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1. INTRODUCTION 

 

The camel (Camelus dromedarius) is an important animal 

component of the fragile desert eco-system. Even in the modern era of 

machines, the efficiency of camel in desert cannot be replaced. The 

proverb ‘‘Ship of the desert’’ named its epithet on account of its 

indispensability as a mode of transportation and draught power in 

desert but the utilities are many and are subject to continuous social 

and economic changes. 

Scientific classification of the dromedary (single humped) camel 

is as follows: order: Artiodactyla (even-toed ungulates); suborder: 

Tylopoda; family: Camelidae; sub family: Camelinae; genus: Camelus; 

with two species named Bactrianus (two-humped) and Dromedarius 

(one-humped).  

Camel is used in agriculture and many other allied works 

(Knoess, 1977). In earlier days, camel was used as baggage animals 

by pilgrims, and also in ancillary military purposes (HMSO, 1956). 

Water carrying is another important function carried out by the camel 

both for nomads and static settlements from distant water sources 

(Hopkirk, 1980). Besides providing meat, milk, hair, hide and organic 

manure, camel also serves for riding purposes (Higgins, 1986). Within 

the arid regions, the camel-breeding tribes have maintained a dominant 

position over other societies by virtue of the ability of the camel to 

exploit even poor grazing ranges (Sweet, 1965). 

The camel tolerates high temperature, solar radiation and water 

deprivation. it has ability to support a very high degree of water loss 

amounting to as much as 30 per cent of its initial body weight. Due to 

the extremely concentrated urine and insignificant sweat, the camel 

does not loose water. The temperature of skin remain cool due to 

coarse and well ventilated hairs on its back which allow evaporation to 
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take place on the surface of the skin. Thriving on a diet of thorny, 

fibrous and often very salty plants of poor quality, camel converts the 

scattered vegetation of desert into highly nutritious food and other form 

of energy. The huge plate like feet themselves are less damaging to 

soil structure than the smaller cloven hooves of the other common 

domesticated animal species. This ability of camel also makes the 

animal most suited for the desert and semi-desert areas. 

A recent FAO/CIRAD/KARKARA workshop estimated global 

camel milk output as about 5.3 million tonnes. Camel milk is slightly 

saltier than cow’s milk, three times as rich in vitamin C and known to be 

rich in iron, unsaturated fatty acids and vitamin B (Gahlot, 2007).  

Camel milk is reported to have bactericidal and viricidal 

properties (Yagil, 2000) and inhibits various pathogenic bacteria 

(Barbour et al., 1984). Biala and Gnan (1998) expressed their views 

that camel played an important role in the diet of people in the Arab 

world by providing meat and milk during 21st century.  

World camel population is estimated to be around 25.89 million 

spread across 47 countries. About 85 per cent of the camel population 

inhabits mainly Eastern and Northern Africa and rest in Indian 

subcontinent and Middle East countries. Somalia has the highest 

camel population (7.0 million) (NRCC, VISION 2030).  India stands 

tenth in the world ranking with 0.51 million camels (FAOSTAT, 2011). 

The majority of world’s camel population is of dromedary type except 

small population of Bactrian camels in central Asia. Around 80 per cent 

is possessed by Rajasthan (0.325 million) and rest camel population is 

found in Gujrat, Haryana and U.P. (Indian livestock census, 2012). The 

Rajasthan government on June 30, 2014 declared the camel as the 

state animal and also in the process of drafting a new law to prevent 

slaughter, illegal trade and transportation of camel and announced to 

include camel milk in its Food Security Programme (THE HINDU, 

2014). 
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According to Faulkner (1978), camel hide is especially valued 

for its large size and the quality of the leather obtained. Wool and hair 

are also used for manufacturing of tent cloths, blankets etc. Usta et al. 

(1997) have described preparation of decorative items like lamps, 

shades, decanter or goblets, jewellery, pen stand, table ware etc. by 

processing camel hide and are decorated with gold painting after giving 

it a shape known as “Ustakala”.  

The skin is the largest organ of the body and the anatomical and 

physiological barrier between the animal and environment. It provides 

protection from physical, chemical and microbiological injury. Its 

sensory components perceive heat, cold, touch etc, skin functions in a 

limited way as secretory and excretory organ besides 

immunoregulation and thermoregulation. The skin surface has 

antibacterial and antifungal properties. In camels, the skin is attached 

rather tightly to the underlying tissue and is relatively immobile. This is 

a disadvantage when the animal is attacked by biting and flying 

insects, particularly in view of its short and ineffective tail. 

The camel has a low susceptibility to diseases but skin 

involvements like contagious skin necrosis, dermatitis, wounds, 

abscesses or similar problems were commonly observed in camels 

(Rutter and Mack, 1963; Semushkin, 1968; Edlesten and Pegram, 

1974; Domenech et al, 1977). 

The primary habitat of S.aureus is in the nasal passage, on the 

skin and hair of human and warm-blooded animals. The transmission 

of the organisms may occur through skin lesions, contaminated food, 

including milk and other animal products (Le Loir et al., 2003; 

Boerema, et al., 2006). 

Staphylococcus spp. especially S.aureus is one of numerous 

infections worldwide, with clinical manifestations including skin and 

soft-tissue infection, sepsis and pneumonia (Monecke et al., 2014; 

Steinig et al., 2015). 
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The skin infections due to Staphylococci are contagious skin 

necrosis, dermatitis, wounds, abscesses or similar lesions are a 

problem in camel. The infection is chronic and difficult to treat medically 

depending on among other factors, the pathogenecity of the 

Staphylococcal strain present (Wernery, 2000). The disease is not fatal 

but due to reduced working efficiency it causes great economic losses. 

Sometimes the animal becomes of no use because of widespread 

abscesses or wounds over the whole body which are difficult to 

manage and even the antibiotic therapy does not work satisfactorily  

The literature regarding microbiology of the skin wounds and 

abscesses in camel is scarce. Different workers (Kataria, 1999; 

Qureshi et al., 2002; Rathore, 2012) have isolated Staphylococcus 

aureus from skin lesions but information remains incomplete as far as 

strain identification and strain variation is concerned since this 

organism shows variations in phenotypic expressions (Boerlin et al., 

2003) and acquires antibiotic resistance with remarkable proficiency 

(Booth et al., 2001). 

Staphylococcus aureus is gram positive, ubiquitous, pathogenic 

bacteria found mainly in nose and skin of animals. It is known to cause 

variety of suppurative infections and has always been a major cause of 

wounds and abscesses and mastitis in animals. Over the past few 

decades the organism has come up as a leading cause of hospital and 

community acquired infection in human subjects causing endocarditis, 

deep-seated abscesses and bacteremia leading to toxic shock 

syndrome. The disease caused by S. aureus is not always fatal but an 

indirect great economical loss is incurred due to reduced working 

efficiency. The abscesses and wounds caused by S. aureus spread 

rapidly over the body surfaces and become very difficult to manage 

making animal useless for any economical purpose.        

The staphylococcal alpha-toxin (hla) is a major virulence factor 

contributing to Staphylococcus aureus pathogenesis. hla genes codes 
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for Staphylococcal toxins. It is a pore-forming toxin and has cytolytic, 

haemolytic, dermonecrotic, and lethal activities. A wide range of cell 

types, including erythrocytes, monocytes, lymphocytes, macrophages, 

epithelial cells, fibroblasts, and keratinocytes, are affected by alpha-

toxin (Bhakdi et al., 1988; Bhakdi and Jensen., 1991; Song et al., 

1996). 

The pathogenicity of S.aureus is related to the production of a 

wide variety of exoproteins including alpha and beta haemolysins 

which contribute to its ability to cause diseases in many mammalian 

species (da Silva et al., 2005). Alpha–haemolysin or alpha toxin is 

considered a main pathogenicity factor because of its haemolytic, 

dermonecrotic and neurotoxin effect and it is governed by hla gene. 

In Rajasthan, so far very little efforts have been made to study 

the aetiology, prevalence and pathology of various dermatological 

disorders in camel. Keeping in view of these facts the present 

investigation has been undertaken with following objectives: 

1. To find out the occurrence of various pathological conditions 

of skin lesions in camel. 

2. To study the gross and histopathology of various 

pathological conditions of skin lesions in camel. 

3. Genotypic characterization of Staphylococcus aureus and its 

correlation with histopathological changes of skin lesions in 

camel (Camelus dromedarius). 
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2.  REVIEW OF LITERATURE  

 

 2.1 DERMATITIS 

Leese (1927) described in detail the contagious skin necrosis in 

camels. The condition begins as painful swelling and then ulcer is 

formed which sometimes heal or may remain unhealed. Pus may be 

formed in the lesion and the lymphatic gland draining the affected part 

of the skin becomes swollen, hot and painful.  

Peck (1939) believed contagious skin necrosis to be a symptom 

of salt deficiency. Hot, hard, painful swelling appeared on the body 

especially on the neck and hind quarter which became irritant within 

few days. The camel bites and scratched the lesions to the abscesses, 

or sinuses developed and necrotic skin was sloughed. 

Pullen (1950) described cutaneous impetigo contagious as 

staphylococcal or streptococcal infection being evident as discrete, thin 

walled vesicles and bullae. These ruptured forming erosions covered 

with purulent crust. 

Ogilive (1957) described cellulites in man as inflammatory 

affection of ordinary fibrous and fatty tissue found in subcuits. Grossly 

the affected tissue was swollen. On section there was variable amount 

of yellowish or yellowish red liquid containing pus. Microscopically the 

capillaries and venules were greatly dilated lined by swollen 

endothelium and filled with polymorphs which were often accompanied 

by infiltration of lymphocytes, plasma cells and eosinophilic leucocytes 

and a few fibroblasts in dermis. 

Rutter and Mack (1963) reviewed the diseases of camel into two 

parts. They described that contagious skin necrosis was characterized 

by necrotic lesions of the skin and abscesses in various part of the 

body and was widespread in Egypt, Sudan and Somalia. They further 
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pointed out that it was common in India where the camels seemed 

more susceptible than the camel in Africa. 

Kouba (1964) reported various animal disease problems in 

Mongolian People’s Republic. He found that skin necrosis was 

common skin disease in camels. 

Cohrs (1967) described furuncle in all animals as abscess 

forming inflammation of skin involving hair follicle or sebaceous gland 

showing projecting nodule exuding pus. Staphylococcus aureus 

organism was isolated from it. Further, formation of necrotic plug and 

its sloughing was followed by filling of cavity with granulation tissue. 

Semushkin (1968) reported that staphylococcal disease 

(contagious skin abscesses) could affect 5 to 20 per cent of Bactrian 

camel population. 

Eldelsten and Pegram (1974) carried out a survey during 1970-

72 and studied mild form of contagious skin necrosis. Lesions 

consisting of a firm swelling which burst after 5-10 days leaving a 

circular discharging sinus in the centre of the gluteal region but also 

occurred in the inguinal, perennial and lower cervical region. 

Domenech et al. (1977) in Ethiopia reported a chronic 

suppurative disease known as Mala leading to the formation of internal 

as well as external abscesses is apparently more important than 

contagious skin necrosis and usually found on the lower neck or on the 

hump 

Buchnev et al. (1978) considered that staphylococcal infections 

were one of the important diseases of camels in the USSR and 

Staphylococcal disease, also called contagious skin abscesses was 

found widespread among Bactrian camels in central Asia. 

Chaudhary (1978) reported that abscess was a localized 

collection of pus in any part of the body, produced by a pyogenic 

irritant, the inflammation being limited to one area producing a pus 
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filled cavity with damaged but still living wall. In the process of abscess 

formation two chief changes occur side by side in the tissues, a 

progressive emigration of polymorphonuclears leucocytes, which come 

to the tissue or gradual distinction and disappearance of the tissue 

elements. The special cells of the part become necrosed, break down 

into granular material and melt away, while the supporting connective 

tissue fibrils, capillaries etc digested and disappear. The accumulation 

of leucocytes still goes on and the tissue gradually becomes replaced 

by pus, in which remains of the dead tissue are present. 

Veen and Barnes (1978) studied cutaneous ulcers of camels 

from various parts of Northern Nigeria. The ulcers which sometimes 

reached a diameter of 20 cm were pathologically characterized by 

extremely dense collagenous tissue, extensive infiltration by 

eosinophils. 

Nicholls and Rubria (1981) studied staphylococcal dermatitis in 

cows showing pustules, sores or generalized exudative dermatitis in a 

herd. Here mastitis was associated with Staphylococcus aureus. These 

organisms were also recovered from the skin lesions. 

Nesbitt (1983) classified pyoderma in canines into surface, 

superficial and deep forms. Surface pyoderma included pyotraumatic 

dermatitis and skin fold pyodermas. It showed focal or multifocal 

erythematous erosions in the former and excoriation, hyperkeratosis 

and hyperpigmaentation in fold of skin in the later. Superficial 

pyoderma mainly involved hair follicles forming erythematous papule, 

pustule and crust, leading of the hyper pigmented maculae. Deep 

pyoderma include furunculosis, callous and interdigital  pyoderma. 

Ismali et al. (1985) observed oedematous skin disease in 

camels. Corynebacterium ovis was isolated in pure culture from closed 

lesions. C. ovis was also found associated with Staphylococcus 

aureus. 
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Carter (1986) stated that various infections of the skin of many 

animals, subcutaneous abscesses caused by Staphylococcus species. 

Rook et al. (1987) described cellulites in man as an acute, sub 

acute or chronic inflammation of loose connective tissue. It occurred as 

a complication of wound, ulcer or other skin lesions, grossly 

characterized by redness and swelling. 

Krick and scott (1989) described cellulites in dogs, unrelated to 

age or sex showing follicular inflammation, skin necrosis and sloughing 

of affected part. Staphylococci were isolated from these lesions. 

Mohmed et al. (1990) during a study of camel diseases in the 

Sudan reported that abscesses were sporadic incidence that causes 

loss of weight. The causative various bacteria include Staphylococcus 

species. 

Hazarika et al. (1991) studied experimental staphylococcal 

dermatitis in rabbits. Gross lesions produced were erythematic and 

necrosis. Biopsy revealed marked haemorrhage, oedema, necrosis 

and infiltration of mononuclear and polymorphonuclear cells both in 

epidermis and dermis. Increased fibroblastic activity was noted in and 

around infiltration. 

Nguhiu-Mwangi et al. (1991) reported non suppurative limb 

cellulites with skin necrosis and sloughing in the cattle. It seemed to be 

encouraged by the paucity of tissue between the skin and the bone by 

the poor vascularity of the area and by the causative bacteria. 

Dioli and Stimmelmayr (1992) reported that singular or multiple 

external and internal abscesses are a very common health problem in 

camels. Several organisms have been isolated from abscesses such 

as Corynebacterium spp., Staphylococcus spp., Pseudomonas spp., 

and Actinomyces spp. 

Yager and scott (1993) described pyoderma as primary or 

secondary and superficial or deep. All bacterial pyoderma were 
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secondary to some exogenous and endogenous triggering factor. 

Stahylococcus aureus were often isolated from bacterial pyoderma in 

ruminants. Superficial pyoderma involved the epidermis and portion of 

the hair follicle forming papules, transient pustules and annular areas 

of crusting, scaling and alopecia. Deep pyoderma involved dermis and 

sub cutis including cellulites, furunculosis and abscess. Further 

cellulitis was also described in domestic animals as a severe, deep, 

diffuse suppurative to necrotic dermatitis in which area of infection was 

poorly confined showing extensive oedema with friable, dark 

discoloured, devitalized skin which sloughed easily. 

Kaaden and Wernery (1995) described Staphylococcal 

dermatitis in camels and was assigned to be one of the important and 

common bacterial disease inflicting camels. 

