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    Post-mortem examination is an essential tool for determining the cause and circumstances of death. Even in the era of molecular pathology, necropsy remains the most valuable tool for understanding the whole organism and the disease.




    In wildlife, the knowledge obtained from necropsy is much more comprehensive not only in pathology but also in several areas of biology (e.g. virology, microbiology, genetic). The correct interpretation of the phenomena surrounding the death can contribute to the identification of new diseases, re-emerging diseases, to the preservation of wildlife by identifying risk factors and threats to species survival. This should always be applied in a global health context.




    One of the critical points of wildlife necropsy is the knowledge of anatomy, physiology and pathology of the different classes, and ultimately of a particular species. A necropsy of a different species is always challenging. Therefore, we try to apply and teach students of veterinary medicine and biology, some basic assumptions for maximizing wildlife necropsy success:





    

      	Death is not the end, but a new path to generate knowledge that is essential for the preservation of life itself. The collection of samples for further exams is fundamental.




      	It is necessary to look for the unity in the diversity of species, lesions and diseases.




      	It is required to find the diversity of lesions in the unity of one etiological agent.




      	Different lesions could represent different expressions of the same disease in different species.




      	Similar macroscopic features could represent lesions or non-lesions according to the animal species.




      	The death of each animal has its language. The challenge of every post-mortem exam is the comprehension of the message that each cadaver can transmit to us.




      	The necropsy of wildlife takes us far beyond an individual diagnosis. The correct interpretation of lesions can be applied in the study of populations and ecosystem health.


    




    In this publication, the authors aim to provide a practical, easily accessible guide of necropsy techniques in wildlife, addressing briefly some of its peculiar characteristics. It is mainly intended for students and professionals of biology and veterinary medicine areas. Being easy to consult, it also intends to be an auxiliary to professionals who work in natural parks, wildlife rehabilitation centres, biological or zoological parks, alerting to the importance of necropsy in the wildlife.




    More than an anatomoclinic necropsy, with the objective of reach a diagnosis, the necropsy in wildlife is a unique moment to understand not only the death but also the life of the dead animal and its species and the health of its ecosystem.




    


    


    


    


    


    




    To make the necropsy technique more didactic, in addition to a great diversity of animal images and techniques, schemes designed by one of the authors (Andreia Garcês) were provided.
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      Abstract




      In this chapter, we express the importance of the post-mortem examination in wildlife conservation. The authors also describe the necessary equipment, the difficulties presented, and the samples that can be obtained from this procedure.
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      THE IMPORTANCE OF POST-MORTEM EXAMINATION IN THE WILDLIFE




      A wild animal, as defined by OIE, is an animal that has a phenotype unaffected by human selection and lives independent of direct human supervision or controls. Wildlife species exist in nature including the exotic and wild animals raised in captivity (e.g. zoos, parks, sanctuaries) sharing the same genetic code with its common ancestor. Although they may have been tamed, this characteristic is not transmitted to the next generation, and for that reason, they cannot fail to be considered as savages (World Organisation for Animal Health, 2010).




      Post mortem examination is useful to assess the cause and death circumstances. However, in wild animals, necropsy is of additional importance. On one hand, it is a unique opportunity to study the anatomy, physiology, behaviour, habitat, and thus, increase the knowledge about the species. On the other hand, the necropsy of a wild animal does not an end in itself.




      The post mortem findings could give accurate information about animal species, habitat, hazards to which it has been exposed, or even could contribute to the identification of areas and species at risk and priority intervention measures (King et al., 2014; Terio, Macloose and Leger, 2018).




      Necropsy in wild species may be more difficult than in the domestic species due to the variability of animal anatomy. Thus, the experience of the operator is fundamental. Besides knowledge of anatomy, physiology, and pathology, know-




      ledge related to the biology of the species is also essential (Mörner et al., 2002).




      Thus, in addition to identifying the cause of death, additional measures may also be required for the endangered species, and for the notification to the competent authorities. Whenever it is possible, post mortem examination should be carried out on all corpses of wild animals found in the field, carcasses from hunting game origin, or animals dying in Wildlife Recovery Centres or Wildlife Sanctuaries. Even if the cause of death has already been determined (e.g. firearms, trampling), it is an indispensable exam capable of providing a vast amount of information at various levels, as well as allowing the collection of material for further examinations and understanding (Sainsbury et al., 2001; Casal, Darwich and Molina-lo, 2013; Mullineaux, 2014).
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Fig. (1))


      Diagram with some of the information that is possible to retreat during a post mortem exam including sample collection for genetic, parasitic, microbiological tests.



