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ABSTRACT

The objectives of this study were to determine the type and extent of damage and to
characterize gross and microscopic lesions as well as quality grading of processed skin
to crust stage. In this study 500 animals (350 sheep and sheep and 150 goats) were
examined for any skin problem from both ectoparasites controlled and non controlled
areas. Nine goats and 11 sheep with skin diseases were conveniently selected for
characterization of pathological lesions and evaluation of defect in the tannery and
quality grading. Ten goats and 10 sheep skins which apparently look normal were also
taken to tannery as controls. Out of the 500 animals examined for skin abnormalities 42
% were infested by lice, 15.7% by fleas, 18.57% by sheep ked, 2.5% ticks, 2% mange,
and 25% were infected by pox virus. Generally, the predominant gross pathologic lesions
were crusts, scabs, pit depression, alopecia nodules, lichenification, fissuring and
erythema. In pox infection lesions were macules, papules with central depression which
finally became gray (necrotic) lesion and developed to scabs. Histopathologically pox
lesions include acanthosis, parakeratosis and hyperkeratosis in the epidermis and the
dermis showed vasculitis, infiltration of inflammatory cells such as macrophages,
fibroblasts and histiocytes. Generally microscopic lesions induced by ectoparasites were
similar with little variation and includes parakeratotic, hyperkeratosis, and infiltration
with eosinophils. Perivascular with eosinophils, plasma cells, and lymphocytes
infiltrations. Different downgrades to leather quality due to various agents were observed
at tannery and this includes aesthetic appeal, poor grading and rejection of which 50%
were rejected, 15.4% categorized as grade 6, 19.2% as grade 5, and 11.5% as grades 1-4
category (annex.2). Ectoparasites were the major causes of down grading and rejection

followed by sheep and goat pox.

Key words: Ectoparasite, Crust, Goat, Inflammatory cells, Lesions, Sheep, Pox



1. INTRODUCTION

In Ethiopia, livestock is second major source of foreign currency through export of live
animals, meat, skins and hides. Skins from goats and sheep are important economic
products contributing for the largest share to the total and agricultural export
commodities (Ayele et al., 2003, FAO, 2005) followed by live animals. However in
recent years, this rank has been relegated to fifth level mainly because of rejection and
down grading by defects mainly due to infestation by external parasites (Bayou, 2005).
As farm damage is the greatest cause of downgrading, the farmer is the only person in a
position to make the change. Skin problems caused by ectoparasites such as mange mites,
lice, keds and ticks result in serious economic loss to smallholder farmers, the tanning
industry and the country as a whole. Similarly, other skin diseases such as
dermatophilosis, ring worm and lumpy skin disease significantly affect the general health
and the quality of hides and skin in these animals. They can result in mortality, decreased
production and reproduction, down grading and rejection of skins (Ayele et al., 2003,
Yacob et al., 2008, Part I). According to Kassa (1998), skin problems due to ectoparasites
cause 35% of sheep skin and 56% of goat skin rejection (Amsalu et al., 2000).

Even though small ruminants are important components of Ethiopian farming system,
their contribution to food production and export income are far below the expected
potential. This is because small ruminant production in Ethiopia is constrained by the
compound effects of diseases, poor feeding and poor managements (Getachew, 1995).
The existence of various skin disease affecting small ruminants are frequently reported
from different parts of Ethiopia to cause substantial economic losses by reducing the
productivity and reproduction performance and degrading skin quality (Zewdu,1995).
Ethiopian small ruminant skins, especially sheep and goat skins traditionally have a very
good reputation for quality in the world leather market due to their fine grain and
compact structure. They were also very important to the country’s economy as sheep and

goat skins rank among the largest export commodities. Skin diseases, scratches, scabs,



flay cuts and holes, putrefactions and heat and poor substances are the main problems
related to skin and hide quality that the tanners are facing (Abadi, 2000). Skin diseases
are known to affect the quality of skin. As many as one-quarter to one third of all skins
processed at tanneries have various defects and are unsuitable for export purposes (Bayou
et al., 1998). Up to 65% of these defects occur in the pre-slaughter stage of production
while the animals are alive. Considerably large portions of these pre-slaughter defects are
directly related to parasitic and /or to other skin diseases and secondary self-inflicted
damages (Ermias, 2000). Ethiopian tanneries have put the numbers of reject skins, at
certain times of the year at as high as 50-60%. Of these rejects, 80-90% is attributed to
“ekek”. (Haffize, 2001). Dermal lesions, in particular are responsible for much of the
defects that are visible after skins are processed, and these include hardened grains,
patches of putrefaction, pinpoint depressions and disappearance of the grains (Lehman,
1993). Hence, one of the major problems affecting the leather and especially tanning
industry is related to the decreasing quality of skins. The profitability of sheep goat and is
often affected due to occurrence of diseases, especially the infectious diseases
(Senthilkumar, 2006). Among these infectious diseases affecting sheep, sheep pox is
considered to be economically the most important in the tanning sector due to its slow
and permanent scar formation (Ozmen, 2009). Heavy economic losses in sheep pox
outbreaks are due to mortality, abortions and loss of market value of the affected animals
(Babiuk, 2009).

Ectoparasites such as mange mites, lice, keds and ticks are widely distributed in all agro-
ecological zones in Ethiopia, causing serious economic loss in small holder farms
(Kumsa et al., 2012). They are also one of the most important causes of loss in
production and mortality of animals in various part of the country through decrease in
production and down grading and rejection of skins. It was reported that 35% of sheep
and 56% of goat skin rejections in Ethiopia are attributed to ectoparasites (Kassa, 2006).
All these established facts imply that ectoparasites pose serious economic losses to the
farmer, the tanning industry and the country as a whole Skins from goats and sheep are
important economic products contributing for the largest share to the total and
agricultural export commodities (Food and Agriculture Organization (FAQO), 2005)
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followed by live animals (Ayele et al., 2003). The current utilization of hides and skins in
Ethiopia is estimated to be 45% for cattle hide, 75% goat skin and 97% sheep skin with
expected off take of 33, 35 and 7% for sheep, goats and cattle, respectively (Mohammed,
2000). However in recent years, this rank has been relegated to fifth level mainly because
of rejection and down grading inflicted on hides and skin defects mainly due to

infestation by external parasites (Kassa, 2006).

The small ruminants skin diseases often caused by bacteria, viruses, fungi, and
ectoparasites like lice, fleas and ticks show various types of lesions (Gbolagunte and
Hambolu 2006). The appearance of skin lesions, however, may change with medication,
self-inflicted trauma and secondary infections. Primary lesion varies slightly from its
initial appearance to its full development. Later, through regression, degeneration and
traumatization, it changes in appearance and in its new altered form becomes a secondary
lesion (Muller and Kirk 1969). In the course of a disease like dermatophilosis for
instance, infection is not established unless the immediate skin environment becomes
unfavorable revealing in most cases, altered lesions. Classical structural lesions observed
on the dermatophilosis infected bovine hide surface were exudation and scabbiness. The
microscopic pathological changes were hyperkeratosis, edematous epidermal strata
denoted by widening of intercellular spaces with loss of cellular contacts, total
degeneration and necrosis of epidermal cells, detachment of basal epidermal cells from
underlining basal laminae, breakages in continuities of basal laminae, collagen fibrillar
destruction with spatial disorientation in the grain, and dislodgement of collagen bundles
by excessive cellular infiltrates within the corium (Isitor and Gbolagunte 1987). Such
pathological diagnosis should then prove valuable in ascertaining the level of damage
done to the various structures of Ethiopian small ruminant skins by diseases. Knowledge
of the pathogenesis of the various diseases afflicting small ruminant skins which
adversely affect their leathers, is vital for effective control of the conditions of many of
the various dermatosis. It is therefore necessary to investigate the effects of the afflicting
diseases on the surface and microscopic structures of these small ruminant skins as well

as on the gross leather surfaces, as was investigated for bovine dermatophilosis afflicted



hide where blemishes in form of pittings and wrinklings on the grain enamel were
observed (Isitor and Gbolagunte 1987).

This study has thus set out:
1. To characterize gross and histopthologic lesions of sheep and goats skins in
relations to causative agents and

2. To characterize lesion on processed skin in tanneries and evaluate leather grades
in relation to causative agents.



2. LITERATURE REVIEW

2.1. Skin anatomy and histology

The skin is considered the largest organ of the body and has many different functions.
The skin functions in thermoregulation, protection, metabolic functions and sensation.
The skin is divided into two main regions, the epidermis, and the dermis, each providing
a distinct role in the overall function of the skin. The dermis is attached to an underlying
hypodermis, also called subcutaneous connective tissue, which stores adipose tissue and
is recognized as the superficial fascia of gross anatomy. The epidermis is the most
superficial layer of the skin and provides the first barrier of protection from the invasion
of foreign substances into the body. The principal cell of the epidermis is called a
keratinocyte. The epidermis is subdivided into five layers or strata, the stratum
germinativum (SG), the stratum spinosum(SS), the stratum granulosum(SGR), and the
stratum corneum(SC) in which a keratinocyte gradually migates to the surface and is
sloughed off in a process called desquamation (Janson and Swanson,1996).

