in the bovine animals.  A reduction in the 

disease development was found in the mice after they got immunization against PFO toxin of C. 

perfringens. Researchers have shown that PFO works in synergy along with alpha toxin of C. 

perfringens in the development of gas gangrene. Both of the toxin increases the pathological 

conditions than the alpha toxin alone. However, role of PFO individually in the disease condition 

is not clear yet (Verherstraeten et al. 2015). 

 Mohiuddin et al. (2016) studied the beta 2 toxin genes in the different toxinotypes of C. 

perfringens. Although, pathogenicity and toxinotyping depend upon the four major toxins, alpha, 

beta epsilon and iota but minor toxins are also involved in the pathology of the disease that need 

to be studied further.  Fecal samples (n=107) of sheep and goats were collected from different 
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districts of Pakistan. The fecal samples were processed through culturing on the tryptose sulphite 

cycloserine agar media and 61 isolates were found positive for C. perfringens. The multiplex 

PCR was used to confirm the isolates and different toxins. In the type A C. perfringens 73% 

isolates were found positive for the beta 2 toxin genes, while, 67 % type D found positive for 

beta 2 toxin gene. This study indicates that high prevalence of beta2 toxin gene is presents in the 

toxino types of C. perfringens so pathogenicity of this toxin needs to be further investigated.  

2.5 Diseases caused by C. perfringens: 

C. perfringens causes disease generally named as Enterotoxemia. Enterotoxemia with 

different strains of C. perfringens is classified into different pathological conditions. C. 

perfringens type ‘A’ is involved in the acute enterotoxemia in the goat kids (Tammy, 2004).  C. 

perfringens type ‘A’ causes disease named as yellow lamb disease in sheep, while, lamb 

dysentery and hemorrhagic enteritis are caused by type ‘B’ C. perfringens in sheep. The disease 

has mostly been observed serve in young lambs, however, the type ‘C’ C. perfringens affects 

adult sheep and the condition is named as Struck. Pulpy kidney disease is caused by type ‘D’ C. 

perfringens (Uzal & Songer, 2008). C. perfringens type A is also involved in gas gangrene in 

animals as well as in humans. In humans C. perfringens is potentially lethal foodborne pathogen, 

that causes food poisoning and enteritis in humans and the most common source of infection is 

contaminated meat (Heikinheimo et al. 2004). Meat is contaminated by intestinal contents, 

while, slaughtering. Meat is the most common source of food poisoning in humans by C. 

perfringens type A (Garcia and Heredia, 2011). 

(Songer and Miskimmins, 2004) reported 2 cases of C. perfringens type E in calves and 

results showed that C. perfringens type E can cause enteric diseases in neonatal calves. The cases 
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showed similar signs of enterotoxemia including hemorrhagic intestine, diarrhea and sudden 

death. Four percent of the cases of C. perfringens type E disease were reviewed by the author 

and all the cases showed similar signs of enterotoxemia. C. perfringens type E is emerging strain 

in the young calves and consideration should be given to this strain of bacteria now.  

C. perfringens type C causes enteritis in animals as well as in humans. C. perfringens 

type ‘C’ produces alpha and beta toxins. Beta toxin is considered main virulent factor involve in 

the disease. This fact is proved by the cpb knock out mutant strain which showed no virulence in 

the intestinal loop of rabbit and mouse model (Uzal and McClane, 2011).  

Uzal and Songer (2008) worked on the diagnostic point of view in enterotoxemia in 

sheep and goats. History, postmortem finding and clinical signs are important tool for the 

diagnosis of enterotoxemia in animals. But confirmation is not possible without laboratory 

testing of different samples. C. perfringens type A is commonly present in the intestinal contents 

so its isolation has no diagnostic value but isolation of C. perfringens type ‘B’ and ‘C’. It is 

important to find toxin in the intestinal contents of diseased or dead animal and histopathology of 

brain tissue in case of C. perfringens type D. Epsilon toxin of C. perfringens type D causes brain 

lesions in sheep and goats. Gram’s staining of intestinal contents and urine glucose value also 

indicator of disease and can be used as supportive diagnostic tests. 

Morris et al. (2017) recently studied the effect of epsilon toxin of C. perfringens on the 

brain tissues of mice. Epsilon toxin plays an important role in damaging the brain tissues in 

ruminants and pathogenesis of enterotoxemia. It causes edema and encephalomalacia of brain 

tissues resulting changes in the behavioral and nervous signs. Several neurological issues appears 

in the animals suffering from intoxication of epsilon toxin, including vasogenic brain edema, 
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killing oligodendrocytes. In this study, sub-lethal dose of epsilon toxin was injected intravenous 

through intracerebroventricular delivery and the changes in the brain tissue were studied in the 

rat and mice. During histological analysis of different part of brain, degenerative changes 

observed in the neuronal tissue of cortex, hippocampus, hypothalamus and striatum. Upon 

cellular level apoptotic cells and damaged neurons cell were seen in those areas. Demyelination 

and stripping was seen in the axons. The experimental animals that were exposed to epsilon toxin 

at sub-lethal level were tested by the Inclined Plane Test and Wire Hang Test. The results 

showed permanent behavioral changes. Dexamethasone and reserpine were found effective in 

reducing the brain lesions and epsilon toxin severity. Ketamine or rilukzole had no effect 

pharmacologically. In-vitro cytotoxicity was not observed in the neuronal primary cultures. So it 

was concluded that epsilon toxin produces changes in the neuronal tissue. 

An interesting case of C. perfringens infection in humans is reported by Biswas et al. 

(2017) in which a human patient had pancreatitis, manifested by severe abdominal pain. 

Different biopsy samples including pancreas were cultured aerobically as well as anaerobically. 

Pancreas samples had shown growth of C. perfringens on the media. 

Wioland et al. (2013) reviewed the effects of epsilon toxin on the neuronal tissue of the 

brain. C. perfringens type B and D produces epsilon toxin. Epsilon toxin of C. perfringens 

induces the disease named as enterotoxemia and epsilon toxin is responsible as a main culprit. 

The reviewer summarized the effect of epsilon toxin on the nervous system. Epsilon toxin get 

attach with the capillary endothelial cell of brain before crossing the blood brain barrier. 

Therefore it causes edema and fluid accumulates in the brain. The histological examination 

revealed that brain different tissue produced lesion and cellular damage occurred. Effect of 



Review of literature 

 

19 

 

naturally occurring disease in sheep and goats can be visualized through reproducing the 

experiment in the lab animals by injecting the epsilon toxin in the blood stream. Epsilon 

receptors in the nervous system of rat and mice are present at different tissues e.g. granule cells 

in the cerebellum and oligodendrocyte. Epsilon toxin activates the brain cells and releases 

different transmitters like glutamate which causes the nervous breakdown. The exact mode of 

action of epsilon toxin on the neural cell is yet to be determined. 

Freedman et al. (2016) studied the mode of action and activation of epsilon toxin 

protocol. Epsilon toxin is produced in the inactive form also called as prototoxin that needed 

several proteases enzymes for the proteolytic- activation. After enzymatic breakdown, the 

epsilon toxin becomes active and plays important role in the disease pathogenesis locally as well 

as systemically in the animals. In an ex-vivo study on the intestinal contents of goat showed the 

process of transformation of prototoxin into stable, active 27 kDa band on SDS-PAGE. Mass 

spectrometry had shown that 27 kDa band consisted of three epsilon specie with varying C-

terminal from which each of them was cytotoxic. It was also demonstrated that proteases like 

carboxypeptidases along with trypsin and chymotrypsin involved in the activation process of 

epsilon prototoxin. After absortion into blood stream, this activated epsilon toxin damages 

different organs especially brain. In the brain it produces perivascular edema and damages 

different type of neural cells e.g. neurons, astrocytes, and oligodendrocytes. Due to edema, 

astrocytes get separated from blood vessels and the hypoxia of nervous tissue occurs. Epsilon 

toxin is believed to overexpress the channel protein called aquaporin-4 which helps in the 

removing of fluid from edema affected area to resolve the edema problem. In the affected sheep 
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brains, a protein called as amyloid precursor protein is also observed that is indicator of astrocyte 

damages cells.   

2.6 Diagnosis of disease 

The diagnosis of enterotoxaemia mainly relies on history, clinical symptoms and 

postmortem lesions. Presence of C. perfringens in the intestinal or fecal samples of diseased or 

dead animals is not merely diagnostic as it is normal inhabitant of the intestinal tract. However, 

total bacterial count per gram (CFU/g) of fecal samples can be of diagnostic value in clinical 

cases of enterotoxaemia. In disease conditions, bacterial counts are usually found elevated i.e. 

higher than 10
4
–10

7
 CFU/g. Most accepted way of diagnosis is the detection of toxins in the 

intestinal contents, but small amount of toxin may be present normally. Some other tests like 

urine glucose level can be useful. Overall its diagnosis is complicated and we cannot rely upon 

single test (Lewis, 2000; Uzal, 2004). 

Wang et al. (2011) diagnosed different toxinotypes of C. perfringens in the fecal samples 

of cattle from different dairy farms. They used real time quantitative PCR. A total of 261 fecal 

samples were collected from dairy cattle and qPCR was applied. The results showed that beta2 

toxin gene widely distributed among C. perfringens in cattles, while, cpa, etx, cpb2 and cpe 

genes were present in 100, 8.5, 80.7 and 2.3 percent of the positive samples, respectively.  

C. perfringens type D produces epsilon toxin and causes enterotoxemia in sheep and 

goats. In goats, enterocolitis and in sheep systemic effect is also seen in the enterotoxemia. The 

possible reason for this difference is the concept that toxin is absorbed in sheep intestine more 

rapidly than goats. (Miyakawa and Uzal, 2003) studied the effect of epsilon toxin on the 

intestinal tissue of sheep and goats. The changes in the intestinal tissue were observed by 
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inducting the epsilon toxin in the intestine of sheep and goat in-vivo through intestinal loop 

assay. In both of the intestines fluid accumulation was observed in the ileum and colon. There 

was a difference observed in the sodium and water retention by the intestines, it was earlier in 

goat’s intestine than the sheep one. Morphological changes start within 2 hour of the toxin 

injection in the intestinal tissues observed by the histological analysis, but these changes were 

more distinct in the goats than sheep. There were no changes were found in the ileum of either 

sheep or goat even after 4 hours. This study concludes that ion and water transport system is 

affected in the intestinal tissue by the epsilon toxin and the mechanism of alteration is different 

in sheep and goats. 

Baums et al. (2004) developed a multiplex PCR technique for the identification of 

different toxin gene of C. perfringens (genotyping). The nucleotide sequence of C. perfringens 

different toxin gene was collected from GenBank and the sequence properties were analyzed to 

develop the suitable primers accordingly. The primers specification were 20-25 b primer length, 

GC contents were maintained at 35-50% and annealing temp was 59-61 ºC. The PCR 

programming for the multiplex PCR was set on the initial denaturation (95 ºC) for 2.5 minutes, 

then the 35 cycles of thermocycler were run on the pattern of denaturation for 1 minute (95 ºC), 

annealing for 1 minute (55 ºC) and extension for 1 minute and 20 seconds (72 ºC). The final 

extension was done at 72 ºC for 2 minutes only. The PCR products were analyze by running it on 

the 1 % agarose gel stained with ethidium bromide. 

