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Dedication

 
To my immediate and extended family, every one of you. At the end of the day, it is all of you that are the real deal. 
 
And to the birds themselves, who continue to inspire us to soar to new heights. 

 




Foreword


James M. Harris, OAM, BS, DVM, FRSPH, Mayfair Veterinary Clinic, Sandy Bay, Tasmania, Australia, 16 April, 2014 
 
My first nonhuman companion was a 6-week-old Budgie that my father bought on a business trip to Scotland. For the 500-mile drive returning to our home in London, the bird in a box on the front seat of the car heard its name, “Joey,” every 10 seconds. When it arrived home it was put in a cage located behind my seat at the dining table where it could look out the window into our yard. The next morning when I came downstairs for breakfast it said “Joey.” From there the vocabulary expanded to some 500 words; Joey displayed an amazing cognitive understanding of language. When he was asked, “Where do you live,” “16 Litchfield Way Hampstead Garden Suburb” was the clear reply. As a young boy I always left my meat for last as it was my favorite food. Mum would say, “Jimmy, eat your meat.” If all was consumed on my plate except for the protein, Joey would remind me to eat my meat, saving my mum from having to remind me. Family members were greeted each morning by name. Years later, working with my late dear friend Dr. Louis Baptista, I would learn much more about the vocalization and the language of birds. At the age of 6, I announced to my father that I was going to be a veterinary surgeon and I was off to the greatest adventure of my life. 
 
After graduating from Michigan State University, College of Veterinary Medicine in 1958, I relocated to Oakland, California. In 1961 at one of our monthly veterinary association dinner meetings, I announced that I was starting my own practice. I was going to lease a space in a shopping center, have an appointment book, and see birds. 
 
A colleague across the room was laughing so hard he fell off his chair as he shouted, “You won’t last 3 months.” A lot of water has passed under the veterinary bridge since that time, and needless to say, my passion for healthcare delivery for birds has only grown. 
 
Robert Stroud’s book was pretty much all there was to read on avian medicine. I think I still have a copy somewhere, collecting dust on one of my shelves. Now my medical library has three full shelves of Avian Medicine and Surgery texts, ranging from poultry to parrots, birds of prey, and more. And the colleague that came to me as a young mixed-animal practitioner in 1985 and asked me to mentor him as he was interested in Avian Medicine and Surgery is now editing this volume. It did not take long for him to surpass me in his knowledge and skill as an avian specialist. He is not alone at this time in our development of the field of Avian Medicine and Surgery. The list of contributors to this volume speaks highly of how the field has progressed and advanced as a specialty within our profession. 
 
Predominantly an American interest a little over 30 years ago, Avian Medicine and Surgery is now a worldwide entity, with avian veterinary organizations in Australasia, Europe, and other parts of the world. Interest internationally is growing among our colleagues, benefitting birds kept by humans as well as the 10,000 or so avian species that inhabit every corner of our planet from the Arctic to the Antarctic and every geographical habitat between. 
 
In addition to the interest and dedication we in the profession have toward avian species, the wealth of literature now available, and those in teaching positions at veterinary training institutions, those involved with research have contributed to our knowledge and allowed avian diagnosis and treatment to progress to the current advanced state. We have made good progress but have just scratched the surface. There is so much more we need to understand and apply for the benefit of our patients and clients in clinical practice, as well as of the wildlife we treat. 
 
Finally, I must give thanks to the industries that we are dependent on for our pharmaceuticals and the specialized equipment needed in our daily work. Their contribution to avian medicine cannot be overstated. 
 
I for one look forward to adding this volume to my medical library. I hope it is the first of a continuous series of volumes that periodically present Current Therapy in Avian Medicine and Surgery. 
 
My sincere thanks to Brian Speer for his eager interest in this project, to the contributors of each section, and to the publishers for making this material available. 
  