      The necropsy should be considered as a privileged moment to study the anatomical, physiological, genetic, behavioural, and dietetic characteristics of the species as well as the microbial flora, parasites, pathological agents and the lesions that characterize the different diseases that affect those animals (Fig. 1). At the same time, if possible, it is combined with other complementary tests such as radiography, computed tomography (CT), ultrasound, microbiological, parasitological, genetic, virologic and toxicological examination, to obtain as much information as possible (Friend and Franson, 1999; Simpson, 2000).




      It is also an essential exam to understand the pathology of these animals, to identify new diseases, their aetiology, pathogenesis and evolution, as well as to evaluate possible treatments. In the study of outbreaks of infectious diseases, especially in epidemics in a given population or area, it sometimes becomes essential, not only to examine animals whose natural death occurred but also to the sacrificed animals that are affected with the disease for a complete evaluation of the nosological entity (Friend and Franson, 1999).




      Humans' action on the ecosystem has an essential effect on the animal population and humans themself. Close contact with wildlife populations, which have often adapted to life within cities, increases the risk of disease transmission to humans and domestic animals. In this context, the role of the post-mortem examination of wild species plays a crucial role in the evaluation of zoonoses, making it possible to collect material for further examination (Friend and Franson, 1999; King et al., 2013; Zachary, 2016).




      It is thought that more than 70% of the currently emerging zoonoses have been originated from wild animals. The increase in these diseases is due to several factors, such as overexploitation of forests, increase areas for agriculture, illegal trade of wild animals, ecotourism in remote regions, wild game meat market, and others (Ditchkoff, Saalfeld and Gibson, 2006; Bradley and Altizer, 2007; Brearley et al., 2013). These anthropogenic pressure on wildlife is leading to an imbalance of the ecosystems, with considerable losses not only in the terms of animal and human health but also in economic aspects.


    




    

      FORENSIC WILDLIFE NECROPSY




      While human threats to wildlife are increasing, there is also a growing concern about the welfare and conservation of these animals. Thus, cases of crimes against wildlife are frequently increasing.




      There are several threats to wildlife, including illegal trade in animals (e.g. use of skin, bone or organs in alternative medicines, or ornament such as ivory), increased illegal poaching for bushmeat, kill of scavengers or predator’s species with poison, anthropogenic threats (e.g. electrocution, collision with vehicles, collision infrastructures) or pollution (Wilson-Wilde, 2010; Huffman and Wallace, 2012).




      Necropsy, as the ultimate tool for diagnosis, plays a fundamental role in the evaluation of the lesions in the case of suspected crime against wildlife. However, it will have medical-legal value if it is carried out in a detailed and correct manner, to maintain the chain of custody, in order to be able to hold the responsible culprits (Merck, 2008).




      Therefore, the corpse must be collected by the responsible authorities, correctly identified and placed inside a sealed bag with the identification of the animal, keeper responsible for the collection, date and location. The agents of authority must prepare the accident report and collect as much data and samples on the spot as possible. The animal should then be sent to a necropsy lab, refrigerated or frozen to delay the phenomena of autolysis.




      The primary purpose of forensic necropsy in wild animals is to determine the cause and circumstances of the animal's death. The identification of the species, sex, age is essential data, as well as the data of ante mortem history, data related to the environment and territory in which the animal lived, previous health status, behaviours, and events that may have influenced the cause of death is also required. With the information collected, the veterinarian can try to determine the chronological sequence of events and the possible cause of death, relying on the observed lesions. Sampling is also essential, e.g. samples for toxicology examination when poisoning is suspected (Fig. 2) (Strafuss, 1988; Linacre, 2009; Bradley-Siemens and Brower, 2016; McDonough and McEwen, 2016; Brooks, 2018a, 2018b).




      
[image: ]


Fig. (2))


      Forensic necropsy to a Vulpes vulpes with suspicion of poisoning. Reception of the dead animal in the sealed bag and sampling for toxicology.



      The veterinarian, preferably with experience in the field of pathology, should perform the necropsy systematically to collect as much information as possible. Anything that is observed should be recorded in the report, including samples that are collected, with or without lesions (for toxicological, histological examination). The samples should be appropriately identified and collected in duplicate. Photographs should be taken, preferably in formats that cannot be manipulated with computer programs. All photos should have a small paper with the identification of the case, animal, date, pathologist and organ. Rulings for lesion measurement should also be present.