In a recent study (Mumtaz et al. 2017) C. perfringens type D effect on the various 

hemato-biochemical parameters of goats were studied in Pakistan. A total of 12 diseased animals 

were studied along with 6 healthy animals as a control. These animals were not vaccinated 
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previously and belong to 2 different region of Khyber Pakhtunkhwa (KPK), hilly and plain but 

there was insignificant difference in the prevalence of C. perfringens in these areas.  In the 

disease animals, the total erythrocyte count were decreased significantly than the healthier one, 

while, keeping level of significance at 5 %. There was no significant difference was found in the 

PCV and platelet count of healthy and disease animals. Liver function tests indicated that a lot of 

damage to liver as the different enzymes level increases significantly. Blood ureas and creatinine 

also showed significant increase in the diseased animals. The results indicate that C. perfringens 

toxins damage liver and kidney.  

In a letter to editor of Veterinary Microbiology journal Van et al. (2009) also described 

the multiplex PCR technique for the identification of toxinotypes and minor toxin studies of C. 

perfringens. The toxin genes which were analyzed by the multiplex PCR were cpa, cpb, etx, iap, 

cpe and cpb2. These toxin genes codes for the alpha, beta, epsilon, iota, enterotoxin and beta2 

toxins, respectively. The thermocycler programming for the multiplex PCR of above mentioned 

toxin gene was consisted of initial denaturation for 15 minutes (95ºC), followed by the 40 cycles 

of annealing for 1 minute and 30 seconds (53 ºC), and extension; 1 minute and 30 seconds (72 

ºC). The final extension was done for 10 minutes at 72 ºC. A total of 32 C. perfringens isolates 

were analyze through this technique. Isolates were obtained from different animal’s species. The 

results of multiplex PCR were coincided perfectly with the simple single gene PCR. This study 

suggests that multiplex PCR is easy and better method to analyze toxino-types of C. perfringens 

than the simple conventional PCR in which every individual gene have to analyze in separate 

reaction mixture of PCR. 
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Redondo et al. (2017) studied the effect of iota toxin on the intestines of the mice in the 

in-vivo mice model. Iota toxin is produced by only type E C. perfringens. Iota toxin is considered 

as a cause of hemorrhagic enteritis in animals but there is no solid evidence yet.  So this study 

was conducted to see the effect of iota toxin on the intestinal tissue of mice. After four hours of 

incubation the tissue damage was observed in the ileal loop that was treated with purified iota 

toxin. No change was found in the large intestine of the mice. The toxin caused the fluid 

accumulation in the intestinal lumen that depended upon the dose of the toxin. This toxin causes 

alteration in the intestinal villi permeability by producing degenerative changes and necrosis of 

the mucosa of the intestinal lining. It also affects the intestinal motility. These results shows that 

iota toxin of C. perfringens has its role in the pathogenesis and causing hemorrhagic intestinal 

disease. 

Renaudon‐Smith et al. (2014) reported a human case of acute myeloid leukemia that was 

presented for the allogenic stem cell transplantation. After day 3 of transplantation, the patient 

experienced the fever. Blood sample of the patient was cultured and it showed growth of C. 

perfringens. There was acute hemolysis of the blood in the patient which interfered automated 

methods of testing blood chemistry hemoglobin concentration and clotting assays. C. perfringens 

induced hemolysis in this case. The sampling and culturing of bacteria was repeated from 

peripheral and central blood and every time C. perfringens showed growth.  The patient 

responded well to the meropenem, benzylpenicillin, metronidazole and red cell transfusion. C. 

perfringens alpha toxin has the lecithinase activity and destroys cell membrane resulting 

hemolysis. There are some other reports available about the hemolysis associated with the C. 
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perfringens. In these cases mortality rate found high. Red cell transfusion therapy is important 

tool in this condition for the recovery of patient.  

2.7 Prevalence of C. perfringens 

Vaikosen and Ikhatua (2004) studied the prevalence of C. perfringens in sheep and goats 

in different areas of Nigeria. Out of 342 fecal samples, 91 were positive for the lecithinase 

enzyme. Lecithinase is attributed as a major toxin of C. perfringens. These 91 isolates of C. 

perfringens were classified into C. perfringens type C and D on the bases of ELISA technique. 

The enterotoxin level was also determined and it was found high level of enterotoxin. It may 

presents without any illness until acute form of enterotoxemia.  

Detection of toxin gene through PCR is reliable and easy method to determine the type of 

C. perfringens and diagnosis of enterotoxemia in animals. Albini et al. (2008) used real time 

multiplex and simple conventional PCR for the genotyping of C. perfringens in 10 different 

animal’s specie in Switzerland. There were 103 C. perfringens isolates tested and it was found 

both of the techniques gave same results, so it can be inferred from the results that conventional 

PCR is equally good in toxino-typing of C. perfringens isolates. 

Miserez et al. (1998) studied the C. perfringens strains isolated from diseased and healthy 

sheep and goats through PCR and found all 52 isolates of the diseased sheep were type ‘D’ C. 

perfringens. C. perfringens type A was found in 11 isolates out of total 13 healthy animals, 

whereas 2 animal were positive for the type ‘D’ C. perfringens. Gkiourtzidis et al. (2001) 

isolated C. perfringens from 117 diarrheic lambs and determined the toxinotypes through PCR. 

C. perfringens type ‘B’ which contained alpha, beta and epsilon toxins was found the most 
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prevalent strain (46 %) in all the isolates, while, type C and D were 28% and 20% respectively. 

None of the isolates were found positive for the C. perfringens type ‘A’ and ‘E’.  

Khan et al. (2008) studied an outbreak of enterotoxemia in deer. The nine deer died out 

of eleven after outbreak out of enterotoxemia, from which 5 died with per acute signs and 4 had 

acute signs of the disease. There was 100 percent case fatality rate. Post mortem examination 

showed muscular and serosal hemorrhage, hydrothorax, and hydro peritoneum. Lesions on 

intestine and kidney were also present. Mice neutralization test and anaerobic incubation of fecal 

content on growth media declared it as C. perfringens type D infection. 

Enterotoxemia vaccine is the best solution for the control of the disease as it is acute form 

of disease and treatment is usually not effective in such a short time. Ahsani et al. (2011) studied 

the effect of vaccine on the the intestinal clostridail spp. Fecal samples from Kermani sheep in 

Iran were collected. A total of 90 fecal samples were collected from vaccinated sheep, while, 50 

samples were collected from unvaccinated sheep. Polyvalent vaccine of C. perfringens different 

types and C. septicum was used.  Vaccinated and unvaccinated sheep were belonging to same 

flock, age and same management practices. Isolates after culturing were identified through 

morphology, Gram’s staining and biochemical testing. Out of 50 unvaccinated sheep samples 27 

were found positive (54%) for C. perfringens, while, in the vaccinated sheep only 2 samples 

(2.2%) were found positive. Genotyping of the isolates was done by multiplex PCR. Two 

isolates from vaccinated sheep were found Type D C. perfringens, while, 27 isolates of the of the 

unvaccinated sheep were found as C. perfringens type A (4), type B (6), type C (11) and type D 

(6). None of the isolates was found positive for C. perfringens type E.  Statistically it was found 

a significant role of vaccination in reducing the C. perfringens isolates in sheep (p<0.01). 
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Occurrence of the disease was 3.3% and 64.0% in the vaccinated and unvaccinated sheep, 

respectively (p<0.01). 

In a recent study conducted by Mignaqui et al. (2017) C. perfringens prevalence was 

determined in the newly borne Merino lambs over the period of 6 months. The prevalence was 

high in the healthy lambs even day old lambs. C. perfringens type A prevalence was high among 

all the strains although C. perfringens type C and D were also isolated. For the diagnosis and 

toxino-typing of C. perfringens, multiplex PCR technique was used. The thermocycler 

programming was set on 25 cycles of denaturation for 1 minute a 95ºC, annealing for 1 minute at 

53 ºC, extension for 1 minute at 72 ºC, and finally extension at the same temperature for 10 

minutes. The PCR product was electrophoresed at 2.2% agarose gel stained with the Gel Red. 

Finegold et al. (2017) studied the C. perfringens toxinotypes in the children affected with 

autism. They collected 33 stool samples from autistic children of age 2-9 years. These children 

had gastrointestinal problems. As a control 13 stool samples were also taken from healthy 

children without any disease or abnormality. These samples were compared for the presence of 

all clostridium species and C. perfringens strains from fecal material by the selection and 

enrichment method of culturing. C. perfringens was isolated and PCR was performed for the 

analysis of C. perfringens different toxin (alpha, beta, beta2 epsilon, iota and enterotoxin) genes.  

Results showed that there was a significantly higher C. perfringens bacterial count in the fecal 

contents of autistic children than the healthy ones (p=0.031).  

2.7 Antibiotic Sensitivity: 

Un-judicial use of antibiotics is making the underlying pathogen resistant to routinely 

using antimicrobial classes (Hedberg & Nord, 2003; Loivukene & Naaber, 2003). Novak et al. 
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(2015) presented the report about antimicrobial sensitivity of Gram’s positive and negative 

anaerobes and clostridial species were found resistant against clindamycin. Anaerobes have a 

major role in different diseases. Since the antimicrobial resistance has increased worldwide in the 

anaerobe so this resistance profile of different bacteria from a hospital was published. A total of 

(n=63) Gram’s negative and (n=59) Gram’s positive anaerobes isolated from different biological 

samples of the patient were subjected to antimicrobial susceptibility testing. Clostridial species 

isolated from these samples were 100% sensitive to all the tested antibiotics except clindamycin.  

 Recently, Yadav et al. (2017) determined the antimicrobial sensitivity of C. perfringens 

type ‘A’ isolated from humans, animals and fish samples. Results showed that type ‘A’ C. 

perfringens with only cpa gene was found in 43.2% of the isolates, while, cpa with cpb2 gene 

was present in 45.4 % of the isolates. cpa gene with cpe gene were 4.9% and cpa with cpb and 

cpe were found in 6.6 % of the isolates. Antimicrobial resistance profile of the 104 isolates of C. 

perfringens type ‘A’ having cpb or cpe or both additionally showed that 83.7% of the isolates 

were resistant against three or more antibiotics tested. 

Gharaibeh et al. (2010) studied the antimicrobial resistance in the C. perfringens type A 

isolates from poultry. Normally bacteria are getting resistance against antibiotics commonly in 

use. So the C. perfringens also have same trend of resistance against antibiotics.  It was observed 

that clinical outbreaks of C. perfringens did not respond to commonly available antibiotics well. 

So the antibiotic susceptibility was determined. All the isolates were typed through multiplex 

PCR of C. perfringens toxin genes. C. perfringens type A 67 isolates were obtained that were 

also negative for enterotoxin. Some of the antibiotics showed high minimal inhibitory 

concentration (MIC) 50. High MIC showed these antibiotics (lincomycin, erythromycin and 
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tilmicois) are getting resistance against them. Most of the antibiotics were found with low MIC 

value and can be used for the Clostridial infection. Those antibiotics include penicillin, 

tetracyclin, amoxicillin and oxytetracycline. 
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STATEMENT OF PROBLEM 

Infectious diseases are the major cause of economic losses in the livestock industry. One of the 

most important diseases in the small ruminants that cause high mortality is enterotoxemia caused 

by Clostridium perfringens. Clostridium perfringens is a normal inhabitant of gastro-intestinal 

tract of animals, but whenever finds suitable condition causes disease. It is lethal disease 

especially for the lambs and kids causing high mortality in them.  

