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    Parasitic infections can represent a serious obstacle to goat farming, reducing productive performance or even causing deaths. Therefore, it is essential to diagnose parasitic diseases correctly, apply the right treatment, and adopt effective prophylactic measures to raise goats efficiently. Unfortunately, it is common to adopt appropriate measures for other animals, but those are inadequate for goats. These inadequate procedures are the result of a gap in the literature regarding parasitic diseases of goats. The book "Parasitic Diseases of Goats" should contribute to filling that gap. In this book, veterinarians will find information specific to the species, which will assist them in making informed decisions. Veterinary professionals and goat producers should benefit from this book's description of parasitic diseases' etiopathogenesis, clinical effects, diagnosis, treatment, and prevention. In light of all the knowledge presented in this book, I congratulate its editor, Tanmoy Rana. I hope that everyone who reads it finds it both interesting and informative.


    
      Benito Soto-Blanco

      Department of Veterinary Clinics and Surgery

      Veterinary School Federal University of Minas Gerais

      Belo Horizonte, MG Brazil
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    Goats play a significant role in the economy of small and marginal families. They also play a key role in the upliftment of the socio-economic status of marginal farmers. Generally, goats are resistant to various diseases. However, they suffer mostly from parasitic diseases. They are selective feeders and require a lot of managemental practices that safeguard their health. This book generally focuses on system-wise parasitic diseases, clinical signs, advanced diagnosis, and management of parasitic diseases. The book constituents of a considerably larger amount of color photographs, illustrations, and diagrams to attract the reader. The handbook is intended for students, academicians, progressive farmers, veterinary practitioners, and extension personnel. This handbook will provide useful information for a better understanding of the parasitism of goats.


    The book "Parasitic Diseases of Goats" is divided into 12 chapters emphasizing the clinical parasitic evaluation, diagnosis, and management of goats. It describes parasites of the digestive system, respiratory system, liver, pancreas, circulatory system, nervous system, reproductive/urogenital system, locomotory system, and the integument of goats. Additionally, it explores various aspects of parasitological interventions and provides recent information to veterinary professionals and farmers regarding their parasitological questions. I hope that the readers will enjoy the amazing world of parasites of goats. The control of caprine parasite infections through various endoparasite and ectoparasite management strategies has become routine for veterinary professionals, farm managers, and progressive farmers. The therapeutics and preventive management are based on clinical diagnosis of the parasites based on the detection of eggs, antigens from the parasite, seroconversion by the host, and molecular indices of the parasites. The application of drugs is based on their chemical form rather than proprietary. I am also thankful to the authors involved in parasitological research for their consultation. It is the responsibility of the veterinarian to recommend the drugs correctly based on local laws and legislation governing drugs in the practicing field. Neither any publisher nor the authors have any liability for any damage/ injury to persons or property with the application of all information and material(s) constraints for the diseases in this book. The use of any trade names or commercial products in this book is purely for the purpose of distinct information and also does not evaluate any finalization and/or recommendation by the publisher or authors. Scientists, researchers, industry veterinarians, government veterinarians, laboratory diagnosticians, veterinary technicians, and veterinary practitioners throughout the globe can consult this book to acquire knowledge about the parasitic diseases of goats.
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      Abstract


      Goats are livestock, which is very popular among the poor people of developing countries who cannot afford to raise large ruminants. However, small ruminant producers face significant economic threats due to parasitism. Both ecto- and endo-parasites cause significant damage to the animals that either reduces the performance or may cause death of animals. These parasites are either single-cell, protozoa or multicellular, helminths and arthropods. They enter into the host by various means, such as foods, water, penetration of the skin, from mother to foetus via placenta and/or milk, etc. A number of parasites affect the goats, leading to different kinds of diseases. Some are very serious in nature, while others cause mild to moderate kinds of diseases. Furthermore, the severity of the disease depends upon different factors associated with the animals, like age, sex, and breed, parasites like species/strain, quantum of infection, virulence, and environment factors like temperature, humidity, soil type, food, management, etc. Management of parasites is somewhat challenging in the extensive system, while it can be well managed in the intensive system of animal rearing by following the good practices of management.
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      Introduction