Preface


Brian L. Speer
 
This, the first edition of our text, originated over a series of conversations and meetings with Penny Rudolph spanning a handful of years, prior to my acceptance of the offer to undertake the project. There was a need for a newer avian medicine text, one with a newer format that was representative of the breadth and scope that avian medicine and surgery had grown to be and would become in the future. The format of Current Therapy in Avian Medicine and Surgery offers a more appropriate means with which to introduce up-to-date, cutting-edge material that is more broadly relevant to this continually evolving species discipline. The vast opportunity to incorporate evidence-based principles in a way that best demonstrates advancements and to fortify clinical knowledge in a manner that is clinically relevant was clear. Furthermore, this delivery system offered the chance to open doors to new thought processes within avian medicine and surgery, new clinical techniques and paradigms of healthcare, and myriad other areas to explore and develop for future editions. Excited by this promise and honored to have been asked to take on the challenge, I accepted the offer. This text has been written with two audiences in mind: those colleagues who are beginning their careers and those who are continuing to broaden their understanding and expertise. 
 
The first outline was written in January 2013, and after 47 collaborative modifications to the table of contents, the layout of this text finally emerged; needless to say, it went well beyond my original vision. Excited contributors and friends offered their thoughts, suggestions, and energy to the project and in turn helped bring it to its final form. Potential contributors were contacted as early as September 2013, and the editing process soon began for each and every written portion. An impressive total of 87 contributors, recognized experts and authors all, were able to bring their work forward. As this first edition approaches completion, information and ideas are already being gathered for the second!
 
This book contains four sections: (1) Advances in Avian Medicine, (2) Advances in Anesthesia, Analgesia, and Surgery, (3) Advances in Welfare, Conservation, and Practice Management, and (4) Pattern Recognition.  Throughout the 25 chapters of this edition, tables, boxes, figures, artwork, and algorithms are used to provide readers with streamlined overviews and aids to clinical thought processes and concepts. The interconnections between topics should be apparent to readers. Each of these chapters provides important pieces of the whole, but also relies on the others to help build a more complete picture of the delivery of avian healthcare. 
 