Scott et al. (1995) described pyoderma in canine as surface, 

superficial and deep. The surface bacterial infection included 

pyotraumatic dermatitis and pyotraumatic folliculitis. Superficial 

pyoderma included impetigo mucocutanous pyoderma, superficial 

bacterial folliculitis, furunculosis, cellulites, subcutaneous abscess, 

bacterial pseudomycetomas and mycotic granuloma.  

Jones et al. (1996) described folliculitis in animals showing 

thickened, indurated and hairless skin. Histologically, the lesions were 

inflammatory showing necrotizing changes in hair follicle. Dermis near 

these lesions showed micro abscesses, aggregate of epithelioid cells 

and foreign body gaint cells. Further, furunculosis was also described 

showing abscesses in dermis, hair follicles or sebaceous glands. 

Furthermore cellulites were also described in domestic animals as skin 

necrosis and sloughing of the affected part showing diffuse suppurative 

to necrotic dermatitis with follicular inflammation. 

Yagoub and Mohamad (1996) investigated incidence and 

reported clinical observation and etiology of contagious skin necrosis in 
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Sudan. Out of 2284 camels, 131 (5.73 per cent) were affected with 

contagious skin necrosis. 

Yeruham et al. (1996) noticed that impetigo appeared in a dairy 

cattle herd in association with intensive showering of the lactating cows 

during the summer months involving the perineum, the udder and the 

ventral surface of the tail. Staphylococcus was isolated from 7 of 8 

samples from these cows. 

Abu Elzcin et al. (1998) observed a highly contagious skin 

disease in a herd of dromedary camel consisting of 700 animals of 

different age groups in Saudi Arabia. The disease primarily struck 

young stock and then spread to the adults. The morbidity rate was 24 

per cent while mortality zero per cent. 

Agab (1998) reported common disease in Sudan during one 

year (March 1991to Feb.1992). Out of total 3932 diseased camels, 

wound and abscesses were found in 315 camels, contagious skin 

necrosis was found in 96, contagious ecthyma in 65, pox in two and 

papilloma virus infection in one case. He found that contagious skin 

necrosis, contagious ecthyma and camel pox affected mainly young 

calves. The death rate is higher in calves under 6 months of age. 

Bihani et al. (1998) observed 6 cases of necrotic dermatitis 

during the year 1996-97 having lesion on shoulder, neck and ventral 

aspect of tail. The lesion started as painful pustular swelling of 4-8 cm 

diameter. The scab formation took place within 2-3 days which could 

be peeled off easily leaving a raw red granulomatous surface. Purulent 

discharge was also observed from the site the lesion. 

Sarmah et al. (1998) studied experimental staphylococcal 

dermatitis in goats. Gross lesions included erythema, necrosis and 

abscess formation. The microscopic changes included edema, 

hemorrhage and necrotic changes. Blood vessels surrounding the 

necrotic areas were congested showing increased fibroblastic activity. 
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Pasricha and Gupta (1999) described cellulitis in man as in 

infection of the deep dermis and subcutaneous tissue producing a 

large painful area of redness and swelling. This was usually located on 

the leg, forearm or hand associated with fever. 

Wernery (1999) has described various infectious diseases of 

camelids. Bacterial skin diseases are mainly of two types 

Staphylococcus aureus dermatitis and Pseudotuberculosis. 

Monle et al. (2000) noted clear histopathological changes of 

inflammatory response in skin locations inoculated with 2×107 cfu 

Staphylococcus aureus. Microscopic evaluation revealed a dense 

infiltrate of neutrophilic granulocytes with visible bacteria in deep 

dermis and subcutaneous fat after 6hr. In addition, abscess formation 

in the superficial musculature was noted. Surrounding these 

abscesses, a diffuse infiltrate of neutrophilic granulocytes and 

mononuclear cells in dermis dominated, but sparse Perivascular 

infiltrates were also seen. 

Rollefson et al. (2001) reported that contagious skin necrosis in 

camels caused by a number of bacteria including S. aureus. 

Khanna (2002) described various histopathological conditions in 

dogs and reported that in intraepidermal vesicular and pustular 

dermatitis, hydropic degeneration of basal cells and intercellular 

oedema were found microscopically. In Panniculitis, there was a 

circumscribed area of Panniculitis and the cellular infiltrate comprised 

mainly of macrophages and neutrophils whereas in Seborrheic 

dermatitis epidermal hyperplasia and spongiosis revealed an 

enlargement of sebaceous gland. 

Mehta et al. (2002) reported the disease profile of Jaisalmeri 

camel and found that among condition, skin wound and saddle gall 

occurred in 7.67 per cent camel. 
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Nagase et al. (2002) reported that in dairy animal S.aureus 

causes pustular inflammation of skin and other organs of serious 

nature. 

Quinn et al. (2002) reported that the Staphylococcus are 

pyogenic, they were associated with abscesses formation and 

suppuration. Pus is composed of the debris of dead leukocyte and 

living and dead bacteria can be surrounded by intact phagocytic cells 

and fibrin strands. A fibrous capsule was eventually formed around an 

abscess.  

Schwan et al. (2003) reported skin infections, wound infections, 

and abscesses were predominant types of infections caused by S. 

aureus. These infections affect the epidermis, dermis, and 

subcutaneous layers of the skin. In a wound model, there is a lot of 

tissue destruction as the result of the burn, so tissue damage by the α-

hemolysin or even δ-hemolysin may not be necessary to allow for 

bacterial dissemination. 

Terada et al. (2006) analysed epidermal hyperplasia and 

inflammatory changes in the dermis of the skin sites of SDS_SpA 

treated mice. The dermis was densely infiltrated with various subtypes 

of leukocytes, including eosinophils and mast cells. Focal 

accumulations of eosinophils were observed in the sub cut layer. In 

contrast, mice treated with SDS alone showed only minor skin 

alteration.  

Bengoumi et al. (2007) reported two kinds of cutaneous 

abscesses in camels, i.e. lymphadenitis and skin abscesses. 

Staphylococcus aureus was isolated in 91% of lymphadenitis cases 

and 88% of skin necrosis cases. 

Koutinas et al. (2007) investigated the flock of 290 sheep, total 

20 ewes (6.9%) with an age range of 1.5–4 years, found to have 

developed a nonpruritic dermatitis characterized by alopecia, 
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hypotrichosis, erythema, hyperpigmentation, crusting, superficial 

ulcers, exudation and thickening of the skin that was localized mainly to 

the peri-ocular area. The main histopathological feature of this skin 

disease was a superficial and deep, perivascular to interstitial 

eosinophilic and mononuclear dermatitis.  

Viana et al. (2008) reported that Staphylococcocal mastitis was 

the main cause for culling adult does from rabbitries. However, very 

few scientists reported this condition on rabbits. The objective of this 

work was to improve the mammary pathological knowledge in natural 

cases of chronic mastitis through a histomorphological classification 

and to compare the differences between the lesions caused by several 

S. aureus genotypes. In order to define the spectrum of gross 

pathological changes, the macroscopically characteristics of the 

mammary glands of 130 does with chronic mastitis were recorded. The 

number of glands was registered, which varied between 8 and 10 

mammary glands per animal. The incidence of affection of the different 

glands ware also studied. Mastitis cases were classified according to 

defined histopathological criteria (abscess-type, rosette-type, 

sandwich-type and mixed-type). The abscess-type was the most 

frequently diagnosed (64.4% of the animals). This type was 

characterized by the presence of one (unifocal) or several (multifocal) 

well differentiated abscesses of variable size. The purulent material 

was mainly present heterophils of different grades of degeneration and 

of debris, together with large clumps of Gram-positive bacteria.  

Dalis et al. (2010) carried out a study to determine bacteria 

associated with pathology of bovine dermatophilosis in north central 

Nigeria. Skin samples obtained from 211 cattle with skin lesions 

suspected to be dermatophilosis were processed for bacteriology and 

histopathology. Histopathology revealed hyperplasia of the epidermis, 

parakeratosis, necrosis, cellular infiltration of the hair follicles and 

papillary dermis, diffuse cellular infiltration of the reticular dermis and 
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folliculitis were also observed in some sections. It was concluded that 

the histopathological lesions observed could be due to D. congolensis 

complicated by secondary bacterial infection. The need to investigate 

the role of bacteria particularly that of S. aureus in the development of 

bovine dermatophilosis was emphasized. 

Oryan et al. (2010) observed case of erythema multiforme in an 

11 years old mare which had received no medication was presented 

with a history of foaling. This  horse displayed a gradual outbreak of 

erythematous maculae’s, raised papules, non alopecic and non 

pruritic plaques over the lateral aspects of the neck and shoulders to 

rump without involvement of the dorsum and ventral abdomen. The 

distribution of these skin lesions was bilateral but asymmetric. 

Histopathological findings included mild hydropic degeneration and 

scattered apoptotic keratinocytes especially at different layers of the 

epidermis. The dermis showed a marked full-thickness oedema 

particularly at epidermodermal junction with moderate diffused 

infiltration of mixed eosinophils, lymphocytes, plasma cells, and 

macrophages at different portions of the dermis.  

Bath et al. (2011) reported full-depth necrosis of the epithelium 

with severe ulceration and acute tissue necrosis in skin biopsies. There 

was prominent oedema, rhabdomyolysis and acute neutrophilic 

infiltration in some parts of the subcutis. A pathological anatomical 

diagnosis of severe multifocal necrotic dermatitis accompanied by 

exudation and ulceration was made. The lesions were found to be 

consistent with a dermotoxic insult. 

Hanaa et al. (2011) examined fifty adult she camels for teat 

abnormalities at kerdasa slaughter house at Egypt. Teats were 

examined pathologically and microbiologically. Gross examination of 

teats revealed 76.5% showed teat lesions. The total bacterial recovery 

rate was 36% and the isolated bacteria were S. aureus 14.5%, E. coli 

14%, Coagulase-negative staphylococci, 4%, Bacillus species 1.5%, P. 
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hemolytia, 1.5% and P. aeruginosa 1.5 %. While total mycotic recovery 

rate was 26.5% with isolation of C. Albicans  9.5%, A. fumigatus 9%, A. 

niger 2%, mucor 2.5% and cladosporium species 8.5%. 

Histopathological examination of teats revealed two types of thelitis, 

Necrotic suppurative theilitis (25.5%) and necrotic non suppurative 

theilitis with diffuse fibrosis (38%). They concluded that S. aureus and 

C.albicans were the most prevalent isolates from she camel theilitis. 

Foster (2012) reported cutaneous manifestations of 

staphylococcal infection in livestock species. In cattle, staphylococcal 

infections may present as folliculitis or as impetigo. Both may present 

as mild forms of a group of conditions loosely termed udder dermatitis, 

which has various clinical presentations and does not always involve 

staphylococci. 

Hamed et al. (2012) reported characteristic dermal lesions of 

contagious skin necrosis in ten camels, these lesions were 

demonstrated on different parts of the animal body as an area of skin 

necrosis in which the skin looked black in colour and not covered with 

hair. These sharply separated from the surrounding healthy skin and 

were cold and very hard in consistency. When an area of necrosed 

skin was detached, circular ulcer of varying diameter, usually 2-10 cm 

remained and clearly demarcated from surrounding healthy tissue. 

Mathur et al. (2012) collected one hundred eighty seven skin 

biopsies showing frank macroscopic lesions were from camels for 

histopathological study of various types of dermatitis along with 

haemato-biochemical parameters and isolation of organisms. 

Perifolliculitis, folliculitis and frunculosis conditions were recorded in 

11.68 per cent cases of dermatitis in camel. 

Soong et al. (2012) reported Staphylococcus aureus as the 

major cause of skin and soft tissue infection in the United States. 

Invasive USA300 infection has been attributed to several virulence 

factors, including protein A and the α-hemolysin (hla), which causes 
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pathology by activating host signaling cascades. They showed that S. 

aureus exploits the proinflammatory bias of human keratinocytes to 

activate pyroptosis, a caspase 1-dependent form of inflammatory cell 

death, which was required for staphylococci to penetrate across a 

keratinocyte barrier. Keratinocyte necrosis was mediated by calpains, 

Ca (2+)-dependent intracellular proteases whose endogenous inhibitor, 

calpastatin, is targeted by Hla-induced caspase 1. Neither Panton-

Valentine leukocidin nor protein A expression was essential, but 

inhibition of either calpain or caspase 1 activity was sufficient to 

prevent staphylococcal invasion across the keratinocytes. These 

studies suggest that pharmacological interruption of specific 

keratinocyte signaling cascades as well as targeting the hla might 

prevent invasive skin infection by staphylococci. 

Anthony (2013) reported that biopsy should be considered if 

immune-mediated disorders or neoplastic conditions are suspected. 

Consideration of these differentials is also recommended when 

treatment has been pursued, and failures or relapses have occurred. In 

most cases, especially suspected, skin biopsies should be read out by 

a dermato-histopathologist. Acute changes including leukocytoclastic 

vasculitis, thrombosis and vessel wall necrosis are often scarce and 

can easily be overlooked; when present, they may provide a diagnosis. 

Vessel wall thickening and hyalinization, along with epidermal 

hyperplasia or papillomatous, may be detected in chronic lesions. If 

secondary bacterial infection is severe, it is recommended to clear this 

before taking the biopsy. For hyper plastic and nodular lesions, such as 

skin of severe CPL patients, a double punch biopsy is recommended, 

whereby a smaller 6 mm punch biopsy is introduced into the opening 

previously created by the skin sampled using an 8 mm biopsy. This 

technique will allow the practitioner to reach the deep dermis and 

subcutis for conditions such as CPL and panniculitis, respectively. 

javascript:void(0);
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Psalla et al. (2013) reported that equine pastern vasculitis was 

clinically challenging and the underlying etiopathogenesis was unclear. 

The aims of this retrospective study were to establish histopathological 

criteria for pastern vasculitis, to look for an underlying cause, to 

investigate whether the histopathological lesions are associated with a 

distinct clinical picture, to assess if and how the clinical picture varies, 

and to determine the treatment response. Skin biopsies and clinical 

data from 20 horses with a diagnosis of vasculitis of the distal 

extremities were investigated and histology was compared to biopsies 

from healthy horses. It was concluded that intramural inflammatory 

cells, leukocytoclasia with nuclear dust, thickening and oedema of the 

vessel walls, and microhaemorrhages are highly specific histological 

findings in equine pastern vasculitis. 

Tkaczyk et al. (2013) reported that alpha toxin promotes severe 

skin lesions and a defect in bacterial clearance and histological 

examination of the skin lesions found that the mice infected with wild 

type exhibited extensive necrosis of the skin and subcutaneous fatty 

tissue, severe muscle necrosis and inflammatory infiltrate, necrotic 

lesions became large ulcer associated with extensive tissue necrosis 

and minimal submuscularis inflammatory infiltrate, granulation tissue 

formation and visible bacteria.  

Hassaneen et al. (2015) reported that pathologically the udder of 

she camel with staphylococci showed oedema with abscess grossly. 

Histopathological revealed pus, necrotic debris and inflammatory cells 

in the dermis.  

Jubb et al. (2015) classified various forms of dermatitis on 

histological basis and reported as Perivascular, interface, Vasculitis, 

nodular and diffuse, Intraepidermal, Subepidermal vesicular and 

pustular, Perifolliculitis, folliculitis and furunculosis, Panniculitis, 

fibrosing, ulcerative and Seborrheic dermatitis.  
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Kobayashi et al. (2015) reported that Staphylococcus aureus 

causes many types of human infections and syndromes most notably 

skin and soft tissue infections. Abscesses are a frequent manifestation 

of S. aureus skin and soft tissue infections and are formed, in part, to 

contain the nidus of infection. Polymorphonuclears leukocytes 

(neutrophils) are the primary cellular host defence against S. aureus 

infections and a major component of S. aureus abscesses. These host 

cells contain and produce many antimicrobial agents that are effective 

at killing bacteria, but can also cause non-specific damage to host 

tissues and contribute to the formation of abscesses. By comparison, 

S. aureus produces several molecules that also contribute to the 

formation of abscesses. Such molecules include those that recruit 

neutrophils; causes host cell lysis, and are involved in the formation of 

the fibrin capsule surrounding the abscess. They review the current 

knowledge of the mechanisms and processes underlying the formation 

of S. aureus abscesses, including the involvement of 

polymorphonuclears leukocytes, and provide a brief overview of 

therapeutic approaches. 