      Goats were domesticated along with sheep in central Asia over ten thousand years ago and considered livestock to be domesticated first. Both are termed as small domestic ruminants and are currently found throughout the world. Capra aegagrus hircus, the domestic goat, is kept mainly for meat, milk, hides, and hair. In contrast to cattle, goats are primarily browsing animals [1]. They can adapt to different environments due to their diverse food habits on a varied plant diet. The goat husbandry practices are mainly done by poor people, and goats are known as


      ‘poor men’s cows’. Though majorities are raised in smallholder and mixed farming systems, they are an important component of pastoralist herds too. Besides, the high-value animals are also raised for specialized dairy production [2]. However, small ruminant producers are facing significant economic threats due to parasitism. Both ecto- and endo-parasites cause significant damage to the animals that either reduce their performance or may cause death of animals. Animal health is an important factor in maintaining its natural productivity. So, first we should know that, what is parasite? Parasite is an organism the live on or within other living organism of different species (host) for their survival. Parasites derive benefit as food or shelter or both for itself at the expense of the host and causing harm to them. Parasites are always smaller partner to their host [3]. The word parasite is derived from the Greek words, “para” means beside and “sitos” means food. In this definition bacterium, viruses, fungi, etc. may also be considered as parasites. But, looking to the vastness of the subject only helminthes, arthropods and protozoans are studied under parasitology. Then what is parasitology? Parasitology is a branch of biology which deals with the study of parasitism, i.e. a phenomenon of dependence of one living organism on the other. e.g. Ascaris (parasite) in men (host), biting files, liver fluke, coccidia Parasitism is one kind of animals association like other viz. commensalism, mutualism, predation, phoresis. But, in parasitism live in close association where parasite, either harms its host or lives at the expense of the host.


      https://editorial.elsevier.com/app/loginhttps://editorial.elsevier.com/app/loginpartner usually smaller, lives on or within the other, in order to obtain nourishment and habitat. However, in other association like in Commensalism: One partner benefits from the association, but the host is neither harmed nor benefited (Fig. 1). e.g. Entamoeba gingivalis in human mouth.


      [image: ]
Fig. (1))

      Topic covered under study of parasitology.

      Commensalisms may be facultative, in the sense that the commensals may not be required to participate in an association to survive. Stalked ciliates (Genus: Vorticella) are frequently found on small crustaceans and can survive equally well on sticks in the same pond. However, related forms such as Epistylis spp. are evidently obligate commensals since they are not found except on other organisms, especially crustaceans [4]. Similarly, Mutualism describes an obligatory relationship in which both partners benefit from the association. E.g., termites and their intestinal protistan fauna. Predation and parasitism are conceptually similar in that both the parasite and the predator live at the expense of the host or prey. The Parasite, however, normally does not kill its host, is small relative to the size of the host, has only one host (or one host at each stage in its life cycle), and is symbiotic. The predator kills its prey, is large relative to the prey, has numerous prey, and is not symbiotic. Lastly, Phoresis, which means travelling together, is a temporary association between two individuals or living beings in which there is no metabolic dependence. Example: Bacteria and amoebae on the legs of a fly or fungal spores on the legs of a beetle (Fig. 2).
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Fig. (2))

      Broad categorization of parasites.

      Now we look into the types of parasites. According to the duration of the parasite on/in the host they are:

      Temporary parasites: The parasites which lead free life during a part of life cycle or in other words, are those which visit the host as and when but do not remain with it all the time, e.g. Gasterophilus, fleas, flies, etc.

      Permanent parasites: These are those which live as parasites, for whole life or in other words, are those parasites which remain with the host all the time and do not leave it at any time, e.g., lice, helminths, etc.

      Periodic or sporadic or intermittent parasites: They are those parasites which make a short visit to their hosts to obtain nourishment or food or other benefits, e.g., mosquitoes, biting flies, soft ticks.

      

      Accidental parasite: Free living organisms which can live as a parasite for a short period, e.g. larva of Musca domestica.