The stratum germinatum provides the germinal cells necessary for the regeneration of the
layers of the epidermis. These germinal cells are separated from the dermis by a thin
layer of basement membrane. After a mitotic division a newly formed cell will undergo a
progressive maturation called keratinization as its migrates to the surface. The cells that
divide in the statum germinativum soon begin to accumulate many desmosomes on their
outer surface which provide the characteristic ‘prickles’ (seen on the close-up view) of
the stratum spinosum, which is often called the prickle-cell layer. The progressive
maturation of a keratinocyte is charcterized by the accumulation of keratin, called
keratinization. The cells of the stratum granulosum (SGR) accumulate dense basophilic
keratohyalin granules (seen on the close-up view). These granules contain lipids, which
along with the desmosomal connections help to form a waterproof barrier that functions

to prevent fluid loss from the body. Epidermis varies in thickness throughout the body


http://www.meddean.luc.edu/lumen/MedEd/medicine/dermatology/melton/skinlsn/stspin.htm
http://www.meddean.luc.edu/lumen/MedEd/medicine/dermatology/melton/skinlsn/stgran.htm
http://www.meddean.luc.edu/lumen/MedEd/medicine/dermatology/melton/skinlsn/stcorn.htm
http://www.meddean.luc.edu/lumen/MedEd/medicine/dermatology/melton/skinlsn/stcorn.htm
http://www.meddean.luc.edu/lumen/MedEd/medicine/dermatology/melton/skinlsn/dermis.htm

depending mainly on frictional forces and is thickest on the palms of the hands and soles
of the feet. The stratum lucidum is normally only well seen in thick epidermis and
represents a transition from the stratum granulosum to the stratum corneum. As a cell
accumulates keratinohyalin granules, it is thought that rupture of lysosomal membranes
release lysosomal enzymes that eventually cause cell death. The dead and dying cells
filled with mature keratin form the stratum conium. The deeper cells of the stratum
corneum retain their desmosomal junctions, but as they are pushed to the surface by
newly forming cells of the stratum germinativum, the dead cells gradually break apart

and are lost, a process called desquamation.

The dermis (D) assumes the important functions of thermoregulation and supports the
vascular network to supply the avascular epidermis with nutrients. The dermis is typically
subdivided into two zones, a papillary dermis and a reticular layer. The dermis contains
mostly fibroblasts which are responsible for secreting collagen, elastin and ground
substance that give the support and elasticity of the skin. Also present are immune cells
that are involved in defense against foreign invaders passing through the epidermis. The
papillary dermis (PD) contains vascular networks that have two important functions. The
first being to support the avascular epidermis with vital nutrients and secondly to provide
a network for thermoregulation. The vasculature is organized so that by increasing or
decreasing blood flow, heat can either be conserved or dissipated. The vasculature
interdigitates in areas called dermal papillae (DP) (Janson and Swanson, 1996). The
papillary dermis also contains the free sensory nerve endings and structures called
Meissners corpuscles in highly sensitive areas. The reticular layer of the dermis (RD)
consists of dense irregular connective tissue, which differs from the papillary layer,
which is made up of mainly loose connective tissue (note the difference in the number of
cells). The reticular layer of the dermis is important in giving the skin it overall strength
and elasticity, as well as housing other important epithelial derived structures such as
glands and hair follicles. The skin also contains a variety of appendages, mainly hair
follicles; sweat glands, and sebaceous glands, which are all embrylogically epidermal in

origin (Janson and Swanson, 1996).



2.2. Skin and hides as commodities

The global leather supply chain grew tremendously over the period 1981 to 2006, for
example its exports, which included raw hides and skins, tanned leather and footwear,
expanded by 329.19 percent in nominal terms from an average annual figure of USD13,4
billion in the 1981-3 period to USD59.8 billion in 2005-6 period. The three main
segments namely hides and skins, tanning and footwear contributed 12.06 percent, 30.09
percent and 57.85 percent respectively to the total global export bill. Growth was
propelled by rapid expansion in the exports of light bovine leather, which increased by
700 percent from USD2.0 billion in the base period to USD16.2 billion average per
annum by 2005-6. Footwear rose by 363.89 percent, from USD7.7 billion to USD35.9
billion per annum in the same period. All categories registered growth of above 90
percent, except for the exports of goatskins, which declined by 76.97 percent in the same
period; however its retreat was hardly felt in the chain because its share in the exports
basket was less than one percent (FAO, 2008).The main feed stock of the leather supply
chain, hides and skins are a byproduct of the meat and dairy market chains. Therefore the
production of hides and skins is virtually inelastic to changes in their price, but is
influenced by factors that drive the meat and dairy markets. On the other hand the
consumption of footwear with leather uppersl and other leather products is positively
related to changes in the purchasing power of consumers, as reflected by the fact that
high income countries import proportionately more footwear than poor countries, as shall
be illustrated in the relevant sections of this report. The dynamics in the leather chain are
therefore to a significant extent dependent on the level of performance in the meat and
dairy markets and growth trends in the global economy (FAO, 2008).

From 2004 to 2007 the global bovine head averaged 1,566.3 million, which yielded
approximately 6.2 million tonnes of raw hides per annum on a wet salted basis. The
average unit weight per hide was 18.3 kg. Heavy leather production totaled 500,200
tonnes, while 13,832 million square feet of light leather, including split leather, were
produced. Some 48 percent of the light leather was converted into 4,487 million pairs of

footwear with leather uppers, utilizing roughly 6,730 million square feet. The remaining



52 percent of light bovine leather was absorbed by other diverse end-uses, largely
garments, furniture and travel goods, including handbags. A global sheep and goat flock
of 1,893 million generated 657,000 tonnes of raw skins on a dry basis3. This raw material
was converted into leather measuring 4,689 million square feet. i.e. some 7.1 square feet
per kg of raw skin. While some of the sheep leather was used in shoe linings and some
goat leather in shoe uppers, the bulk found its way into a vast variety of leather articles

ranging from leather clothing to wristwatch bands (FAO, 2008)

2.3. Contribution of skin and hides to the Ethiopian economy

Archaeological studies have shown that hides and skins have been used since antiquity as
clothes, vessels, bedding and possibly structurally in ancient dwelling places. These are
renewable resources. Materials for the tanning industry are renewable and easily
perishable resources (Arugna, 1995). Their production is dependent on the rearing,
management and disposal of the livestock population. The availability of hides and skins
through slaughtering or death of livestock is of particular importance to the leather
industry. Hides and skins could be obtained from fish, birds, and reptiles as well as wild
and domesticated animals. The most important sources are cattle, sheep and goats. Based
on annual off take rates of 7% for cattle, 33% for sheep and 35% for goats, the potential
production is estimated at 2.38 million cattle hides, 10.07 million sheep skins and 7.38
million Goatskins in 1998/99. This raw material of the leather industry is mainly derived
from local areas of the country where basic amenities for slaughtering and subsequent
marketing are either not in existence or lacking. Additional sources of hides and skins
include slaughter slabs, municipal slaughterhouses, the limited number of export
abattoirs, and meat and meat product processing plants (Mahmud, 2000). The leather
industry sector is one of the forth growing economic sectors in Ethiopia (MoARD, 2009).
Skins represent a major source of foreign exchange earnings with a share of 14-16% of
Ethiopia’s total export revenue. Its share has dropped to nearly 7% in 1998/1999 due to a
decreased price for leather in the international market and the deterioration of the raw
material quality. The major suppliers of sheepskins for the Ethiopian central market are

Amhara, Oromiya and Southern Nations, Nationalities and People Regional states



accounting for 34.5, 32.9 and 16.6%, according to their order. On the other hand, 45.4,
26.4, 11.7 and 11.6% of the total goatskins supplied to tanneries are collected from
Ambhara, Oromiya, Southern Nations, Nationalities and People regional State and Tigray,
respectively (Adamu, 1997).

Ethiopian highland sheepskins in particular, remain highly competitive in international
markets for some natural characteristics of clarity, thickness, flexibility, strength and
compact texture which make them especially suitable for making of high quality gloves,
sport equipments and garments. Goatskins, originating from Wollo in Ethiopia and
classified as Bati-genuine and Bati-type are characterized by thick, highly flexible and
clean inner surfaces and are in high demand for the production of fashion leathers (Raga,
2003). Annually, 16.6 million pieces of skins are produced in the country, based on the
off take rates of 33% and 32.5% for sheep and goats (Tadesse, 2005). Considering the
development potential and economic importance of hides and skins, in the last few
decades the government has launched different development programs aimed at
increasing the supply and improving the quality of the raw material. Despite these
development interventions, hides, skins and the leather industry are still constrained by
the poor quality of raw materials, lack of an efficient market structure, a weak extension
service, competition from local/rural tanning industries, and a lack of price incentive for
production of good quality raw material (Mahmud, 2000).The problem has adversely
affected all aspects of the industry including the income derived from exports.
Improvement of the quality of raw material is vital in expanding trade in the sector.
Better-quality skins fetch better prices. Eliminating or at least reducing defects that
because the down-grading and consequent rejection of the raw material will improve
price received (ESGPIP, 2009).

2.4. Diagnosis of Parasitic skin diseases
In making a diagnosis of ectoparasitic infestation or an ectoparasite associated dermatosis

it is Important to have an idea of the parasite involved and its life cycle. Some parasites

live in intimate relationship with the host’s skin, however, visiting parasites, may be on



the skin only for a short period of time and a diagnosis is often made by implication.
Hence a working knowledge of the clinical sign of the skin diseases is usually also
required (Wall and Shearer, 1997). The ideal approach to diagnosis of skin diseases is a
logical progression from history to an overall clinical examination, to a detailed
examination of the skin, and finally to confirmatory testing or diagnosis by response to
treatment (Jackson, 1991; Smith and Sherman, 1994).

