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			Abstract

			Echinococcosis/hydatidosis is a zoonotic parasitic disease caused by the dog tapeworm Echinococcus and its larval stage, the hydatid cyst. It is characterized by the formation of variably sized cysts in the visceral organs of the intermediate hosts and adult tapeworm in the intestine of dogs. The disease is chronic and affects all kinds of food animals, including herbivorous and omnivorous mammals. The distribution of E. granulosus is higher in developing countries, especially in rural communities where there is close contact between the dog, the definitive host, and various domestic animals, which may act as intermediate hosts. Echinococcosis is associated with severe morbidity and disability and is one of the world’s most geographically widespread zoonotic diseases. Hydatid disease results in loss of millions of money in terms of public health each year and lowered productivity of infected animals. The objective of this seminar paper is to review the epidemiology, pathogenesis, diagnosis, control and prevention of hydatidosis and its public health and economic impact. The life cycle is complex, involving two hosts and a free-living egg stage. The dynamics of the transmission of the parasite are determined by the interaction of factors associated with these two hosts and with the external environment. The effect of the hydatid cyst on the intermediate host depends on the size and location of the cyst. In the intermediate host, diagnosing hydatidosis is possible through scanning, radiology, serology and postmortem examination. Unfortunately, surgery is the treatment of choice at present, but several of the benzimidazole compounds have been shown to have efficacy against the hydatid cyst in the intermediate host. Therefore, Echinococcosis can be controlled through dosing dogs, inspecting meat and educating the public on the risk to humans and on avoiding feeding offal to dogs, as well as introducing legislation.
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			Introduction

			Echinococcosis is a zoonotic parasitic tapeworm infection caused by the larval stage of several species belonging to the genus Echinococcus, the dog tapeworm [1]. Domestic animals such as camels, cattle, goats, and sheep which live in close contact with dogs are implicated as one of the important contributors of zoonotic diseases to humans [2]. It is characterized by the formation of variably sized cysts in the visceral organs of the intermediate hosts and adult tapeworm in the intestine of dogs [3]. The disease is chronic and affects all kinds of food animals, including herbivorous and omnivorous mammals. Humans can accidentally become hosts by ingesting the eggs of Echinococcus granulosus. In humans, the cysts develop in the liver and lung but other organs and tissues may also become affected [4]. The public health importance of echinococcosis includes cost of hospitalization, medical and surgical fees, losses of income and productivity due to temporal incapacity to work, 

social consequences, due to disability and mortality [5]. Cystic echinococcosis or hydatidosis is a neglected cyclozoonotic disease affecting humans and their livestock, thereby causing significant socioeconomic and public health impacts, mostly in developing countries [6]. 

			The disease continues to occur in many countries especially in the developing world, where they mostly affect the poorest segment of the human population. It represents a significant global human disease burden in poor pastoral communities. Echinococcosis is associated with severe morbidity and disability and is one of the world’s most geographically widespread zoonotic diseases [7]. The disease has a worldwide distribution and its prevalence varies among regions due to climate difference and agro ecology, level of education, and development condition [8]. The distribution of E. granulosus is higher in developing countries, especially in rural communities where there is close contact between the dog, the definitive host, and various domestic animals, which may act as intermediate hosts [3]. Currently, ten (G1–G10) and lion strain (E. felids) genetically, biologically and morphologically distinct strains of E. granulosus have been identified from different parts of the world [9]. The different strains of the parasite were reported to have different epidemiological and socio-economical significances, and geographical ranges [3]. Among the ten different strains of E. granulosus so far characterized, seven of them (G1, G2, G3, G5, G6, G7, and G9) were reported to have public health importance. In Africa, six strains of E. granulosus, the common sheep strain (G1), Tasmanian sheep strain (G2), horse strain (G4), cattle strain (G5), camel strain (G6), and lion strains (E. felids) were reported. From these, four of them (G1, G2, G5 and G6) were reported to infect humans in different parts of the world [10].