2.2 BACTERIOLOGICAL STUDIES 

 Yadav et al. (1971) isolated staphylococci from bovine udder 

and they found all the strains to produce both alpha and beta 

haemolysin, the former being in lesser amounts.  

Arzo (1973) isolated S. aureus from skin lesion of camels 

produced golden yellow and white colonies on milk salt agar and 

nutrient agar. 

El-Seedy et al. (1990) described fistulus wither in 93 working 

camel. Eighty seven samples were bacterilogically postive for 

staphylococcus aureus, Corynebacterium pyogenes, C. ovis and 

Escherichia sp., predominantly. Proteus vulgaris and Klebsiella sp. 

were also isolated sporadilly. Among the strict anaerobic organism 
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recovered from cases of fistulus withers were Clostridium perfringens 

and Fusobacterium necrophorum. 

Ismail et al. (1990) isolated a variety of bacteria from closed 

abscesses on the thoracic regions, shoulder, abdomen, head and limbs 

of one humped camels. Staphylococcus aureus, Corynebacterium 

pyogenes, C.  pseudotuberculosis, Streptococcus pyogenes, E. coli, 

Klebsiella sp., Proteus vulgaris, Proteus mirabilis, Pseudomonas 

aeruginosa, Clostridium perfringens and Fusobacterium necrophorum. 

Quinn et al. (1994) recorded difference in colony pigmentation of 

S. aureus from cattle, human and other domestic animals. The 

coagulase positive S. aureus has been recorded to be the most 

common cause of human and animal’s staphylococcal infection viz. 

abscess formation, suppuration, botryomycosis, folliculitis, furuncles, 

cellulitis scaled skin syndrome and postoperative wound infections of 

various sites. 

Yagoub and Mohamed (1996) investigated incidence, clinical 

observations and aetiology of contagious skin necrosis in Sudan. The 

size of lesion varies from 5 to 7 cm in diameter and was distributed to 

neck, flank, head, tail, abdomen and hind limb. Bacteria isolated 

include Staphylococcus sp. (30 per cent), Corynebacterium pyogenes 

(11.8 per cent), Lactobacillus (11.0 per cent), Escherichia coli (5.1 per 

cent), Bacillus sp. (10 per cent), Micrococcus sp. (9.3 per cent), 

Proteus sp. (4.1 per cent), Streptococcus sp. (3.61 per cent), Nocardia 

sp. (1.8 per cent), Erysipelothrix sp. (1.2 per cent), Actinomyces sp. 

(1.2 per cent), Aerococcus sp. (1.0 per cent), Pasturella sp. (1.0 per 

cent), Actinobacter sp. (0.7 per cent) and Aeromonas sp. (0.7 per 

cent). The predominant bacterial species was Staphylococcus sp. 

either as pure isolate or in mixed culture. 

Qureshi (2002) reported that all of the isolates of S. aureus 

strains obtained from camel skin abscesses and wounds produced 

complete, partial or both types of haemolysis on sheep blood agar. 
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Tadesse and Molla (2002) studied bacterial pathogens 

associated with abscesses and cutaneous wounds of camels. Out of 

105 swab sample they found Corynebacterium pseudotuberculosis, 

Streptococcus agalactiae, Staphylococcus aureus and 

Corynebacterium pyogenes were the major isolates. 

Solanki (2004) investigated that twenty one S. aureus isolates 

from camel skin wounds and abscesses showed complete haemolysis, 

13 isolates exhibited incomplete haemolysis and 12 isolates did not 

show any haemolysis. None of the isolates showed both types of 

haemolysis. 

Abdalla and Salim (2008) isolated bacteria from 40 samples of 

contagious skin necrosis in camels from Alshowak and El Gadaref 

areas, El Gadaref State, Sudan. The percentage and frequency of 

isolation of various bacterial genera and species was recorded. 

Thirteen species were identified that belonged to eight different genera. 

The dominant bacterial species encountered in contagious skin 

necrosis was Staphylococcus aureus (32.36 per cent) present either as 

a single isolate or mixed, in variable frequencies, with other bacterial 

species that belonged to the genera, Actinomyces, Bacillus, 

Corynebacterium, Enterobacter, Escherichia, Pseudomonas, 

Salmonella and Staphylococcus. 

Kalka-Moll et al (2008) isolated S. aureus from subcutaneous 

abscesses in human. 

Qureshi and Kataria (2012) characterized 40 S. aureus from 

camel wound samples and recorded 15 isolates to produce golden 

yellow, 24 to produce yellow and one to produce white colony 

Sun et al. (2012) reported that yellow to orange colony colour of 

S. aureus was one of the classical criteria for identification of the 

species. However, the pigmentation of S. aureus was not a very stable 

character. In this study, S. aureus grown in biofilm pattern was nearly 
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colorless. Meanwhile, S. aureus grown in anaerobic and aerobic 

patterns was colorless and yellow, respectively. 

Ajayi et al. (2013) reported that samples were inoculated on 

Mannitol Salt agar (MSA) and incubated at 370C for 24h and 48h. 

Colonies which appeared yellow on MSA were subjected for further 

tests. Examination indicated that the organism was Gram positive after 

the Grams staining technique and that they appeared in clusters and 

spherical (coccoid) in shape under the microscope.  

Valarmath et al. (2013) collected different types of wounds 

samples from 19 patients during March-April 2011 in Namakkal, Tamil 

Nadu, India. Four types of bacterial species were isolated and 

identified by selective culture medium and standard biochemical tests 

from the collected wound samples. Each wound samples showed one 

or more bacterial isolate, totally 78.9% of samples exhibited 24 

isolates. Among them, Staphylococcus aureus (54.1%) was the 

predominant isolate, second most was Klebsiella pneumoniae (20.8%) 

followed by Pseudomonas aeruginosa (16.6%) and the lowest 

percentage was recorded by Escherichia coli (8.3%). Highest 

occurrence was observed in burn wound samples (44%) and second 

most is the accident and post-operative wound samples (25%) followed 

by skin wound samples (24%). 

Habib et al. (2015) characterized S. aureus by cultural and 

biochemical  properties isolated from various sources such as blood, 

pus, milk, secretions, discharge, injuries, cuts, surgical and nonsurgical 

wound of sheep, goat, dogs, buffaloes, camels, horses, cattle, poultry 

birds and humans. The species did not vary in their morphological, 

staining and cultural characteristics and showed similar characteristics 

on different culture media through it was isolated from different 

species. 

 Tiwari et al. (2015) isolated microflora associated with wound 

and skin affections on cattle, buffalo, dogs, goats, sheep, camel and 
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horses skin. The most abundant bacterial species encountered in 

wound was Staphylococcus aureus (36.22 per cent) present either as 

pure isolate or mixed with other bacteria. 

2.3 Genotypic identification 

Aarestrup et al. (1999) studied that genotypically, the gene 

encoding α-haemolysin was detected in all isolates from human and 

bovine sources, and found a significant difference in the prevalence of 

the gene encoding β-haemolysin between the bovine (96%), human 

carrier (56%) and isolates from septicaemia (57%). 

Booth et al. (2001) suggested that all the 128 S. aureus isolates 

from various sites of infections showed presence of hla gene giving 

534 bp product size amplicon. 

Salasia et al. (2011) reported that most of the S. aureus isolated 

from bovines (84%) and humans (73%) harboured the hla gene. 

Singh et al. (2011) identified 107 S. aureus isolates from 

sahiwal, 128 isolates from Karan fries and 111 isolates from Murrah 

buffalo and further checked the prevalence of toxic genes. The hla 

gene responsible for alpha haemolysis was found in all the isolates 

with 550 bp amplicon size. 

Rathore (2012) isolated 15 S. aureus from camel wound 

samples and subjected them to PCR amplification targeting 23S rRNA 

gene using species specific primers for genotypic confirmation. With 

the PCR, a species specific amplicon of 1250 bp was produced by all 

the isolates. 

Hassuny (2014) isolated 18 S. aureus from human throat swabs 

of which only four isolates had hla gene. Yadav et al. (2015) reported 

that the prevalence of hla gene was found in 96.8% out of 32 isolates 

in both cattle and buffalo isolates with a single amplicon of 534 bp. Yu 

et al. (2015) detected hla gene in 95.3% isolates of 128 S. aureus from 

human patients with skin and soft tissue infections. Dhirendra (2016) 
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reported the isolation of S. aureus from camel skin wound sample and 

subjected them to PCR amplification targeting 23SrRNA gene using 

species specific primer for genotypic confirmation. 

Sharma et al. (2016) described that a total 102 S. aureus 

isolates were obtained from different sources and identified with 

conventional methods and later confirmed genotypically using species 

specific primer  for ribotyping based on 23SrRNA gene. 
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3.  MATERIALS AND METHODS 

 

For the present study, skin portions showing frank lesions were 

examined to identify the various skin problems commonly prevailing in 

camels. The samples were examined for histopathological and 

bacteriological aspects. Details of cases taken for the investigation, 

processing of tissue showing frank lesions and bacteriological studies 

have been presented.  

3.1 Cases taken for investigation 

 Camel of either sex, different age and breeds reported to 

various clinics at Bikaner, Jodhpur, Jaisalmer district and adjacent 

areas were taken for the present study. 

3.2 Bacteriological sampling and isolation 

A. Bacteriological sampling in cases of superficial lesions 

Top of pustule/papule or crust was lifted with a sterile 25 gauge 

needle. A swab was gently pressed on the exposed surface and 

allowed time for the contents to be absorbed. Then, swab was placed 

in sterilized nutrient broth medium for further processing. 

B. Bacteriological sampling in cases of deep lesions 

The surface of the affected area was clipped and disinfected 

with 70 percent ethanol and allowed to dry. The area was then gently 

squeezed to express exudates and then sampled with swab. 

C.  Bacterial sampling in under scribed lesions 

These were obtained by biopsy and transferred into sterile 

transport medium rather in 10 per cent formalin. 
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3.3 Bacteriological Media 

      Mannitol salt agar medium  

 To prepare the medium 1g of beef extract, 10 g of peptone, 75 g 

of sodium chloride and 0.025 g of phenol red were dissolved in 700 ml 

of double glass distilled water and pH of the medium was adjusted to 

7.4. Agar-agar type 1 was added at the rate of 2% for final volume and 

volume of the medium was made to 800 ml, and autoclaved at 121ºC 

for 15 min.  200 ml of 5% D-mannitol solution prepared in glass distilled 

water and sterilized separately at 10 lbs pressure for 15 min, was 

added to the basal medium before pouring in sterilized petri dishes. 

3.4 Sample Collection  

In the present investigation, total 95 skin samples of camel were 

collected for histopathological in 10% formal saline and for 

bacteriological investigation with sterile absorbent swabs soaked in 

nutrient broth.  

3.5 Bacterial isolation  

      Genotyping 

      (A) 23SrRNA gene based identification (Ribotyping) 

The ribotyping for 23SrRNA was carried out as per the method 

described by Straub et al. (1999).  The forward and reverse primer 

used are given: 

Primer 1 – 5’ ACGGAGTTACAAAGGACGAC 3’ 

Primer 2 – 5’ AGCTCAGCCTTAACGAGTAC 3’ 

      Preparation of bacterial cell culture 

a. Samples collected for bacterial isolation were grown overnight 

in 25 ml nutrient broth in shaker incubator at 37oC. 

b. The bacterial culture was then centrifuged at 15000 rpm for 

15min to obtain pellet and supernatant was discarded.      
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     Isolation of DNA 

DNA isolation was carried out as per the method of Nachimuttu 

et al. (2001) with some modifications. 

a. Bacterial cultures were pelleted and washed two times with 

500µL PBS and centrifuged 5000 rpm for 5 min. 

b. Final cell pellet was resuspended in 1 ml of Tris-EDTA (TE) 

solution. 

c. 100μl of lysozyme solution (conc. 3 mg/ml) was added and 

mixture was then incubated at 37oC in water bath for 15 min. 

d. 100μl of 10% SDS solution and 2 μl of Proteinase K (10 

mg/ml) solution was added and incubated at 60oC in water 

bath for 1 h with gentle mixing of the contents at every 10 min 

interval. 

e. After 1 h of incubation 0.75 ml of DNA extraction buffer was 

added and further incubated for 30 min at 60oC in water bath. 

f. Phenol: Chloroform: Isoamyl alcohol mixture (25:24:1) was 

prepared and 0.5 ml of it was added to the DNA preparation 

and mixed gently for about 10-15 min. 

g. Above mixture was centrifuged at 15000 rpm for 15 min at 

20oC and upper aqueous phase containing DNA was 

transferred to another tube. 

h. To this mixture, 0.5 ml of cold isopropanol was added and the 

tube was replaced in ice for 15 min and then centrifuged at 

15000 rpm for 10 min at 20oC. 

I. The supernatant was discarded and the pellet was dissolved 

in 0.5 ml of cold 70% ethanol and centrifuged at 10000 rpm 

for 10 min at 20oC. 

j. Supernatant was discarded and the tubes were inverted on a 

filter paper for 5 min. The tubes were then covered with 
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parafilm with a small hole in it and left at room temperature for 

overnight to allow evaporation of alcohol 

k. Next morning the pellet was redissolved in 50μl of TE buffer 

and left for 24 h for dissolution of the pellet. 

     Agarose gel electrophoresis: 

Agarose gel electrophoresis was carried out in a horizontal, 

submerged electrophoresis unit analysis to check the integrity of DNA. 

Each DNA sample was mixed with one-fifth volume of the gel loading 

buffer. For electrophoresis, 0.8 per cent agarose gel in TBE buffer 

containing ethidium bromide (0.5-1 μg) was used.  

After the addition of trekking dye (bromophenol blue), each 

sample was loaded in the well of gel and electrophoresis was carried 

out at 100 V at room temperature for about 1-2 h depending upon the 

length of the gel or till the dye migrated more than half of the length of 

the gel. At the end of the electrophoresis, the gel was visualized under 

UV transilluminator and photographs were obtained. 

 Amplification of DNA: 

Table-1: The reaction mixture (total volume 25 µl)  

De-ionised water 11.3 µl 

10× Taq Buffer A containing  5 µl 

MgCl2 3.0 µl 

dNTP-mix(10mM) 1.0 µl 

Primer-1(10 pM/µl) 1 µl 

Primer-2(10 pM/µl) 1 µl 

TaqDNA polymerase(5U/µl) 0.2 µl 

DNA(25ng/µl) 2.5 µl 
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Table-2: The PCR cycling conditions for 23SrRNA gene. 

Cycles Step Temperature (oC) Time 

Cycle 1 

 

Denaturation 94 5 min 

Primer annealing 55 30 s 

Primer extension 72 75s 

Cycle 2-37 

Denaturation 94 40 s 

Primer annealing 55 60 s 

Primer extension 72 75 s 

Cycle 38 

Denaturation 94 1 min 

Primer annealing 55 1 min 

Final extension 72 3 min 

The PCR products, after addition of 2 μl of trekking dye were 

resolved on 1%agarose gels prepared in 1.0 x TBE buffer containing 

0.5 μg/ml of ethidium bromide and 250 bp marker was used as 

molecular marker. The amplification products were electrophoresed for 

1 h 30 min at 100 V. The gel was then visualized under U.V. 

transilluminator. 