2.4.1 History

According to Jackson (1991), the main points to be noted during history taking includes
Date when symptoms first appeared, symptom observed by the owner, contact with other
flock, spread with in the flock, previous health history of affected animals, other disease
problems within the flock past and present, response to treatment (including home

remedies) so far and detailed management including feeding worming, etc.

2.4.2. Clinical examination

Simple observation allows identification of most external parasite infestations and
clinical signs of skin diseases, thus many conditions can be diagnosed with reasonable
certainty (Smith and Sherman, 1994). The entire skin surface of the patient should be
examined for parasites and lesions and the elasticity of the skin, its temperature,
thickness, color and consistency should be noted and response of the animal to palpation
of affected area should be observed (Jackson, 1991). The appearance and location of
lesions are the bases for diagnosis.

The primary lesions include papules, vesicles, pustules and nodules. Secondary lesions
such as scales, crusts and alopecia are the result of self trauma or superimposed bacterial
infections (Smith and Sherman, 1994).During clinical examination unidentified external
parasites or their eggs are collected, fixed and stored in 70% alcohol or 10% formalin and
identification can be made with the help of an identification key (Soulsby, 1982). Many

of the larger ectoparasites, such as blowfly larvae and ticks, may be collected directly of
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the host using appropriately sized forceps. Small specimens may be pickled up with the
end of moistened paintbrush. Unattached mites and ticks can be removed by combing or
brushing of the host anima over a white enamel tray or sheet of paper. Brushing over
moistened white blotting paper or paper towel may help to identify flea infestations (Wall
and Shearer, 1997).Hairs collected by coat brushing and plucking should be mounted in a
mineral oil, such as liquid paraffin, and examined microscopically for evidence of
ectoparasites. Eggs of some parasites, such as lice may be found attached to the hair shaft
and adult ectoparasites, such as lice and various mites, may be also found by this method.
The hair bulb and lower third of the shaft should be examined for evidence of follicular
mite Demodex. In cases of alopecia it may be useful to examine the upper portion of the
hair for evidence of fracture, which occurs with self-induced alopecia due to pruritus
(Wall and Shearer, 1997).18To insure that the mouth pars are not left behind, embedded
living ticks may be removed most effectively by dabbing the ticks and the surrounding
skin with alcohol. This relaxes the tick, allowing it to be pulled out intact. Alternatively,
the tick can be covered with a layer of petroleum jelly, which prevent respiration and,
after about 30 minutes, the tick will drop off (Wall and Shearer, 1997).

2.4.3. Skin scraping examinations

Examination of skin scrapings is essential in the diagnosis of mange. In longstanding
cases mites are often very few in number and extremely difficult to find and their absence
from the skin scraping doesn’t negate a diagnosis (Jackson, 1991). Multiple sites should
be scrapped to increase the likelihood of ectoparasite detection. Superficial skin scraping
(epidermal surface examination) after removing coat hair by gentle clipping can be used
to identify surface mites while deep skin scraping (deep epidermal examination) until
capillary ooze occurs is useful in the diagnosis of burrowing and follicular mites such as
Sarcoptes scabiei and Demodex spp.(Wall and Shearer, 1997). A few drop of 10%
potassium hydroxide solution or liquid paraffin are added to the sample, a cover slip
applied and cleansing of debris allowed to proceed for 15-30 minutes before microscopic

examination. Large samples may be processed by boiling 10 minute in 10% potassium
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hydroxide solution, centrifuging and performing sugar flotation on the sediment (Smith
and Sherman, 1994).

2.4.4. Collection of free living ectoparasites

Mobile free living mites, ticks and fleas can be extracted from bedding, nests and fecal
material by careful search or by shaking the material through a tier of sieves of
decreasing mesh-size. They may be swept from vegetation using a hand net. Most
commonly used for collecting ticks, however, is a blanket drag. This is a woolen blanket
or cotton towel, about 1m square, attached to a bar at one side. The drag is pulled across
low-lying vegetation and questing ticks attached to the cloth (Wall and Shearer, 1997).
Adult flies can be collected using hand nets, usually consisting of a deep bag of fine mesh
netting with a circular, wire stiffened, and opening on a pole. Flies may be picked off as
they visit their host or baits of rotting carrion or feces, using either a hand net or, more

simply, by inverting a glass tube over them as they feed or rest (Wall and Shearer, 1997).

2.4.5. Histopathology

Although these indirect techniques are not as useful as direct identification for the
diagnosis of ectoparasite dermatosis, they may be valuable in some circumstances, such
as insect and arthropod bite lesions (Wall and Shearer, 1997). Small whole thickness
strips of skin 25mm*5mm are taken from normal and abnormal area and the skin strip
should be fixed in formol saline (Jackson, 1991). According to Wall and Shearer (1997),
histological changes often associated with ectoparasites include an eosinophil-rich dermal
infiltrate collagen degeneration usually associated with dermal eosinophil infiltration
focal dermal necrosis, which occur in tick bite lesions eosinophilic pustule formation,

which occur in cases of flea bite dermatitis.
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2.5. Status of ectoparasites of small ruminants in Ethiopia

Ectoparasites are the major causes of skin diseases that hamper small ruminant
production in many areas of Ethiopia. Studies conducted in different parts of the country
in the past three decades have revealed that the occurrence and spread of skin diseases
have been shown to correlate with feed scarcity host, poor husbandry, climatic factors
and inadequate veterinary services including absence of national control strategies
(Kassa, 1998; Teshome, 2002; Yacob et al., 2008a). According to report by Serste and
Cosine (2007), ectoparasites, particularly sarcoptic mites along with other affects on the
body is blamed to cause losses due to death of sheep and goats in north Amhara region in
Ethiopia. Ectoparasites also have transmission ability for many infections due to blood
sucking habit. Skin damage is the most important cause of losses in livestock industry
(Tadesse et al., 2011).

2.5.1. Ectoparasites damage

As a result of their activity, arthropod ectoparasites may have a variety of direct and
indirect effects on their hosts. The effect of skin parasitism usually depends on the size of
invading population, on the manner on which the parasite ekes out its existence and the
state of nutrition of the host animal when infected (Peter, 1995). The damage ectoparasite
inflict may be mechanical, but the situation is complicated also by host reactions to the
presence of the particular parasite, their secretion and excretion (Peter, 1995). Young
animals are generally more susceptible to ectoparasites because of higher ratio of
accessible surface to the body volume and poor grooming behavior (Lehmann, 1993).
According to Wall and Shearer (1997), the direct and indirect harm caused by
ectoparasites on the host includes; blood loss: although each individual ectoparasite only
removes a small volume of Blood from a host, in large numbers the blood removed by
feeding may be directly debilitating and anemia is common in heavily infested hosts. In
one study in USA over 90 kg of blood was estimated to have been removed by ticks from
a cow over a single season. Myiasis the infestation of the living tissues with fly larvae

causes direct damage to carcasses or skin.
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The presence of ectoparasite on or in burrowing into the skin can stimulate inflammation.
Toxic and allergic responses: caused by antigen and anticoagulant in the saliva of blood
feeding arthropod. The irritation caused, particularly by flies as they attempt to feed or
oviposit, commonly result in a varieties of behaviors such as head shaking, stamping,
skin twitching, tail switching or scratching. These activities may result in reduced growth
and loss of conditions because the time spent in avoidance behaviors is lost from grazing
or resting self wounding: the activities of particular ectoparasites, such as warble flies,
may cause dramatic avoidance responses in the intended host, known as gadding. The
madly panicking animals may cause serious self injuries following collision with fence
and other objects. Social nuisance large number of flies may breed in animal dung,
particularly in and around intensive husbandry units. The activities of flies may cause
considerable social problems. Adult flies and their feces may also decrease the esthetic
appearance and values of farm facilities and produce, such as hens’ eggs, and cause
irritation and annoyance to employees. In addition to these effects, one of the most
important roles of ectoparasites is in their action as vector of pathogens acting as either
mechanical or / and biological vectors (Bay and Harris, 1988; Wall and shearer, 1997).
The direct damage caused by most ectoparasites is directly proportional to their
abundance. This is not the case, however, for disease vectors, where even very low
numbers of infected vectors may cause considerable economic and welfare problems. In
the case of Ctenocephalides felis-felis, both the male and female adult fleas are present
on the host animal's skin, living, feeding and breeding there. Of the two sexes, however,
it is the female flea that is the bigger blood-sucker, drinking far more of the host's blood
than any of the male fleas that climb on board. Flea Allergy Dermatitis (FAD) when a
flea bites sheep and goat, it deposits a small amount of saliva in the skin. Then the animal
develops FAD in reaction to this saliva, which causes severe itching. In addition the
animal scratching or biting excessively around the tail, groin or backside, scabs or bumps

may also appear on neck or back (Muller and Kirk, 2001).

2.5.2. Mange mites
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Mange mites are common in Ethiopia and therefore are reported from many regions and
different agro climates. Based on the reports so far, mange mites are most prevalent in
four national regional states of Ethiopia namely, the Amhara Oromia Tigray and
Southern Nation and Nationalities regional states (YYacob et al., 2008a; Mulugeta et al.,
2010; Asnake et al., 2013). In all reports, three genera of mites namely, Sarcoptes,
Psoroptes and Demodex were reported to affect small ruminants in Ethiopia. Demodectic
mange has been reported in sheep (Demodex ovis) and goats (Demodex caprae). It is one
of the major skin diseases of sheep and goats Demodectic mange is distributed in

different agro- agro-ecological zones in Ethiopia as reported by Yacob et al.