			Hydatid disease not only results in loss of millions of money in terms of public health each year, but also it worsens the protein deficiency for human consumption in terms of condemned organs, and lowered productivity of infected animals [11]. Globally, cystic echinococcosis was estimated to cause human and livestock associated annual economic losses of at least US$193,529,740 and US$141,605,195, respectively [12]. The disease incurs economic losses in meat sector, effective control and prevention measures should be introduced to minimize the risk of public health hazard and curb the incurred economic losses. The current first drug of choice is praziquantel, which is recommended for goats and sheep. The drug is highly effective against immature and mature intestinal stages, but the drug is not ovicidal [13]. Effective control of hydatid disease is based on presentation by breaking the cycle between definitive and intermediate hosts. This has been demonstrated in a number of well documented control campaigns concerned with Echinococcus granulosus maintained in domestic life cycle patterns [14]. The key to success is health educations that elicit community participation [15]. Therefore, the objectives of this seminar paper are to overview the public health importance and economic impact of cystic echinococcosis in small ruminants. 

			Etiological Agents and Morphology

			At present, four species of the genus Echinococcus are recognized and regarded as taxonomically valid: E. granulosus (cystic hydatidosis), E. multilocularis (multivesicular hydatidosis), E. vogeli (polycystic hydatidosis) and E. oligarthrus [4]. These four species are morphologically distinct in both the adult and the larval stages. In addition, several different strains of E. granulosus and E. multilocularis are recognized [16]. Adult Echinococcus is a very short tapeworm only rarely more than mm long and usually has no more than six segments. Like all tapeworms, Echinococcus has no gut and all metabolic interchange takes place across the syncytial outer covering tegument. Interiorly, the adult Echinococcus possesses an attachment organ, the scolex, which has four muscular suckers and two rows of hooks, only large and one small, on the rostellum [17]. The body or strobila is segmented and consists of a number reproductive unit (proglottids), which may vary in number from two, to six. The adult worm is hermaphrodite with reproductive ducts opening at a common, lateral, genital pore, the position of which may vary depending on species and strain. There is a prominent cirrus sac, which may be horizontal or titled anteriorly and the vitellarium is globular. The uterus dilates after fertilization, eventually occupying most of the terminal segment when the eggs are fully developed [18].
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			The eggs are ovoid (30µm-40µm diameter), consisting of a hexacanth embryo (oncosphere = first larval stage) surrounded by several envelopes, the most noticeable one being the highly resistant keratinized embryophore, which gives the egg a dark striated appearance. The eggs of Echinococcus are morphologically indistinguishable to those of other tapeworms of the genus Taenia [18]. The metacestode (=second larval stage) basically consists of a bladder with an outer acellular laminated layer and an inner nucleated germinal layer, which may give rise by asexual budding to brood capsules. Protoscoleces arise from the inner wall of the brood capsules. The structure and development of the metacestode differs between the four species of Echinococcus [18].

			Sheep are typically infected with multiple polymorphic E. granulosus cyst mainly localized in the liver and lung but, the spleen, heart, kidney, omentum, and other organs can also be affected. Similarly, in goats, even though the liver and the lung are the main predilection sites, hydatid cysts have also been recorded in the spleen, heart, brain, and marrow cavity of bone occasionally [19]. Hydatid cysts grow slowly and usually take several years to develop to a size, where they may cause disease and symptom in animals. Fertile cyst may occur within about 6 months in mice, 10-12 month in pig, but about 2-4 years in sheep [17].