Looking at the importance of this major health issue, the current project has been 

designed with following objective:  

 Study prevalence of C. perfringens types in diarrheic sheep and goats. 

 Develop molecular diagnosis of C. perfringens in diarrheic sheep and goats. 

 Clinical scoring and associated risk factors study for enterotoxaemia 

 Effect of C. perfringens types on various blood parameters in diarrheic sheep and 

goats. 

 In-vitro antibiotics resistance profile of C. perfringens toxinotypes. 

 In-vivo therapeutic trials in the field conditions with sensitive drugs.  
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CHAPTER 3 

MATERIALS AND METHODS 
 

This project has been carried out in Sargodha division of Punjab province in Pakistan during the 

year 2016-2017.The aim of study was to determine the prevalence of different toxinotypes of C. 

perfringens and antibiotic resistance profile in diarrheic sheep and goats along with associated 

risk factors that contribute to the disease.  

3.1 Sample Collection: 

 A total of n=384 fecal samples were collected from diarrheic sheep (n=192) and goats 

(n=192) from various districts (Bhakkar, Khushab, Mianwali, Sargodha) of Sargodha division. 

All the study districts contributed equally to the samples. Diarrheic fecal samples were collected 

directly from the rectum into sterile container and transported to the microbiology laboratory, 

University of Veterinary and Animal Sciences, Lahore, maintaining the cold chain. Samples 

were collected from animals showing clinical sign and history of acute diarrhea and had no 

history of prior treatment. 
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Figure 3.01 Map of the Punjab province of Pakistan. Circle showing the 4 districts of 

Sargodha division i.e. Sargodha, Khushab, Bhakkar, and Mianwali targeted 

for the sampling of diarrheic sheep and goats. 
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3.2 Processing of Samples:  

3.2.1 Bacteria culturing & CFU determination: 

Collected fecal samples were processed through culture and enrichment method. 1 gram 

of fecal sample was dissolved in 9 mL of phosphate buffer saline (PBS) and 10 fold serial 

dilutions were made in the test tubes before inoculation on growth media. Cultural growth of C. 

perfringens was obtained on selective media for C. perfringens ‘Tryptose Sulphite Cycloserine 

(TSC) agar’ (Himedia Labs
®
,Mumbai, India) in anaerobic conditions using AnaeroGen

TM
 

Sacchet AN35 (Oxoid
®
, Hampshire, UK) in the anaerobic jar. 

TSC media was prepared by dissolving 23.5 g of TSC powder in 475 ml of distal water. 

Powder was dissolved with the distilled water in the glass flask by heating and agitation method. 

The pH of the media was maintained at 7.6 ± 0.2 as per manufacturer instructions. Then the 

media was autoclaved at 121 °C for 15 minutes and allowed to cool till it reached at the 

temperature of 50 °C. Then the 1 vial of TSC supplement (D-Cycloserine) was rehydrated and 

mixed in the liquid media. At the same time 25 ml of sterile egg yolk was also added in the 

media to observe the lecithinase activity of the C. perfringens in the media. D-Cycloserine 

supplement in the TSC media makes it selective for C. perfringens. The media was poured in the 

sterile glass plates and allowed to cool. After the media solidified, the plates were incubated at 

37 °C for the 24 hours to ensure the sterility of the media plates. After sterility testing media 

plates were stored at 4 °C for further use. 

Fecal samples were dissolved in the PBS and 10 fold dilutions were made. Each of the 

dilution was then inoculated on the TSC media plates separately for the growth of C. perfringens 

using glass rod spreader. Media plates were then incubated anaerobically at 37 °C for 48 hours. 
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Typical black colonies of C. perfringens were visible on the media plates after 48 hours of 

anaerobic incubation. Colony forming unit (CFU) per gram of fecal content was determined by 

using colony counter. The dilution number which produced black colonies in the range of 30-300 

was considered for the CFU determination of C. perfringens per gram of feces.  

3.3 Identification of C. perfringens: 

The bacterial colonies were sub-cultured for the purification of colonies. The C. 

perfringens was identified on the basis of colony characteristics, Gram’s staining, biochemical 

testing and PCR. 

3.3.1 Colony characters:  

C. perfringens grows as small black colonies with the whitish zones of lecithinase 

activity if the egg yolk is added in the TSC media under anaerobic conditions.  

3.3.2 Gram’s staining: 

Staining is a useful technique to observe the shape and characteristics of the bacteria 

under microscope otherwise it is very difficult to see the bacteria under microscope. Gram’s 

staining technique was applied to stain the C. perfringens. C. perfringens is a Gram’s positive 

bacteria so it stained purple color during Gram’s staining. First of all a glass slide was heated and 

rubbed with tissue paper to remove wax from it, then using sterile technique a thin smear of 

bacterial culture was prepared on the slide with the sterile water and it was air dried. Then the 

smear was fixed by heating on the flame gently. The slide was then stained with crystal violet 

stain used as a primary stain for 1 minute. After washing under tab water, the iodine as a mordent 

was flooded upon the slide for 1 minute. Then the slide was decolorized with 95% alcohol for 10 

seconds and counter stain safranin was flooded for 1 minute. After washing, the slide was 
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allowed to air dry and was observed under 100X microscope oil immersion lens in the 

microscope.  

3.4 Biochemical Tests: 

C. perfringens is a Gram’s positive rod shape anaerobic bacteria that have certain 

characteristics. C. perfringens certain characters can be identified through biochemical tests. 

Following tests were performed for the identification of C. perfringens following standard 

protocol of Bergey's Manual of Determinative Bacteriology 9
th

 Edition. 

3.4.1 Lecithinase activity: 

C. perfringens has capability of producing lecithinase enzyme. Lecithinase enzyme is one 

of the major toxins produced by C. perfringens along with other toxins. It is used in the 

breakdown of lipid compound lecithin into diglycerides which is insoluble compound. 

Diglyceride makes an opaque zone around the C. perfringens colonies if the egg yolk has been 

added in the media. 

 In the 500 ml of TSC media (Perfringens Agar Base, Catalogue No; M837I, ®Himedia 

Labs, India) 25ml egg yolk (Egg Yolk Emulsion, Catalogue No, FD046, ®Himedia Labs, India) 

was added. After preparation of TSC media by dissolving powder in the distilled water and 

autoclaving, egg yolk emulsion was added aseptically when the media cool down to 50 ºC. Then 

the contents were thoroughly mix by gentle shaking of flask and the media was poured into glass 

plates for solidification of agar media. After solidification, plates were put into incubator at 37 ºC 

for sterility testing for 24 hours and then stored at 4 ºC. The lecithinase activity was obvious 

when the C. perfringens colonies produced opaque white zone around the typical black colonies.  
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3.4.2 Gelatin liquefaction test 

C. perfringens produces gelatinase enzyme which digest the gelatin. Gelatin is a protein 

found in the connective tissues of animals and humans. Gelatin liquefaction test differentiate 

between gelatinase positive and negative bacteria. The nutrient gelatin media was prepared by 

dissolving 13 g of nutrient broth (HiMedia Labs, India) into 1000 ml of distal water. The gelatin 

(120 g) was added in the media. The contents were mix thoroughly by shaking and heating 

method and dispensed into test tubes. Then the tubes were autoclaved for 15 min at 121 ºC. The 

tubes were allowed to solidify the media. The bacterial colonies were stabbed into the solidify 

gelatin tube by a sterile needle and the test tubes were then incubated for 24 hours at 37 ºC 

anaerobically. After 24 hours tube were removed from incubator and placed into refrigerator at 

4-8 ºC. After 30 min the tubes were tilted and the liquefaction of the solidified media was 

checked. The C. perfringens positive will give liquefaction in the gelatin media. The test tubes 

which did not give liquefaction were again incubated at 37 ºC for next 24 hours anaerobically 

and same procedure was repeated for them.  

3.4.3 Nitrate reduction test: 

C. perfringens has ability to convert nitrate into nitrite and other nitrogenous compounds. 

Nitrate reduction test is designed for checking the ability of bacteria for reducing the nitrite. It 

can differentiate bacteria upon this ability because some bacteria don’t have ability to reduce 

nitrite into nitrate.  

Nitrate broth (HiMedia Lab, India) media was prepared by dissolving 4.5 g of nitrate 

broth powder into 500 ml of distal water. The powder was mixed thoroughly by heating and 

gentle shaking the flask. Then the media was shifted into screw capped test tubes and autoclaved 

at 121 ºC for 15 minutes. Solution A (Sulfanilic acid) and B (α-Naphthylamine) were prepared. 
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Solution A was prepared by dissolving 8 g sulphanilic acid in 1 liter of 5 N acetic acid, while, 

reagent B was prepared by dissolving 6 g of N-Dimethyl-1-naphthylamine in 1 liter of 5 N acetic 

acid. The bacterial cultures isolated from diarrheic fecal samples on the TSC media were 

inoculated in the sterile nitrate broth test tubes and incubated for 48 hours at 37 ºC anaerobically. 

After incubation, reagent A and B were added into the tubes and tubes were shaken well. 

Appearance of pink to red color was indicates positive test. If the solution remain colorless than 

the small amount of zinc powder was added in the solution, if it turned red now then the test was 

considered negative.  
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Figure 3.02 Flow chart diagrams of C. perfringens isolation and identification from 

diarrheic sheep and goats fecal samples. 
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3.5 PCR for toxin genes: 

Black colonies (4-5) were picked for the DNA extraction using DNA extraction kit 

TIANGEN® (TIANamp Genomic DNA Kit, Catalogue no. DP302). The extracted DNA 

quantity and purification were checked using Nano-drop 260/280nm wavelength and DNA was 

stored at -20°C.  PCR was performed for the amplification of 4 toxin genes of C. perfringens, α 

(cpa), β (cpb), ε (etx), and ι (iap) using specific primers (Table. 3.1) 

 

 

Table 3.1 Toxin genes with respective primer sequences 

Toxin gene Primer Sequence (5
'
-3

'
) Product 

size 

cpa (α-toxin) 

CPAlphaF GCTAATGTTACTGCCGTTGA 

324bp 

CPAlphaR CCTCTGATACATCGTGTAAG 

cpb (β-toxin) 

CPBetaF3 GCGAATATGCTGAATCATCTA 

195bp 

CPBetaR3 GCAGGAACATTAGTATATCTTC 

etx (ε-toxin) 

CPEpsilonF TGGGAACTTCGATACAAGCA 

376bp 

CPEpsilonR2 AACTGCACTATAATTTCCTTTTCC 

iap (ι-toxin) 

CPIotaF2 AATGGTCCTTTAAATAATCC 

272bp 

CpIotaR TTAGCAAATGCACTCATATT 

(Van et al. 2009) 
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Concentration of each forward and reverse primer was 5 pmol. PCR reaction mixture was 

consisting of 12.5µl of master mix (2X Ampmaster
TM

Aq, GeneAll®), 2µl of DNA sample, 1µl 

of each primer (5pmol) and 8.5μl of distilled water. PCR programming on the thermocycler  for 

all the toxin genes was initial denaturation at 94°C (10 min), then 40 cycles of denaturation at 

94°C (1 min), annealing at 53°C (45 sec), and extension at 72°C (1 min). Final extension was 

done at 72°C (10 min). PCR products were electrophoresed on ethidium bromide stained 2% 

agarose gel (Invitrogen®). A 100bp molecular weight marker was used as a ladder for the 

determination of the sizes of PCR products. 
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3.6 Antibiotic sensitivity: 

C. perfringens six different isolates were subjected to antibiotic sensitivity testing under Kirby 

Bauer antibiotic disk diffusion method.  