2.5.3. Pediculosis

Lice infestation in Ethiopia is the most frequently reported and the most important skin
disease of small ruminants this is because lice are found to be the cause of cockle.
According to Tefera and Abebe (2007), Bovicola ovis and Linognathus spp. are the two
species with prevalences in sheep of 38.5 and 2.4%, respectively while in goats
Linognathus species has prevalence of 28.3%. Nowadays, pediculosis is a serious health
problem of small ruminants in Ethiopia. The highest prevalence was recently reported in
sheep from Assela by Hailu (2010), who identified Linognathus spp (75.5%), B. ovis
(67.1%), Linognathus ovillus (14.6%) and B. ovis (36.1%), this last one was reported by
Asnake et al. (2013). Other reports were B. ovis in sheep 15.3 and 27.9% in goats, L.
ovillus (27.9%) from Tigray by Mulugeta et al. (2010) and B. ovis (26.64%) in sheep
from Wolayta Sodo (Yacob et al., 2008a). The louse species identified in many studies
conducted so far in Ethiopia were B. ovis and L. stenopsis. Results obtained by Ermias
(2000) from examination of fresh sheep pelts also showed a much higher infestation rate
of 89.55%. In Ethiopia, most lice populations on animals vary seasonally, depending on
the condition of the host. Lice populations on animals are greater during the rainy months
(Hailu, 2010).

2.5.4. Sheep keds (Melophagus ovinus)
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In Ethiopia, few works are available on ecological distribution of sheep ked. Recent
reports on sheep ked of small ruminants indicated that the parasite is most common in
sheep mainly in cooler high altitudes. Other reports were in sheep. 65% from Assela
highlands (Hailu, 2010) (Oromyia region); 19.1% from Mekele midlands (Mulugeta et
al., 2010); 14.2% from central highlands of Oromyia regional state (Kumsa et al., 2012)
and 20.14% from Gondar highlands (Tewodros et al., 2012). In all cases, the identified
species was Melophagus ovinus. Infestation of sheep with M. ovinus leads to the
development of cockle and those results in downgrading and rejection of skins. The
prevalence of cockle lesion in M. ovinus infested groups of sheep skin g to Enquebaher
and Etsay (2010), the pre- valence varies from 1.84 to 19.48% in Tigray regiona was
found to be 100 and 95%, respectively (Tefera and Abebe, 2007). Examination of fresh
sheep pelts also indicated the prevalence rate of 32.7% infection rates (Ermias, 2000).
Both lice and keds are considered as cause of cockle in Ethiopian sheep pelts (Kassa,
1998). According to Serste and Wossene (2007), about 70.8% of the pickled sheep pelt
and 42.3% of the wet blue goat pelt were downgraded and rejected due to cockle caused

by both lice and sheep ked.

2.5.5. Ticks

Ticks are one of the most serious ectoparasites in Ethiopia. They cause the greatest
economic losses in livestock production. Their effects are various including reduced
growth, milk and meat production, damaged hides and skins, transmission of tick-borne
diseases of various types and predispose animals to secondary attacks from other
parasites such as screw worm flies and infection by pathogens such as Dermatophilus
congolensis, the causative agent of streptothricosis (Ethiopia Sheep and Goat
Productivity Improvement Program (ESGPIP), 2010). Reports from different areas of
Ethiopia indicated that highest overall prevalence of ticks infestation are, 23.8% in sheep
and 10% in goats (Teshome, 2002) from Sidama zone; 31.78% in sheep and18.63% in
goats from Wolayta Sodo (Yacob et al., 2008b); 16% in sheep and 29.7% in goats from
Tigray region (Mulugeta et al., 2010) and 57.6% in goats from three agro-ecological

zones of southern rangeland of Ethiopia (Asnake et al., 2013). In all these studies, it was
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observed that about four genuses namely, Amblyomma, Hyaloma, Boophilus and
Rhipiciphalus were known to affect sheep and goats in different agro-ecological zones in
the country. The high prevalence of ticks in different areas seems to be related to absence
of national campaign for strategic control of these ectoparasites.

2.6. Sheep and goat pox

The profitability of sheep and goat is often affected due to occurrence of diseases,
especially the infectious diseases (Senthilkumar, 2006). Among these infectious diseases
affecting sheep and goat pox is considered to be economically the most important in the
tanning sector due to its slow and permanent scar formation (Ozmen, 2009). Heavy
economic losses in sheep pox outbreaks are due to mortality, abortions and loss of market
value of the affected animals (OIE, 2008).Morbidity and mortality vary with the breed of
the animal, its immunity to Capri pox viruses, and the strain of the viruses. It is an OIE
list A disease. Pox infections can limit trade, export, and development of intensive
livestock production. It also prevents the import of new breeds. Mortality may be up to
50% in a fully susceptible flock and as high as 100% in young animals (OIE, 2008). Mild
infections are common in indigenous breeds. However, symptoms may be more severe in
lambs, stressed animals, animals that have concurrent infections or animals that come
from areas where pox has not occurred for sometime (Beard, 2009). Incubation period of
the disease is 8 to 13 days following contact between an infected and susceptible animal.
It may be as short as 4 days following experimental infection by intradermal inoculation
or mechanical transmission by insects. Transmission of sheep pox among flocks and
transfer between countries occur from the movement of sheep. All age groups can be
affected; however the disease is more severe in young animals than adults. (OIE, 2008).
The systemic signs include fever (104-107F), conjunctivitis, rhinitis, lymphadenopathy,
anorexia and depression (Balinsky, 2007). The mucous membranes can become necrotic
and animals may develop a mucopurulent nasal or ocular discharge (Ozmen, 2009). In
Ethiopia, Sheep pox is a serious problem and has been reported from different regions of
the country (MORAD, 2010). Generally, sheep pox is a disease of considerable economic

importance for Ethiopian sheep farming. However, little information is available
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regarding transmission and vaccination of naturally occurring sheep pox in extensive
production systems. The present study analyses the clinical and histopathological

findings of sheep pox in indigenous sheep in Ethiopia.

2.6.1. Causes and factors affecting skin defects in sheep and goats in Ethiopia

Up to 65% of the defect that lead to decline of the quality occur in the pre-slaughter stage
of production while the animal is still alive and a considerable portion of these pre-
slaughter defects are directly associated to skin disease initiated by external parasites
(Kassa et al., 1998). Ectoparasitic skin diseases of domestic ruminants caused by lice,
sheep keds, ticks and mites are among the major diseases that result serious economic
loss to smallholder farmers, tanning industries and to the country at large. In 1996/97, six
tanneries in and around Addis Ababa had rejected 2,037,745 pieces of skins which
caused a loss of USD 6.3 million and in 1998/99 three tanneries that are found in Amhara
Regional State have reported 443,602 pieces of skin rejection per annum which worth
USD 1.4 million loss. Ectoparasitic skin diseases due to ticks, lice, sheep kades and
mange mites cause 35% of sheep skin and 56% of goat skin rejections (Tadesse, 2005;
Ayele et al., 2003). As a result of their activity ectoparasites may have a variety of direct
and indirect effects on their hosts ectoparasites commonly tick, mite (Sarcoptes,
Psoroptes, and Demodex), keds and lice affect the host species by the inflammation and
the infection they inflict on the skin (Taylor, et al., 2007) by their effect on the
physiology of the animals as well as through transmission of different diseases.
Infestations by ectoparasites significantly affect the quality of hide there by affecting the
economy of Ethiopian farmers as well as international market. Currently Ethiopia is
accountable for considerable economic losses particularly to the skin and hides export
due to various defects. According to Tanneries report, skin diseases due to external
parasites causes’ 35% sheep skin and 56% goat skin rejection in Ethiopia (Yeshehak,
2000). The prevalence of cockle lesion on D. ovis and M. ovinus infested group of sheep
pelts in Wukro Sheba tannery Tigray Region was 100 % and 92.5 %, respectively. On the

other hand, the prevalence of cockle lesion on sarcoptic mange infested goat pelts was
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100 %. Beside this other defects such as scratches, scars, Id age and technical defects due
to flaying were observed in each group of pelts This report also indicated existence of
strong positive correlation between the severity of ectoparasites infestations (light,
moderate and severe) (Yeshehak, 2000). On raw pelts and the severity of cockle (clean,
light, moderate and severe) on pickled skins. There are also other causes of skin damage
in the preslaughter stage. These include fungal, bacterial and viral skin infections Hides
and skins are the basic raw materials for the leather industry. Currently there are about 27
tanneries in the country and have an average capacity of 4,000 pieces of hides and 30,000
pieces of skins per day However they are working under capacity even if the country has
a potential to supply around 20 million pieces of hides and skins per annum. The
potential supply of hide and skins depend on the scale of meat production, not on the size
of livestock population. Thus, the product, i.e. hides and skins, becomes available when
meat is needed, not when it is appropriate for leather processing and so it is not primary
agricultural commodity. This means that hide and skin supply does not respond to price
change As a result, the industry in the country has tremendous potential for domestic and
foreign exchange earnings and the capacity to attract profitable foreign investment.
(ESGPIP, 2008).