(B) hla gene amplification  

The method of Booth et al. (2001) was used for the amplification 

of hla gene following the protocol as mentioned below.  

The following sequences for two primers were used:  

Primer 1- 5’ GGT TTA GCC TGG CCT TC 3’ 

Primer 2- 5’ CAT CAC GAA CTC GTT CG 3’ 
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Table-3: The PCR cycling conditions for hla gene 

Cycles Step Temperature (oC) Time 

Cycle1- 30 

 

Denaturation  94 30s 

Primer annealing 53 60 s 

Primer extension  72 30s 

Cycle 31 Final extension 72 3min 

The PCR products, after addition of 2 μl of trekking dye were 

resolved in 1% agarose gels prepared in 1.0 x TBE buffer containing 

0.5μg/ml of ethidium bromide and 250 bp DNA ladder was used as 

molecular marker. The amplification products were electrophoresed for 

50-60 min at 100 V. The gel was then visualized under U.V. 

transilluminator. 

3.6 Histopathological processing of tissue  

The skin portion showing lesions were collected and preserved 

in 10 per cent formal saline after cutting the affected parts. The parts of 

affected tissue measured 2-5 mm thickness and presenting the lesions 

with normal tissue, were used for fixation and further histopathological 

examination. 

For histopathological examination, processing of tissues was 

done by paraffin embedding using acetone and benzene technique 

(Lillie, 1965). The tissue sections of 4-6 micron thickness were cut and 

stained with hematoxylin and eosin staining method as a routine. 
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4. RESULTS 

 

In the present investigation, a total of 95 skin samples of camels 

of different age groups, sex and breeds were examined for 

histopathological observations of various skin affections. The various 

types of dermatitis identified in 67 cases on the basis of their 

histopathological characteristics. These conditions were as under- 

Table-4,Fig-1: Various Type of Dermatitis in camels. 

S.N. Conditions No. of cases Percentage 

1. Dermatitis 67 70.52 

(i) 
Perivascular 

dermatitis 
8 11.94 

(ii) Interface dermatitis 5 7.46 

(iii) Vasculitis 03 4.47 

(iv) Nodular dermatitis 03 4.47 

(v) Diffuse dermatitis 6 8.95 

(vi) 
Intraepidermal 

vesicular and pustular 
dermatitis 

8 11.94 

(vii) 
Subepidermal 

vesicular and pustular 
dermatitis 

7 10.44 

(viii) Panniculitis 04 5.97 

(ix) 
Perifolliculitis, 
folliculitis and 
furunculosis 

10 14.92 

(x) Ulcerative dermatitis 04 5.97 

(xi) Interstitial dermatitis 03 4.47 

(xii) Seborrheic 02 2.98 

(xiii) Fibrosing dermatitis 4 
5.97 

 

 Total 67  
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4.1 Pathological studies 

(A) Dermatitis 

Dermatitis was recorded to be positive in 67 (70.52 per cent) of 

the total cases. These were classified on the basis of histopathological 

characteristic in the following types: 

 Perivascular Dermatitis 

This condition was recorded in 8 (11.94 per cent) cases.  

Grossly, the skin appeared as erythematous, itchy patches and 

plaques. Sometimes there were presence of vesicles on the legs and 

trunk region (Fig.2). 

Microscopically, the predominant inflammatory reaction is 

centered around the dermal blood vessels. There is presence of mild to 

moderate number of polymorphonuclears and mononuclear infiltration 

around the superficial dermal blood vessels (Figs.3, 4 and 5).There 

were presence of epidermal hyperplasia and hyperkeratosis  in some 

cases (Fig.6). Some cases revealed varying degrees of angiogenes 

and granulation tissue formation along with mononuclear infiltration 

around the dermal blood vessels (Fig.7). Some cases revealed 

epidermal hyperplasia typified by marked rete ridge formation (Fig.8). 

 Interface dermatitis 

This condition was recorded in 5 (7.46 per cent) cases. 

Microscopically, in this type of dermatitis, the dermo-epithelial 

junction showed hydropic degeneration of epidermal basal cells 

alongwith cellular infiltration predominantly of lymphocytes and plasma 

cells (Fig.9). There were presence of parakeratosis and perivascular 

infiltration of lymphocytes (Fig.10). 
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   Vasculitis 

This condition was recorded in 3 (4.47 per cent) cases. 

Microscopically, there was heavy angiocentric infiltration of 

neutrophils in and around the blood vessels. The major vascular 

changes were endothelial swelling (Fig.11). Some cases showed focal 

necrosis, fibrinoid changes and occlusive thrombi composed of 

platelets, fibrin, red blood cells and neutrophils. There was also 

presence of haemorrhages in some cases (Fig.12). 

 Nodular Dermatitis 

This condition was recorded in 3 (4.47per cent) cases.  

Grossly, there was presence of single or multiple firm brown 

nodules with ill defined borders, seen most usually on the extremities 

and neck region (Fig.13). 

Microscopically, there was presence of discrete clusters of 

inflammatory cells present mainly in the dermis (Fig.14). The cellular 

infiltration characterized by predominantly neutrophilic, histocytic, 

eosinophilic or mixed cellular infiltrate. These nodules were usually 

multiple, large and solitary masses (Figs.15 and 16). 

 Diffuse Dermatitis 

This condition was recorded in 6 (8.95 per cent). 

Grossly, there were presence of annular erythrodermic, hypo 

pigmented scarring alopecia. In some cases, firm papules and nodules 

were found on the extremities. 

Microscopically, diffuse dermatitis denotes cellular infiltration 

which was densely spread and discrete cellular aggregates were not 

easily recognized (Fig.17). There were mixed cellular infiltration in most 

of the cases but in some cases, the predominant infiltrating cells were 

neutrophils, histocytes and eosinophils (Fig.18). Sometimes there was 

collagen degeneration in the dermal tissue. 
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 Intraepidermal vesicular and pustular Dermatitis 

This condition was recorded in 8 (11.94 per cent) cases. 

Microscopically, there were presence of intracellular oedema in 

the epidermis alongwith ballooning degeneration and acanthosis. The 

area showed inflammatory infiltration mainly of neutrophils and few 

eosinophils, the inflammatory cells accumulate in the vesicles (Figs.19 

and 20).  

Subepidermal vesicular and Pustular Dermatitis 

This condition was recorded in 7(10.44 per cent) cases. 

Microscopically, this kind of dermatitis revealed dermo-

epidermal separation, severe subepidermal oedema and cellular 

infiltration. There were formation of subepidermal vesicle and pustules 

due to hydropic degeneration of basal cells. There was also severe 

intercellular oedema with blowout of basement membrane zone (Fig. 

21).        

 Panniculitis 

This condition was recorded in 4(5.97 per cent) cases. 

Grossly, there was presence of subcutaneous nodules located 

on the neck and trunk region has fluctuating swelling in some cases. 

Some nodules ruptured, from which purulent material was discharged. 

 Microscopically, there was a circumscribed area of panniculitis 

in which the cellular infiltrate mainly consists of neutrophils and 

macrophages (Figs.22 and 23). In some cases, the red blood cells 

were found in the center of lesions surrounding by inflammatory 

infiltration and necrotic debris (Fig.24). 
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 Perifolliculitis, Folliculitis and Furunculosis 

This condition was recorded in10 (14.92 per cent) 

Grossly, in perifolliculitis a wide spread alopecia on the various 

parts of the body was found (Fig.25) whereas in folliculitis and 

furunculosis, erythematous follicular papules were usually seen on 

abdominal area. 

Microscopically, perifolliculitis and luminal folliculitis showing 

inflammatory infiltration of neutrophils, lymphocytes around the wall 

and lumen of follicle (Fig.26). 

In folliculitis, some cases showed hyperplasis of epidermis and 

accumulation of inflammatory cells mainly of neutrophils within follicular 

wall with presence of melanin in hair shaft (Fig.27). Some cases 

showed luminal folliculitis in which inflammatory cells present in lumen 

of follicle (Figs.28, 29 and 30). Sometimes there was granulomatous 

inflammation with suppuration and heavy neutrophilic infiltration 

(Fig.31). 

In furunculosis, there were destruction of majority of follicular 

epithelium which was destroyed by the inflammatory reaction with 

release of hair shafts and keratin debris in the dermis. 

Pyrogranulomatous inflammatory infiltration was also observed in few 

cases of furunculosis (Figs. 32 and 33). 

 Ulcerative Dermatitis 

This condition was recorded in 4 (5.97 per cent) cases. 

Grossly, the lesion represents a typical, solitary and situated at 

the neck and shoulder area. The area contain brown crusts (Fig.34) 

which was firmly thickened part of the skin surrounds the ulcer. 

Microscopically, there was focal dermoepidermal separation and 

inflammatory exudate, haemorrhages and lymphocytic infiltration in 

dermis (Fig. 35). Some cases revaled epidermal hyperplasia and 
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parakeratosis was common feature of the ulcer edge (Fig. 36). In some 

cases, layers of inflammatory exudate between collagen bundles and 

subjacent superficial perivascular lymphocytic infiltration in the dermis 

were frequently noticed. Both dermis and epidermis were occupied by 

neutrophils, presence of immature capillaries and some cases showed 

haemorrhages in the dermis (Fig.37). 

 Interstital Dermatitis 

This condition was recorded in 3 (4.47 per cent) cases. 

Microscopically, interstitial dermatitis was characterized by the 

infiltration of cells between interstitial spaces of collagen bundles of the 

dermis (Fig. 38). The infiltrate was poorly circumscribed, mild to 

moderate in intensity and haemorrhages seen in interstitial space of 

dermis (Fig.39). 

 Seborrheic Dermatitis 

This condition was recorded in 2 (2.98 per cent) cases. 

Grossly, the lesions were reddish brown, scaly plaques having 

alopecia and follicular cast present on the surface on different parts of 

the body. 

Microscopically, there were hypeplastic superficial dermatitis 

having usually a marked keratinisation defect characterized by 

orthokeratotic or parakeratotic hyperkeratosis, follicular keratosis and 

dyskeratosis (Fig. 40). In most of the cases, the epidermis was normal 

but in few cases slight increases in thickness of epidermis. Hyperplasia 

and spongiosis alongwith enlargement of sebaceous glands was 

observed. The mild perivascular cellular infiltration mainly consists of 

lymphocytes and plasma cells (Figs. 41 and 42).  
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 Fibrosing Dermatitis 

This condition was recorded in 4 (5.97 per cent). 

Microscopically, there was extensive fibrosis occurred due to 

destruction of collagen fibres in the epidermal and dermal tissue (Fig. 

43). Some cases revealed extensive fibrosis in dermis along with 

oedema and infiltration of lymphocytes (Fig. 44). 

4.2 Bacteriological Studies 

     Genotypic characterization of S.aureus: 

     (A) 23SrRNA   gene based identification (Ribotypic) 

In the present investigation, out of 95 skin samples of camel, 49 

samples showed presence of different Gram’s positive bacteria after 

growth on Mannitol salt agar medium (Figs. 45 and 46). Out of 49 

Gram’s positive bacteria, only 30 isolates could be confirmed as S. 

aureus through 23SrRNA based ribotyping with an amplicon of 1250 

bp. (Table: 5 and 6, Figs. 47 and 48). 
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Table-5 Site wise number of isolates used for 23SrRNA based 

ribotyping 

 

Table-6: Isolates confined to be S.aureus based on 23SrRNA 

based ribotyping 

 

 

  

S.No. Site 
No. of 

sample 
No. of isolates obtained (code 

numbers) 

1. Neck 3 2(1,3) 

2 Chest pad 4 3(7,15,24) 

3. Tail 10 6(2,9,23,30,39,43) 

4. Abdomen 3 1 (35) 

5. Nostril 4 2 (27,41) 

6. Hump 10 6 (5,19,25,37,40,45) 

7. Fore Legs 7 4(4,11,33,43) 

8 Hind Legs 8 6(6,8,13,17,22,31) 

S.No 
Gene 
type 

Isolate numbers 
Total 

isolates 

Amplicon 

Size(bp) 

1 23SrRNA 
1,2,3,4,5,6,7,8,9,11,13,15,17,19,2

2,23,24,25,27,30,31,33, 
35,37,39,40,41,43,45,48 

30 1250 
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(B) hla gene : 

 Production of Dermonecrotic, haemolysin α toxin is governed by 

hla gene, and is important virulence factor in S.aureus. It is a cytolytic 

pore forming toxin.  Hla toxin not only lyses cells but supresses host 

immune response also. In the present investigation, all the confirmed 

30 S. aureus strains isolated from camel were subjected to PCR 

amplification of these hla haemolytic and dermonecrotic genes. In our 

finding of the 30 isolates, 28 (93.33%) produced amplicons of 534 bp 

and had hla gene, two isolates were found negative for hla gene. 

(Table-7 and Figs.49 and 50). 

Table-7: Isolates having Alpha toxin gene (hla) in S.aureus 

isolated from camel with skin lesions 

S.N

o 

Gene 

type 

Isolate numbers Total 

isolates 

Amplicon 

Size(bp) 

1 hla 1,3,4,5,6,7,8,9,11,13,15,1

7,19,22,23,24,27,30,31,33

, 35,37,39,40,41,43,45,48 

28 534 
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Table-8 Pathological changes of skin lesions of camel (Camelus dromedarius) in relation to hla   gene 

30 S.auerus 

isolate 

hla gene 

 

Extent of 

lesion 

Necrosis Granulation 

Tissue 

Inflammatory 

infiltrate 

Epidermal 

hyperplasia 

Sample No1 + ++ ++ - + - 

Sample  No2 - + - +++ +++ ++ 

Sample No 3 + + + - + - 

Sample No 4 + ++ ++ - + - 

Sample No 5 + +++ +++ - ++ - 

Sample No 6 + ++ ++ - + - 

Sample No 7 + ++ ++ - + - 

Sample No 8 + + ++ - + - 

Sample No 9 + +++ +++ - ++ - 

Sample No 11 + ++ ++ - + - 
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Sample No  13 + + + + ++ - 

Sample No 15 + + + - + - 

Sample No 17 + +++ +++ - + - 

Sample No 19 + +++ +++ - ++ - 

Sample  No22 + + + + + - 

Sample No 23 + ++ ++ - ++ - 

Sample No 24 + ++ ++ - + - 

Sample No 25 - ++ - + ++ + 

Sample No 27 + ++ ++ - + - 

Sample No 30 + + + - + - 

Sample No 31 + +++ +++ - ++ - 

Sample No 33 + ++ ++ - + - 

Sample No 35 + ++ ++ - + - 
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Sample No 37 + + + - ++ - 

Sample No 39 + + + - + - 

Sample No 40 + +++ +++ - ++ - 

Sample No 41 + ++ ++ - + - 

Sample No 43 + + + + + - 

Sample No 45 + ++ ++ - + - 

Sample No 48 + +++ +++ - + - 

 

(- ) no necrosis, no granulation tissue 

(+ )   Mild extent of lesion, Mild necrosis, Mild granulation tissue, Mild inflammatory infiltration                                          

(++)   Moderate extent of lesion, Moderate necrosis, Moderate granulation tissue, Moderate inflammatory infiltration        

(+++) Severe extent of lesion, Severe necrosis, More granulation tissue,  Severe inflammatory infiltration 
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 Microscopically, hla gene positive S. aureus revealed severe 

necrosis in skin and muscle, minimal inflammatory infiltrate, absence or 

mild formation of granulation tissue and severe extent of lesions where 

as mild and moderate extent of lesions, no tissue damage, more 

infiltration of inflammatory cells and more granulation tissue was 

observed in tissues infected with hla negative S. aureus (Figs. 52 and 

53) (Figs. 55 and 56) (Table- 8) 
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5. DISCUSSION 

 

 

The attempt had been made to identify and characterize the 

bacteriological and pathological status of various skin conditions in 

camel. The present investigation was carried out at Bikaner, Jodhpur, 

and Jaisalmer districts situated in the arid and semiarid region of 

Rajasthan.  In this study, 95 cases of camel suffering from various skin 

affections were studied in which the maximum incidence of dermatitis 

was recorded. 