 

Table 3.2: List of antibiotics used for antibiotic susceptibility testing 

Serial No. Antibiotic disc tested Disc concentration 

1. Tetracycline   30    mcg/disc 

2. Bacitracin  10    μg /disc 

3. Metronidazole    05    mcg/disc 

4. Penicillin 10    U/disc 

5. Ampicillin     10    mcg/disc 

6. Amoxicillin     30    mcg/disc 

7. Erythromycin     15    mcg/disc 

8. Ciprofloxacin     30    mcg/disc 

9. Vancomycin  30    μg /disc 

10. Ceftriaxone    30     mcg/disc 
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3.6.1 McFarland Solution 

0.5 McFarland solution was prepared for the comparison of bacterial culture solution 

before inoculation on the media for the antibiotic sensitivity testing. 0.05ml BaCl2.2H2O solution 

(1.175%) was added into 9.95 ml of H2SO4 (1%) and mixed properly. The optical density of the 

solution was in the range of 0.08-0.10.  

3.6.2 Preparation of Mueller Hinton agar: 

Mueller Hinton agar (Oxoid Limited, Hampshire England) was prepared by using 19 g of 

powder into 500 ml of distilled water. The powder was mixed thoroughly by shaking and 

heating. Then the media was autoclaved at 121 ºC for 15 min and poured into petri plates. 

Sterility of the media was checked by incubation at 37 ºC for 24 hours. 

3.6.3 Kirby Bauer Method: 

Two to three fresh black colonies of C. perfringens were suspended in 3 ml PBS and 

mixed properly. The uniform suspension’s turbidity was compared with the 0.5 McFarland 

solutions. A sterile cotton swab was dipped into C. perfringens suspension and culture was 

evenly distributed over Mueller Hinton agar plates. The selected antibiotics were placed on the 

agar plates and petri plates were incubated for 24 hours at 37 ºC anaerobically. Zones of 

inhibition were recorded after incubation. 

3.7 In-vivo Antibiotic Trials in sheep & goats:  

Based upon antibiotic sensitivity through disc diffusion method, three highly sensitive 

drugs were selected for the in-vivo antibiotic trials. Each of the antibiotic was trialed on 10 

diarrheic animals (n=5 sheep; n=5 goat) which had diarrhea and CFU/g more than > 10
7
. After 3 
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consecutive days of injecting antibiotic, at 3
rd

, 4
th

 and 5
th

 day, fecal samples were collected and 

the CFU of C. perfringens was counted in the fecal samples.    

3.8 Haemato-biochemical Studies:  

 Hematological tests were done for hemoglobin (Hb), packed cell volume (PCV), total 

erythrocyte count (TEC), and total leukocyte count (TLC) by using hematological analyzer.  

Biochemical tests were also performed that included ‘Liver Function Test’ (LFT) and ‘Renal 

Function Test’ (RFT). Five mL blood sample was collected from 10 (n=5 sheep; n=5 goats) 

healthy and 20 diarrheic animals (n=10 sheep; n=10 goats) having CFU/g >10
7
 for C. 

perfringens. The blood was collected directly from jugular vein into sterilized vacutainer coated 

with EDTA. 

3.9 Clinical scoring and risk factors association: 

During sampling data regarding clinical signs and risk factors was collected by data 

capturing performa. Different clinical signs and risk factors including body temperature, 

diarrhea, sex, age, deworming, season, overcrowding, carbohydrate rich diet and vaccination 

were studied. These factors and clinical signs of sheep and goats were evaluated in association 

with elevated C. perfringens count. 

3.10 Statistical analysis:  

Data regarding epidemiology was analyzed using Chi-square (χ
2
) test SPSS (statistical 

package for social science).  Data on hematology was analyzed by Student’s t-test, P < 0.05 was 

considered significant. The Odd’s ratio was applied upon the data of risk factors association 

considering P < 0.05 was considered significant. 
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4.1 Isolation and Identification of C. perfringens: 

4.1.1 Growth on TSC media:  

A total of (N=384) fecal samples from diarrheic sheep (n=192) and goats (n=192) 

were subjected to process through selection and enrichment method for the growth of C. 

perfringens. Serial dilutions of the fecal samples were made in the sterile PBS and 0.1 ml of 

diluted fecal sample was spread on the TSC media agar plates. The growth was obtained on 

the TSC media that was a selective media for the C. perfringens growth under anaerobic 

conditions. C. perfringens typical black colonies appeared on the TSC media plates after 48 

hours of anaerobic incubation at 37 ºC. Egg yolk was added in the media to identify the 

lecithinase activity of the bacteria as it was shown by the opaque white zone around the black 

colonies of C. perfringens (4.1) 
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Figure 4.01 Typical black colonies of C. perfringens on TSC media 

C. perfringens 
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4.1.2 Gram’s staining:  

A bacterial smear was prepared on the glass slide from a black colony of C. 

perfringens. The smear was stained with the Gram’s staining according to standard 

procedure. C. perfringens can be seen (Figure 4.2) that shows violet rod shape bacilli under 

100X oil immersion lens in the light microscope.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.02 100X microscopic slide of C. perfringens, rod shape Gram’s positive 

bacteria 

C. perfringens 

C. perfringens 



Results 

46 
 

4.1.3 Nitrate reduction test:  

C. perfringens has ability to convert nitrate into nitrite by reducing it. So nitrate 

reduction test was performed to identify C. perfringens. After the growth in nitrate broth, 

reagent A and B was added in the test tube culture. The test tubes that were positive for C. 

perfringens, the red color appears. In the negative samples the color remained unchanged. 

Zinc powder was added in the tubes with no color change, if the color changed red now then 

it was considered negative test otherwise considered positive 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.03 C. perfringens positive tube showing red color 

appearance after adding reagent A and B 

Positive 

Negative 
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4.1.4 Gelatin liquefaction test:  

C. perfringens produces gelatinase enzyme that hydrolyzes gelatin. After 48 hours of 

incubation in the gelatin medium anaerobically, the C. perfringens liquefy the media and it 

flows in the test tube even after putting tube into the refrigerator.  The figure 4.4 showing the 

gelatinase activity of C. perfringens, the media is flowing upon tilting the test tube.  

 

 

 

 

 

 

 

 

 

 

     Figure 4.04 Liquefied gelatin in C. perfringens inoculated gelatin nutrient tube. 

Positive 

Negative 
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4.2 Prevalence of C. perfringens in goats & sheep: 

4.2.1 Prevalence of C. perfringens in goats: 

A total of n=192 diarrheic fecal samples from goats were subjected to growth in 

different dilutions. Growth results of C. perfringens were divided in three groups on the basis 

of CFU/g, first group: 10
0 

-10
3
, second group: 10

4
-10

7
, and third group: > 10

7
 CFU/g. The 

number of samples falls under the range of 10
4
-10

7 
CFU/g were (103/192) 53.65%. This 

range is considered normal inhabitant of bacteria in the gut lumen (Uzal, 2004). Overall 

155/192 (80.73%) isolates were positive for C. perfringens from fecal samples. 

Comparatively less number of samples found with higher CFU/g than normal range (10
4
-10

7
) 

and that were only 27.08% (52/192). PCR was performed for the confirmation of C. 

perfringens by targeting cpa gene that codes for the alpha (α) toxin of the C. perfringens. 

Alpha toxin gene is present in all toxino-types of C. perfringens, so its presence detected by 

PCR confirms the samples as positive. DNA from every isolates of C. perfringens was 

extracted and all the selectively isolated black colonies were found positive for the cpa gene. 

4.2.2 Prevalence of C. perfringens in sheep: 

In the sheep diarrheic fecal samples (n=192) study, 92.19 % (177/192) of the samples 

showed growth of C. perfringens on TSC media equal to or more than 10
4
 CFU/g.  On the 

basis of bacterial count growth results were divided in three groups.  Elevated bacterial count 

(CFU/g) was recorded in 34.90 % (67/192) of the samples in comparison with standard 

normal range 10
4
-10

7
 CFU/g (Uzal, 2004). The samples with bacterial count in normal ranges 

were count 57.29% (110/192), while, samples with very low or no growth (10
0
-10

3
 CFU/g) 

were 7.81% (15/192). The confirmation of isolates for C. perfringens was made by 

amplification of 324bp fragment of cpa gene using PCR. 
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 Table 4.1 Number of sheep and goats with respective bacterial load 

Ranges of bacterial load 

(CFU/g) 
Sheep (%) Goat (%) P-value 

10
0
-10

3
 015 (07.80) 37 (19.270) 0.00 

10
4
-10

7
 110 (57.29) 103 (53.65) 0.23 

>10
7
 67 (34.900) 52 (27.080) 0.04 

Total 192 192  

  P<0.05 significant 
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Figure 4.05: C. perfringens positive samples among sheep and goats in 3 different 

bacterial count groups 

*P<0.05 
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4.3 Molecular toxino-typing in goats and sheep:   

4.3.1 Molecular typing of C. perfringens isolated from goats: 

This study revealed that 80.73% (155/192) of the diarrheic goat’s fecal samples 

positive for C. perfringens appeared as typical black colonies on TSC selective media. The 

normal ranges (10
4
-10

7
) CFU/g of bacterial count was recorded in 66.45% (103/155) of 

positive samples, while, the rest of the positive samples 33.54% (52/155) had shown elevated 

level of CFU/g (>10
7
) for the C. perfringens. As the C. perfringens is normal inhabitant of 

intestinal tract of animals, 10
4
-10

7
 CFU/g is considered normal range of bacterial 

concentration in fecal samples. PCR results showed that all the C. perfringens isolates were 

positive for alpha (α) toxin gene (cpa). Typing of C. perfringens is based upon the presence 

of major toxins produced by the bacteria which are involved in the disease pathological 

conditions. These toxins are coded by specific genes and in this study, all four major toxin 

genes were identified in each of the isolates of C. perfringens through PCR. C. perfringens 

type ‘A’ which contains only cpa gene (α-toxin) was highly prevalent as compared to other 

types of C. perfringens. 