Though Ethiopia has very good potential to produce substantial quantities of skins over
the last 10 years, there are indications that quality of raw hide and skins supplied are
indications that quality of raw hide and skins supplied has deteriorated with an increasing
number of poor grades. The reason behind is the appearance of skin disease called ‘ekek’
due to external parasites, shortage of supply of hides and skins to meet the demand of
tanneries and absence of effective market demand, absence of credit, high marketing cost,
inappropriate management of animals, faults during slaughtering and improper handling
of skin and hide before it reached at tannery This has resulted in an ever increasing
number of complaints about the quality of skins and hides available to market. In
combination it has adversely affected all aspects of the combination it has adversely
affected all aspects of the industry. Ethiopia offers a wide range of processed and semi
processed sheep and goatskins to the world market. Some of the skin and the skin

products such as the high land sheepskin wing to its quality and natural characteristics
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have gained international reputations. Based on the off take rates of 33% for sheep and
32.5% for goats the annual production of skin is estimated at 16.6 million pieces. The
total earnings of the country from 1998 to 2004 ranged between $405 and $590 millions
with annual average of $450 million for both hides and skins (Tadesse, 2005; Ayele et
al., 2003). Therefore, small ruminants are important components of the Ethiopian
farming system. However, contribution of sheep and goats to food production, rural and
export income are far below the expected potential. This is because small ruminant
production in Ethiopia is constrained by the compound effects of diseases, poor feeding
and poor management (Kassa, 2005; Ayele et al., 2003). Losses from these skin diseases
are due to downgrading and rejections of skins, unthriftness, loss of body condition,
mortality and decreased in production. This is reflected in tanning industries of the world
in general and in Ethiopia in particular Kassa and his colleagues in 1998 showed that skin
diseases due to external parasites causes 35% of sheep skins and 56% of goat skin
rejections in some Ethiopian tanneries. Studies and reports from different parts of the
country showed that skin quality deterioration is very evident mainly due ectoparasites
(Tefera, 2004; Numery, 2001; Ermias, 2000; Asegedech et al., 1999; Kassa, 2005). Lice,

keds, mange mites and ticks are the major ectoparasites of small ruminants in Ethiopia.

Sheep and goats contribute about 12% of the value of livestock products consumed at the
farm level, 48% of the cash income generated but only 6.6% of the capital invested in this
livestock sector by farmers. They provide 46% of the value of national meat production
and 58% of the value of hide and skin production thus they play an integral part of the
production (Tembely, 1998). External parasites are the major causes of skin diseases that
hamper small ruminant production in many areas of Ethiopia. Studies conducted in
different parts of the country in the last 20 years have revealed the prevalent nature of
ectoparsitism. The studies have indicated that the occurrence and spread of skin diseases
have been shown to correlate with host factors, poor management, climatic factors, feed

scarcity and inadequate veterinary services (Kedir, 2002)

Up until 1996, hides, skins, leather and leather products provided for the second largest

amount of foreign exchange earnings following coffee and accounted for 14 to 16% of
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the country’s total foreign trade revenue. Recently, its share has dropped to nearly 7% in
1998/1999 due to a decreased price for leather in the international market and the
deterioration of the raw material quality. Considering the development potential and
economic importance of hides and skins, in the last 2 to 3 decades the government has
launched different development programs aimed at increasing the supply and improving
the quality of the raw material. Despite these development interventions, hides, skins and
the leather industry are still constrained by the poor quality of raw materials, lack of an
efficient market structure, a weak extension service, competition from local/rural tanning
industries, and a lack of price incentive for production of good quality raw material.
(Teshome, 2002).

2.6.2. Microbial causes

Ringworm is a fungal infection of the skin that is common in many animal species. It
occurs in sheep and goats but not with great frequency. Lesions are most commonly seen
on the head, ears, neck and shoulders. The lesion is often circular with hairless areas and
the development of a thickened and crusty skin. Dermatitis is a disease condition
characterized as an exudative dermatitis. Lesions usually begin on the animals back.
Early signs include matting of the hair or wool into clumps due to sticky secretions
exuding from the affected skin. Dermatitis can be very destructive of the skin and lead to
extensive rejection of skins for tanning. Streptothricosis is a common disease causing
supportive lesions which break out spontaneously or become hardened. These cause
blemishes on the superficial grain tissues. Dermatophilosis Bacterial disease such as
Dermatophilus congolensis the main disease in lambs, lumpy skin disease or lumpy wool
disease, affecting the dorsal part of the body is also called ‘strawberry foot rot’ Goat and
sheep pox. It is a viral disease of sheep and goats which is highly contagious. Healing of
the skin affected by pox is slow and permanent scars can be left. This causes huge
economic losses in the tanning sector. Despite the reports about the deterioration of the
quality of leather raw material with an increasing number of reject grades and the
appearance of skin disease called cockle that is mainly due to lice, keds, and mange
infestations (Abadi, 2000), Ethiopian small ruminant skins especially sheep skins have
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good reputation for quality in the world leather market due to their fine grain and
compact structure (Zeleke, 2009; Mohamed, 2000).

2.6.3. Description of major skin lesions and defects

Imperfections in the grain surface or structure of a hide or skin result in unsightly
appearance and/ or weakness of the resultant the leather. Such defects may have arisen
during the life of the animal or may have developed in the flaying and/or preparation of
the stock. Defects exist on natural leather surfaces and they usually cannot be eliminated
during processing. No international criterion specifies the compensatory counting for calf
leather surface defects, so complicated negotiation causes additional cost and argument

between suppliers and purchasers (Abadi, 2000).

2.6.4. Defects caused during life

Scars are resulting from scratches or cuts. (When the cut is healing, the fibers grow
densely packed together, and the healed skin is often hard, raised, and lacking hair
follicles. Scar damage is also caused by branding the animal for ownership purposes,
usually in the butt area, which is the best part of the hide). Parasitic infestations such as
warble flies, and mange and ticks pierce the skin to suck blood, leaving holes that look
either like pin pricks or minor scars in the grain of the leather. This defect occurs mainly
in the belly areas of the skin. Sarcoptic mange mites enter the epidermis and tunnel
around, causing the cells to multiply and the hair to fall out. The grain surface becomes
roughened, and the animal generally compounds the damage by rubbing to relieve the
itching. In demodectic, or follicular, mange, the mites penetrate into the dermis itself,
where a wall of fibers is formed to surround and "encyst" them. The cysts generally are
seen on the grain of unhaired skins as small swollen nodules. Tanning and drying
processes shrink the contents of the cysts, causing the grain surface to sink over the
cavity so that the defects are seen as shallow depressions, though the grain surface itself
is not generally damaged; Microbial infections. (If ringworm, which is a fungus, heals it
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leaves no scars, but if the animal is slaughtered while still infected, the grain appears
coarse at the site of the infection); Cockle which occurs in wooled sheep immediately
before shearing (This defect appears as boil-like hard spots, of varying size, which occur
in rows at right angles to the spine from the shoulder to the butt, and, while the defect
disappears rapidly after shearing, it cannot be eliminated during manufacture of the
leather). Keds can produce an allergic hypersensitivity reaction in the skin of sheep,
leading to lesions known as cockle in processed skins. In Ethiopia, keds are considered a
major cause of “EKEK ”/cockle and are visible on the skin surface of affected animals
(ESGPIP, 2009).

2.6.5. Damages caused after death

Flay cuts and gouges: which cut into the fibers of the dermis. (In thin leathers they show
through and thereby spoil the grain. Some flay cuts go completely through the hide or
skin, ruining it completely. These kinds of cuts are usually the result of careless or
improper flaying); Putrefaction which is the result of bacterial growth which starts almost
immediately once the animal is dead, unless the skin is properly cured, especially on the
exposed flesh side putrefactive damage. Vainness in which branching lines of blood
vessels can be seen on the flesh side. (If, because of poor curing or old age, for example,
the structure around them becomes loose, the skin is said to be veiny, and the branching
pattern of the veins usually shows through on the grain side. Veininess can actually at
times be attractive in some skins, such as Vellum. Damage from heat: which may occur
on hides and skins in tropical areas it is a common fault with ground-dried skins. Sun
damage that occurs to a hide or skin when it becomes heated above a certain critical
temperature while it is still moist and is laid out in the sun to dry (cure). A completely dry
skin can become very hot and still not be affected under normal conditions of cure, but
prior to this a skin is very susceptible to damage. Also, the drying of a salted skin
proceeds so uniformly throughout its entire thickness that the cooling effect produced by
evaporation off its surfaces maintains the temperature of the entire skin below the danger
point until it is uniformly dry. Without salt, however, a skin tends to dry unevenly when
laid out in the usual manner, which is flesh side up. This can happen because the flesh
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side can dry out completely and begin generating heat, while the underside remains
moist, and, being shielded from evaporation, also begins to generate heat. This is
especially the case when pieces of flesh, generally of a fatty nature, are present on the
flesh side, and further retard the drying of areas beneath them (ESGPIP,2009).
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3. METHODOLOGY

3.1. Study Area

The study on small ruminant skin lesion characterizations and impact on their grade at
tannery was conducted in two woredas, Aris zone of Oromia regional state, south east of
Adiss Ababa 170km away from Addis Ababa, considering Asella a focal point. The
areas have altitudes ranging from 1700 to 4130 m.a.s.l, experiencing binomial rainfall
occurring from July to October and April to May, with an average annual temperature of
15-25'C. The production system of the area is mixed crop-livestock in all agro ecological
zones. The livestock reared in the area consists of cattle, sheep, goats, horses, donkeys,
and mules. Arsi indigenous sheep are one of the known highest populations of sheep
species in the country (CACC, 2003). Mainly sheep and goats are drawn from these areas
for export slaughter houses. Similarly large number of skin and hides are produced from

the proposed study site and those animals taken for slaughter at export abattoirs.
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Figure 1: Map of Oromia showing study zone www.maplandia.com/ethiopia/oromiya
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3.2. Study Design

Cross-sectional study design was employed to study the type and prevalence of skin
diseases and skin lesions both on live animals and freshly collected skins at collection

sites.