The first section, Advances in Avian Medicine, is also the largest and includes 18 chapters. Chapter 1 reviews the past history of avian medicine, helping readers understand how we have arrived at where we are today. It outlines in detail the means by which veterinarians may pursue specialization in the field, which aids in empowering colleagues to fortify their passion for birds and to turn that passion toward the service of avian healthcare and conservation. The foundation for the art of delivery of optimal healthcare lies in critical thought processes, our ability to use the best evidence possible, which is explored in the final portion. Chapter 2 focuses on select infectious diseases. Most of the topics included are not simple and pose a challenge to understand, diagnose, or manage. A foundational, unifying, and introductory view into the complexity of pathogenesis of infectious disease is provided at the beginning; infectious disease is dependent on far more than merely the pathogen alone. Readers will find a mixture of well-published diseases such as aspergillosis, chlamydiosis, mycobacteriosis, psittacine beak and feather disease, and psittacid herpesvirus and its associated diseases. Information is current, relevant, and clinically applicable. Relatively newer diseases such as macrorhabdosis, Usutu virus, and some of the coccidial diseases of birds are included as well, bringing light to their associated pathogens, pathogenesis, diagnosis, and treatment options. In particular, avian bornavirus and proventricular dilation disease are discussed from a current, complete, and critical viewpoint, with practical and clinically relevant recommendations for testing, diagnosis, and preventative management. Finally, the timely and ever-important topic, avian influenza virus, is reviewed. Chapter 3 brings forward an in-depth and current review of neoplastic diseases of birds. It offers clinicians an innovative view of clinically relevant options for diagnosis, staging, and treatment. Chapter 4 explores some of the current aspects of nutrition and nutritional therapy, first by reviewing foundations in nutrition and then by providing an in-depth review of our current understanding of nutrition of the Loridae family. Finally, a critical look at what veterinarians need to know to best use nutraceuticals in the care and treatment of their patients is included. Chapter 5 brings behavioral medicine to the forefront, its proper position as an important component of Advances in Avian Medicine. The days of simplistically separating a bird’s behavioral health from its physical health are becoming a thing of the past. This chapter provides readers with current, well-delivered foundations with which clinicians can integrate sound behavioral medical principles into the care that they provide for avian patients. Chapter 6 addresses cardiology in a complete, dynamic, well-researched, and applicable manner. It is an excellent go-to reference site for those who seek to improve their understanding of this increasingly prevalent category of disease in avian species. Chapters 7 and 8 explore the anatomy, form, and function of the cloaca and the coelomic cavities of birds; through a careful and detailed review of foundational literature, these chapters highlight the complexity of their relevant anatomy and function, providing an opportunity to understand the manifestations of disease, means of diagnosis, and treatment options.Clinical neurology is presented in Chapter 9 in a refreshed manner, with new, reimagined artwork and a clinical eye on applicability through improved understanding. The protein hormones of birds and their endocrinology are discussed in Chapter 10 in a current and clinically relevant manner, placing this material in a single location that clinicians can quickly reference for helpful information. Chapter 11 tackles the complexities of the immune system, bringing forward a current review and discussion of relevant immune mechanisms, diseases, syndromes, and diagnostic and therapeutic considerations. Reproduction, the subject of Chapter 12, is approached in a different manner, with the focus on ways to increase or decrease reproductive success. Current topics, including artificial insemination, external and internal vasectomy, and GnRH agonists, are offered in a critical, in-depth, and applicable manner that should function as an excellent means for forming the framework for decision making in clinical settings. Chapter 13 includes a broad window to the breadth of clinical pathology for avian species, ranging from its foundational principles to the diagnostic testing of age in birds. Hematology and serum biochemistry are explored in a different light, seeking to identify their strengths and potential limitations and the means with which diagnosticians can best use these important tools. Advanced imaging modalities, discussed in Chapter 14, clarify the indications, equipment, materials, and methods for these to be considered and applied in clinical settings. Backyard poultry and owls are the two individual species groups that are included in Chapters 15 and 16, bringing new and practical information in a readily available manner for those who see these species in practice. Critical care and toxicology are reviewed, updated, and presented in an informative, practical, and useful manner in Chapters 17 and 18. 
 
In the second section, anesthesia, analgesia, and surgery are addressed. Anesthesia is discussed first, bringing readers a current literature review and practical applications and recommendations. Then pain management is brought forward in a comprehensive and current, as well as practical, manner, with tables to facilitate quick reference. Surgery is then approached by first reviewing the principles of microsurgery, which is an essential aspect of most procedures in small bird species. Surgical procedures of the coelom and orthopedics are presented in the second portion of the surgery section. Anatomic detail and procedural detail are brought together to facilitate improved surgical success. 
 
The third section presents topics that are less commonly included in an avian medical text: welfare, conservation, and practice management. Welfare is an immensely important component of every facet of avian healthcare, and the subject is thoughtfully and factually written for readers in a manner that provides points that can be put into action for change. Welfare-associated legislation can directly and indirectly influence what veterinarians do for birds, and this relevant information is presented to both inform and empower veterinarians, now and in the future. Important, timely, and individual welfare topics are further discussed with an ethical perspective, including deflighting or flight-limiting procedures and the human–avian bond. Conservation topics are foundationally introduced in a broad manner and then are brought to life through the tales of four different endangered species’ conservation efforts and the veterinary involvements with each. Finally, without effective practice management, the ability to deliver avian medicine is inhibited, leading to unfulfilled dreams, curtailed practice growth, and limitations to the quality of healthcare that is ultimately received. The subject material is presented in practical wording in a manner that practitioners can use and apply to the art of what they do every day. 
 
The final section of this text is an innovative effort to look at patterns of disease and problems that are seen in common pet bird species. Although evidence-based medical thought is essential in medical care, so is pattern recognition. A familiarity with the species that are more commonly held as pets in various parts of the world and what should be commonly expected has value for all. The discussion, as well as the tables in this section, offers a different window with which veterinarians can view disease patterns and some means with which a larger change in these patterns may be able to be effected, one practitioner at a time. 
 