			Life cycle of Echinococcus granulosus

			Echinococcus spp. requires two mammalian hosts for completion of its life cycle. Gravid proglottids or free eggs are passed along with the feces of the definitive host, a carnivore. The adult tapeworm is found in parts of small intestine of the definitive host, from where segments containing eggs are passed with the feaces. When the eggs are ingested by intermediate hosts like cattle, sheep, goats, pigs, and camel in which the metacestode develops, the onchospheres penetrates the wall of the small intestine. A hormonal secretion from the onchospheres aids the penetration in to the intestine. Upon gaining access to a venue, the onchospheres is passively transported to the liver, where some are retained, others reach the lungs, and a few may be transported further to the kidney, spleen, muscles, brain, and other visceral organs. Once the onchospheres has reached its final location, it develops into the metacestode stage (hydatid cyst). The hydatid cyst develops slowly over several months, forming an outer laminated membrane called the germinal layer. From the germinal membrane brood capsules develop, each containing one or several invaginatinated head (protoscolises) that can develop into the adult tapeworm upon ingestion by the definitive host [15]. The life cycle is completed when a dog ingests hydatid cysts containing protoscolices. Following ingestion, protoscolices evaginate, penetrate deeply between the villi in to the crypts of Lieber Kuhn, and develop to maturity in about 47 days [4].
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			Epidemiology: Hydatidosis due to E. granulosus commonly prevalent in sheep-raising areas of the Mediterranean, Australia, New Zealand, South Africa, South America and the Middle East including Saudi Arabia [20]. In Africa, the disease is reported more commonly in cattle raised in a free range associated intimately with dogs [21]. 

			Mode of transmission to intermediate hosts: The eggs enter into the intermediate hosts by the ingestion of contaminated grass, water, vegetables, and others. It has been shown that flies and possibly other insects contaminated during feeding may mechanically transport the eggs over considerable distance. The definitive hosts are infected by the ingestion of offal’s contaminated by fertile and viable hydatid cysts [22].

			In developing countries, due to lack of effective meat inspection, and also a backyard slaughter practices, the hydatid cyst infected visceras are deliberately left for home and stray dog’s consumption. This type of unhygienic practice plays a major role in the maintenance and transmission of the disease in domestic ruminants and humans. This is particularly true in sub-Saharan Africa countries including Ethiopia [23].

			Host range: It is likely that Echinococcus granulosus originally completed its life cycle among wild animals in a sylvatic cycle that involved, for example, wolves and cervids or lions and warthogs. It has now adapted into a domestic cycle, however, commonly involving dogs and sheep [4]. As Echinococcus granulosus has little host specificity with regard to intermediate hosts, hydatid cysts have been seen in a wide range of mammals, including domestic ruminants, camels, giraffe’s pigs, equines, elephants, hippopotamuses, marsupials and different types of deer, as well as humans [24].

			Risk factor: Certain deep-rooted traditional activities have been described as a factor associated with the spread and high prevalence of the disease in some areas of the country. These can include the wide spread backyard slouther of animals, the corresponding absence of rigorous meat inspection procedures, the long-standing habit of feeding domesticated dogs with condemned offal and the subsequent contaminance of the life cycle of E. granulosus which is the causative of cystic hydatidosis and consequently the high rate of infection of susceptible hosts [25].

			Three kinds of epidemiological cycles are known: rural type, sylvatic type and urban type. Rural type: this is the most frequent and is concerned with domestic dogs and cats and intermediate hosts which are usually domestic animals. Man is infected, directly or indirectly from dogs and cats in villages or on farms. Sylvatic type: This cycle is completed through wild canidae and felidae and their wild prey (Wild rodents). This is the most frequent type for Echinococcus multi locularis and man is indirectly infected by the alveolar form of this disease, from wild canidea and felidae. Urban type: this cycle is completed through the domestic cat and mice; it has been recognized for some time for alveolar echinococcosis [4].

			Pathogenesis

			Hydatid cyst is typed according to their stage of development, namely primary and secondary cystic echinococcosis. The first occurs after the ingestion of eggs of E. granulosus and gives rise to the formation of hydatid cysts in different organs of the body, while the second occurs by the rupture of the primary CE due to trauma. In this condition, the protoscolices are carried out by the blood to different organs and develops to secondary hydatid cyst [26]. Calcification can occur in pericyst, mother cyst, and daughter cyst. The endocysts calcification indicates the cyst is none viable. The calcification of the pericyst can occur in half of the cyst at all stage of development [27].