3.2.1. Sample size determination

The sample size for this study was determined using Thrustfield (2005) formula by taking
50% expected prevalence and 5% precision and 384 animals to be surveyed for skin
lesions and concurrently for their causes. For examination of tannery processed skin
product total of 40 skins of from sheep and goat including positive groups and apparently
normal looking skins were studied. Skins of 9 goats and 11 sheep with lesions, as well as

10 goats and 10 sheep without observable gross lesions were included.

3.2.2. Study population and sampling technique

The study populations included in this investigation are live sheep and goats raised in
various areas of Arsi zone and processed skin product obtained from sheep and goats
originated from the same area. Multistage technique was employed in such a way that
Weredas and Kebeles were selected purposively according to accessibility, small
ruminant population and presence or absence of ectoparasites control programs. One
wereda from ectoparasites control area around Asella town and another from non-control
area Zuway dugda Abura were included. Five to six Peasans’t Kebeles were selected
from each woredas and 12-15 households were randomly selected and all sheep and goats
belonged to selected households were examined for any skin diseases and if any the
causative agents were identified, gross lesions were characterized and Tissue samples
was taken and fixed in 10% buffered formalin for histopathological analysis. Animals
with specific lesion were bought, slaughtered and skin taken to tannery. At the same
times skins at collection centers at Assela town were assessed for lesions and those with

lesion were bought and take to tannery.

27



3.2.3. Histopathological technique

Histopathology techniques done through fixation, dehydration, cleaning, embedding,
cutting and staining as mentioned in the annex (Lowe, 1998).

3.3. Data analysis and management

Data obtained from both gross lesion, histopathological findings and processed skins
examination were stored in Microsoft excel spreadsheet. These data were analyzed by
descriptive statistic using SPSS 11.5 for window and analytical statistics using
incorcooled STATA 11.0 soft ware’s (Stata Corporation, Texas, USA, 2001) programs.
To determine the type and the extent of damage and to characterize different gross and
microscopic lesions and quality grading of crust stage skins product. Then recording
positive association and comparison were made for prioritization which skin lesions have

great contributions for potential economic loses, skin rejection and quality dawn grading.
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4. RESULTS

The Major causes of skin lesions and skin defects in this study were associated with the
infestation and distribution of ectoparisites. Based on the examination of 500 animals
from controlled and non controlled area 350 sheep and 150 goats observed out these 42
% lice, 18.5% sheep ked, 15.5% fleas, 2.5% tick, 2% mange infestation, and 25% of pox
infection were recorded. Among the major ectoparasites Bovicola ovis, Melophagus
ovinus, Amblyomma variegatum, Linognathus Aricanus and A. variegatum,

Ctenocephalidis fealis and other tick species were identified.

4.1. Gross pathological lesion characterization

The results of gross pathological observation are given in animals encountered in this
study had mixed type of parasitic infestation with predominant condition stated as
allergic type dermatitis. The predominant gross lesions due to different parasitic and pox
infection causes were redness, erythema, alopecia, scaly crust, matted coot, roughness,
Dermatitis, Wheals, rough, erosion and fissuring commonly observed. According to this
findings most of skin lesions were caused by lice and ked infestation followed by pox

infection.

4.1.1. Gross lesions due to lice infestation

The site of attachment of lice was red and slightly elevated. In some cases, pinpoint
hemorrhages were noticed. The most characteristic skin lesions in sheep and goats
infested by lice were the presence of erythema and excoriative lesions on the skin. The
wool of sheep infested with B. ovis appeared ragged and shaggy in appearance. B.ovis
eggs (nits) were glued to the wool. Besides, B. ovis was also associated with alopecia and

yellowish crusts on skins in the area of attachment.
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4.1.2. Gross lesion due sheep ked infestation

M. ovinus (Sheep ked) infestation were mainly detected on the neck, breast, shoulder,
flank, and on the rump. The hair of affected sheep was ragged and stained with the
excreta of sheep ked. Grossly; skin lesions caused by sheep keds were characterized by
scaly crust. The excreta from sheep keds stained the wool and reduced wool quality.
Initially, skin lesions caused by sheep keds were characterized by the presence of wheals
and papules centered up on a puncture wound, which were then covered by scales and
crusts. Sheep keds spent their entire life on the host; hence could cause severe skin
lesions including a wide spread pruritis, exacerbated by scratching and biting. Sheep ked
and lice causes a rash called cockle on the skin, which is the principal cause of skin
rejection at tanneries (Figurell).

4.1.3. Gross lesion due to tick and fleas infestation

Lesions or defects associated with ticks include red papules, circular erythematous areas
up to 2 cm in diameter, focal necrosis, erosions, ulcers, crusts, and in some animals,
nodules. Lesions heal with scarring and alopecia. Skin lesions caused by ticks, tick bites
left bleeding points to which the mouthparts of the ticks were attached. Skin lesions due
to tick bites were characterized by papules and wheals. Hyperemic and edematous lesions
were also detected at the site of tick attachment. In the subcutis of the skin, Rough and
reddened skin, loss of hair, slightly elevated and skin damage due to rubbing were
recorded. There were dermatitis, pruritis, and alopecia. Ticks and lice bite animals, suck
blood and cause mechanical irritation. The other common defect of skin detected was
unspecified infection caused multiple circular alopecia and white dry crusts covering the
whole body in skin of affected goats (live animal, Figure 2 and processed, Figure 3). In
the case of flea infestation discrete crust and intense pururitis provoke self scratch which
produces area of alopecia and hypersensitive type pyotraumatic dermatitis (live animal,

Figure 8, and processed, Figure 9)
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Figure 2: The same goat of fig 1 at wet blue stage with its circular rough defect

Figure 3: The same goat of fig 1 at wet blue stage with its circular rough defect
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4.1.4. Gross lesion due to pox infection

Important non- parasitic disease of skin recorded in the present study was sheep and goat
pox. At postmortem examination pox lesions are of light brown to dark brown in color.
Gross pathological findings showed presence of pox lesions in different stages especially
in areas with less wool and hair with clearly changes in the epidermis and the dermis of

the skin layers (Figures 4-7). This study characterized the sheep and goat pox according

to pathological events in Arise area of different district.

Figure 4: Young goat dead of characteristic pox lesion
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Figure 6: Lesions of pox of at Fig.4 sheep from flash side after flaying with nodules

visible
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Figure 7: Processed skin at crust stage with defect due to pox (skin of sheep at fig.6)

Figure 8: Sheep skin infested by flea, with alopecia and with acute hemorrhagic lesion

at the periphery of alopetic lesion
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Figure 9: Defects on processed skin at crust stage due to flea infestation (from fig.8)

Figure 10: Apparently normal skin as in controlled group
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Figure 11: Defect called “cockle” at wet blue stage caused by mixed infestation by sheep

ked and lice

4.2. Microscopic lesions

Even though most of the parasitic lesions seen both in dermis and epidermis, 57% of
microscopic lesion were related to dermal reaction while 38% of microscopic lesions
were found in epidermal layers. The severities of the lesions were directly related to the
degree of infestation, the type of parasitic infestation and the nature of inflammatory cells

involved.
4.2.1. Microscopic lesion due to lice infestation
Microscopic examination of skin sample from sheep and goats infested by lice showed

parakeratotic, hyperkeratosis, and infiltration with eosinophils. Perivascular (Figure, 12a)

or diffuse dermatitis with eosinophils, plasma cells, and lymphocytes were encountered
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in the dermis. Aggregates of lymphocytes surrounding blood vessels, macrophages,
eosinophils, and neutrophils were observed in the dermis (12b).

Figure 12a: Perivascular infiltration of dermisx10  Figurel2b:lymphocytes surrounding

From positive lice lesion blood vesselsx40
4.2.2. Microscopic lesion due to sheep ked infestation

Perifolliculitis and perivasculitis (figure, 12b) were also observed in skin lesions caused
M. ovinus (sheep ked) infestation. Sheep infested with sheep keds had also many empty
capillaries and arteries in the dermis and follicular keratosis were also common.
Extensive inflammatory infiltrations consisting of lymphocytes, plasma cells, and

eosinophils (Figure, 12a) were observed in the upper dermal layer.

Fig.13a.eosinophilic infiltration of dermisx40 Figl13b. Perivascular infilitrationx40

From sheep ked positive lesion (Lymphocyte and eosinophiles)
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4.2.3. Microscopic lesion due to tick and flea infestation

Microscopically, tick bites have caused necrotic lesions in the epidermis and dermis at
the attachment sites. Moreover, perivascular to diffuse dermatitis consisting of
eosinophils, macrophages, and lymphocytes were recognized. Epidermal hyperplasia in
the epidermal layer and dermal necrosis, perivasculitis (Figure, 14a) to diffuse dermatitis,
and perifolliculitis were observed microscopically in skin lesions caused by tick
infestation. Excess fibroblast cells proliferation was seen in the papillary layer of the
dermis (Figure, 14a). Other histological changes associated with tick infestation include,
pickle cell degeneration, eosinophilic, pustule formation, lymphocyte infiltration,
folliculitis and eosinophilic rich dermal infiltrate (Figure, 12b). In the condition of flea
allergic dermatitis, the major lesions were perivascular infiltration, epidermal
lymphocytic infiltration (Figure, 14c). Formation of yellow exudates in the epidermal

layer and necrosis of the epidermis.