The results obtained in this study for various parameters have 

been discussed in detail as per the classification followed for various 

skin disorders in the text. 

5.1 DERMATITIS 

The present investigation revealed 70.52 per cent incidence of 

dermatitis which is very higher as compared to the incidence recorded 

by various authors viz. Semushkin (1968) as 5 to 20 per cent, Kriz 

(1982) as 28 per cent and Yagoub and Mohammad (1996) as 5.73 per 

cent whereas, Dashtseren et al. (1984) reported upto 80 per cent 

incidence of dermatitis in camel. The incidences recorded in present 

investigation appear to be higher which might be due to extreme 

variation in the environment temperature and climatic conditions 

responsible for growth of variety of causal agents. 

(A) Pathological studies 

     Perivascular Dermatitis 

The gross lesions in perivascular dermatitis were observed as 

erythematous itchy patches and plaques in this investigation were in 

agreement with Zaitoun et al. (2000), who noticed wide spread skin 

eruptions and plaques on the skin of camel. Microscopic findings such 

as polymorhonuclears and mononuclear leucocytic infiltration around 
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the blood vessels alongwith epidermal hyperkeratosis and hyperplasia 

observed, have also been described by Jubb et al. (2015) in domestic 

animals whereas Scott et al. (1995) while describing the perivascular 

dermatitis in dogs, reported the predominant inflammatory reaction 

centered on superficial and deep dermal blood vessles similar to the 

described in the present text. The similarity in the findings observed in 

camel and dogs might be due to presence of thick hair coat on the 

body which is suitable medium for growth of bacteria. Nagai et al. 

(2000) reported perivascular infiltration of mononuclear cells in the 

dermis in the cases of dermatitis in dairy cattle and supports well the 

finding of present investigation. 

Interface Dermatitis 

The microscopic features such as hydropic degegeneration of 

epidermal basal cells, inflammatory infiltiration predominantly of 

lymphocytes and plasma cells and parakeratosis were observed. The 

similar lesions were also described by Munz (1992) in a study on 

infectious skin diseases of camels, Scott et al.(1995) also reported the 

hydropic degeneration of epidermal cells in cases of interface 

dermatitis in dogs. Joshi (2013) reported vacuolar changes of basal 

cells with sparse perivascular lymphocytic infiltrate. 

Vasculitis 

Notherlfer et al. (1994) described the vascular changes in the 

case of dermatitis. The findings observed by the authors such as 

endothelial swelling, focal necrosis, presence of RBC’s and neutrophils 

are in agreement with results of present study. The similar finding was 

also described by Jubb et al. (2015). 
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Nodular Dermatitis 

The gross changes like nodules on the extremites and neck 

region observed in positive cases of nodular dermatitis were also 

reported by Edelsten and Pegram (1974) in camel and Scott et al. 

(1995) in dogs. The histological characteristics like presence of clusters 

of inflammatory cells mainly in the dermis have also been described by 

Jubb et al. (2015) for nodular dermatitis in domestic animals whereas 

Scott et al. (1995) observed similar finding in dogs for this condition. 

Diffuse dermatitis 

Scott et al. (1995) described the gross and microscopic changes 

of this type of dermatitis in small animals. Grossly, there was presence 

of alopecia, papules and nodules on extremities. Microscopically, 

widely spread cellular infiltration of neutrophils, histocytes, eosinophils 

and sometimes collagen degeneration in the dermis were in 

corroboration with the findings recorded in this study. Whereas, 

extensive infiltration of eosinophils in the cases of dermatitis recorded 

in present study were akin to the previous report of Veen and Barnes 

(1978) who also found extensive infiltration of eosinophils in the cases 

of dermatitis in camel in Nigeria. The climatic condition of the area 

under study in Nigeria was nearly similar and they confirm the finding 

of this study. 

Intraepidermal Vesicular and Pustular Dermatitis 

The histopathological characteristic of this type of dermatitis 

were identified in the present study, revealed intercellular and 

intracellular oedema in the epidermis alongwith inflammatory cells 

predominantly of neutrophils and eosinophils. This has also been 

explained earlier by Veen and Barnes (1978) in camels. Khanna (2002) 

also reported hydropic degeneration of basal cells and intercellular 

oedema in a study of dermatitis in dogs in the same study area. 

Narnaware et al. (2013) revealed hydropic degeneration of 



47 
 

keratinocytes, hyperplasia of epidermis, hyperkeratosis and 

intraepidermal pustule with mononuclear cellular infiltration. 

Subepidermal Vesicular and Pustular Dermatitis 

This type of dermatitis revealed dermo-epidermal separation, 

subepidermal oedema and cellular Infiltration. Ismail et al. (1985) 

observed subepidermal oedema in a study on skin diseases in camels 

which attest the findings recorded in the present study. Similar 

observations were also described by Jubb et al. (2015) in domestic 

animals mainly in cattle which also contain thick skin as in case of 

camel. 

Panniculitis 

The gross and microscopic alterations observed in this study for 

panniculitis were in agreement with the description of Jubb et al. 

(2015). Authors reported gross characteristics lesions such as 

subcutaneous nodules having fluctuating swelling which were observed 

in this study at neck and trunk region of affected camels. The 

microscopic features in panniculitis were infiltration of neutrophils and 

macrophages. Khanna (2002) also observed the areas of panniculitis 

alongwith infiltration of polymorphonuclears and mononuclear 

leucocytes in dogs and supports the observation reported in camels. 

Perifolliculitis, Folliculitis and Furunculosis 

The present study revealed gross changes in the condition as 

alopecia on the various parts of body alongwith formation of papules. 

Microscopic alteration observed in perifolliculitis, folliculitis and 

furunculosis were infiltration around the follicle, in the wall as well as 

lumen of follicle and rupture of wall with inflammatory infiltration 

respectively. These gross and microscopic findings have also been 

explained well by Jubb et al. (2015) in large domestic animals and 

Scott et al. (1995) in the small animal dermatological disorders. 
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Ulcerative Dermatitis 

Leese (1927) described ulcer formation in the cases of 

contagious skin necrosis in camels. The similar dermatological 

changes were also observed by Veen and Barnes (1978) while 

studying cutaneous ulcer of camels in Nigeria. Authors further studied 

the lesions histopathologically and characterized them with 

collagenous tissue alongwith inflammatory infiltiration. In the present 

study, microscopically, layer of inflammatory exudates between the 

collagen bundles, neutrophilic and lymphocytic were observed which 

was in conformity with those described by Veen and Branes (1978). 

Coigno et al. (1985) characterized the lesions as chronic ulcers with 

dermo-epidermal separation beneath the basal lamina and by 

hyperkeratosis adjacent to ulcers. 

Interstital Dermatitis 

In the present text this condition has been identified on the basis 

of histological feature characterized by infiltration of cells between 

interstitial spaces of collagen bundles of the dermis. The similar kind of 

dermatitis was explained by Scott et al. (1995) in the dermatological 

disorders in small animals and Jubb et al. (2015) described interstitial 

dermatitis in large domestic animals with similar microscopic features 

as described in the present text. 

Seborrheic Dermatitis  

The gross characteristics of seborrheic dermatitis as described 

by Jubb et al. (2015) in large domestic animals such as presence of 

scaly plaques and alopecia, presence of follicular cast on the surface of 

various parts of body of animals have also been observed in the 

affected camels included in present investigation. Similarly microscopic 

features viz. keratinization defect, hyperplasia and spongiosis, 

enlargement of sebaceous glands were observed. These finding are 

also in line with the finding suggested by Jubb et al. (2015). Khanna 
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(2002) reported that in seborrheic dermatitis, epidermal hyperplasia 

and spongiosis led to an enlargement of sebaceous glands which 

confirms the findings of present investigation. Borda et al. (2015) 

described that superficial perivascular and perifollicular inflammatory 

infiltrates, composed mainly of lymphocytes and histiocytes in 

association with spongiosis and hyperplasia, and parakeratosis around 

follicular opening. 

Fibrosing Dermatitis 

The microscopic features in this condition were fibrosis in the 

epidermal and dermal tissue along with inflammatory infiltration. These 

features in fibrosing dermatitis have also been described by Khalafalla 

(1998) in the dermatitis of camels in Sudan. The proliferation of 

fibroblasts occurred due to destruction of collagen fibres of dermis by 

the action of bacterial toxins. 

(B) Bacteriological Studies 

      23SrRNA gene based identification (ribotyping) 

In our study, the overall S. aureus prevalence was recorded as 

61.22%. Similar genotypic method of S. aureus identification have 

been used by Rathore and Kataria (2012), Ariyanti et al. (2011), 

Dhirenda (2016) for S. aureus isolates from elsewhere. 

    hla gene 

In our study, the overall hla gene prevalence was recorded as 

93.33%. The prevalence of hla gene recorded in the present study was 

similar to observation of Haveri et al. (2007) who recorded the 

prevalence of 97.4% and Yu et al. (2015) recorded the prevalence of 

hla gene as 95.3% in S.aureus. Likewise, Dhirendra (2016) recorded 

the prevelence of hla gene as 96.15%. 
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 Histopathological changes of skin lesions of camel in relation to 

hla gene 

Microscopically, hla gene positive S. aureus revealed severe 

necrosis in skin and muscle, minimal inflammatory infiltrate, absence or 

mild formation of granulation tissue and severe extent of lesions where 

as mild to moderate extent of lesions, no tissue damage, more 

infiltration of inflammatory cells and more granulation tissue was 

observed in tissues infected with hla negative S. aureus Similar 

histopathological finding also reported by Kennedy et al. (2010). 

Tkaczyk et al. (2013). 

  S. aureus α-hemolysin, coded by hla gene is a pore-forming 

cytotoxin and is required for full virulence of a septic wound infection. It 

has got broad range of cellular specificity and has been recognized as 

an important cause of injury in the context of both skin necrosis and 

lethal infection (Powers et al 2012 and Berube et al. 2013). It is 

secreted as a water soluble monomer, capable of binding and 

oligomerization into a heptameric structure on the host cell membrane 

where A-disintegrin and metalloprotease 10 (ADAM10) act as the 

cellular receptors for this toxin. The molecular transformation on 

susceptible host cells culminates by formation of a membrane-

perforation 1–3 nm β-hairpin lined amphipathic pore through the 

eukaryotic lipid bilayer, allowing for the flow of Ca2+ and K+, ATP 

through barrel of the pore formation and cellular lysis and tissue barrier 

disruption at host interfaces lined by epithelial or endothelial cells (Wilki 

et al. 2010, Inoshima et al. 2011). 
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6. SUMMARY 

                                      

The camel has been a necessity of man-kind in the desert and 

semi desert areas since its domestication, about 2500 to 3000 years 

ago. With the rapid advancement of science and technology more 

mechanization has taken place and the traditional means of transport 

are being ignored, but the camel is still an indispensable mode of 

transport in the desert zone.  

The camel has a low susceptibility to diseases but skin 

involvements like contagious skin necrosis, dermatitis, wounds, 

abscesses or similar problems were commonly observed in camels. 

The disease caused by S. aureus is not always fatal but an indirect 

great economical loss is incurred due to reduced working efficiency. 

The present investigation was carried out from January 2016 to 

December 2016. During this period a total number of 95 samples of 

skin lesions in Camel of  either sex, different age and breeds were 

reported for various skin affections at different clinics at Bikaner, 

Jodhpur, Jaisalmer district and adjacent areas and skin lesions 

samples were taken for the present study.  

Out of 95 samples, 67 (70.52 per cent) cases showed 

dermatitis. The cases were classified according to gross and 

histopathological observations for different skin conditions which were 

also subjected to microbial isolation studies for the purpose of 

identification of etiological agents as well as to characterize the health 

status of animals affected of various skin affections. 

Dermatitis was further sub-classified on the basis of the 

histopathological characteristics as perifolliculitis, folliculitis and 

furunculosis (14.92 per cent), intraepidermal vesicular and pustular 

dermatitis (11.94 per cent), perivascular dermatitis (11.94 per cent), 

subepidermal vesicular and pustular dermatitis (10.44 per cent), diffuse 
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dermatitis (8.95 per cent), interface dermatitis (7.46 per cent), fibrosing 

dermatitis (5.97 per cent), panniculitis (5.97 per cent), ulcerative 

dermatitis (5.97 per cent), interstitial dermatitis (4.47 per cent), nodular 

dermatitis (4.47 per cent), vasculitis (4.47 per cent) and seborrheic 

(2.98per cent). 

Out of 95 skin samples, 49 samples showed presence of 

different Gram’s positive bacteria after growth on Mannitol salt agar 

medium. Out of 49 Gram’s positive bacteria, only 30 (61.22 per cent) 

isolates could be confirmed as S. aureus through 23SrRNA based 

ribotyping with an amplicon of 1250 bp. All the confirmed 30 S. aureus 

isolates were subjected to PCR amplification of hla haemolytic and 

dermonecrotic gene. In our finding of the 30 isolates, 28 (93.33 per 

cent) produced amplicons of 534 bp and had hla gene, 02 isolates 

were negative for hla. 

Histopathologically, hla gene positive S. aureus found to 

produced severe necrosis in skin and muscles, minimal inflammatory 

infiltrate, absence or mild formation of granulation tissue and severe 

extent of lesions where as  mild and moderate extent of lesions, no 

tissue damage, more infiltration of inflammatory cells and more 

granulation tissue was observed in tissues infected with hla negative S. 

aureus .  

In this study, camels were found more prone to perifolliculitis, 

folliculitis and furunculosis which were recorded in 10 (14.92 per cent) 

cases followed by intraepidermal vesicular and pustular dermatitis as 

well as perivascular dermatitis in 8 (11.94 per cent) cases. These 

conditions were commonly found in camel and the bacteria isolated 

were S. aureus which is a saprophytic bacteria cause’s purulent lesion 

in skin.  

Of the total 49 bacteria infected lesions, 30 were infected with S. 

aureus. Amongst the total confirmed S. aureus cases most of the 
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wounds were infected with hla (+ve) S. aureus. There was difference in 

the severity of wounds infected with hla (+ve) isolates viz a viz hla (-ve) 

isolates and hla (+ve) isolates lead to more tissues necrosis as 

compared to hla (-ve) isolates indicating its role in severity of wounds. 



54 
 

7. LITERATURE CITED 

 

Aarestrup, F.M.; Lartsen, H.D.; Eriksen, N.H.; Elsberg, C.S. and 

Jensen, N.E. (1999): Requency of alpha and beta-haemolysin 

in Staphylococcus aureus of bovine and human origin. A 

comparison between phenotype and genotype and variation in 

phenotypic expression. APMIS 107(4): 425-430.  

 Abdalla,W.G. and Salim, M.O.(2008):Aerobic Bacteria Associated with 

Contagious Skin Necrosis in the One-humped Camel 

(Camelus dromedarius) in El Showak and Gedaref areas, 

Gedaref State, Sudan. The Sud. J. Vet. Res. 23:77-84 

Abu Elzein, E.M.F.; Coloyan, E.R.; Gameel, A.A.; Ramadan, R.O. and 

Al-Afaleq, A.I. (1998): Camel contagious ecthyma in Saudi 

Arabia. J. Camel Pract. Res. 5(2): 225-228. 

Agab, H. (1998): Camel pastoralism in the Butana region of Eastern 

Sudan: Common diseases with emphasis on brucellosis. J. 