      According to the habitat of the parasite on/in the host, they are classified as:

      Ectoparasites or external parasites: They are those parasites which are found on the surface of the body of the host, usually attached to the skin, feathers hairs, gills, etc. Such forms may or may not lead to a completely parasitic existence e.g., flies, lice, ticks.

      Endoparasites or internal parasites: They are those parasites which are found inside the body of the host in the gut, body cavity, lungs or other tissues. Such forms nearly or always live a completely parasitic existence, e.g. helminths, protozoans.

      Intracellular parasites: These are the endoparasites found inside the cells of the host, e.g. Theileria, Babesia, found inside the RBC.

      Intercellular parasites: These are the endoparasites found in between the cells or in the cavities or lumens of the different organs of the host, e.g. Fasciola, Trypanosoma, Strogyloides, etc.

      Erratic or ectopic or aberrant parasites: Endoparasites found in other organs than the normal habitat in the host are aberrant parasites, e.g. Setaria, when found in brain, spinal cord, eyes, etc.

      Incidental parasites: Those endoparasites in a host in which these usually do not live or are found normally. e.g. Ascaris lumbricoides in sheep.


      Similarly, according to the specificity of the parasites, they are classified as:

      Host specific parasites: they are the parasites whose host range is confined or limited to either one species of the host or closely related species of the host [5]. e.g. Plasmodium vivax is specific to human beings, Babesia bigemina in bovines. Or

      Non-host specific parasites: they are the parasites whose host range is not confined or limited to one species of the host and do not show any marked preference for one species or group of related species of host. Hence, their host range is very large and can develop in large number of unrelated animals, e.g. Fasciola, Toxoplasma in intermediate hosts.


      Further, according to the degree of parasitism, parasites are classified as:

      Facultative parasites: The parasites which do not absolutely depend on the parasitic life, but they retain their power of leading a free living existence (which can live as a parasite or as free living organisms). This means that these parasites can lead, depending upon their circumstances, either a parasitic mode of life or free living mode of life, e.g. maggots of flies, Calliphorine larvae. Or

      

      

      Obligatory parasites: which completely adapted to a parasitic mode of life but hey cannot lead a free living life and their relationship is markedly physiological, e.g. filarid worms, Sarcocystis, Cestodes [6].


      Parasites can also be classified according to their pathogenicity as:

      Pathogenic parasites: that have the potential to cause much harm, damage of tissues and produce clinical disease in a host, e.g. Trichostrongylus, Haemonchus, Sarcocystis cruzi, Fasciola hepatica etc. or

      Non-pathogenic parasites: they do not cause much harm, damage and do not produce clinical disease in a host, e.g. Entamoeba coli.


      According to type of host required in life cycle of parasites, they are classified as:

      Monoxenous or homoxenous parasites: live in only one type of host during the course of their normal life cycle, e.g. coccidia, hookworms, amoebae.

      Heteroxenous parasites: live in two or more types of hosts during the course of their normal life cycle, e.g. tapeworms, trematodes of large animals, malarial parasites.

      Auto-heteroxenous parasite: Parasites in which the definitive host acts as an intermediate host due to auto infection or reinfection in later stage of infection and acts as source of infection for another type of definitive host. e.g. Trichinella spiralis where pig acts as definitive host and intermediate host.

      Stenoxenous parasites: have a narrow host range, e.g. coccidia, human malaria, hookworms, nodular worms.

      Euryxenous parasite: which has a broad or wide host range, e.g. Trypanosoma, Dracunculus, etc.


      Parasites are also classified according to its development in the host. They are either called as:

      Proliferous parasite: that enters the body of the host as one individual and grows, multiplies and eventually produces a number of daughter individuals [7]. The daughter individuals follow their mother's example; they grow and multiply, so do their daughter's, granddaughter’s and further progeny, Thus the host, who begins with one parasite and finishes with harbouring many, e.g. Theileria, Babesia, etc. or

      Non- proliferous parasite: which enters the body of host as one individual and grows likewise but the daughter individuals do not multiply in the host in whom they are born. They must get into another host before they can multiply [8]. Thus the host infected with one parasite will never have more than one in his body, e.g. helminthes.