The three appendices are designed to provide a current drug formulary, normal clinical pathologic data, and normal biological data. The drug formulary regroups medications as compactly and usefully as possible. Not intended to replace the Exotic Animal Formulary, these compacted versions are included as an initial and immediate single-source reference for veterinarians. 
 
All of us, contributors, editors, and collaborators, who have worked to bring this edition forward thank you for your interest, as well as for your dedication to remain current in the multiple facets of avian healthcare. It is true that as a whole, what we can do for birds as a profession is a powerful, ever-changing, and exciting thing. Thanks for being a part of the journey! As my father always told me, “Seems that the more you know, the more you know you need to know more.” With that said, we’ll be seeing you again soon. 
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Chapter 1




Avian medicine: An overview


Christal Pollock • Eric Klaphake • James F.X. Wellehan Jr.


 

A historical view of avian medicine 




Christal Pollock

Although modern veterinary medicine has evolved over centuries, avian medicine is a relatively new field. Avian veterinarians today may manage commercial poultry flocks, treat companion birds, care for wildlife, and manage zoo specimens or even falconry birds; however, the path leading to such a wide range of opportunities has not been straightforward or easy. 

[T]he orderly contemplation of its own history is a proper and profitable pursuit for any profession—which takes pride in its ancestry and entertains some hope for posterity.1

 




 Ancient bird care

Ancient Chinese writings dating back to 4000 bc record the use of herbs for curative purposes in humans and animals.2 These early writings focus on horses but also include information on the care of other animals important to agriculture, such as ducks, geese, and chickens. The first mention of surgery in the bird comes from the Eastern Zhou dynasty (770 BC–221 BC) when castration of food animals, including cocks, was widely employed.3 

Egyptian hieroglyphics from around 3500 BC show the presence of numerous types of domesticated animals.2 The first written record of veterinary medicine from Egypt is provided by the Kahun Veterinary Papyrus (1800 BC), which discusses the diagnosis and treatment of diseases of domestic animals and fish (Figure 1-1).4
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FIGURE 1-1​Rediscovered in 1889, the Kahun Veterinary Papyrus is the first written record of veterinary medicine from Egypt. Source: (Photo courtesy Francis Llewellyn Griffith via Wikimedia Commons.) 





 
The first records of information on animal care and disease in Europe come from the Greco-Roman period. Information from this period primarily focuses on the horse and other hoofstock. Although there were many contributors to this knowledge base, Aristotle (384-322 BC) is considered by many to be the father of comparative anatomy and pathology. Aristotle’s Historia Animalium (Story of Animals) provides information on almost 500 animal species, including birds.3

 Falconry

The origin of falconry is unclear, and it may be impossible to ever know exactly where and when the practice arose.5 Nevertheless, one fact is certain: The origins of falconry go back much further than the origins of writing because the earliest records describe a highly complex and intricate form of hunting that must have taken many hundreds, if not thousands, of years to develop.5,6 The sport of falconry was already well established in both Asia and the Middle East by 2000 BC, and gradually migrated westward to Greece, Italy, and the rest of Europe.5 

In Western Europe, the sport of hawking or falconry attained most widespread popularity during the Middle Ages, and a number of treatises on falconry were published during this time. The most famous, De Arte Venandi cum Avibus (On the Art of Hunting with Birds), was written by Emperor Frederick II (1194-1250 AD). Lying between the Middle Ages and the Renaissance, this work is considered a hallmark of medieval science due to its systematic and scientific approach.7–10 Albert the Great’s section on falconry from De Animalibus in the thirteenth century includes an extensive list of treatments for diseases in falcons. These treatments included herbal concoctions (typically infused into the falcon’s meat), special diets, theriacs (an ointment or other medicinal compound used as an antidote to snake venom or other poisons), plasters, bleeding, and cauterization.8 