Presence of cpa gene in the genome of bacteria is confirmatory for the C. perfringens 

presence. None of the isolates was positive for the iota (ι) toxin gene (iap). C. perfringens 

type ‘A’ which contains only cpa gene was dominant strain in all the toxinotype and it was 

found 78.06% (121/155) of all positive samples. C. perfringens type ‘B’ containing cpa, cpb 

and etx gene was only 5.16% (8/155) of all positive isolates. Type ‘C’ C. perfringens 

contributed 3.23% (5/155) having cpa and cpb genes, while, C. perfringens type ‘D’ was 

found 13.55% (21/155) with cpa and etx gene combination. None of the isolates was positive 

for type ‘E’ (iap gene).  
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Table 4.2 Distribution of C. perfringens different toxin genes in goats diarrheic fecal samples 

 

Toxin genes of C. 

perfringens 

Types of C. 

perfringens 

Number of 

Isolates (%) 

Toxino-types among different districts 

P-value 
Bhakkar Khushab Sargodha Mianwali 

cpa (α) A 121 (78.00) 24 29 32 36 0.07 

cpa (α), cpb (β), etx (ε) B 08 (05.16) 00 05 01 02 0.06 

cpa (α), cpb (β) C 05 (03.23) 02 1 02 0 0.52 

cpa (α), etx (ε) D 21(13.55) 11 04 03 03 0.02 

cpa (α), iap (ι) E 00 (00.00) 00 00 00 00 - 

Total positive samples for C. perfringens 155 

Total negative 37 

Total animal tested 192 
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Figure 4.06: C. perfringens toxino-types distribution among different districts 

in goats.  
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4.3.2 Molecular typing of C. perfringens isolated from sheep: 

Out of total 192 fecal samples 177 samples were found positive for C. perfringens in 

the diarrheic sheep. These positive isolates of the C. perfringens were subjected to typing of 

C. perfringens through PCR. Four major toxin’s genes of C. perfringens were targeted for 

toxino-typing. C. perfringens type ‘A’ was found 60.45% (107/177) of all positive isolates. 

C. perfringens type ‘B’ which contains all 3 major toxins (α, β, ε) genes, it was the least 

dominant strains in the sheep samples and only 5.08% (9/177) of the samples were positive 

for it. C. perfringens type ‘C’ which contains (α, β) toxin genes was only found in the 13.56% 

(24/177) of the isolates. C. perfringens type ‘D’ having (α, ε) toxins genes found 20.90% 

(37/177) of all the C. perfringens isolates. Epsilon is considered the most potent toxins in the 

C. perfringens. None of the isolates was found positive for the iota toxin (ι) gene. So the type 

‘E’ was not present in any of the samples.  
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Table 4.3 Distribution of C. perfringens different toxin genes in sheep diarrheic fecal samples 

 

Toxin genes 
Type of C. 

perfringens 

Number of 

Isolates (%) 

C. perfringens toxino-types among districts 
P-value 

Bhakkar Khushab Sargodha Mianwali 

cpa (α) A 107 (60.45%) 31 12 27 37 0.00 

cpa (α), cpb (β), etx (ε) B 09 (05.08%) 00 09 00 00 0.00 

cpa (α), cpb (β) C 24 (13.56%) 03 11 08 02 0.01 

cpa (α), etx (ε) D 37 (20.90%) 05 14 12 06 0.04 

cpa (α), iap (ι) E 00 (00.00%) 00 00 00 00 - 

Total positive samples for C. perfringens 177  

Total negative 15  

Total animal tested 192  
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Figure 4.07: C. perfringens toxino-types distribution among different districts 

in sheep.  
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Figure 4.08 PCR products (324bp) of CPA gene on 2 % 

agarose gel in goats. M: marker, L1-L4: cpa gene positive 

samples.  L5: positive control.  L6:  negative control 

Figure 4.09 PCR Products (324bp) of cpa gene on ethidium 

bromide stained 2 % Agarose gel in sheep. M: Marker, L1-

L3, cpa Gene fragments from field samples.  L4: Positive 

Control 



Results 

57 
 

 

 

 

 

 

                 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.10 PCR Products (195bp) of cpb gene on 

ethidium bromide stained 2 % Agarose gel. M: Marker,.  

L1: positive control, L2-L5 cpb Gene fragments from 

field samples.   

Figure 4.11 PCR Products (376bp) of etx gene on ethidium 

bromide stained 2 % Agarose gel. M: Marker, L1: positive 

control, L2-L4 etx Gene fragments from field samples. 
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Figure 4.12 PCR products on 2 % agarose gel. C1-C3: positive 

control of cpa, cpb and etx gene of C. perfringens.  M; (marker 100 

bp). α, β, ε  and ι (negative) are the gene products  from sample 

isolated C. perfringens.1-4 are the negative control of genes cpa, 

cpb, etx and  iap respectively.   
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4.4 In-vitro and In-vivo Antibiotic Sensitivity against C. perfringens:  

4.4.1 In-vitro antibiotic sensitivity: 

Anaerobes are getting resistance against commonly available antibiotics in the field 

conditions. C. perfringens sensitivity against different antibiotics was determined through 

disc diffusion method. Ten commonly available antibiotics were selected for the In-vitro 

antibiotic sensitivity test against C. perfringens. Six different isolates of C. perfringens were 

tested against each antibiotic is shown in Table 4.4. The results of the present study revealed 

that ciprofloxacin, penicillin and ceftriaxone were the most effective antibiotics with 100% 

sensitivity followed by Metronidazole (83.33%), Vancomycin (66.67), Tetracycline (50%), 

Amoxicillin (33.33%), while, the 100% resistance was observed in Bacitracin, Erythromycin 

and Ampicillin. 

.
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Table 4.4 In-vitro antibiotic susceptibility against C. perfringens field isolates. 

Antibiotic used No.  

isolates 

Antibiotic susceptibility 

Resistant (%) Intermediate (%) Sensitive (%) 

Tetracycline        (30μg) 6 0 (0.00) 3 (50.00) 3 (50.00) 

Metronidazole     (5μg) 6 0 (0.00) 1 (16.67) 5 (83.33) 

Penicillin            (10 U) 6 0 (0.00) 0 (00.00) 6 (100.0) 

Ampicillin          (10μg) 6 3 (50.0) 3 (50.00) 0 (0.00) 

Amoxicillin        (30μg) 6 0 (0.00) 4 (66.67) 2 (33.33) 

Erythromycin      (15μg) 6 0 (0.00) 6 (100.0) 0 (0.00) 

Vancomycin       (30μg) 6 0 (0.00) 2 (33.33) 4 (66.67) 

Ciprofloxacin      (10 U) 6 0 (0.00) 0 (00.00) 6 (100.0) 

Bacitracin          (10μg) 6 4 (66.67) 2 (33.33) 0 (0.00) 

Ceftriaxone        (30μg) 6 0 (0.00) 0 (00.00) 6 (100.0) 
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              Figure 4.13: Antibiotic sensitivity of C. perfringens against field isolates 
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4.4.2 In-vivo antibiotic trials in sheep and goats: 

Ciprofloxacin, penicillin and ceftriaxone were the most sensitive antibiotics according 

to in-vitro antibiotic sensitivity tests. So these antibiotics were used in the in-vivo trials on the 

diarrheic sheep and goats having bacterial count more than 10
7 

CFU/g for the C. perfringens. 

Each of the antibiotics was administered in 10 (n=5 sheep, n=5 goats) different animals 

consecutive for 3 days. The efficacy of the antibiotics was checked by determining the CFU 

count of C. perfringens in the fecal sample.  

4.4.3  In-vivo antibiotic trials in sheep: 

Penicillin, ciprofloxacin and ceftriaxone were administered in the diarrheic sheep and 

the results are shown in the table 4.5. In the in-vivo trials, animals having bacterial count for 

C. perfringens more than 10
7 

CFU/g were selected and the reduction of bacterial count was 

recorded. C. perfringens bacterial count 10
4
-10

7 
CFU/g of fecal sample is considered as 

normal range of bacterial count in the sheep and goats (Uzal, 2004). So, the bacterial count 

less than 10
7
 CFU/g was considered as the recovering point for the animals in the treated 

group. Penicillin and ciprofloxacin gave recovery on day 3
rd

 (100%) while Ceftriaxone gave 

100% recovery on day 4
th

 (Table 4.5) 

 

 

 

 

 

 

 

 

 



Results 

63 
 

 

Table 4.5 In-vivo antibiotic trials on diarrheic sheep having bacterial count > 10
7 

CFU/g  

Drugs used 

No. of animal recovered (CFU/g <10
7
)  

2
nd

 day p-value 3
rd

 day  p-value 4
th

 day 

Penicillin  1 (20%) 

0.135 

5 (100%)  

0.368 

 

- 

Ciprofloxacin  3(60%) 5(100%) - 

Ceftriaxone  3 (60%) 4 (80%) 5 (100%) 

Total animal treated with each antibiotic n=5 

 

4.4.4 In-vivo antibiotic trials in goats: 

Penicillin, ciprofloxacin and ceftriaxone were injected in the diarrheic goats having C. 

perfringens bacterial count higher than the 10
7
 CFU/g. The results (Table 4.6) show that 

penicillin and ciprofloxacin gave recovery on the day 3
rd

, while, ceftriaxone on day 4
th

. But 

difference in efficacy of antibiotics is not significant statistically. All three antibiotics can be 

used for the treatment of this disease by C. perfringens.  

 

Table 4.6 In-vivo antibiotic trials on diarrheic goats having bacterial count > 10
7 

CFU/g.  

Drugs used 

No. of animal recovered (CFU/g <10
7
)  

2
nd

 day p-value 3
rd

 day  p-value 4
th

 day 

Penicillin  2 (40%) 

0.223 

5 (100%)  

0.368 

 

- 

Ciprofloxacin  3(60%) 5(100%) - 

Ceftriaxone  1 (20%) 4 (80%) 5 (100%) 

Total animal treated with each antibiotic n=5 
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4.5 Clinical scoring and risk factors association:  

4.5.1 Clinical scoring and risk factor association in goats: 

Risk factors have major role in predisposing the disease of enterotoxemia as C. 

perfringens is a normal inhabitant of the intestinal tract of animals. Odds ratio of different 

risk factors which were considered important in previous studies was calculated. In this study 

association between risk factors and bacterial load (CFU/g) was evaluated. Significantly 

strong association between high bacterial load (>10
7
 CFU/g) and “carbohydrate rich diet’ and 

‘overcrowding’ risk factors was found with odds ratio of 3.143, 4.156 respectively in the 

goats. Considering p< 0.05 these factors are highly significant with respect to bacterial load. 