      According to the size of the parasite, they can be called as:

      Macroparasites: that can be seen by naked eye. The majority of macroparasites cannot replicate within the host and a level of infection is determined by the number of infection events and the number of infective stages acquired, e.g. trematodes, cestodes, nematodes and arthropods.

      Microparasites: It cannot be seen by naked eye, but are identified by microscope. These parasites replicate within the host and level of infection can rise rapidly even after a single infection or a single organism, e.g. protozoans.


      Few parasites infect both human and animals. So, according to the transmission of parasites between men and animals, they are classified as:

      Zoonotic parasites: are naturally transmissible from animals to man or vice versa. e.g Fasciolopsis buski, hydatid (Echinococcus), Trichinella, etc.

      Non-zoonotic parasites: are not naturally transmissible between animal and man. They complete their life cycles without involving man, e.g. Ascaridia, Oesophagostomum, etc.


      According to the invasion of the tissues of the host, the parasite can be termed as:

      Histozoic parasites: those live within the tissues of the host, e.g. coccidian parasites in the intestinal mucosa of the animals and birds, etc.;

      Coelozoic parasites: those are found in the lumen of the intestine or other hollow organs of the hosts, e.g. Ascaris suum in the small intestine of pig, etc.

      Histotrophic: The term denotes the migratory phase of the larval forms of the parasite through various organs of the definitive host during its development. e.g. migration of the larvae of Toxocara vitulorum [9].


      Parasites also grouped according to its laying stages, they are:

      Oviparous parasites: females lay eggs, e.g. Ascaris, Ascaridia, Ancylostoma, etc.

      Ovo-viviparous parasites: females lay eggs which are containing fully developed larvae to hatch, e.g. Habronema, Strongyloides, etc.;

      Viviparous parasites: here, the eggs are hatched in the uterus of the female and larvae are passed out. e.g. Filarid worms;

      Pupiparous parasites: The parasites in which the eggs hatch and larvae developed in the uterus of the female and when passed outside they are ready to pupate, e.g. Hippobosca, Melophagus, Pseudolynchia, etc.


      Some of the organisms are also termed as:

      Hyperparasites: are those parasites which may themselves be parasitized on the other parasites, e.g. Histomonas meleagridis (protozoa) in the eggs and larvae of Heterakis gallinarum (nematodes) and Nosema helminthorum (protozoa) in the Moniezia in England and Pakistan, Hymenopterous insects parasitizing ticks etc. Whereas,

      Pseudoparasites: are those objects which are mistaken for parasites, e.g. small white thread for Trichostrongylus.

      Metazoan parasite: Multicellular eukaryotic parasite is termed as metazoan parasite. e.g. arthropods and helminthes.

    


    
      Parasites of goats


      The following are the parasites of goats (Table 1). Broadly they are classified as helminths, arthropods and protozoans. Helminth parasites are further divided into four broad group i.e., flukes (Trematodes), tapeworms (Cestodes), roundworms (Nematodes) and Thorny-headed worms (Acanthocephalids). They are either flatworms or roundworms. Flatworms are usually flat in shape [10]. Their digestive system is either poorly developed (tematodes) or absent (cestodes). They are lacking body cavity and so, internal organs are embedded in parenchyma. Respiratory and blood vesicular systems are absent. Flame cells and its duct forms excretory system. They are mainly hermaphrodite/bisexual except Schistosomes. Heteroxenous parasite have intermediate host either vertebrate or invertebrate animals. They infect variety of organs of animal. On the other hand, roundworms are round in shape. They are tapering at either end, and the body is covered by cuticle. Parasites are unisexual and they may be monoxenous or heteroxinous. Intermediate host is always invertebrate host except Trichinella spiralis in pig. They have well developed digestive system [11]. Parasite may be oviparous, ovo-viviparous or viviparous. Usually male parasite are smaller than female parasite. After 3 to 4 moulting of larvae they become adult. Few helminths grouped separately known as 'thorny headed worm'. They have mixed character of both flat and round worms. Their body is cylindrical like roundworm but alimentary canal absent as found in flatworm. Their external body surface have invagination Excretory system is either absent or pair of nephridia present [8]. Male have two testes. Male is much smaller than female. Heteroxenous paraste lay eggs contain acanther larvae inside which develop as cystacanth larvae in invertebrate intermediate host. Arthropods belongs to the group insects and acarines are mainly harmful to the goats. Arthropods have exoskeleton made of chitin. Their body is segmented and have jointed legs. Arthropods have both direct and indirect impact on the hosts. Directly they cause variety of pathogenesis while indirectly they acts as a vector for transmission of pathogens [7]. Unicellular eukaryotic protozoans reside in host as intracellular, extracellular or gut-dwellers. They are proliferative parasites cause severe diseases in host. Many a cases if animals are not treated in time cause death (Fig. 3).