Fig.14a necrosis of corium with pickle Degeneration x40
From tick positive lesion
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Fig. 14b necrosos of sratum coriumx40 from tick positive lesion

Fig. 14c lymphocytic infilitrationx40 from flea positive
lesion



4.2.4. Microscopic lesion due to pox infection

Histopathological study in the case of sheep and goat pox revealed changes in epidermal
and dermal skin layers that include: acanthosis, parakeratosis and hyperkeratosis
(Figures, 15a, 15c) with degeneration of proliferating epithelial cells. The dermis showed
congestion (Figure, 15b) and vasculitis, infiltration of inflammatory cells such as
macrophages, fibroblasts and histiocytes, Initial epithelial hyperplasia (Figures, 15c) was
followed by coagulation necrosis as thrombi developed in the blood vessels supplying
some papular lesions. The dermis showed infiltration of macrophages, fibroblasts,

necrosis, and debris and micro pus formation (Figures, 15d).

Fig.15a acanthosis and fibrosis from pox positive lesion
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Fig, 15b congestion and perivascular infiltration with

Lymphocytes from pox positive lesion

Fig, 15c hyperkeratosis and tissue proliferation from

Pox positive lesion
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Fig.15d abscessed epidermis from pox positive lesion
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4.3. Quality grading and skin defect analysis

In the present study 40 skins of sheep and goats from both positive and apparently
negative group were processed until crust stage to observe all possible defects according
to Ethiopian Quality and Standard Authority. Accordingly all skins were subjected to
complete visual examination on the crust stage and 50% of them were categorized
rejected, 15.4% categorized as grade 6, 19.2% grade 5, and 11.5% as grades 1-4 category.
The causes of defect were diagnosed as skin diseases such as sheep and goat pox. Skin
defect caused by lice, keds, ticks and mange mites; are also among the major diseases of

small ruminants responsible for skin rejections.

Leather grain appearance of most of the various skins with diseases indicated roughness,
unsightliness, depressions, fibrosis, pin point diffuse mass and holes. These leathers were
graded mostly as rejected. Ultimately, the smoothness of the grain surface is especially
required in the case of leather made from skins goats. Leather grain appearance of most
of the various skins with diseases indicated roughness, unsightliness, depressions and
holes and these leathers were graded as rejects. The aesthetic quality of leather depends
to a great extent on the fine, smooth, outer or grain surface, which is exposed once the
tanner removes the epidermis and hairs by means of chemicals during the early stages of
processing. The most common defect observed was associated with lice and sheep ked
parasitic infestation. In relation with sheep and goats pox lesion when scabs are removed,
a star shaped scar, free of hair or wool remains. After tanning process, the lesions become
more prominent in form of white spots on the skin. Tick bites directly damage to the skin
at the site of attachment. This affected the quality of leather produced (its grain and
suede). After wet blue, these areas stand raised and rough against the uniformly smooth
areas reflecting the normal skin. In finished leather these lesions appear as dull patches
on the shinny normal skin which is characterized by circular patches on the leather. The
damage is permanent even if the infection is clinically cured on animal. If the infection is
still active when the animal was slaughtered, then the damage was very pronounced with
severe distortion of the grain surface and follicle mouths. Once the infection has cleared,
the damage is less severe, but still very noticeable on the surface of the leather. Because
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of the alteration in the skin surface, the damage appears as shiny patches on dull leather

or dull patches on shiny leather.

44



5. DISCUSSION

The objective of the present study was to characterize both gross and microscopic
lesions as well as to appreciate the magnitude of sheep and goat skin damage at
tanneries and the impact of defect on their grades. The distribution of gross lesion
varies in wide ranges and categories of grades and manner of the rejection were
associated. The lesions of the various skin diseases described in this investigation
had adverse aesthetic and physical effects on their leathers and similar result was
observed by Gbolagunte and Hambolu (2006), Tancous et al. (1959), who asserted
that a number of skin diseases in small ruminants are characterized by skin
conditions that would persist in the finished leather and then lower its value. The
combined effect sheep ked and tick infestation for instance, induces hyperkeratosis,
necrosis of stratum corium and prickle cells degeneration usually, leaves behind
pited grain appearance in the leather despite the fact that much of the keratinous
materials are removed during processing. In severe cases with ulceration, there
would be holes in the skin. Healing of such lesions is often by scar formation which
may be visible in the leather (Tancous et al. 1993).

It was identified that the dermis in very cases is infiltrated with inflammatory cells
mainly lymphocytes and eosinophlis. These could be enough to separate the
collagen of the dermis thereby resulting in fiber disorganization (Njoku and
Alafiatayo 1984) and similar lesion was observed in this study. Oduye (1976), also
made similar observations in cattle, characterized by hyperkeratosis, parakeratosis
and neutrophilic infiltrations. In the sheep where pediculosis was diagnosed, the
observed layer of scab and dermal inflammation, were characteristic of allergic type
dermatitis reactions resulting from salivary secretions of allergens and/or toxins
(Schwartzman and Kral 1967). The purulent exudates within the hair follicles in
this study agreed with the description by Nesbitt and Schmitz (1977). Generally, the
crust leathers from infested skins in this investigation, were unsightly, hard and
fibrosed, with many tunnellings. The grain surfaces were coarse and rough.

Numerous holes appeared on them. These observations were in agreement with
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those of previous workers (Knew 1952; Dempsey 1954; Green 1956, 1957, 1959;
Ibrahim and Abu-Samra 1988).

The leather from skin infested with ectoparasites in this study was characterized by
spots (either circular or dented, pin point, rough, nodule, fissuring) as well as with
hardness of the surfaces especially the areas of the rims around the spots. The
leathers of animals with alopecia shared these characteristics with special nature of
large circular area of hard surface and cracked skin too and this aws in agreement
with the work of Tancous (1993) who referred such lesions as "pits" generally,
however, according to Haines (1978), On histological sections, epidermal lesion
such as hyperkeratosis, parakeratosis, congestion and diffuse dermatitis characterize
skin lesions caused by lice. The damages done by biting and sucking lice are often
eliminated by grain correction during the process of leather manufacture. The
leather whose depressions looked like scratches was a consequence of the animal's
effort to get relief from irritations by frequent rubbing of the body against an object
as also explained by Tancous (1993).

Parasitic infestation resulting in alopecia, a description similar to our observation.
On histological sections, epidermal lesion such as hyperkeratosis and diffuse
dermatitis characterize skin lesions caused by lice and aws agreed with Halligan
and Johnstone (1992) who described excess collagen fiber deposition in the dermis
due to lice infestation similar with the present findings the puparial and adult sheep
keds were detected on the chest, forequarters, and rib region with few on the back
or abdomen of sheep. Sheep keds were observed to cause severe skin lesions in this
study which aws agreed with Wall and Shearer (1997). Various types of dermal
pathologies varied from follicular lesions to perivascular and/or diffuse dermatitis

was described in other studies.

Microscopically; tick bites have caused necrotic lesions in the epidermis and dermis
at the attachment sites and parakeratosis and hyperkeratosis with prikle cell

degeneration. Moreover, perivascular to diffuse dermatitis consisting of
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eosinophils, macrophages, and lymphocytes were recognized in which the
inflammatory cells were interspersed between collagen fibers and lymphoid
follicles formed in the dermis. Sheep keds and lice causes a rash called cockle on
the skin, which is the principal cause of skin rejection at tanneries and this was in
agreement with work of Sertse and Wossene (2007). Animals exhibited grain
surfaces described pitted by Haines (1983) in this study. There was marked
reduction in the aesthetic appeal and cutting areas of the prepared leathers. They
were unsightly and firbrosed in the same manner as observed by Abu-Samra and
Ibrahim (1989). The presence of nodules with holes on the crust from a goat is this

study was typical of pox infected (OIE 2008).
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6. CONCLUSION AND RECOMMENDATIONS

This study has revealed that among the skins studied and available for tanning, various
forms of skin lesions caused by ectoparasites and other diseases reduced grade of leathers
and leaded to rejection. Effects of the disease and defects were seen on the grain of the
afflicted leathers and this caused economic losses. The costs of processing skins that

would be rejected later added extra costs to tanneries.

Based on the above conclusions the following recommendations were forwarded:

» Effective and modern animal husbandry (with adequate prophylactic measures)
will be the panacea to the nagging problem of Ethiopian declining hides and skins
quality in the world market.

» Effective parasitic control should be implemented considering the prevalence of
lesion and important parasites.

» Skill and knowledge in the area of raw skin selection and detection of defect in
processed skin in relation with causal factors should be capacitated.

» Appropriate and well organized data gathering concerning gross and microscopic
alterations of skin in relation with defect analysis and

» A consequence of quality deterioration of defective skins and its rejection as well

as adverse cumulative effect on the national export income should be assessed.
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8. ANNEXES

Annex 1: Histopathological Technique:

1. Fixation of tissue by 10% formaldehyde
2. Trimming tissue to fit in to standard histological processing tissue cassettes (5mm

thickness)
3. Tissue processing: dehydration, clearing and impregnating

+ Dehydrating tissue by using increasing strength of alcohol; e.g. 50%, 70%, 90% and

100%. Dehydration 70% alcohol 1 hour
90% alcohol 1 1 hour
90% alcohol 11 2 hour
100% alcohol | 1 hour
100% alcohol Il 2 hour
100% alcohol 111 2 hours

% Clearing of tissue by Xylene

Xylene | 2 hours
Xylene Il 2 hours

®,

¢ Impregnation tissue with Paraffin wax

Paraffin wax | 1 hour
Paraffin wax Il 1 hour
Paraffin wax Il 1 hour

4. Embedding or Blocking: Impregnated tissues are placed in a mould with their labels
and then fresh melted wax (54 - 60C°) is poured in it and allowed to settle and solidify.