This high odds ratio shows ‘carbohydrate rich diet’ and overcrowding are the major risk 

factors in the growth of C. perfringens in the intestines. Season is also a major risk associated 

factor presented odds ratio of 3.00 and contributed in the disease prevalence. The other risk 

factors examined were also positively associated with the elevation of bacterial load in the 

fecal samples as shown in (table 4.05), although with lower association than ‘carbohydrate 

rich diet’ overcrowding and season. Some of the clinical signs were also correlated with the 

elevated bacterial count. But none of them was significantly associated with the elevated C. 

perfringens count. Body temperature had OR=1.04 with the p= 0.90, while, diarrhea type 

was highly significant with the Odds ratio of 5.99 (p<0.05). 
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Table 4.7 Clinical signs and risk factors association in diarrheic goats 

Risk Factors Status (No.) >10
7 

CFU/g 

<10
7 

CFU/g 
OR RR % Risk p-value 

Temperature 

(ºF) 

  ≤ 102.5   (128) 35 93 
1.04 1.03 

27.34 
0.90 

 > 102.5    (64) 17 47 26.56 

Diarrhea   

Bloody (17) 11 06 
5.99 0.78 

64.71 
0.00 

Non-bloody(175)      41 134 23.43 

Sex 
 Male   (102) 29 73 

1.16 1.11 
28.43 

0.66 
 Female  (90) 23 67 25.56 

Age 
 Young  (106) 27 79 

0.83 0.88 
25.47 

0.58 
Adult   (86) 25 61 29.07 

Deworming 
Yes      (69) 21 48 

1.298 1.208 
30.43 

0.43 
   No      (123) 31 92 25.20 

Season 
   Summer (96) 36 60 

3.00 2.25 
37.5 

0.001 
    Winter     (96) 16 80 16.67 

Overcrowding 
    Yes    (43) 22 21 

4.156 2.54 
51.16 

0.0001 
    No     (149) 30 119 20.13 

Carbohydrate 

rich diet 

    Yes     (54) 24 30 
3.143 2.19 

44.44 
0.001 

No     (138) 28 110 20.29 

Vaccination 
    Yes     (81) 23 58 

1.12 1.08 
28.4 

0.72 
No     (111) 29 82 26.13 

OR= odds ratio, RR = Relative Risk  
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4.5.2 Clinical scoring and risk factors association in sheep: 

In this study, factors like; age, deworming, season, overcrowding and carbohydrate 

rich diet and vaccination were studied for their association as determinants of enterotoxemia. 

The p-values based on chi-square test and odds ratios based on logistic regression for the 

association of different risk factors with growth of bacteria (CFU/g) were determined. On the 

basis of chi-square test, ‘carbohydrate rich diet’ and ‘overcrowding’ were recorded 

significantly associated (p<0.05) with elevated bacterial count of C. perfringens in fecal 

samples of sheep, while, on the bases of logistic regression, among the studied hypothesized 

determinants, carbohydrate rich diet was highly associated (OR= 5.44) with elevated bacterial 

count (CFU/g) of C. perfringens than normal range in sheep, diets rich in carbohydrates were 

enhancing the growth of C. perfringens more than the diets with poor in carbohydrates. 

Another factor found as key determinant was the crowding factor (OR=2.26), animals kept in 

overcrowded environment were affected more than those kept in less crowded environment. 

Deworming status of herds was also studied which was associated significantly (OR=1.84) 

with elevated bacterial count. The herds, where deworming was practiced were affected more 

as compared to those with no practice of deworming. Age factor also showed positive 

association (OR= 1.11) with disease dynamics, young animals were affected more than the 

adult ones. The last risk factor studied was the season which was associated (OR=1.05) in 

occurrence of elevated C. perfringens count; the occurrence was recorded higher in summer 

as compared to winter season.  Clinical signs were found associated with the elevated C. 

perfringens count, body temp (OR=1.15) and diarrhea type (OR=4.00).  
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Table 4.8  Clinical signs and risk factors association in diarrheic sheep 

Risk Factors Status (No.) >10
7 

CFU/g 

<10
7 

CFU/g 
OR RR % Risk P-value 

Temperature 

(ºF) 

≤ 102.5 (137) 49 88 
1.15 1.09 

35.77 
0.69 

> 102.5 (55) 18 37 32.73 

Diarrhea  

Bloody (09) 06 03 
4.00 2.00 

66.67 
0.04 

Non-bloody (183) 61 122 33.33 

Sex 
Male (107) 38 69 

1.04 1.04 
35.51 

0.42 
Female (85) 29 56 34.12 

Age 
Young  (65) 24 41 

1.11 1.09 
36.92 

0.67 
Adult   (127) 43 84 33.86 

Deworming 
Yes      (53) 24 29 

1.85 1.46 
45.28 

0.06 
No      (139) 43 96 30.94 

Season 
Summer(96) 34 62 

1.05 1.03 
35.42 

0.88 
Winter  (96) 33 63 34.38 

Overcrowding 
Yes     (114) 48 66 

2.26 1.73 
42.10 

0.01 
No       (78) 19 59 24.36 

Carbohydrate 

rich diet 

Rich    (58) 36 22 
5.44 2.68 

62.07 
0.00 

Poor    (134) 31 103 23.13 

Vaccination 
Yes      (64) 19 45 

0.70 0.79 
29.69 

0.28 
No      (128) 48 80 37.5 

OR= odds ratio, RR = Relative Risk  
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4.6 Haemato-biochemical parameters of sheep & goats: 

Different hematological parameters were studied in the both of the sheep and goats. 

Blood samples were collected from animals having CFU/g count higher than >10
7
 and also from 

animals having normal range of CFU/g count for C. perfringens. Different blood parameters 

including hemoglobin concentration (Hb), packed cell volume (PCV), total erythrocyte count 

(TEC), total leukocyte count (TLC), liver function test (LFT) and renal function test (RFT) were 

studied. 

4.6.1 Hematological parameters in sheep: 

The results of the hematological parameters in sheep are shown in Table 4.9. The mean 

hemoglobin (g/dL) concentration was 7.66 ± of 0.60 in healthy sheep, whereas in affected sheep 

it was 7.32 ± 0.35. Non-significant (p>0.05) was observed in mean Hb concentration of both 

healthy and affected sheep. Similarly non-significant (p> 0.05) difference was also found in PCV 

(%) of healthy 28.16 ± 3.79 and affected sheep 31.40 ± 3.14. 
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              Table 4.9 Hematological parameters of healthy and affected sheep 

Hematological 

parameters 

Healthy Sheep 

Mean ± SD 

Affected sheep 

Mean ± SD 
P-value 

Hemoglobin (g/dl) 7.66 ± 0.60 7.32 ± 0.35 0.29 

PCV (%) 28.16 ± 3.79 31.4 ± 3.14 0.14 

TEC (10
6
/µl) 10.02 ± 1.86 8.98 ± 3.43 0.46 

TLC (10
3
/µl) 12.26 ± 3.89 13.06 ± 3.47 0.71 
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Figure 4.14: Mean Hb concentration in the blood of healthy and  

affected sheep  
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Similarly total erythrocyte count (10
6
 µl)  was higher in the healthy sheep 10.02 ± 1.86 

than the affected sheep 8.98 ± 3.43 but still there was not a big difference in values that make it 

significant different statistically (p=0.46). Meanwhile the total leukocyte count (10
3 

µl) was 

higher in the affected sheep 13.06 ± 3.47 than the healthy ones 12.26 ± 3.89 but it was also not 

significant statistically (p=0.71) as shown in the table 4.07. Both samples results were compared 

statistically by the student t-test considering p<0.05 significant.  
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Figure 4.15: Mean PCV % in the blood of healthy and affected  

sheep 
 

Figure 4.11 Graphical representation of mean PCV % in the 

blood of healthy and affected sheep 
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Figure 4.16: Mean total erythrocyte count (10

6
/dL) in the 

blood of healthy and affected sheep 

 

Figure 4.17 Mean total leukocyte (10
3
/dL)count in the blood of 

healthy and affected sheep 
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4.5.2 Sheep blood biochemical parameters: 

Different blood biochemical parameters were also studied included Liver Function Tests 

(LFTs) and Renal Function Tests (RFTs) (Table 4.10). LFTs include Alanine Transaminase 

(ALT), Alanine Phosphatase (ALP), Aspartate Transaminase (AST) and Bilirubin concentration 

was studied. ALT value was slightly higher in the healthy sheep (29.22 ± 5.29 U/L) than the 

affected sheep (27.12 ± 5.88 U/L) but this difference in the values was very minute and had no 

significance statistically. Significant difference (p< 0.05) was observed in ALP values of both 

healthy (80.00 ± 32.24) and affected sheep (136.5 ± 64.91) whereas non-significant difference 

was observed in AST concentration of healthy (125.52 ± 72.71) and affected sheep (120.52 ± 

53.44). Similarly, the difference was non-significant in bilirubin concentration of healthy (0.4 ± 

0.13) and affected sheep (0.44 ± 0.10).  
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Figure 4.18 Mean ALP concentration in the blood of healthy and 

affected sheep 
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            Table 4.10 Blood biochemical parameters of healthy and affected sheep 

 

Renal function tests include Creatinine and Blood Urea Nitrogen (BUN) was also studied 

in healthy and affected sheep. Creatinine (mg/dL) concentration was found 0.70 ± 0.32 in 

healthy, while it was 0.79 ± 0.46 in the affected sheep but there was no significant difference 

(p>0.05). Similarly in BUN value, non-significant difference was observed in healthy (12.48 ± 

7.82) and affected sheep (15.95 ± 7.6) as shown in Table 4.10.   

 

 

 

 

Blood biochemical 

parameters 

Healthy Sheep 

Mean ± SD 

Affected sheep 

Mean ± SD 
P-value 

ALT         (U/L) 29.22 ± 05.290 27.12 ± 05.880 0.51 

ALP        (U/L) 80.00 ± 32.240 136.50 ± 64.91 0.04 

AST         (U/L) 125.52 ±72.71 120.52 ± 53.44 0.89 

Bilirubin  (mg/dL) 0.420 ± 0.1300 0.4400  ± 0.100 0.77 

Creatinine (mg/dL) 0.700 ± 0.3200 0.790 ± 0.4600 0.67 

 BUN        (mg/dL) 12.48 ± 07.820 15.950 ± 07.60 0.43 
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4.5.3 Goats hematological parameters: 

Different hematological parameters of healthy and affected goats that included Hb, PCV, 

TEC and TLC were studied (Table 4.11). Mean Hb (g/dL) concentration was 13.04 ± 3.74 in 

healthy goats which was higher than the affected goats (8.87 ± 2.36) but statistically the 

difference in both mean values was not significant (p=0.06). Similarly PCV % of the both 

healthy (26.98 ± 4.86) and affected goats (28.79 ± 4.17) were statistically insignificant (p>0.05). 