      
        Table 1 Common parasites of goats and its location.


        
          
            
              	Helminths

              	-

              	Parasites
            


            
              	Trematodes (Flukes)

              	Dicrocoelium dendriticum, Fasciola hepatica, Fasciola gigentica, Cymbiforma indica, Paramphistomum cervi, Calicophoron calicophorum, Eurytrema pancreaticum, Schistosoma bovis, Schistosoma japonicum, Schistosoma mattheei,

              Schistosoma nasalis, Schistosoma indicum, etc.

            


            
              	Cestodes (Tapeworms)

              	Thysaniezia giardia, Moniezia exapansa, Moniezia benedeni, Avitellina centripunctata, Taenia hydatigena larvae (Cysticercus tenuicollis), Hydatidcyst of Echinococcus. Larvae of Taenia ovis, etc.

            


            
              	Nematodes (Roundworms)

              	Strongyloides papillosus, Oesophagostomum columbianum, Oesophagostomum venulosum, Oesophagostomum asperum, Chabertia ovina, Skrjabinema ovis, Skrjabinema caprae, Gongylonema scutatum Gongylonema monnig, Haemonchus contortus, Teladorsagia circumcincta, Marshallagia marshalli, Parabronema skrjabini

              Ostertagia spp., Maecistocirrus digitatus.

            


            
              	

              	

              	Trichostrongylus colubriformis, Cooperia curticei, Nematodirus battus, Nematodirus spathiger, Bunostomum trigonocephalum, Gaigeria pachyscalis, Trichostrongylus axei, Paralaphostrongylus tenuis, Trichostrongylus capricola, Skrjabinagia spp., Trichostrongylus skrjabini, Dictoyocaulus filaria, Protostrongylus rufescens, Muellerius capillaris, Trichuris ovis, Capillaria longipes, Mammomonogamus nasicola, Mammomonogamus

              laryngeus, Elaeophora schneideri, etc.

            


            
              	Arthropods

              	Flies

              	Culicoides, Simulium, Stomoxys, Mosquitoes, Hippobosca, Glossina, Tabanus, Haematopota, Sarcophaga, Dermatobia, Lucilia, Calliphora,

              Phormia, Oestrus ovis, Hypoderma crossi, etc.

            


            
              	Fleas

              	Ctenocephalides canis.
            


            
              	Lice

              	Bovicola caprae, Bovicola limbata, Linognathus stenopsis.
            


            
              	Ticks

              	Ornithodoros moubata, O. savignyi, Otobius megnini, Amblyomma variegatum, Rhipicephalus microplus, R. annulatus, R. sanguineus, R. haemaphysaloides, R. appendeculatus, R. bursa, Hyalomma marginatum, Hy. truncatum, Ha. Punctate, Ha. Bispinosa, Ha. Longicornis, Dermacentor andersoni, D. marginatus, etc.
            


            
              	Mites

              	Demodex caprae, Psoroptes ovis, Sarcoptes scabiei,

              Chorioptes bovis.