      After delivery of the report, it is the responsibility of the pathologist to keep copies of the report, photographs and samples in duplicate, until the judgment occurs or till the time determined by law (in some cases, it is mandatory to have the data stored for five years) (Linacre, 2009; McDonough and McEwen, 2016; Brooks, 2018a).


    




    

      RISKS ASSOCIATED WITH WILDLIFE NECROPSY




      The risks associated with wild animal necropsies are related to the transmission of diseases to humans, even when the animal is only the host of the infectious agent. Consequently, it is vital to fulfill all safety requirements during a necropsy to avoid contamination for those who handle the carcass and the environment.
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Fig. (3))


      Graphic representation of cytology for identification of Bacillus anthracis at 2000x magnification. The bacilli have a size up to 10 μm in length, a paler capsule, and a straight edge.



      The technician who perform the procedure should be attentive if the cadaver has an inflated look with subcutaneous emphysema and a history of sudden death. In this case, it could be infected with Bacillus anthracis, particularly if it is a wild horse, ruminant, carnivore, or wild board (Figs. 3 and 4). It is an extreme danger because if the cadaver is open it will expose the bacteria to the air and will form spores and disperse them into the environment, and will become deadly to every living thing in the area for long periods. The cadaver should not be open before despite the presence of this bacteria (Munson, 2000). In case of a positive diagnosis, the cadaver should be immediately eliminated by alerting the appropriate authorities to do so (burial in deep pits, more than 2 meters deep and covered with quicklime or other similar substance) (Munson, 2000; Woodford, Keet and Begins, 2000; Mörner et al., 2002; Schmidt and Reavill, 2003).
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Fig. (4))


      Przewalski horse (Equus ferus przewalskii) with a suspect diagnosis of Bacillus Anthracis.



      (Table 1) lists some of the main zoonoses that affect the different classes of wild vertebrates, including diseases caused by viruses, bacteria and fungi.




      In the specific case of non-human primates, their diseases represent a higher risk due to their phylogenetic proximity to humans. Many of them are very similar to the diseases that affect humans and are therefore easily transmissible to these and vice versa. Some examples of zoonoses transmitted by non-human primates are Herpesvirus type I, Hepatitis A (HAV), Rubella (virus), Leprosy (Mycobacterium leprae), Syphilis (Treponema pallidum), Dengue (Flavivirus: DEN- 2, DEN-3 and DEN-4), Monkeypox (Orthopoxvirus), Yellow Fever (Flavivirus), Ebola (Ebolavirus) and Marburg hemorrhagic fever (Marburgvirus).




      Also, they have several immunodeficiency-associated retroviruses such as Ortoretrovirus type C, Oncornaviruses type D and Simian Immunodeficiency Viruses (SIV). SIVs are of great importance because they are human immunodeficiency virus-like lentiviruses, HIV-1 and HIV-2 (Munson, 2000; Woodford, Keet and Begins, 2000; Mörner et al., 2002; Schmidt and Reavill, 2003).




      

        Table 1 Brief list of some of the agents responsible for zoonoses present in wild animals.




        

          

            

              	



              	Mammals



              	Birds



              	Reptiles and Amphibians

            


          



          

            

              	Parasites



              	
Amblyomma americanum


              Giardia lamblia


              Toxoplasma gondii


              Ixodes scapularis


              Ixodes dammini


              Xenopsylla cheopsis


              Nasopsyllus fasciatus


              Ascaris lumbricoides


              Fasciola gigantica


              Necator americanus


              Ancylostoma duodenale


              Ancylostoma ceylanicum


              Trichuris trichuria


              Wuchereria bancrofti


              Brugia malayi


              Brugia timori


              Onchocerca volvulus


              Trypanosoma cruzi


              Trypaonsoma brucei gambiense


              Trypaonsoma brucei rhodisiense


              Leishmania infantum,


              Leishmania donovani


              Taenia solium


              Dracunculus medicinsis


              Paragonimus spp.


              Opisthorchis viverinni


              Opisthorchis felineus


              Sarcoptes scabiei


              Cryptosporidium spp.


              Baylisascaris spp.


              Echinococcus spp


              Rhipicephalus sanguineus


              Dermacentor variabilis


              Dermacentor andersoni


              Leptospira spp.




              	
Giardia lamblia


              Giardia spp.


              Toxoplasma gondii


              Dermanyssus gallinae




              	Gnathostoma spp.

            




            

              	Virus



              	
Rhabdovirus


              Arboviruses


              Hantavirus




              	
PMV-1 infection


              Avian Influenza H5N1


              West Nile virus




              	

            




            

              	Bacteria



              	
Brucella spp.