Camel Pract. Res. 5 (1):131-136 

Ajayi, A. A.; Aiyedun, B. T. and Olasehinde, G. L. (2013): The Effect of 

Hand Treatments on Staphylococcus aureus: A Normal Flora 

of the Human Palms. Adv. Biosci. Bioeng. 1 (2): 44-53. 

Anthony, A. Yu. (2013): Equine Pastern Dermatitis. Vet Clin Equine 29: 

577–588. 

Ariyanti, D.; Salasia, S.I.O. and Tato, S. (2011): Characterization of 

haemolysin of Staphylococcus aureus isolated from food of 

animal origin. Ind.J. Biotech.16 (1): 32-37. 

 

javascript:void(0);


55 
 

Arzo, G. M. (1973): Studies on Staphylococcus aureus infection in 

camel. Ph.D. Thesis submitted to University of Udaipur, 

Udaipur, Rajasthan, India. 

Barbour, E.K.; Nabbut, N.H.; Freriches, W.M. and Al-Nahhil, H.M. 

(1984): Inhibition of pathogenic bacteria by Camel milk: 

Relation to when lysozyme and stage of lactation. J. food Prot. 

47: 838-840. 

Bath, G F.; Rensburg, A.J.V.; Pettey, A. K. P.; Vuuren, M.V. and 

Kidanemariam, A. (2011): A literature review and investigation 

of staphylococcal necrotic dermatitis in sheep. J. S.A. Vet. 

Assoc. 82(4): 227-231.   

Bengoumi, M.; Ramiche, A. and Bahaddou, A. (2007): Skin abscesses 

inthe dromedary camel in the south of Morocco. Camel Conf-

Book, International Camel Conference, Feb.16–17, College of 

Veterinary and Animal Science, Bikaner, 67.  

Berube, B. J.; & Wardenburg, J.B. (2013): Staphylococcus aureus α-

Toxin: Nearly a Century of Intrigue. Toxins. 5(6): 1140–1166.  

Bhakdi, S. and J. Tranum - Jensen. (1991): Alpha-toxin of 

Staphylococcus aureus. Microbio. Rev. 55:733–751. 

Bhakdi, S.; Muhly, M.; Mannhardt, U.; Klapptek, K.; Muller-Eckhardt, C. 

And L, Roka. (1988): Staphylococcal α-toxin promotes blood 

coagulation via attack on human platelets. J. Exp. Med. 

168:527–542. 

Biala, A.S. and Gnan, S.A. (1998): Changes in quality and microbial 

growth during cold storage of fresh camel meat. Proc. Int. 

Meet. Camel Prod and future perpectivies held during 2 -3 may 

at Intercontinental Hotel. Al Ain, and UAE.  33.  



56 
 

Bihani, D.K.; Vyas, S.K.; Tanwar, R.K. and Sharma, S.N. (1998): Some 

observation on necrotic dermatitis in camels.Proceeding of 

International Seminar on camel Applied Research and 

Development 10-11th August, Bikaner (Rajasthan). 

Boerema, J. A.; Clemens,R. and Brightwell,G.(2006): Evaluation of 

Molecular Methods to Determine Enterotoxigenic Status and 

Molecular Genotype of Bovine, Ovine, Human and Food 

Isolats of Staphylococcus aureus. Int. J. Food. Mirobio. 107 

(2): 192-201. 

Booth, M. C.; Pence, L. M.; Mahasreshti, P.; Callegan, M. and Gilmore, 

M. (2001): Clonal associations among Staphylococcus aureus 

isolates from various sites of infections. Inf. Immu.69 (1): 345–

352. 

 Borda, L.J. and Wikramanayake,T. C.(2015): Seborrheic Dermatitis 

and Dandruff: A Comprehensive. J. Clin Invest.  Dermatol. 

3(2). 

Borelin, P.; Kuhnert, P.; Hussy, D. and Schacllibaum (2003): Methods 

for identification of Staphylococcus aureus isolates in cases of 

bovine mastitis. J. Clin. Microbio.  41(2): 767-771. 

Buchnev, K.N.; Tulepbaev,S.Z. and sansybaev,A.R.(1978):Infectious 

disease in camels in USSR. Revue Sci.Tech. off. Int. Epizoot 

6(2): 487-495.(cited in Ulrich wernery oskar-Rueger Kaaden 

infectious diseases of camelids. Blackwell Wissen Schafts-

Verlog, Berlin,1995) . 

Carter,G. R. (1986): Essentials of Veterinary Bacteriology and 

Mycology. 3
rd

ed.  Lea and Fibiger. Philadelphia. 



57 
 

 Chaudhary,K. (1978): A Guide to pathology. 5
th 

ed. Jaypee Brothers, 

medical  publishers, India. 

Cohrs, P. (1967): Textbook of the special pathological anatomy of 

domestic animals. Pergamon Press.Oxford. 

 Coignoul,F,L.; Bertram,T.A. and Martineau, G. P.(1985): Pathology of 

an Ulcerative Dermatitis in Belgian Landrace Sows. Vet. 

Patho. 22:306-310  

da Silva, E. R.; Boechat, J. U. D.; Martins, J. C. D.;  Ferreira, W. P. B.; 

Siqueira, A. P. and da Silva, N. (2005). Hemolysin production 

by Staphylococcus aureus species isolated from mastitic goat 

milk in Brazilian dairy herds. Sm. Rumi. Res. 56: 271–275. 

Dalis,J.S.; Kazeem,H.M.; Makinde, A.A.; Fatihu,M.Y and Dashe, G.Y. 

(2010) Bacteria Associated with Pathology of Bovine 

Dermatophilosis in North Central Nigeria  Medw. J. 3(1): 4-

8. 

Dashtseren, T; Solovyev, B.V.; Varejka, F. and Khokhoo, A. (1984): 

Camel contagious ecthyma (pustular dermatitis). Acta 

Virologica. 28:122-127. 

Dhirendra, M. (2016): Molecular typing ofcoa, spa, hla, cap (cap5 and 

cap8) genes polymorphism in staphylococcus aureus isolated 

from skin wounds of camel. M.V.Sc Thesis submitted to 

Rajasthan University of veterinary and Animal Science, 

Bikaner India. 

Dioli, M. and Stimmelmayr, H.J. (1992): The one-humped camel (Camelus 

dromedarius) in eastern Africa. A pictorial guide to disease, 

health care  and management. P. 212 – 213. 

http://scialert.net/asci/author.php?author=J.S.&last=Dalis
http://scialert.net/asci/author.php?author=H.M.&last=Kazeem
http://scialert.net/asci/author.php?author=A.A.&last=Makinde
http://scialert.net/asci/author.php?author=M.Y.&last=Fatihu
http://scialert.net/asci/author.php?author=G.Y.&last=Dashe


58 
 

Domenech, J.; Gliidot, G. and Richard, D. (1977): Pyogenic diseases of 

dromedaries in Ethiopia. Rev. Elev. Med. et. Pays.Trop. 30 (3): 

251- 258. 

Edelsten, R.M. and Pegram, R.G (1974): Contagious skin necrosis of 

Somali camels associated with staphylococcus. Trop. Anim. 

Hlth.Prod. 6: 255-256. (Cited from Vet. Bull. 45: Abst. 1547). 

El-Seedy, F.R.; Ismail,M.; El-Sayed, Z.; Enany, M.E. and Abdel-Ghani, 

M.(1990): Bacterial species implicated in fistulus wither 

affecting one humped camels in Egypt. J. Egypt Med. Ass. 

50:81-92. 

FAOSTAT (2011): A statistical report from FAO. 

Faulkner. (1978): The future of the camel. Paper prepared for 

discussion at the conference of Minister of Agriculture of the 

Gulf States and Arabian Peninsula. 

Foster, A.P. (2012): Staphylococcal skin disease in livestock. Vet. 

Dermatol.  23(4):342-51. 

Gahlot, A.K. (2007): Camels of Rajasthan–A journey from Ganga 

Risala to Rajasthan canals and beyond. Camel conference–

book: International camel conference, 16–17 February, 2007. 

College of Veterinary and Animal Science, Rajasthan 

Agricultural University, Bikaner, Rajasthan state, India. 

Habib,F.; Rind. R.; Durani, N.; Bhutto, A.L.;  Buriro, R.S.; Tunio, A.; 

Aijaz,N.;  Lakho , S.A.; Bugti, A.G. and Shoaib,M. (2015): 

Morphological and Cultural Characterization of Staphylococcus 

aureus Isolated from Different Animal Species . J. Appl. 

Environ. Biol. Sci.  5(2):15-26. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Foster%20AP%5BAuthor%5D&cauthor=true&cauthor_uid=22823580
https://www.ncbi.nlm.nih.gov/pubmed/22823580
https://www.ncbi.nlm.nih.gov/pubmed/22823580


59 
 

 Hamed, M.I. and Ellah, M.R.A. (2012): Effect of Contagious skin 

necrosis and Trypanosomosis on Health Status of camels. J. 

Ani.   Vet.  Adv. 11(2):284-288. 

Hanaa, A. El-Hallawany, M.A. Saad and Rabab, M. Kadry (2011): 

Histopathological and microbiological Studieson the Teat 

Affections in She-CamelGlobal Veterinaria 7 (2) : 129-137. 

 Hassaneen,T.K.; Hamounda, R.H.;Hala, A. Salem. and Jehan, 

A.Gafer.(2015): Pathomolecular studies on Staphylococcus 

species and pox virus causing skin lesions in teat and udder 

Dromedary she-Camels. Al. J. Vet. Sci. 47:78-89. 

Hassuny, A.A. (2014): Detection of Virulence Factors hla and hlb of 

Staphylococcus aureus using PCR Technique, Med. J. 

Babylon. 11 ( 4). 

Haveri, M.; Roslof, A.; Rantala, F.; and Pyorala, S. (2007): Virulence 

genes of bovine Staphylococcus aureus from persistent and 

nonpersistent intramammary infections with different clinical 

characteristics. J.App.Micro. 103 (4): 993–1000. 

Hazarika, R.A.; Mahanta, P.N. and Mukit, A. (1991): Experimental 

staphylococcal dermatitis in rabbits. Ind.  J. Vet. Path.15: 39-

40. 

Higgins, A. (1986): The camel in health and disease. Bailliere Tindall, 

London 

HMSO (Her Majesty’s Service Office, 1956): In animal management. 

London. 286.  

Hopkirk, P. (1980): Foreign Devils on the Silk Road. London John 

Murrey.12: 150. 



60 
 

Indian livestock census (2012): 19th Indian Livestock Census, All India 

Summary report. GoI. 

Inoshima, I.: Inoshima, N.: Wilke, G.: Powers, M.: Frank, K.: Wang, 

Y.and Wardenburg, J. B. (2011): A Staphylococcus aureus 

Pore-Forming Toxin Subverts the Activity of ADAM10 to Cause 

Lethal Infection. Nat. Med. 17(10): 1310–1314.  

Ismail, M.; Enany, M.; EL - Seedy, M.R. and shouman, M .T. (1985): 

odematous skin disease of camel in EL -Sharkia Gevernorate; 

Proc. Frst Int. Conf. Appl. Sci. Zagazig, Egypt. 

Ismail, M.; Ezzat, M.; El-Jakee, J.; El-Sayed, Z.E. and Abd El-Rahman, 

M. (1990): Microorganisms associated with closed abscesses 

of camels in Egypt. Vet. Med. J. Giza 38:53-62. 

Jones, T.C.; Hunt, R.D. and Norval, W. (1996): Veterinary Pathology 

6th edn. Lea and Febiger, Philadelphia.  

Joshi R. (2013): Interface dermatitis. Ind.J. Dermat. Ven. Leprol.  

79:349-59. 

Jubb, K. V. F.; Kennedy, P. C. and Palmer, N. (2015): Pathology of 

Domestic Animals.6th Edn. Academic press,Inc. London, U.K. 

Kaaden, O. R. and Wernery, U. (1995): Infectious diseases of 

camelids. Blackwell Wissen  Schafts-Verlog, Berlin. 

Kalka-Moll, W. M.; Lee, J. C.; Fabri, M. and Seifert, H. (2008): 

Intrafamilial outbreak of subcutaneous abscesses caused by 

PVL-positive methicillin-sensitive Staphylococcus aureus. J 

Infect. 57(3):278-280. 

Kataria, A. K. (1999): Molecular characterization and immunobiology of 

camel serum and lacteal immunoglobulins classes and sub – 



61 
 

classes and their role in immunity. Ph.D. thesis, submitted to 

Rajasthan Agricultural University, Bikaner. 

Kennedy, A. D., Wardenburg, J. B., Gardner, D. J., Long, D., Whitney, 

A. R., Braughton, K.R. and DeLeo, F. R.(2010): Targeting of 

alpha-hemolysin by active or passive immunization decreases 

severity of USA300 skin infections in a mouse model.  J. Inf. 

Diss. 202(7): 1050–1058.  

Khalafalla, A.I (1998): Common skin diseases of camel in Sudan. 

Proceeding of International Seminar on Camel Applied 

Research and Development 10-11th August, Bikaner 

(Rajasthan). 

Khanna, R. (2002): Pathology of skin lesions in dogs. Ph.D. Thesis, 

Rajasthan Agric. Univ. Bikaner (Rajasthan). 

Knoess, K. M. (1977): World animal review. 22:39. 

Kobayashi, S. D.; Malachowa, N. and Deleo, F.R. (2015): 

Pathogenesis of Staphylococcus auerus Abscesses. Am.J 

Pathol.185 (6):1518-1527. 

Kouba, V. (1964): Animal disease problem in the Mongolian People’s 

Republic, vet 14:387-391 (cited from vet. Bull.1965, 35 (2): 

702). 

 Koutinas, A.F.; Saridomichelakis, M. N.; Argyroudis, S.; Koutinas, C. 

K.; Karatzanos, P. and Giadinis, N. (2007): Clinical, 

histopathological and therapeutic considerations in a flock of 

sheep with facial staphylococcal - associated dermatitis. In: 

Vet. Drmt.18 (4): 211–216.  

Krick, S.A. and Scott, D.W. (1989): Bacterial folliculitis, furunculosis 

and cellulites in German shepherd dog; a retrospective 



62 
 

analysis of 17 cases. J. Amer. Ani. Hospi. Ass. 25:23-30. (Vet. 

Bull.67:3507). 

Kriz, B. (1982): A study of camel pox in Somalia. J. Comp. Path. 92. 

Le Loir, Y.; Baron, F. and Gautier, M. (2003): Staphylococcus aureus 

and Food Poisoning. Genet. Mol. Res. 2(1): 63-76.  

Leese, A.S. (1927): A Treatise on One Humped Camel in Health and 

Disease. Haynes and Son, Maiden Lane, Stamford,  

Lincolshire, U.K. 

Lillie, R.D. (1965): Histopathological technique and practical 

histochemistry. Mc-Graw Hill Book Co. New York and Landon.  

 Mathur, M.; Dadhich, H.;  Khare, S.; Singh, A. P.; Meena, D. S.(2012): 

Pathlogical and hemato-biochemical observations of 

perifolliculitis, folliculitis and furunculosis in camel (Camelus 

dromedarius).  Vet.  Pract. 13 (2):232-233.  

Mehta, S.C.; Bithu, H.K.; Poonia, S.R. and Sahani, M.S. (2002): 

Disease profile of jaisalmeri camel in the breeding tract. Vet. 

Prac.3 (2): 116-119. 

Mohmed, G.E.; Abu-Samra, M. T. and Musa, B. E. (1990): The status 

Mustafa of dromedaries and bacterian Mustafa University of 

Khartoum, Sudan.  