Other medieval treatises on falconry diseases describe aggrestyne (itch), agrum (rheum), anguellis (worms), booches (mouth ulcers), fallera (liver dx), filanders (worms), frounce (mouth sores), gleth (phlegm), poose (cough), and general debility or “unlustynesse.”11 Most of the medications are based on herbs or spices and a few minerals, including saffron, shepherd’s purse, canell (cinnamon), gelofre (gillyflower), kersis (watercress), maryall (black nightshade), neppe (catmint), puliall (pennyroyal), venecreke (fenugreek), quicksilver, coral, ashes, urine, heron fat, pigeon, or even human feces.11 A treasured ingredient in ointments and pills was also mummy, purchased from apothecaries.8 

[T]he most precious medicine for falcons’ wounds; it is prepared from the flesh of dead men, and the finest is made from the head.8
 
In another treatise, Libro de la caza de las aves by the Chancellor of Castile López de Ayala (1332–1407), almost 60 ingredients are listed, and the falconer should always be equipped with these ingredients.11,12 

Toward the end of the Middle Ages, the growing popularity of falconry as a recreational sport is indicated by the emergence of practical manuals or how-to guides (Figure 1-2). The Boke of St. Alban (1486) was the first work on falconry published in English.8,13 The Boke contains references to many conditions, some of them still recognizable today.13 For instance, great attention was paid to maintaining the condition of the plumage as a period of poor feeding could result in a visible hunger trace, a weak spot where feathers might break, called a “taynt.”11
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FIGURE 1-2​Latham’s Faulconry or The Faulcons Lure and Cure: In Two Books describes ailments and medications for a variety of conditions in the falconry bird. 





 
[A] thing that gooth overwarte the federis of the wynges and of the tayll, lyke as and it were eetyn with wormys; and it begynyth first to breded at the body in the penne, and that same penne shall frete asunder and falle away thurrow the ssame taynte, and then is the hawke disparaged for all that yere.11 

Another famous falconry tome is the Baz-Nama-Yi Nasiri: A Persian Treatise on Falconry. Published in 1868, the treatise summarizes much of the ancient knowledge on health conditions, including bumblefoot (Arabic: saddah or seddah), poxvirus (Arabic: jeddrah or jidri), and frounce (Arabic: glah or jidri). The text has been translated to English, French, and German.14,15 

Chapter LXIII: Expedient If Meat Fail 

Should you be caught in the snow far from your stage and have no means of procuring food for your hawks—a deadly cold wind springing up in your teeth, your hawks will certainly perish, unless fed. Remedy: at once dismount and bind the forearm of your horse. With the point of your pen-knife open the vein (1); hold a cup underneath so that the blood may collect and congeal in it, then give this blood to your hawk that she escape death.15 

Chapter LXIV: Restoration After Drowning 

Should your hawk fall into a stream and be swept away (2), and when recovered be lifeless, the treatment, even though the hawk has been apparently dead for half an hour, is as follows. Treatment: light a fire and lay the hawk down by the side of it. Collect the hot ashes under the wings and heap ashes on the back, and as soon as the ashes cool, pile on other ashes, fresh and warm. The ashes must not be so hot as to burn the feathers. In a short time, by God’s decree, the dead hawk will come to life. This remedy is suitable for a man also, or indeed, for any beast that has been drowned. It is efficacious even up to half or three quarters of an hour after insensibility. I have several times successfully tried this remedy on man, beast, and bird.15 


Chapter LIX: Operation of Opening the Stomach 


...Item: if [recommendations for medical management of obstruction] also fail, then cast her and tie her up firmly in some quiet spot protected from wind and draughts. Have by ready a needle and silk, and yellow aloes powdered and mixed with antimony. Have the hawk’s legs separated wide apart. Now, the hawk being on her back with her head away from you and raised, you will find at the root of the thigh and at the end of the sternum a fine skin (1): pluck out the small feathers from this, so as to lay bare the skin. Then with a sharp pen-knife make a slit lengthways in the skin, two fingers’ breadth in length. After the “skin,” you will find a second a third “fine-skin,” which also slit. Now, with the greatest care, insert two fingers, and lift up and expose the guts to view. Quickly and dexterously open the stomach, replace it in its proper position, and after that sew up, one by one, the three “fine-skins” and lastly the outer “skin.” On the outside wound sprinkle the powdered aloes and antimony, and then free the hawk and let her rest. 