			The cyst of E. granulosus vary greatly in size and shape (typically unilocular, but sometimes multilobed or multilocularis), and may be present in large numbers in one or several organs. The location of cysts and cyst morphology is controlled not only by the host factors, but also by parasite factors such as the strain of E. granulosus involved. Usually the host and the metacestode of Echinococcus coexist well. Initially, following infection, there is a cellular response from the host). This resolve and causes to develop a fibrous capsule (adventitial layer) around the parasite, which enlarges to accommodate the cyst as it grows. Under certain circumstances, the cellular response from intermediate host is protracted resulting in the death of the parasite [28]. Displacement of the lung or liver tissue and fibrous of the area surrounding the cyst, as well as pressure placed on the organs as a result of the hydatid cyst increasing in size during the life of intermediate host, results in pathological tissue changes. Occasionally, larvae localize in the kidney, spleen or brain tissue where their effect are more severe and often fatal [29].

			Clinical signs

			Infection with Echinococcus granulosus cyst in the intermediate hosts are typically asymptomatic, except for a small number of cases with chronic and heavy infection. The effect of hydatid cyst on the intermediate host depends on the size and location of the cyst. If large cyst is located in an area of the body, with rigid bounders, such as the brain or lungs, the consequences can be very serious [30]. Since the cyst is slow in growing and animals are often slithered before it manages to create sufficient pressure on the tissue or organs. Fever and generalized pruritis are systemic symptoms often associated with hydatid disease. Rupture of cysts, particularly into serosal cavities, may cause acute and sometimes fatal anaphylactic reaction [31]. The adult Echinococcus is considered to be rather harmless to the definitive host, except when it occurs in large numbers, which may cause severe enteritis. The effect of hydrated cyst on the intermediate host depends on the size and location and location of the cyst. There are few available data on the clinical effects of the cystic hydatid disease in animals since the cyst is slow in growing and animals are often slithered before it manages to create sufficient pressure on the organs [32].

			Diagnosis and Treatment

			In the definitive host, a post-mortem examination is the most reliable method of diagnosis. There is usually no early parasitological evidence for the presence of cysts in organs or tissues and in most cases the early stage of infections are asymptomatic. Over the last decade diagnosis of hydatid disease was improved due to the use of imaging techniques including ultrasonography, computed tomography (CT scanning) and magnetic resonance imaging (MRI) supported by immunological assays for confirmation of clinical diagnosis [33]. Recently, a PCR for specific detection of DNA from E. granulosus egg has been developed [34]. Immuno diagnosis involves the detection of parasite antigens in feces (coproantigens) and serum antibody detection. ELISA has been described for several groups for the detection of coproantigens released by cestodes, including Taenia species of dogs, and humans [23]. Treatment comprises mainly surgical intervention or percutaneous treatment and/or high dose, long-term therapy with albendazole alone or in combination with praziquantel [35].

			Control and Prevention

			Echinococcosis can be controlled through preventive measures that break the life cycle of between the definitive and intermediate hosts. These measures include a complete deprivation of dogs from the access of infected raw offal’s by proper disposal of hydatid cysts possessing condemned offal’s at abattoirs, local slaughterhouses, back yards and on farms. Further control methods include introduction of appropriate meat inspection, establishment of local slaughterhouses, education of the people, effective implementation of legislative measures, burning or burial of condemned offal’s and sterilization of offal’s, if it is going to be used as dog food [36]. Specific control measures including stray dogs’ control, registration of all owned dogs, spaying of bitches and treatment of all (or most) dogs with praziquantel at predetermined intervals for example every 6-8 weeks [37]. Prevention can be achieved by strict hygiene measures like hand washing after animals handling, in particular dogs [26]. Control of movements of food animals and dogs from the infected areas to the “clean” ones; marking and control of movements of animals from infected flocks or herds [38].

			Application of an effective vaccine to reduce hydatid infection in livestock would be likely to have a substantial impact on the rate of transmission of the disease to humans [39]. Echinococcus vaccines would ideally prevent oncosphere development to hydatid cysts in sheep, and thus stop the development of adult gravid tapeworms in dogs [40]. Large controlled studies with sheep have shown that vaccination with a recombinant oncospheral EG95 induces high degree of protection, reducing the cyst numbers in vaccinated animals by approximately 90 to 100%. A high degree of immunity (about 80%) persists for 6 months (in the absence of reinfection), and pregnant ewes vaccinated before lambing transfer high levels of. There is no vaccine for dogs, although research is under way [41]. An effective vaccine for ovine echinococcosis has been developed [39] and may become available soon. Community ultrasound surveys have been used to raise awareness in communities considered to be at risk [42]. Currently there are no human vaccines against any form of Echinococcosis. However, there are studies being conducted that are looking at possible vaccine candidates for an effective human vaccine against Echinococcosis [43].