Total erythrocyte count value (10
6
/µl) of healthy goats was 13.7 ± 4.88, while, it was 11.54 ± 

3.22 in the affected goats and statistically insignificantly (p>0.05), while, total leukocytes count 

values of the healthy (11.56 ± 4.77) and affected (11.22 ± 4.18) goats was also not significantly 

different (p> 0.05).  
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Figure 4.19 Mean creatinine concentrtion in the blood of healthy and 

affected sheep 
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             Table 4.11 Hematological parameters of healthy and affected goats 

Hematological 

parameters 

Healthy goats 

Mean ± SD 

Affected goats 

Mean ± SD 
P-value 

Hemoglobin (g/dl) 13.04 ± 3.74 8.87 ± 2.36 0.06 

PCV (%) 26.98 ± 4.86 28.79 ± 4.17 0.50 

TEC (10
6
/µl) 13.7 ± 4.88 11.54 ± 3.22 0.41 

TLC (103/µl) 11.56 ± 4.77 11.22 ± 4.18 0.89 
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 Figure 4.21 Mean total erythrocyte count in the blood of healthy and 

affected goats 
 

 

 

 

 
 
 

   
 

           

 

0

2

4

6

8

10

12

14

16

18

20

TE
C

 (
1

0
6
/µ

l)
  

Healthy goats             Affected goats 

Healthy goats

Affected goats

0

2

4

6

8

10

12

14

16

18

T
L

C
 (

1
0

3
/µ

l)
  

Healthy goats                  Affected goats 

Figure 4.22 Mean total leukocyte count in the blood of healthy and 
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4.5.4 Goats blood biochemical parameters: 

Similarly blood biochemical parameters of goats were also studied including LFTs and 

RFTs (Table 4.12). In the LFTs different liver enzymes concentration including ALT, ALP, AST 

and Bilirubin were evaluated in healthy and affected goats. ALT (U/L) value was slightly lower 

in the healthy (9.44 ± 1.52 U/L) than the affected goats (10.65 ± 3.67 U/L) but this difference in 

the values was very minute and had no significance statistically (p=0.38). Similarly ALP (U/L) 

concentration of healthy goats was 106.08 ± 13.32, which was non-significantly (p> 0.05) lower 

than the affected goats (123.94 ± 26.17).  The AST (U/L) values of the healthy (95.28 ± 18.85) 

and affected goats (88.74 ± 22.01) were also statistically insignificant (p=0.56), while, mean 

Bilirubin (mg/dL) concentration of healthy goats was 00.28 ± 0.22 and in affected goats it was 

0.35 ± 0.25. All the blood biochemical parameters values of healthy affected goats were found 

insignificant while testing with student t-test.    
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Table 4.12 Hematological parameters of healthy and affected goats 

Blood biochemical 

parameters 

Healthy goats 

Mean ± SD 

Affected goats 

Mean ± SD P-value 

ALT (U/L)            09.440 ± 1.52 10.65 ± 3.67 0.38 

ALP (U/L) 106.08 ± 13.32 123.94 ± 26.17 0.10 

AST (U/L) 95.28 ± 18.85 88.74 ± 22.01 0.56 

Bilirubin (mg/dL) 00.28 ± 0.22 0.35  ± 0.25 0.59 

Creatinine (mg/dL) 00.82 ± 0.54 0.66 ± 0.29 0.56 

BUN (mg/dL) 12.82 ± 5.29 10.02 ± 4.37 0.34 

 

Similarly, in the RFTs, the creatinine concentration and BUN was determined in the 

healthy and affected goats. Creatinine mean concentration was found 00.82 ± 0.54 in healthy, 

while, it was 0.66 ± 0.29 (mg/dL) in the affected goats but there was no significant difference in 

the values of this parameter (p> 0.05). The BUN (mg/dL) value was a little higher (12.82 ± 5.29) 

in healthy goats than the affected ones but statistically insignificant (p=0.34).   
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           Figure 4.23 Mean ALP (U/L) values in the blood of healthy and 

affected goats 

                 

 

 

 

 

 

 

                

 

 

106.08 123.94 
0

20

40

60

80

100

120

140

160

A
LP

 (
U

/L
) 

Healthy goats                    Affected goats 

0.82 0.66 
0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

M
e

an
 C

re
at

in
in

e
 (

m
g/

d
L)

 

Healthy goats                          Affected goats 

Figure 4.24 Mean creatinine (mg/dL) values in the blood of healthy 

and affected goats 
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CHAPTER 5 

DISCUSSION 

 

5.1 C. perfringens prevalence in goats: 

In order to evaluate prevalence of C. perfringens in diarrheic goats, 192 fecal samples 

were collected and process under anaerobic incubation on TSC selective media. C. perfringens is 

present in the intestines of animals as normal commensals. CFU level of C. perfringens per gram 

of feces was examined by serial dilution method and CFU/g (>10
7
) was considered elevated level 

of C. perfringens in the fecal sample than normal. (Uzal, 2004) also considered this high CFU/g 

>10
7
 to distinguish the diseased animal from healthy ones. However this criterion alone 

shouldn’t be used for ultimate diagnosis. 

A recent study in India (Nazki et al. 2017) shows prevalence of C. perfringens 60% in 

suspected diseased goats, while, in our findings the prevalence of elevated level (>10
7
CFU/g) of 

C. perfringens in goats is 27.08% (52/192). On the other side, the prevalence of normal bacterial 

load (10
4
-10

7
) CFU/g of C. perfringens in the current study is 53.65% (103/192) in goats, while, 

the below normal range bacterial load (10
0
-10

3
) CFU/g or negative samples percentage is found 

19.27% (37/192).  

5.2 C. perfringens prevalence in sheep: 

Fecal samples from diarrheic sheep (n=192) were collected for the evaluation of bacterial 

count of C. perfringens. Samples were subjected to bacterial culturing under anaerobic 

conditions on the TSC media. Bacterial count in case of C. perfringens is important as it is 

normally present in the intestine of the animals. In disease conditions, CFU/g of C. perfringens 

increases in the intestinal contents. Fecal bacterial count 10
7
 CFU/g can be considered as a 
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differentiating point between healthy and diseased sheep but it can’t be declared as ultimate 

diagnostic point (Uzal, 2004).  

A study in India reported 69.29% prevalence of C. perfringens in sheep (Kumar et al. 

2014), while, in current study overall prevalence was found 92.19% (177/192) from which only 

34.90% (67/192) of the samples had bacterial count >10
7
 CFU/g. The number of samples having 

bacterial count in the normal ranges (10
4
-10

7 
CFU/g) were; 57.29% (110/192). The samples were 

either negative or less than 10
4
 CFU/g were 7.81% (15/192). Goekce et al. (2007) also studied 

the prevalence of C. perfringens and found 84.61% in sheep. In Iran, prevalence for the C. 

perfringens was found 2.2% and 54% in fecal samples of vaccinated and non-vaccinated sheep, 

respectively (Ahsani et al. 2011). In Nigeria, (Vaikosen and Ikhatua, 2004) investigated the 

presence of C. perfringens toxins in fecal samples of sheep and goats through ELISA. They 

recorded 26.90% (92/342) of the samples positive for the lecithinase enzyme of the C. 

perfringens. Variation in the prevalence of C. perfringens in different regions is observed. This 

variation in prevalence can be attributed to its dependency on management and environmental 

determinants.  

5.3 Toxino-typing 

Albini et al. (2008) used simple conventional PCR and Real time multiplex PCR 

technique for the evaluation of different toxin genes of C. perfringens in ten different animal’s 

fecal samples. They found both techniques in agreement for the detection of toxin genes of C. 

perfringens. Aras and Hadimli (2015) found 95 samples positive for C. perfringens from 300 

meat samples of beef, chicken and turkeys. Confirmation was done through detection of alpha 

toxin gene in all isolates. C. perfringens type A, B, C, and D were found 88.33%, 0.0%, 6.4%, 
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and 3.2% in all the meat samples, respectively. In two of the isolates of turkey meat samples type 

‘E’ was also found.  

These results percentages of C. perfringens types come in accordance with the current 

study. C. perfringens isolates in the goats were found type ‘A’ (78.06%), ‘B’ (5.16%), ‘C’ 

(3.23%), ‘D’ (13.55) and ‘E’ (0.0%). Most of the studies showed type ‘A’ as dominant strain of 

the C. perfringens that was also found in the current study. Hashimoto et al. (2016) studied 804 

C. perfringens different strains isolated from different sewage water system of humans and 

animals. It was revealed in the study that the C. perfringens isolated from human’s sewage water 

had enterotoxin gene, while, animals sewage C. perfringens isolates did not have enterotoxin 

gene. So it was concluded that if the C. perfringens enterotoxin gene found positive in aquatic 

system, it might be considered that it was polluted with human fecal contents. 

Interestingly, Gkioutzidis et al. (2001) found 5.13% prevalence of C. perfringens type 

‘A’ (cpa) in diseased lambs, while, prevalence of type ‘B’ (cpa, cpb, etx), type ‘C’ (cpa, cpb) 

and type ‘D’ (cpa, etx) were 46.15%, 20.51%, and 28.20%, respectively. In a recent study, the 

prevalence of C. perfringens was studied age wise in the lambs. The prevalence was highest 

(100%) in the lambs up to 1 month of age, and then it decreased to 67% in the age of two 

months. Older than this age, the prevalence was found in between 7 to 36%.  Even C. 

perfringens was found in one day old lamb fecal sample. Based upon multiplex PCR, C. 

perfringens type A was present in highest ratio. Type C and D were also present but in low 

prevalence (Mignaqui et al. 2017).  

In the sheep isolates of C. perfringens in current study, C. perfringens type A was found 

60.45% (107/177) of the total positive isolates of C. perfringens. This was the highest percentage 

of C. perfringens type in all the toxinotypes. C. perfringens type B was found 5.08% (09/177) of 
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the total isolates and this was the lowest percentage in all the toxino-types of C. perfringens 

which indicates that it is least prevalent in the sheep of the Sargodha division of Pakistan. C. 

perfringens type C and D was found 13.56 (24/177) and 20.90 (37/177) percent respectively. 

None of the isolates of the C. perfringens was found positive for C. perfringens type E.  

C. perfringens type D in the current study was found 20.90 %, this type gets some 

consideration because of its epsilon toxin which is very lethal and involve in systemic diseases of 

the sheep. Epsilon toxin present in the type B and D of C. perfringens is mostly involved in the 

disease pathogenesis. Epsilon toxin in goats causes enterocolitis, but in sheep it is also seen in 

systemic effects on the brain and lungs. The difference in the pathogenesis in two species is lies 

in the fact that epsilon toxin modify water and ion transport in the intestines of sheep and goats 

with different mechanism (Miyakawa and Uzal, 2003) 

There is a new toxin named as ‘perfingolysin O’ (PFO) also identified in the C. 

perfringens that is considered as having potential of causing disease (Verherstraeten et al. 2015). 

In a recent report, C. perfringens is found with the necrotic pancreatitis in the human beings 

(Biswas, 2017). 

5.3 Antibiotic sensitivity against C. perfringens 

This bacterium is getting resistance against antibiotics being used in the field conditions 

in Pakistan. Penicillin, ciprofloxacin and ceftriaxone are the only antibiotics found 100 % 

sensitive against C. perfringens in the current study. Bacitracin found 100 % ineffective against 

C. perfringens, while, amoxicillin and ampicillin and tetracycline were found less effective 

against C. perfringens. Novak et al. (2015) also found penicillin 100 % sensitive against 

Clostridial species, as recorded data was published from a hospital. Similarly, Skariyachan et al. 

(2010) observed ampicillin, tetracycline and chloramphenicol as sensitive antibiotics against C. 



Discussion 

 

84 
 

perfringens.  Khan et al. (2014) in Pakistan found C. perfringens sensitive against ciprofloxacin, 

chloramphenicol, metronidazole, and ceftriaxone, while, declared amoxicillin as resistant 

antibiotic. 

5.4 Clinical scoring and Risk Factors association 

 C. perfringens resides in intestines normally along with normal microflora and causes 

disease only when, found suitable environment for growth and toxins liberation. Many risk 

factors contribute to suitable environment for this bacterium. Some of the risk factors were 

studied in this current project. From which carbohydrate rich diet, overcrowding, age, season, 

vaccination and deworming were found positively associated for the growth of bacteria in the 

intestine.  