Feed her every day on the yolks of eggs: if she will not eat them, pound a little meat, about half a sparrow in quantity, and mix it with the yolks of two eggs (1) and give it to her in the morning, and again at noon, and in the afternoon. If she eats this meat and “puts it over,” again give her the yolks of two eggs with pounded meat. Feed her thus for two days. On the third day give her minced meat with the yolk of egg, and feed her thus for three days. Then for three days more give her meat, cut up into bits the size of filbert and mixed with the yolk of an egg. During this period you must on no account let her pull or tear at her food; for the exertion of pulling will burst the stitches, either inside or out, and if the stitches of even one of the skins give way, she is destroyed. Anyone accustomed to caponize cocks will have no difficulty in performing this operation: the two operations are practically the same.15

 Evolution of the veterinarian
 
 From leech or farrier to scientist

During the Dark Ages, the medical care of hoofstock fell into the hands of self-proclaimed professionals such as the farrier, blacksmith, herdsman, or leech.2,16,17 Leeches were uneducated individuals, and their practices (or “leechdom”) were based on superstition.18 


To remove away eye pain, take a wolfs right eye, and prick it to pieces, and bind it to the suffering eye; it maketh the sore to wane, if it frequently be smeared therewith.18 


The need for science-based animal doctors was not recognized until devastating epizootics of contagious animal diseases such as rinderpest swept through Western Europe during the eighteenth century. Claude Bourgelat, a horseman and attorney, established the first veterinary college at Lyon, France, in 1761. Other schools were soon established in the 1770s in Sweden, Germany, Denmark, and Austria. In 1844, the Royal College of Veterinary Surgeons was founded in Great Britain.2,3 


Veterinary medical education in the United States began as a private enterprise, with the Veterinary College of Philadelphia opening in 1852.3 These private schools were plagued with problems, and the trend of private veterinary schools was relatively short-lived. Even the veterinary program at Harvard University had lower standards for admission compared with other programs at the institution. The Ontario Veterinary College opened in Toronto in 1862. Iowa State University, the first state-run school, opened in 1879.3,19 


Not surprisingly, the curriculum of these early veterinary colleges focused on the horse. Other species generally received little attention; however, there are exceptions to this rule. The veterinary anatomists Wilhelm Ellenberger (1848-1929) and Hermann Baum (1864-1932) published Handbuch der Vergleichenden Anatomie der Haustierie in 1898, and this tome includes a detailed chapter on birds (Figure 1-3).3,20
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FIGURE 1-3​German veterinary anatomists Ellenberger and Baum worked with the artist, Hermann Dittrich, to create beautiful and accurate illustrations of animal anatomy, which were published in the Handbuch der Vergleichenden Anatomie der Haustierie. 







 Scientific inquiry and the growth of avian medicine

Although modern avian medicine came quite late to the veterinary stage, by the time individuals who called themselves “avian veterinarians” came to be, there was already a tremendous amount of information available. This growing knowledge base was part of a surge in scientific inquiry led by interested individuals from a variety of fields. 

 Physicians

A new type of practitioner known as the surgeon-farrier appeared in the 1700s. These men were often physicians, surgeons, or apothecaries with a strong interest in animals.2 An excellent example of the surgeon-farrier is John Hunter (1728-1793), a prominent physician and surgeon in London. Hunter was also a leading scholar of comparative anatomy, and his lectures stressed the relationship between structure and function in all living creatures.2,3 Hunter’s studies covered avian species as diverse as ostriches and sparrows.21 The following is a description of Hunter’s experimental work studying “air-cells” (air sacs) in a bird of prey22: 