5. Section: sectioning of tissue in to 4- 5 micron thickness and adhere on the surface of
clear slide.

6. Staining: Automatic or manual staining with Haematoxylin and Eosin to give colour
for sectioned tissue.

Staining procedure:

R/

¢+ Put the sections fixed on slides in xylene for 3 minutes.
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«» Then transfer to absolute alcohol for 3 minutes.

L)

7
A X4

Transfer to 80% alcohol for 2 minutes.

X/
°e

Place in 50% alcohol for 2 minutes.

X/
°

Wash the slide in running tape water for 1 minute and put in Harris’s

Haematoxylin for 5-7 minutes.

¢+ Wash in running tape water for 30 seconds

% Wash excess dye in 1% acid alcohol by continuous agitation for 15 second.

% Wash in running tape water for 30 seconds.

% 2-3 dips in ammonia water solution until tissues attain a blue colour.

¢+ Wash in running tape water for 30 seconds.

% Counter stain with eosin for 3-5 minutes.

% Wash in running tape water for 30 seconds.

%+ Dehydrate by keeping in increasing concentration of alcohol (2-3 minutes in 50%,
70%, 95% and absolute alcohol).

% Clear it in xylene and mount with DPX or Canada balsam.

7. Microscopic examination: stained slide is examined under microscope.
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Annex 2: Leather manufacturing process

And the Lord God made clothes out of animal skins for Adam and his wife, Genesis
4:20

1. The Tanning Process

The majority of leather (almost 90%) is tanned with chromium and is therefore
commonly used as the basic format when trying to understand leather production. Other
methods of tanning will have significantly different production flow although if the
material to be produced is without hair, wool or scales, the preparation and isolation of

the collagen in the beam house processes will remain largely similar.
2. Preparation of the Raw Pelt for Tanning

Tanning primarily involves the reaction of tanning chemicals with collagen; raw hides
contain a number of undesirable components, which are commonly removed prior to
tanning. Approximately 75% of the mass purchased as raw material is removed as
polluting solid or liquid waste. Preparation of the raw pelt includes the processes from

soaking to pickling.
3.Soaking

Soaking is usually the first process encountered in the tannery, as the previously
dehydrated raw material must be carefully rehydrated before it can be subjected to
extended mechanical action. Water is also the vehicle for both chemical penetration and

removal, and is a necessary prerequisite for most of the processes to follow.
4. Unhearing and Liming

The majority of leathers produced are treated in order to remove the hair or wool to leave
the characteristic pattern of the grain surface (analogous to wood grain). Conventionally,
the hides or skins are treated with sodium sulphide and hydrated lime to destroy the

keratinous material of the epidermis and hair or wool. Fats are hydrolysed due to the
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increased pH and the skin structure swells as water is drawn into the fibre network to

form a turgid, open-structured, translucent, jelly-like material.
5. Deliming and Bating

Weak acids are used to lower the pH and to reduce swelling which causes the water to
flush out any impurities with it. The skin becomes flaccid and is treated with proteolytic
bating enzymes to clean the grain and make the pelt smooth and silky.

6. Pickling

The bated pelts are finally treated with acid (commonly sulphuric and/or formic acid) to
obtain the desired pH for optimal penetration of the tanning agent, and with salt, to
suppress swelling when the acid is added. At this stage, the isolated collagen, termed the

pickled pelt, is ready for a pretannage or man tannage.
7. Pretanning, Tanning and Retanning

This includes processes from pretanning and tanning through to retaining via samming,

splitting, shaving and neutralisation as a preparation for the dyehouse.
8. Pretanning

The pickled pelt may be lightly tanned prior to the main tannage to improve the
penetration and distribution of the tanning chemicals to follow, to add specific properties

into the leather or to stabilise it for mechanical operations such as shaving.
9. Tanning

The main tannage has the primary function of producing an utilisable material resistant to
microbial attack. The most common chemical used in tanning are chromium tanning
salts, vegetable tannins and more recently glutaraldehyde. After the tanning agent has
penetrated the collagen structure and distributed satisfactorily, it must be irreversibly
bound to the collagen (eg a process called basification, in which the pH is raided, is used

to bind chromium and glutaraldeyde tanning agents to the collagen).
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10. Mechanical Operations

At some point during production, the leather is split longitudinally to yield an upper grain
split and a lower flesh split of desired thickness. In the production of chromium tanned
leathers, this process is most commonly performed after basification and samming. The
material is then shaved to give a more accurate and even thickness depending on the
requirements for the end products eg shoe upper (1.8 mm), garment (0.9 mm) or

upholstery leathers (1.1 mm).
11. Neutralisation

The mechanical operations generally squeeze water out of the leather, so prior to further
treatment a wetting back and washing process is used to rehydrate the leather and to
remove dirt, shavings or grease that may have been picked up. The majority of the
chemicals still to be added to the leather are anionic in nature, whereas the tanned
collagen at low pH tends to be cationic in nature. Neutralisation is a process in which the
pH is raised and chemicals are added to reduce the stringency of the leather to anionic

chemicals such as retanning agents, dyes and fatliquors.
12. Retanning

The tanned leather is subjected to additional tannages with similar or new tanning
materials. These agents may be used to lighten the colour of the leather, to produce a
feeling of fullness and to aid in the penetration of dyes. The choice of pretanning, tanning
and retanning chemicals is dependent on the properties desired in the final leather, and

therefore, on the properties required in the final leather product.
13. Dyeing, Fat liquoring and Drying

This stage includes preparing the retained material for finishing by processing through to

dried crust.
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14. Dyeing

Chromium tanned leather is blue in colour and must be dyed to obtain the desired colour.
The dye acts as a base colour for finishing, and the depth of dye penetration and leather

colour are of great importance.
15. Fatliquoring

Chromium tanned material dries out hard and crusty and is unsuitable for most purposes.
Small quantities of oil, present as emulsions known as fatliquors, make a significant
difference to the handle, ie the fullness, softness and flexibility, among other factors.

16. Drying

The retaining, dyeing and fatliquoring chemicals are allowed to penetrate and distribute
within the collagen fibre structure before the pH is lowered and the astringency causes
them to "fix" to the tanned material. The final binding of chemicals is encouraged by the
drying process. Batches of leather are commonly toggle dried on frames in heated tunnels

for four to six hours or are vacuum dried individually for two to ten minutes.
17. Finishing

A finish process and finishing chemical must be carefully designed and "married” with
the production of the curst to ensure compatibility. The finish may be required to hide
defects, to contribute to the leather beauty and properties and to provide fashion effects.
Resins, pigments, dyes, handle modifiers, fillers, dullers and other chemicals are added in
layers to the surface of the leather by spraying, roller-coating, curtain-coating or by hand.
Heated hydraulic or roller presses are used to produce smooth or patterned leathers,
depending on customer requirements. Finishing finally completes the leather
manufacturing process and the area is then measured and the leather sent for dispatch to a

product manufacturer to be turned into shoes, clothing or upholstery. (Halligan, 1992)
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Annex 3: quality grades characteristics

Grade 1 Skins with good grain appearance and full of substances with two or three minor
Defects outside the butt and shoulder areas which do not depreciate the quality of the

skin.

Grade 2 Skins with good grain appearance with closed minor defects possibly along
belly and back and two or three similar defects randomly spread on the butt and shoulder

area, this skin have a cutting value of about 90%.
Grade 3 Skins with good grain appearance with closed minor defects possibly along
belly and back and two or three similar defects randomly spread on butt and shoulder

areas, this skin will have a cutting value of about 80%.

Grade 4 Skins with a cutting value of at least 70%, major defects visible on neck portion

with minor defects on butt and shoulder.
Grade 5 Skins having at least 60% cutting value with random, minor skin blemishes all
over the skin.

Grade 6 Skins having similar defects as grade 5, but having a cutting vale of about 50%.

Grade 7 Skins having the same grain characteristics as grade 6, but slightly poorer in

substances and having cutting value of not less than 25%.

Grade 8 Skins with empty substances with major deformation in shape and highly

irregular in grain character with 10 — 25% cutting value.

Rejects Skins: reject the total products.
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Annex 4: skin scraping technique for mange mites

Scrapings from mangy skin should be forwarded in dry containers sealed properly to
prevent mites from crawling out. The following procedure is recommended for collection

of mange scrapings:

1. Select an area where the skin lesions are most marked. In cases of very light infection,
the area where the animal likes being scratched is likely to yield the most suitable

material for examination

2. Clip the hair from the selected area and moisten it with 10% solution of caustic potash

or even plain water.

3. Scrape the area with a blunt knife. A sharp scalpel should not be used,for it may cut the

skin.

4. Collect all loose scabs, scurf, hair etc. in a large test-tube. The scraping should be
continued until blood oozes from the scraped area as it is only when this stage is reached
that the area is likely to yield samples of the different forms of mites harboured by it.
Each time a little quantity of blood collects on the scalpel, lightly scrape an adjacent area

with it to cover up the blood with scurf and loose hair.

5. Wipe the scalpel against the inner rim of the tube and then detach the adherent mass
with the knife to make it drop down into the tube. The blood will thus be prevented from
adhering to the knife or to the mouth of the tube.

6. Scrapings at least sufficient in quantity to cover a rupee coin should be collected from
all cases suspected for mange. Negative findings are sometimes due to insufficient or
only superficial scrapings having been examined for the presence of mites under stereo

microscope.
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