			Public Health Significance

			Cystic echinococcosis (CE) caused by larval stages of Echinococcus granulosus is one of the most common zoonotic diseases associated with severe economic losses and great public health significance worldwide [44]. Echinococcus infections are estimated to affect approximately two to three million people worldwide, with Africa amongst the primarily endemic regions [45]. Humans are infected by ingesting eggs of E. granulosus through contaminated food, water and soil, or through direct contact with dogs [46]. The role of dogs in the spread of the disease has also been reported by other researchers in Ethiopia [47]. CE in humans has frequently been reported from different regions of the country [48]. The disease is more common in rural areas, where dogs and domestic animals live in very close association [49]. Most CE cases in humans are caused by the sheep strain (GI) and camel strain (G6) of E. granulosus [50]. In humans the cyst may reside and grow in liver, lung and other visceral organs. Occasional rupture of the cysts often leads to sudden death because of anaphylaxis, hemorrhage and metastasis [51].

			Infections in humans occur by ingesting eggs through hand to mouth transfer of eggs after contact with the faces or contaminated fur of infected dogs [46]. The disease also has a wider public health importance. Humans are accidental intermediate hosts [52]. The highest burden of human CE occurs over a large more or less contiguous transmission Zone from North Africa, Near East, Middle East, Central Asia, eastern Russia and western China [36].

			Economic Significance

			Cystic echinococcosis in livestock causes considerable economic losses due to condemnation of affected animal organs at the slaughterhouse, production losses (reduction in live weight gain, yield of milk, fertility rates, value of hide and skin) and losses related to treatment of animals and humans [53]. The economic burden of CE on the global livestock industry alone has been estimated to be over $2 billion per annum, such losses are of particular importance in Ethiopia, which has low economic output with a per capita income of less than one US dollar per day [54-60]. The difference in economic losses agreed with the variation in the prevalence of the disease, mean annual slaughter rate in different abattoirs and variation in retail, market price of organs. The economic loss due to cystic echinococcosis varies according to several works conducted so far in different parts of the country. Recent study recorded a loss of 287,179.99 ETB from organ condemnation and carcass weight loss in sheep and goats in Hashim Nur’s export Abattoir in Debrezeit. 

			[image: ]

			Conclusion and Recommendations

			Hydatidosis is an important zoonosis and is a serious public health and economic problem throughout the world. In domestic ruminants it inflicts enormous economic damage due to the condemnation of affected organs and lowering of meat, milk and wool production. The disease is chronic and affects all kinds of food animals, including herbivorous and omnivorous mammals. The public health importance of echinococcosis includes cost of hospitalization, medical and surgical fees, losses of income and productivity due to temporal incapacity to work, social consequences, due to disability and mortality. The distribution of E. granulosus is higher in developing countries, especially in rural communities where there is close contact between the dog, the definitive host, and various domestic animals, which may act as intermediate hosts.

			Based on the above conclusion the following recommendations are forwarded:

			a.	In endemic areas of hydatidosis, the subspecies and strain identification of E. granulosus, followed by immunological study of infected animals should be carried out to promote the production of vaccines against the adult parasite in the dogs. 

			b.	The government should Initiate and involve pertinent agencies such as public health and other related agencies.

			c.	The Ministry of Public Health has to increase the awareness of public regarding risk factors for transmission of the parasite.
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Figure 3: Life cycle of cystic echinococcosis [59]
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Figure 4: Calcified hydatid cyst in the caudal lobe of the lung of
male sheep (right) and Small to medium size hydatid cysts in the
livers of sheep (left) [64]






OEBPS/image/127307.png
S———

Figure 2: Morphology of adult Echinococeus granulosus
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Figure 1: Protoscolices from hydatid broad capsule [37].