I next cut the wing through the os humeri, in another fowl, and tying up the trachea, as in the cock, found that the air passed to and from the lungs by the canal in this bone. The same experiment was made with os femoris of a young hawk, and was attended with a similar result. But the passage of air through the divided parts, in both these experiments, especially in the last, was attended with more difficulty than in the former one; it was indeed so great as to render it impossible for the animal to live longer than evidently to prove that it breathed through the cut bone.22 


The study of the gapeworm (Syngamus trachea) is another example of the physician’s contribution to veterinary medicine. In 1797, Baltimore physician and anatomy professor Dr. Andrew Wiesenthall wrote a letter to the Medical and Physical Journal reporting worms in the trachea of chickens and turkeys that displayed difficulty breathing and might have died gasping for breath. Dr. Wiesenthall reported success in removing parasites by twisting a feather, stripped of its barbs almost to the tip, into the trachea and withdrawing the feather shaft slowly, with the worms adhering to the implement. This method remained a means of treatment for affected birds for well over a century. In 1883, Dr. D.H. Walker, a busy small-town physician in Franklinville, New York, instituted a series of experiments that identified the earthworm as the gapeworm’s intermediate host.23

 Biologists and ornithologists

In 1910, a massive die-off of hundreds of thousands of ducks in Utah and California was attributed to “western duck disease.” The die-off recurred in 1912, and a young biologist with the U.S. Biology Survey was assigned to study the problem in 1913. Alexander Wetmore (1886-1978) noted that losses were almost always associated with declining water levels during late summer and fall when water temperatures were highest. Wetmore theorized that “duck sickness” was caused by the toxic action of certain soluble salts found in alkali around the western lakes, hence the historical term “alkali poisoning.” Although Wetmore defined a piece of the puzzle, it was biologist Edwin R. Kalmbach (1884-1972) who confirmed that western duck disease was attributable to Clostridium botulinum type C in 1930.24,25


 Physicians, veterinarians, and microbiologists

The zoonotic disease, psittacosis, is an excellent example of knowledge gained through the contributions of a variety of professionals. In 1879, the Swiss physician Dr. Jakob Ritter published the first detailed description of a disease resembling psittacosis, in which seven patients were affected and three individuals died. Ritter recognized that newly imported caged birds were the source of the infection he called “pneumotyphus.” The French physician Morange first coined the term “psittacosis” in 1895 after psittakos, the Greek word for parrot.26–28 


Sporadic cases and outbreaks of psittacosis were reported until the pandemic of 1929-1930. In the summer and fall of 1929, over 100 cases of an unusual and serious pneumonia were reported in Argentina.26 All patients had been exposed to a large shipment of birds. Many of those birds were ill and dying, and the owners, wishing to minimize their losses, sold the birds quickly at a series of auctions. As the birds and auctions moved from city to city, human cases of psittacosis followed.29 Cases eventually appeared in North America, England, Europe, North Africa, Japan, and Australia. The final worldwide count of cases was estimated to be between 750 and 800, with a mortality rate of approximately 15%. Germany was the most severely affected, with 215 cases and 45 deaths. England, the United States, and Argentina were the only countries with more than 100 human infections. Amazon parrots (Amazona spp.) were responsible for 43 of the 74 infection foci. Other species incriminated in the pandemic included “talking parrots,” lovebirds (Agapornis spp.), canaries (Serinus canaria), “parakeets,” and shell parakeets (Melopsittacus undulatus).28 


Working independently in 1930, bacteriologists and virologists Levinthal, Coles, and Lillie all described small, filterable bodies in infectious material, now called Levinthal-Coles-Lillie (LCL) bodies. By the mid-1930s, work in England, Germany, France, and the United States established that psittacosis was not caused by a bacterium but by a filterable agent, which was presumed to be a virus.27 


Also in the 1930s, research conducted by Dr. Karl Friedrich Meyer (1884-1974) of the Hooper Institute, in cooperation with the California State Public Health Department, led to the recognition of endemic psittacosis in psittacine aviaries in California and of latent infections in parakeets.28,30 Meyer, who was born in Switzerland, earned his Doctorate of Veterinary medicine from the University of Zurich in 1909 and moved to the United States in 1910. Dr. Meyer coined the term “ornithosis” for chlamydophilosis in nonpsittacine birds, and he remained an authority on this disease until well after his retirement. During the 1960s, research led by Dr. Meyer established the efficacy of oral tetracycline therapy for psittacosis in birds.28