Odds ratio was determined for these factors against the elevated level of C. perfringens in 

fecal samples in the current study. In the goats ‘Carbohydrate rich diet’  is the factor which 

shows odds ratio 3.143 and ‘overcrowding’ 4.156, both are the most significant factors according 

to current study. Season also showed a strong positive odds ratio of 3.00, while, the deworming 

was the factor which doesn’t have significant association in the term of odds ratio which depicts 

that it is not playing a role in the growth of C. perfringens in the intestine according to current 

study.  

In case of sheep, carbohydrate rich diet gave the highest association with elevated 

bacterial count i.e. 5.44 (p<0.05) that shows it as a major factor in this disease. Overcrowding 

(odds ratio = 2.26) was the 2
nd

 major risk factor according to current study. Other factors are also 

positively associated but their extent of association was not significant based on chi-square test. 

Interestingly deworming as a risk factor was positively associated shows contradiction in its role 

in prevention of the disease. Similarly, odds ratio of 1.20 and 11 was found in another study 
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conducted by (Selvaraju, 2012) for the ‘overcrowding’ and ‘carbohydrate rich diet’ respectively, 

which showed a strong association of ‘carbohydrate rich diet’ with the enterotoxaemia disease. 

Clinical signs of the disease were also studied in association with elevated bacterial count 

of the C. perfringens. Body temperature was found with the Odds ratio 1.15 (p>0.05) and 

diarrhea type (OR= 4.00) which was significant in sheep (p<0.05). Similarly in goats, body 

temperature odds ratio was 1.04 which was insignificant, while, diarrhea type was highly 

significant (OR=5.99) with p<0.05.  
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CHAPTER 6 

SUMMARY 

 

Clostridium perfringens causes enteric diseases in animals generally called as enterotoxaemia. C 

perfringens is a normal inhabitant of the gut of most of animals but sudden changes of their 

micro as well as macro environment may cause rapid proliferation of the bacteria and potent 

toxins are produced which damage intestines locally as well as have systemic effects. Colony 

forming unit (CFU) of C. perfringens increases in the fecal content, while, disease conditions 

prevail. CFU of C perfringens is evaluated in diarrheic fecal samples of goats (n=192).  CFU/g 

elevated level than normal (10
4
-10

7
) was observed in 52/192 (27.08%) of goat samples, while, 

samples having normal ranges of bacteria were 103/192 (53.65 %) and only 37/192 (19.27 %) of 

samples were having bacterial load below than normal range. In diarrheic sheep (n=192) CFU/g 

was determined and it was found 34.89 % (67/192) of the fecal samples harboring bacteria in 

higher count than normal range (10
4
-10

7
) CFU/g. 7.8 % (15/192) of the samples had lower 

bacterial load than normal (10
4
-10

7
) CFU/g, while, 57.29 % (110/192) of the samples had 

bacterial count in the normal range. Confirmation of selectively isolated C. perfringens was done 

through PCR of CPA gene as it is universally present in all of its toxinotypes of C. perfringens. 

Molecular detection was carried out by targeting specific toxin genes i.e. cpa (α), cpb (β), etx (ε) 

and iap (ι) of C. perfringens using PCR. Among the positive samples of C. perfringens in the 

goats, 78.06% of the isolates were found as type ‘A’, 5.16% isolates were type ‘B’, 3.23% 

isolates were type ‘C’ while, 13.55% of the isolates were type ‘D’ C. perfringens. In the positive 

isolates of sheep, C. perfringens type ‘A’ was highly prevalent 60.45% (107/177), followed by 

type D,’C’ and ‘B’, those were 20.90% (37/177), 13.56% (24/177) and 05.08% (09/177), 

respectively.  None of the samples revealed C. perfringens type ‘E’ in any of the sheep or goat 
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diarrheic fecal sample. Antibiotic sensitivity was conducted on 6 locally isolated C. perfringens 

following Kirby-Bauer antibiotic sensitivity test method. The local isolates were subjected to 10 

different antibiotics salts i.e. Tetracycline(30μg), Metronidazole(5μg), Penicillin(10 U), 

Ampicillin(10μg), Amoxicillin(30μg), Erythromycin(15μg), Vancomycin(30μg), 

Ciprofloxacin(10 U), Bacitracin(10μg) and Ceftriaxone(30μg). The results revealed that 

penicillin, ciprofloxacin and ceftriaxone were 100% efficacious against C. perfringens isolated 

from diarrheic sheep fecal samples. Bacitracin showed no inhibition to C. perfringens growth 

while, amoxicillin, ampicillin and tetracycline were least effective. Risk factors have major role 

in predisposing the disease of enterotoxaemia as C. perfringens is a normal inhabitant of the 

intestinal track of animals. Odds ratio of different risk factors which were considered important 

in previous studies is calculated. In this study, association between risk factors and elevated 

bacterial load (CFU/g) of C. perfringens in sheep and goats was determined. In the goats 

samples, significantly strong association between high bacterial load (>10
7
 CFU/g) and 

“carbohydrate rich diet’ and ‘overcrowding’ was found with the odds ratio of 3.143, 4.156 

respectively. Considering p< 0.05 these factors were highly significant with respect to bacterial 

load. This high odds ratio shows ‘carbohydrate rich diet’ and overcrowding are the major risk 

factors in the growth of C perfringens in the intestines. Season is also a major risk associated 

factor presented odds ratio of 3.00 and contributed in the disease prevalence. While in case of 

sheep, on the basis of chi-square test, ‘carbohydrate rich diet’ and ‘overcrowding’ were recorded 

significantly associated (p<0.05) with elevated bacterial count of C. perfringens in fecal samples. 

The odds ratio for the ‘carbohydrate rich diet’ was OR= 5.44 with elevated bacterial count 

(CFU/g>10
7
) of C. perfringens than normal range in sheep. Diets rich in carbohydrates were 

enhancing the growth of C. perfringens more than the diets with poor in carbohydrates. Another 
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factor found as key determinant was the crowding factor (OR=2.26), animals kept in 

overcrowded environment were affected more than those kept in less crowded environment. 

Deworming status of herds was also studied which was associated significantly (OR=1.84) with 

occurrence of disease, herds, where deworming was practiced. Age factor also showed positive 

association (OR= 1.11) with disease dynamics, young animals were affected more than the adult 

ones. The last factor studied was the season which was associated (OR=1.05) in occurrence of 

elevated C. perfringens count; the occurrence was recorded higher in summer as compared to 

winter. The clinical signs of the disease were also correlated with the elevated C. perfringens 

count for clinical scoring purpose. In the clinical signs, only diarrhea type was significantly 

associated with the C. perfringens count in sheep and goats. 
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APPENDIX 

UNIVERSITY OF VETERINARY AND ANIMAL SCIENCES, LAHORE 

Department of Clinical Medicine & Surgery 

 

Supervisor:    Dr. Muhammad Ijaz 

Student:          Kashif Hussain 

DATA CAPTURE FORM 

Title of Research:  Prevalence, molecular characterization and therapeutic control of 

Clostridium perfringens in diarrheic sheep and goats. 

Basic information: 

Farmer’s name:        _________________________________________________________ 

Location:                _________________________________________________________ 

Contact No:             _________________________________________________________ 

Observations: 

Animal ID: ________________________________________________________________  

Specie:          Sheep                   Goat        

            Sheep breed:                   Goat Breed:    

  

Status:            Dead                                                    Alive 

Sex:                 Male                                                                 Female  

Age:     0-2   Month             2-6 M               6-12 M              Above 12 M  

Management:  Isolated             Grouped  

If grouped then: Integrated            Conventional              Mechanized 

If integrated or conventional then: Same age groups of same breed              

Different age groups of same breed                      Same age groups of different breeds   
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Different age groups of different breeds            Different Species 

Nutritional Status: Green Fodder              Silage                Hay              Concentrate        

TMR            Mineral Mixture              Carbohydrate rich         

Season:     Summer                 Fall              Winter                  Spring 

Environmental Temperature ___________________ Humidity __________________ 

History: 

Ailment period____________________ Prior  treatment_______________________________ 

Vaccination                            Tympany                              Deworming 

Clinical Signs: 

Temperature _____________ᵒF       Pulse _________ /min           Respiration ________/min 

CRT              ________/min             Mucous membrane color ________ 

Anemia Status:               Hb                                g/dl              PCV                   % 

Diarrheal status:     Bloody        Watery             Mucoid             semisolid 

Prognosis:                Good                  Fair                     Poor         

Body Condition Score:      S-1     S-2         S-3                         S-4                 S-5 

Dehydration status:          5%>           5 %        <5 % 

 

Remarks: 

______________________________________________________________________________

______________________________________________________________________________

_________________________________________________________________________ 
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APPENDIX 

 

    Appendix 2: Composition of Tryptose Sulfite Cycloserine (TSC) agar (HiMedia): 

Serial No. Ingredients Quantity (g/l) 

1 Tryptose 15.0 

2 Beef extract 5.0 

3 Papaic digest of soyabean meal 5.0 

4 Yeast extract 5.0 

5 Sodium metabisulphite 1.0 

6 Ferric ammonium citrate 1.0 

7 Agar 15.0 

 Final pH 7.6±0.2 
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Appendix3: Composition of Nutrient Broth (HiMedia) for gelatin liquefaction test: 

Serial No. Ingredients Quantity(g/l) 

1 Peptic digest of animal tissue 5.0 

2 Sodium chloride 5.0 

3 Beef extract 1.5 

4 Yeast extract 1.5 

 Final pH ( at 25 °C) 7.4 ± 0.2 

 

Preparation of Nutrient gelatin media: 

Dehydrated nutrient broth powder (13 g) was dissolved in 1000 ml of the distilled water to which 

120 g of the gelatin (12 %) was added. The contents were mixed properly by boiling.  pH of the 

medium was adjusted to 7.4 ± 0.2 and dispensed into screw capped test tubes and autoclaved at 

121 ºC for 15 minutes. 
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Appendix4: Recipe of reagent A (Sulfanilic acid solution) of nitrate reduction test:  

Serial No. Ingredients Quantity 

5 N acetic acid 

1 Glacial acetic acid 28.75 ml 

2 Distilled water 71.25 ml 

Reagent A (Sulfanilic acid solution) 

1 Sulfanilic acid 8.0 g 

2 5 N acetic acid 1 L 

     

 

Appendix5: Recipe of reagent B (α-Naphthylamine solution) of nitrate reduction test: 

Serial No. Ingredients Quantity 

5 N acetic acid 

1 Glacial acetic acid 28.75 ml 

2 Distilled water 71.25 ml 

Reagent B (α-Naphthylamine solution) 

1 Alpha-naphthylamine 5.0 g 

2 5 N acetic acid 1 L 
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Appendix 6: Preparation of 0.5 McFarland solutions: 

Serial No. Ingredients Quantity  

1.175 % solution of BaCl2.2H2O 

1 BaCl2.2H2O 0.01175 g 

2 Distilled water 1.0 ml 

1 % solution of H2SO4 

1 H2SO4 0.1 ml 

2 Distilled water 9.9 ml 

0.5 McFarland solution 

1 1.175 % solution BaCl2.2H2O 0.05 ml 

2 1 % solution of H2SO4 9.95 ml 

 

 

 

 

 