            


            
              	Protozoans

              	Haemoprotozoan

              	Trypanosoma melophagium, Trypanosoma brucei brucei, Trypanosoma congolense, Trypanosoma vivax, Trypanosoma simiae, Babesia motasi, Babesia ovis, Theileria listoquardi, Theileria ovis.
            


            
              	Tissue-cyst

              forming coccidia

              	Toxoplasma gondii, Sarcocystis capracanis,Sarcocystis hircicanis, Sarcocystis hircifelis.
            


            
              	Intestinal Coccidia

              	Eimeria hirci, Eimeria alijevi, Eimeria arloingi, Eimeria aspheronica, Eimeria jolchijevi, Eimeria ninakohlyakimovae, Eimeria christenseni, Eimeria caprovina, Eimeria caprina, Cryptosporidium

              parvum.
            


            
              	Gut-dwelling

              	Giardia intestinalis, Entamoeba ovis.
            

          
        


      


      [image: ]
Fig. (3))

      Different kinds of parasites. a. Fasciola, b. Tapeworm, c. Haemonchus, d. Trypanosoma, e. Theileria, f. female Hyalomma and, g. Mite.

      The counter part of the parasite is host. So, what is host? It is an organism or animal which harbours a parasite. It is always larger than parasite. Similar to the parasites, hosts are also classified as:

      Definitive Host or Final Host or Determinate Host: the host which harbours the sexual stage (adult stage) of the parasite. The parasite attains sexual maturity in it. e.g. Dog for Ancylostoma caninum; sheep, goat, cattle, buffaloes for Fasciola gigantica, Moniezia spp., Haemonchus contortus, etc.

      Intermediate Host: which harbours the asexual stage (larval stages) of the parasite. Depending upon the species of the parasite there may be first, second and third intermediate hosts, e.g. snails in trematodes.

      First intermediate host: is the first host parasitized by the larval stages of the parasite, e.g. Cyclops in the Diphyllobothrium latum.

      

      Second intermediate host: is the host parasitized by the larval stages at a later period in the life cycle, after development in the first intermediate host [10]. These larval stages in this host get further developed and normally reached to infective stages of the parasite. e.g. fishes for the D. latum and ants for Dicrocoelium dendriticum.

      Reservoir Host: a vertebrate host in which a parasite occurs naturally but it does not produce any harm to host and serves as a source of infection of the parasite for the other definitive host in which it may produce the disease, e.g. Balantidium coli commonly occur in pigs.

      Transport Host: is a second (or third) intermediate host in which the larval or immature stage of the parasite does not undergo any further development and remain in the same stage. Later on, they are voided out from such host [4]. e.g. earthworms act as transport host Ascaridia galli in poultry.

      Paratenic Host (Intercalary Host): is similar with the transport host but in this case the immature stage, of the parasite gets encapsulated or encysted in the tissues of the host without any further development and remains viable and infective. The role of such hosts is to fill up an ecological gap between the intermediate host and the definitive host. e.g. Garden lizard act as paratenic host for Spirocerca lupi in dog.

      Natural Hosts: are those hosts in which a particular parasite(s) can live and develop easily. It is due to host specificity, e.g. dog for Ancylostoma caninum.

      Carriers: is the host which harbours residual parasites in a latent phase without showing clinical symptoms of infection. e.g adult birds rarely suffer from coccidiosis (a state of clinical state), adult sheep and cattle may be lightly infected with gastrointestinal nematodes without noticeable effect.

      Vector: It is arthropods, molluscs or other agent (invertebrate) which transmits the parasite from one vertebrate host to another. It is very much like intermediate host. They may be

      Biological or cyclical vectors: Those vectors in which the parasite develops or multiplies and makes it infective for susceptible host are called biological vectors. All intermediate hosts of helminths are biological vectors but all biological vectors are not necessarily intermediate host, e.g. mosquitoes for malarian parasites, ticks for Theileria, Babesia, Anaplasma. or,

      Mechanical vectors: Those vectors in which the parasite does not develop or multiply and transmit the parasites in the short period are called mechanical vector, e.g tabanid flies for Trypanosoma evansi.
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