Molne, L. and Tarkowski, A. (2000): An Experimental Model of 

Cutaneous Infection Induced by Superantigen - 

Producing Staphylococcus aureus. J. Invt Dermt. 114(6) : 

1120–1125 

Monecke, S.; Elke, M. l.; Joseph, B. C.; Bettina, S.; Ralf, E. (2014): 

Staphylococcus aureus In Vitro Secretion of Alpha Toxin (hla) 

https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Manisha+Mathur%22
https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Hemant+Dadhich%22
https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Sandeep+Khare%22
https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Singh%2c+A.+P.%22
https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Meena%2c+D.+S.%22
https://www.cabdirect.org/cabdirect/search/?q=do%3a%22Veterinary+Practitioner%22
http://www.sciencedirect.com/science/journal/0022202X
http://www.sciencedirect.com/science/journal/0022202X/114/6


63 
 

correlates with the Affiliation to Clonal Complexes. PLOS 

ONE.9(6): 1-8. 

Munz, E. (1992): Pox and pox like diseases in camel. Proceedings of 

the First International Camel Conference, 2nd -6th February 

1992, Dubai, U.A.E. 43-46. 

Nachimuttu, K.; Ramadas, P.; Thiagarajan, V.; Dhinakar, Raj.G. and 

Kumanam, K .(2001) : Laboratory manual on Polymerase 

chain reaction based methods for diagnosis. A workshop 

sponsored by NATP at Tamil Nadu Veterinary and Animal 

Science University from 21.02.2001 to 07.03.2001.5-13. 

Nagai, F.; Ota H.; Fujimoto, K.; Abe, H.; Munakata, T.; Abe, T.; 

Tanaka, M.; Ito, A.; Yamamoto, Y.; Ando, T.; Koiwa, M.; 

Taniyama, H.; Kikvchi, N. and Kusaba, N. (2000): [Mass 

outbreak of verrucous dermatitis and digital papillomatosis 

caused by Treponema-like spirochaetes in dairy cattle]. J. Jap. 

Vet. Med. Asso.53 (9): 577-581.(Cited by Vet. Bull. 200, 71(2), 

1253) 

Nagase, N.A.; Shimizu, J. K.; Yamashita, H. k.; Ishimara, Y.M. and 

Kawamo, A. (2002): characterisation of staphylococcus aureus 

strains isolated from Bovine mastitis in japan. J.Vet .Med. Sci. 

64: 1169-1172.  

 Narnaware, S. D.; Nagarajan, G.; Dahiya, S. S.; Sivakumar, G. Tuteja, 

F.C. and Patil, N.V. (2013): Chronological classification of 

pathomorphological lesions in dromedary contagious ecthyma   

infection.  J. Camel Pract. Res .20 (1):  87-92 

Nesbitt, G.H. (1983): Canine and Feline Dermatology: A systematic 

approach. Lea &  Febiger, Philadelphia. 



64 
 

Nguhiu-Mwangi, J. A.; Mbithi, M.F. and Mbiuki, S.M. (1991) : Necrosis 

and sloughing of skin associated with limb cellulites in four 

cows and a calf predisposing causes treatment and prognosis.  

Vet. Rec. 129: 192-195. 

Nicholls, T.J. and Rubria, R.J. (1981): Staphylococcal dermatitis and 

Mastitis. Aust. Vet. J. 57: 54-55. 

Nothelfer, H.B.; Wernery, U. and Akbar, j. (1994): Acral dry gangrene in 

a camel calf (Camelus dromedaries). J. Camel Pract. & Res. 

1(2):83-84. 

NRCC, VISION 2030:  NRCC 2011 report. 11.  

Ogilvie, R.F. (1957): Pathological histology. E&S Livingston Ltd. 

Edinburgh and London.5: 445-447.  

Oryan,    A., Ghane, M. and Ahmadi, N. (2010): Erythema multiforme 

and its clinicopathological disorders in a horse. Comp Clin 

Pathol. 19(2): 179-184. 

Pasricha, J.S and Gupta, R. (1999): Illustrated text book of 

dermatology. Jaypee Brothers, Medical Publishers (Ltd.), 

New Delhi. 

Peck, E.F. (1939): Salt intake in relation to cutaneous necrosis and 

arthritis of one Humped camel (Camelus dromedaries) in 

British Somalia. Vet. Rec. 51: 1355-1360. 

Powers, M.E.; Kim, H.K.; Wang, Y. and Wardenburg, J.B. (2012): 

ADAM10 Mediates Vascular Injury Induced by Staphylococcus 

aureus α-Hemolysin. J. Inf. Diss. 206(3):352-356.  

 Psalla,D.; Rufenacht, S.; Michael, H.; Stoffel, C.;  Chiers, K.;  

Gaschen, V.;  Doherr, M.G.;  Gerber, V. and   Welle, D M.M. 



65 
 

(2013): Equine pastern vasculitis. A clinical and 

histopathological study. The.  Vet.  J. 198: 524–530 

Pullen, R.L. (1950): Communicable diseases. Lea & Febiger,  

Philadelphia. 

Quinn, P. J.; Carter, M. E.; Markey, B. K. and Carter, G. R. (1994): 

Clinical Veterinary Microbiology. Wolfe Publishing, Mosby-

Year Book Europe Ltd. 

Quinn, P.J.; Carter, M.; Dnnelly, C.J. and Leonard, C.F. (2002): 

Veterinary Microbiology and Microbial diseases. 1st Ed, Great 

Britain, Blackwell science, London.21-218. 

Qureshi, S. (2002): Bacterial Microflora Associated with skin wounds 

and abscesses in camel (Camelus dromedarius). M.V.Sc. 

Thesis submitted to Raj. Agri. Univ., Bikaner, Rajasthan, India. 

Qureshi, S.; Kataria, A. K. and Gahlot T. K. (2002) Bacterial microflora 

associated with wounds and abscesses on camel (Camelus 

dromedarius) Skin.  J. Camel. Pract .Res. 9: (2) 129 -134. 

Qureshi, S.D. and Kataria, A.K. (2012): Biotyping of Staphylococcus 

aureus of camel (Camelus dromedarius) origin. Rumt. Sci. 

1(1): 2325. 

Rathore, P. (2012): Polymorphism in coa and spa genes in 

Staphylococcus aureus isolated from skin wounds in 

dromedary camel. M.V.Sc. Thesis submitted to RAJUVAS, 

Bikaner, Rajasthan. 

Rathore, P. and Kataria, A. K. (2012): Antimicrobial susceptibility 

profiling of Staphylococcus aureus of camel (Camelus 

dromedarius) skin origin. ABAH Bioflux. 4 (2): 47-52. 



66 
 

Rollefson, k.; Mundy, P. and Mathias, E.(2001): Skin Problems. In: A 

Field Manual of Camel Diseases; Traditional and Modern 

Health Care for the Dromedary, Mundy, P., I. Kohler- Rollefson 

and E, Mathias (Eds). ITDG Publishing, UK. 69-98. 

Rook, A.; Wilkinson, D.S and Ebling, F.J.G. (1987): Disease of skin 

Oxford University Press, Bombay. 

Rutter, T.E.G. and Mack, R. (1963): Diseases of camels. Part I: 

Bacterial and Fungal Diseases. Vet. Bull. 33: 119-124. 

 Salasia, O.S.I.; Ariyanti, T. N. and   Prabawati, F. (2011): Genotypic 

characterization of Staphylococcus aureus isolated from 

bovines, humans, and food in Indonesia. J. Vet.Sci. 12(4): 

353–361. 

Sarmah, R.; Mahanta, P.N.; Dutta, G.N. and Chakrabarty, A. (1998): 

Experimental staphylococcal dermatitis in goats. Ind. J. Vet. 

Path.  22: 65-66. 

 Schwan, W.R.; Langhorne, M.H.; Ritchie, H. D. and   Stover, C. 

(2003): Loss of hemolysin expression in Staphylococcus 

aureus agr mutants correlates with selective survival during 

mixed infections in murine abscesses and wounds. FEMS 

Immunology and Medical Microbiology.  38: 23-28. 

Scott, D.W.; Miller, W.H. and Griffin, C.E. (1995): Muller & Kirk's small 

Animal Dermatology, 5th edn, WB Saunders, Philadelphia. 

Semushkin, N.R. (1968): Diagnosis of camel disease Sel’Khozgiz 

Moscow. 

Sharma, S.K.; Mehta, S.C. and Kataria, A.K. (2016): Capsular Typing 

of S. aureus Isolates from camel and other domestic animals 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Salasia%20SI%5BAuthor%5D&cauthor=true&cauthor_uid=22127020
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ariyanti%20D%5BAuthor%5D&cauthor=true&cauthor_uid=22127020
https://www.ncbi.nlm.nih.gov/pubmed/?term=Prabawati%20F%5BAuthor%5D&cauthor=true&cauthor_uid=22127020
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3232395/


67 
 

using duplex polymerase chain reaction. Journal of Camel 

practice and Research. 23(1):81-84 

Singh, R.S.; Kumar, R. and Yadav, B.R. (2011): Distribution of 

pathogenic factors in Staphylococcus aureus strains isolated 

from intra-mammary infections in cattle and buffaloes. Ind. J.  

Biotec. 10: 410-416. 

Solanki, S. (2004): Biochemical characterization and RAPD 

fingerprinting of S. aureus associated with skin wound and 

abscesses in camel. M.V.Sc. Thesis submitted to RAU, 

Bikaner.  

Song, L.; Hobaugh, M.R.; Shustak, C.; Cheley, S.; Bayley, 

H.and Gouaux, J.E.(1996): Structure of staphylococcal alpha-

hemolysin, a heptameric transmembrane pore. Science. 

274(5294):1859-66. 

Soong, G.; Chun, J.; Parker, D. and Prince, A.( 2012) : Staphylococcus 

aureus activation of caspase 1/calpain signaling mediates 

invasion through human keratinocytes. J Infect Dis 205:  

1571–1579. 

Steinig, E. J.; Patiyan, A.; Simon, R. H.; Derek, S. S.; Anand, M.; Paul, 

C., et al. (2015): Single-molecule sequencing reveals the 

molecular basis of multidrug-resistance in ST772 methicillin 

resistant Staphylococcus aureus. BMC Genomics 16(388): 

1599-1609.  

Straub, J.A.; Hertel, C. and Hammes, W.P. (1999): A 23S rRNA target 

polymerase chain reaction based system for detection of 

Staphylococcus aureus in meat starter cultures and dairy 

products. Journal of Food Protection 62(10):1150-1156. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Song%20L%5BAuthor%5D&cauthor=true&cauthor_uid=8943190
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hobaugh%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=8943190
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shustak%20C%5BAuthor%5D&cauthor=true&cauthor_uid=8943190
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cheley%20S%5BAuthor%5D&cauthor=true&cauthor_uid=8943190
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bayley%20H%5BAuthor%5D&cauthor=true&cauthor_uid=8943190
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bayley%20H%5BAuthor%5D&cauthor=true&cauthor_uid=8943190
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gouaux%20JE%5BAuthor%5D&cauthor=true&cauthor_uid=8943190


68 
 

 Sun, J.L.; Zhang, S.K.; Chen, X. X.; Chen, J. Y. and Han, B.Z.(2012): 

Growth properties of Staphylococcus aureus in bio film formed 

on polystyrene plate. A. J. Micro. Res. 6 (13) pp: 3284-3291. 

Sweet, L.E. (1965): Camel pastoralism in North Arabia. In: Man, 

Culture and Animals. Edited by A. Leeds & A.P. Vayda. AAAS 

Washington, D.C. 129-152. 

Tadesse, A.and Molla. (2002): Study on skin lesion of camel (Camelus 

dromedarius) associated with bacterial pathogens in North-

Eastern Ethopia. J. Camel Pract. Res. 9(1):37-41. 

Terada, M.; Tsutsui, H.; Imai, Y.; Yasuda,K.;  Mizutani,H.;  

Yamanishi,K.;  Kubo, M.; Matsui,K.;  Sano,H. and Nakanishi, 

K. (2006): Contribution of IL-18 to atopic-dermatitis-like skin 

inflammation induced by Staphylococcus aureus product in 

mice. PNAS 103 (23):8816–8821. 

THE HINDU (2014): Camel made Rajasthan State animal. July2. 4  

(194).  

Tiwari, R.; Yadav, S.K.; Singh, S. and Gangwar, N.K. (2015): Bacterial 

etiology of skin and wound infections along with antibiogram 

profiling in reference to emerging antibiotic resistance in 

animals. Adv. Anim. Vet. Sci. 3(5): 259-268. 

Tkaczyk, C.; Hamilton, M.M; Datta, V.; Yang, X.P. and Hilliard, J.J. et 

al. (2013): staphylococcus  aureus Alpha Toxin Suppresses 

Effective Innate and Adaptive Immune Responses in Murine 

Dermonecrosis Model. PLos ONE 8(10) 

Usta, G.H.; Gahlot, T.K. and Bihani, D.K. (1997): Fine art on camel 

hide models. J. Camel. Pract. Res. 4: 70. 



69 
 

 Valarmathi, S.; Pandian,M.R. and  Senthilkumar,B.(2013): Incidence 

and screening of wound infection causing microorganisms. J. 

Acad. Indus. Res. 1(8):508-510. 

Veen, T.W.S. Van and Branes, H.J (1978): Observation on an 

esoinophilic cutaneous ulcer of large ruminants in northern 

Nigeria. Revued’ Elevage. Et de Med. Vet des Pays Tropicaux. 

31: 183-186. 

Viana, D.; Selva, L.; Callanan, J.J.; Segura, P. and Corpa, J.M.(2008): 

The Spectrum Of Pathology Associated With Natural Chronic 

Staphylococcal Mastitis In Rabbits 9th World Rabbit Congress 

– June 10-13, 2008 – Verona – Italy 

Wernery, U. (1999): New aspects on infectious diseases of camelids. 

J.camel  Pract.Res. 6(1):87-91. 

Wernery, U. (2000): Infectious diseases of dromedary camel. In : 

Selected topics on camelids. Gahlot, T.K.(Edit.). The camelid 

publishers, Bikaner, India.184-254.  

Wilki, G.A. and Wardenburg, J.B. (2010): Role of a disintegrin and 

metalloprotease 10 in Staphylococcus aureus alpha-

hemolysin-mediated cellular injury. Proc. Natl. Acad. Sci. USA. 

107:13473–13478. 

Yadav, M. S.; Singh, V. P. and Pathak, R. C. (1971): Some studies on 

staphylococci from bovine udder. B. Pathogenicity, Agra Univ. 

J. of Res., 20 Pt. III, 13-18 (Cited by Vet. Bull. 43: 4380). 

Yadav, R.; Sharma, S. K.; Yadav, J.; Bhati, T. and Kataria, A. K. 

(2015): Phenotypic and genotypic haemolysin properties of 

Staphylococcus aureus obtained from milk of cattle and buffalo 

with clinical mastitis. J. P. App. Micro. 9 (1): 349-355 



70 
 

Yager, J. A. and Scott, D.W. (1993): The skin and appendages: In 

pathology of Domestic Animal 4th edn.Vol. I ed. By Jubb, 

K.V.F.; Kennedy, P.C. and Palmer, N. (1993): Academic 

Press, New Yorks. 

Yagil, R. (2000): Lactation in the desert camel (Camelus dromedarius). 

In: Selected topics on camelids. Gahlot, T.K. (Ed.). The 

camelid Publishers, Bikaner, India. 51-60. 

Yagoub, S.O and Mohamed, G.E. (1996): Incidence, clinical 

observation and aetiology of contagious skin necrosis in 

camels (Camelus dromedarius) in the Sudan. J. Camel Pract. 

Res. 3: 95-98. 

Yeruham, I.; Elad.; Perl, S.; Nyska, A. and Vishinesky, Y.(1996): 

Cantagious impetigo in a dairy cattle herd. Vet. Dermato.7: 

239-242. 