              Yersinia pestis


              Histoplasma capsulatum


              Borrelia burgdorferi


              Rickettsia rickettsi


              Salmonella spp.


              Clostriduim tetanii


              Eschericcia coli


              Mycoplasma sp.


              Bacillus anthracis


              Bartonella henselae


              Bartonella quintana


              Coxiella burnetii


              Afipia spp.


              Rickettsia akari


              Rickettsia typhi


              Erysipelothrix rhusiopathiae


              Listeria monocytogenes


              Mycobaterium leprae


              Leptospira spp.




              	
Histoplasma capsulatum


              Clostriduim tetanii


              Salmonella spp.


              Bacillus anthracis


              Erysipelothrix rhusiopathiae


              Chlamydophila spp.


              Escherichia coli


              Yersinia enterocolitica


              Histoplasma capsulatum


              Listeria monocytogenes


              Pasteurella multocida


              Yersinia pseudotuberculosis


              Mycobacterium avium


              Bacillus anthracis




              	
Salmonella spp.


              Aeromonas spp.


              Campylobacter spp.


              Klebsiella spp.


              Mycobacterium spp.


              Edwardsiella spp.


              Yersinia spp.


              Enterobacter spp.


              Flavobacterium meningosepticum


              Leptospira spp.


            




            

              	Fungi



              	Chlamydia trachomitis



              	
Chlamydia psittaci


              Cryptosporidium spp.


              Aspergillus fumigatus




              	
Zygomycosis


              Phycomycosis


              Mucormycosis


              Aspergillus spp.


              Candida spp.


              Cryptosporidium


            


          

        




      


    




    

      ANTE-MORTEM HISTORY




      Before initiating the necropsy, as much information as possible about the animal before its death should be collected: records of its behaviour, clinical signs, photographs, diet, places, climate, the hierarchy that occupies on the group (if they are among animals living in groups), and others.




      In a healthy ecosystem, disease levels are deficient or go through periods of epidemics that help control and select populations in a balanced cycle. With the new threats posed by humans, from habitat destruction, pollution, hunting, illegal trade and climate change, this balance of epidemics is threatened.




      Knowledge about the environment in which these animals are found is essential. It can provide us with several clues that can contribute to the understanding of the appearance of possible injuries and early diagnosis of the cause of death. In the ecosystem, abrupt climatic changes such as storms, intense precipitation, heat waves or extreme cold weather can lead to a decrease in food and water sources. These situations are a cause of stress, that can make the animals more susceptible to diseases. Knowledge about variations in water is crucial because they are often the cause of mortality, such as cases of botulism, cyanobacteria, toxic algae, petroleum spills, cleaning of ships, sewage, or pesticides. It is also essential to know regarding the food sources. If a decrease in food sources has occurred, the reasons for this decrease should be investigated (Strafuss, 1988).




      It is still essential to know which transmitting disease vectors are present in the area of origin of the animal and how its population has been evolved. Also, information regarding the characteristics of the areas that were part of the territory of the animal, whether it includes urbanised or industrialised areas, for example, it is essential to determine the cause of death. With an excess of population in smaller spaces, the introduction of alien species into new territories, and an increase of illegal trade, it is a higher the risk of occurrence of epidemics, not only in wild populations but also in the human population (Simpson, 2000; Jakob-hoff et al., 2014).




      Some diseases are characteristic of certain species and others that affect a wide range of species. The age of the affected animals is also essential, since, associated with different diets and behaviours, the occurrence of the disease in the young or adults can contribute to its diagnosis.




      The maximum amount of information related to the place where the corpse was collected should be retrieved, from the tracks of possible predators or scavengers, fluids present in the body, evidence of agonising death, baits, feather and hair, insects or faeces. The carcass may be originated from an animal that died acutely or chronically, only continues of the corpse that is found in the field, eggs/foetus or animals slaughtered by predators/hunters. It should be noted that in the case of groups or flocks of animals, it is sometimes necessary to sacrifice an animal to save the whole bunch.




      All this information is essential and should be collected and transmitted to the pathologist who is responsible tp perform the post-mortem examination to improve the diagnosis.


    




    

      NATURAL DEATH VS. EUTHANASIA




      A vast majority of the animals on which the post-mortem examination is performed came from wildlife rehabilitation centres, zoos, sanctuaries or hospitals, and many of these animals were euthanised because their lesions were too severe to the appropriate animals' recovery and to be released back in the wild. The pathologist needs to know if the animal has been euthanised and which method was used. The different methods of sacrifice cause macroscopic and microscopic changes in the tissues, which should not be confused with lesions (Mullineaux, 2014).
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