Yu, F.; Liu, Y.; Lu, J.; Qi, X.; Lu, C.; Ding, Y.; Li, D.; Liu, H.; Wang, 

L.(2015): Antimicrobial susceptibility, virulence determinant 

carriage and molecular characteristics of Staphylococcus 

aureus isolates associated with skin and soft tissue infections. 

Braz. J. Infec. Dise. 19 (6): 614-622. 

Zaitoun, A.M.; Ali, H.S. and El-Ghaffae, S.K.(2000): Studies on camel 

pox in Assuit Government, Egypt. Assuit. Vet. Med. J. 

43(85):140-158.  



PATHOLOGICAL CHANGES IN SKIN LESIONS OF 
CAMEL (Camelus dromedarius) IN RELATION TO 

Staphylococcus aureus INFECTION 

 

DEPARTMENT OF VETERINARY PATHOLOGY 
COLLEGE OF VETERINARY AND ANIMAL SCIENCE, BIKANER 

RAJASTHAN UNIVERSITY OF VETERINARY AND ANIMAL SCIENCES, 
BIKANER 

            
Submitted by:                                     Chandra Pratap Singh 
Advisor:                                               Dr. Manisha Mathur 
                                  

ABSTRACT 

In the present study, a total of 95 skin samples were collected from 
various district of Rajasthan. Out of 95 skin samples, 67 samples were 
positive for dermatitis and 49 samples showed presence of different Gram’s 
positive bacteria after growth on Mannitol salt agar medium. Out of 49 Gram’s 
positive bacteria, only 30 (61.22 per cent) isolates could be confirmed as S. 
aureus through 23rRNA based ribotyping with an amplicon of 1250 bp. All the 
confirmed 30 S. aureus isolates from camel were subjected to PCR 
amplification of   hla haemolytic and dermonecrotic gene. In our finding of the 
30 isolates, 28(93.33 per cent) produced amplicons of 534 bp and had hla 
gene, 02 isolates were negative for hla gene.  

Pathological studies revealed dermatitis in 67 (70.52 per cent) cases. 
Various form of dermatitis were observed viz. Perivascular dermatitis (11.94 
per cent), Interface dermatitis (7.46 per cent), Vasculitis (4.47 per cent), 
Nodular dermatitis (4.47 per cent), Diffuse dermatitis (8.95 per cent), 
Intraepidermal vesicular and pustular dermatitis (11.94 per 
cent),Subepidermal vesicular and pustular dermatitis (10.44 per cent), 
Panniculitis (5.9 per cent), Perifolliculitis, folliculitis and furunculosis (14.92 per 
cent), Ulcerative dermatitis (5.97 per cent), Interstitial dermatitis (4.47 per 
cent), Seborrheic (2.98 per cent), Fibrosing dermatitis (5.97 per cent). 

 In present study, camels were found more prone to perifolliculitis, 
folliculitis and furunculosis followed by intraepidermal vesicular and pustular 
dermatitis, perivascular dermatitis.  

Histopathologically, hla gene positive S. aureus revealed severe 
necrosis in skin and muscles, minimal inflammatory infiltrate, absence or mild 
formation of granulation tissue and severe extent of lesions where as  mild 
and moderate extent of lesions, no tissue damage, more infiltration of 
inflammatory cells and more granulation tissue was observed in tissues 
infected with hla negative S. aureus .  



Å¡Vksa ¼dsfeyl MªksesfMfjvl½ esa Roph; fod`fr;ksa dk 

LVsQkbyksdksdl vkfj;l laØe.k ls lacaf/kr O;kf/kdh; ifjorZu   

i'kq O;kf/kdh foHkkx  

i'kq fpfdRlk ,oa i'kqfoKku egkfo|ky;] chdkusj  

jktLFkku i'kq fpfdRlk ,oa i'kqfoKku fo'ofo|ky;] chdkusjA  

 

miLFkkiu %                 pUnz izrki flag  

mikns"Vk %                 MkW- euh"kk ekFkqj  

vuq{ksi.k 

 orZeku v/;;u esa jktLFkku ds fofHkUu ftyksa ls 95 Roph; uewus ,df=r dj 

mudk v/;;u fd;k x;kA 95 Roph; uewuksa esa ls 67 uewus Rod~'kks/k ds fy, ldkjkRed Fks 

rFkk 49 uewuksa esa esuhVky lkWYV vxkj ij lao/kZu ds i'pkr~ fofHkUu xzke ikWftfVo 

ckWfDVfj;k¡ dh mifLFkfr ns[kh xbZA bu 49 xzke ikftfVo cSfDVfj;k¡ esa ls 23 ,l-vkj-vkj-

,u-,u- ds ek/';e ls ek= 30 ¼61-22%½ ,l- vkWfj;l vkblksysV~l dh iq"Vh dh xbZ tks 

1250 ch-ih- ds ,d ,EiyhdkWu jkbcksVkbfiax ij vk/kkfjr gsA Å¡Vksa ls vyx fd;s x, lHkh 

30 ,l- vkWfj;l dh iq"Vh ihlhvkj izo/kZu tks fd ,p-,y-,- jDr layk;h o Rod~xyd thu 

ij vk/kk'fjr Fkk] ls dh xbZA izLrqr vUos"k.k esa 30 vkWblksysV~l esa ls 28 ¼93-33%½ ls 534 

ch-ih- ds ,EihdkWu izkIr gq, rFkk 2 vkjblkWysV~l ,p-,y-,- thu ds fy, udkjkRed ik, 

x,A  

 O;kf/kdh; v/;;u ls Rod~'kks/k ¼70-52%½ ik;k x;kA Rod~'kks/k ds fofHkUu :i ns[ks 

x;s tSls fd ckã okfgU; 'kks/k ¼11-94%½] baVldsl Rod~'kks/k ¼7-46%½] okfgU; 'kks/k ¼4-47%½] 

xzUFkke; Rod~'kks/k ¼4-47%½] izLrqr Rod~'kks/k ¼8-95%½] pekZX;Urj iqfVdkiu ,oa fiM+dh ¼11-

94%½] v/k% Roph; iqfVdkiu ,oa fiM+dh ¼10-44%½] isuhdqykbfVl ¼5-97%½] ckãk L;kfudk 

nksp] L;wfudk nks"k ,oa Qqju dqyksfll ¼14-92%½] oz.kh; Rod~'kks/k ¼5-97%½] vUr'kkyh; 

Rod~'kks/k ¼4-47%½] Rod~Lusgh&L=ko Rod~'kks/k ¼2-98%½] rRiq:tk Rod~'kks/k ¼5-97%½ ik;s x;sA  

 izLrqr v/;;u esas Å¡Vks esa izeq[k :i ls ckã L;wfudk nks"k] L;wfudk nks"k ,oa Qqju 

dqyksfll blds i'pkr~ pekZX;Urj ifVdkiu ,oa fiM+dh] ckã okfgU; Rod~'kks/k ik, x,A  

 Ård O;kf/kdh; ,p-,y-,- thu ldkjkRed ,l-vkfj;l esa Ropk o Ekk¡lisf'k;k dk 

xaHkhj ifjxyu] de ls de lwtu ?kqliSB] vHkko ;k nkusnkj Ård ds gYds xBu] ?kkoksa dk 

xaHkhj foLrkj tcfd ,p-,y-,- thu udkjkRed ,l- vkfj;l esa ?kkoksa dk gYdk o e/;;e 

foLrkj] Årdksa esa dksbZ uqdlku ugha] 'kks/k dksf'kdkvksa vkSj vf/kd nkusnkj Ård dh vf/kd 

?kqliSB ns[kk x;kA     



Fig. 1 Photograph showing various type of dermatitis in camels. 

Fig. 2 Photograph of Camel having dermatitis showing erythematous patches and plaques on the legs 

 

Fig. 3 Microphotograph of skin having perivascular dermatitis showing polymorphonuclear 
and mononuclear infiltration around the blood vessel. H&E 100X. 
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Fig.4 Microphotograph of skin having perivascular dermatitis showing 

polymorphonuclear and mononuclear infiltration around the blood 
vessel. H&E 200X. 

 
Fig.5 Microphotograph of skin having perivascular dermatitis showing 

polymorphonuclear and mononuclear infiltration around the blood 
vessel. H&E 200X. 

 

 
 Fig.6  Microphotograph of skin having perivascular dermatitis showing epidermal 
   hyperplasia and hyperkeratosis. H&E 100X. 



 

Fig.7   Microphotograph of skin having perivascular dermatitis showing  
 newly formed blood vessels surrounded by inflammatory infiltration. H&E 100X. 

 

Fig .8 Microphotograph of skin having perivascular dermatitis showing epidermal  
      hyperplasia typified by marked rete ridge formation. H&E 100X. 

 
Fig.9 Microphotograph of skin having interface dermatitis showing hydropic 

degeneration in basal epidermal cell with cellular infiltration. H&E 100X. 



 

Fig.10 Microphotograph of skin having interface dermatitis showing parakeratosis and 

infiltration of lymphocytes. H&E 400X. 

 

Fig.11 Microphotograph of skin having vasculitis showing inflammatory infiltration around 
blood vessels along with RBC’s and haemorrhages at places. H&E 100X. 

Fig.12   Microphotograph of skin having vasculitis showing focal necrosis and 
 inflammatory infiltration around blood vessels along with RBC’s and   
 haemorrhages at places. H&E 100X. 



 

Fig. 13 Photograph of a camel having dermatitis showing firm of nodule of skin. 

 

Fig.14 Microphotograph of skin having nodular dermatitis showing nodules of 
inflammatory cells predominantly of mononuclear in dermis. H&E 100X. 

 

Fig. 15 Microphotograph of skin having nodular dermatitis showing discrete cluster 
having neutrophils, histocytes and eosinophils in the dermis. H&E 100X. 

 

 



 

Fig.16 Microphotograph of skin having nodular dermatitis showing discrete cluster 
having neutrophils, histocytes and eosinophils in the dermis. H&E 200X. 

 

Fig. 17 Microphotograph of skin having diffuse dermatitis showing diffusely spread 
inflammatory infiltration in the dermis. H& E 100X. 

 

Fig.18 Microphotograph of skin having diffuse dermatitis showing neutrophils and 
eosinophils in the dermis. H&E 400X. 



 

Fig.19 Microphotograph of skin having intraepidermal vesicular and pustular 
dermatitis showing degenerated inflammatory cells in the vesicles. H&E 
200X. 

 

Fig.20 Microphotograph of skin having intraepidermal vesicular and pustular   
dermatitis showing degenerated inflammatory cells in the vesicles.H&E 400X. 

 

Fig. 21 Microphotograph of skin having subepidermal pustular dermatitis showing 
severe cellular infiltration. H&E 100X. 



 

Fig.22 Microphotograph showing areas of panniculitis along with cellular infiltration 
predominantly of neutrophils and macrophages. H&E 100X. 

 

Fig.23 Microphotograph showing areas of panniculitis along with cellular infiltration 
predominantly of neutrophils and macrophages. H&E 200X. 

 

Fig.24 Microphotograph of panniculitis showing RBC’s along with inflammatory 
infiltration and necrotic debris. H&E 200 X. 



 

Fig.25  Photograph of a camel showing wide spread alopecia. 

 

Fig.26 Microphotograph of skin having perifolliculitis and luminal folliculitis showing 
inflammatory infiltration of neutrophils, lymphocytes around the wall and 
lumen of follicle. H&E 100X. 

 

Fig.27 Microphotograph of skin having folliculitis showing inflammatory infiltration of 
neutrophils and melanin pigment in the wall of follicle. H&E 100X. 

 



 

Fig.28 Microphotograph of skin having luminal folliculitis showing inflammatory 
cells in lumen of follicle. H&E 100X. 

 

Fig.29 Microphotograph of skin having folliculitis showing inflammatory cells in 
lumen of follicle. H&E 200X. 

 

Fig.30 Microphotograph of skin having folliculitis showing inflammatory cells in 
lumen of follicle. H&E 400X. 



 

Fig.31 Microphotograph of skin having folliculitis showing granulomatous 
inflammation with marked neutrophilic infiltration in the follicle. H&E 
100X. 

 

Fig.32  Microphotograph of skin having furunculosis showing destruction of 
follicular epithelium, inflammatory infiltration and predominantly of 
mononuclears. H&E 100X. 

 

Fig.33  Microphotograph of skin having furunculosis showing destruction of 
follicular epithelium, inflammatory infiltration, predominantly of 
mononuclears. H& E 200X. 



 

Fig.34 Photograph of a camel having ulcerative dermatitis showing brown 
crusts at the neck region. 

 

Fig.35 Microphotograph of skin having ulcerative dermatitis showing 

inflammatory exudate, haemorrhages and lymphocytic infiltration in 

the dermis. H&E 100X. 

 

Fig.36 Microphotograph of skin having ulcerative dermatitis showing epidermal 
hyperplasia and parakeratosis. H&E 200X. 



 

Fig.37 Microphotograph of skin having ulcerative dermatitis showing 
inflammatory exudates, haemorrhages and lymphocytic infiltration 
in the dermis. H&E 200X. 

 

Fig.38 Microphotograph of skin having interstitial dermatitis showing 
inflammatory infiltration between collagen bundles of dermis. H&E 
100X. 

 

Fig.39 Microphotograph of skin having interstitial dermatitis showing 
haemorrhages and infiltration of inflammatory cells in the interstitial 
spaces of dermis. H&E 200X. 



 

Fig.40 Microphotograph of skin having seborrheic dermatitis showing 
hyperkeratosis, thickening of epidermis with mononuclear infiltration 
in underlying dermis. H&E 100X. 

 

Fig.41 Microphotograph of skin having seborrheic dermatitis showing 
Hyperplasia of sebaceous glands. H&E 200X. 

 

Fig.42 Microphotograph of skin having seborrheic dermatitis showing 
hyperplasia of sebaceous glands. H&E 400X. 



 

Fig.43 Microphotograph of fibrosing dermatitis showing extensive fibrosis in 
dermis along with infiltration of lymphocytes. H&E 100X. 

 

Fig.44 Microphotograph of fibrosing dermatitis showing extensive fibrosis in 
dermis along with oedema and infiltration of lymphocytes. H&E 200X. 

 

Fig.45  Photograph  showing yellow colonies of S. aureus in Mannitol Salt 

Agar 



 

Fig.46 Photograph showing S. aureus grape cluster like morphology on Gram 
stain. 1000X. 

 

Fig.47 23SrRNA ribotypic of S.aureus obtained from camel skin lesions 

M-Molecular marker (250bp). 

 

Fig.48 23SrRNA ribotypic of S.aureus obtained from camel skin lesions 

M-Molecular marker (250bp). 



 

Fig.49  Agrose gel electrophoresis of amplicons of hla gene S.aureus isolates 

obtained from camel skin lesions M-Moleculer Marker (250bp). 

 

Fig.50 Agrose gel electrophoresis of amplicons of hla gene S. aureus isolates 
obtained from camel skin lesions M-Moleculer Marker (250bp). 

 

Fig.51 Photograph of a camel showing extent of lesion from hla positive S. 
aureus sample. 



 

 

Fig.52 Microphotograph of skin showing severe muscle necrosis.(hla 
positive)  H&E100X. 

 

Fig.53 Microphotograph of skin showing severe muscle necrosis.(hla 

positive) H&E 100X.  

 

Fig.54 Photograph of a camel showing extent of lesion from hla negative  S. 
aureus sample. 



 

 

 

Fig.55 Microphotograph of skin showing angiogenesis. (hla negative)  H&E 

100X. 

 

Fig.56 Microphotograph of skin showing extensive granulation tissue.(hla 

negative) H&E 100X. 