 Poultry medicine

Although all branches of avian medicine have grown tremendously, there is probably no segment that has undergone more dramatic change than poultry medicine. The last quarter of the nineteenth century saw the height of the small farm flock, a time when each American farmer felt obliged to keep a flock of chickens as well as a few turkeys, ducks, geese, and/or guinea fowl. The day-to-day care of poultry was typically relegated to children.23 


The diseases of poultry have seldom received attention in this country, from persons qualified to treat them judiciously. The management of this...farm stock, both in sickness and health, is entrusted to children, or persons who are incapacitated for other business. The consequence is a general ignorance of their peculiar habits, as well as their diseases.1 


As late as 1900, poultry diseases were poorly classified and little understood.31,32 Published in 1897, Diseases and Enemies of Poultry by Leonard Pearson (1868-1909) and Benjamin H. Warren (1858-1926) described “catarrh of the nasal passages (pip) as a discharge from the nose, mouth, swelling of eyelids, depression of spirits, head drawn down and feathers ruffled.” This mention of “pip” is an illustration of how little was known about the chicken in the late 1800s. In Aldrovandi on Chickens, written in 1598, the Italian naturalist, Ulisse Aldrovandi (1522-1605) described “pip” as a “flow of liquid or humor from the brain to the nostrils” . . . “Pip” was a widely used term, usually referring to a common sequel to a catarrhal affliction of the head and nostrils causing the bird to breathe through its mouth. The tongue would dry and harden on its tip, like a horny growth. This was the “pip,” and the “horn” was commonly removed with the point of a penknife.23 


Lack of knowledge did not prevent—and perhaps even spurred—the development of many home remedies for poultry. Milk, buttermilk, and sour milk were used extensively as “flushes” to treat digestive upsets and coccidiosis up until the advent of sulfa drugs in the 1940s. Epsom salts and sodium bicarbonate were also used as “flushes” to control a wide variety of diseases. Copper sulfate was frequently recommended for intestinal disorders.23 


During the 1920s through the 1940s, there was rapid growth in the poultry industry and a significant trend toward intensification in management. Rising population density resulted in increased losses from infectious diseases and created a tremendous demand for remedies to reduce mortality rates. Family formulas were passed on to entrepreneurs, who used national advertising campaigns and effective sales techniques to sell a variety of products to poultrymen, who had no better source to turn for help (Figure 1-4).3,23
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FIGURE 1-4​Walko tablets, consisting mostly of potassium permanganate, were added to poultry drinking water, and the attractive purple color convinced many owners that flock health hinged on faithful application of this treatment. Source: (Used with permission from  http://www.avianaquamiser.com.) 





 
The need for science-based answers to poultry problems eventually led to research directed toward practical control of infectious diseases. This research was primarily conducted at U.S. land-grant universities and the Bureau of Animal Industry (BAI) of the U.S. Department of Agriculture. One of the most influential teachers in the first generation of American avian veterinary microbiologists was L. D. Bushnell of the Kansas State College of Agriculture. Dr. Bushnell was the head of the College’s department of bacteriology, which even included a division of poultry bacteriology. It is of interest to note that Dr. Bushnell started his work on poultry diseases because the veterinary college at Kansas State would have nothing to do with chickens.23 


Clearly, it took a while for veterinarians to become concerned with poultry disease problems. In writing on “What Veterinarians Should Know About Diseases of Poultry” B. F. Kaupp stated in 19141: 


The poultry industry is being heralded as a billion dollar business.. It is high time the veterinarian was awakening to the possibilities of poultry practice. It is charged that the average poultryman is a “tight wad.” But the fact remains that he is no tighter than many of us can remember he was in being “chary” about employing a veterinarian to treat his ill horse or cow twenty years ago. If the veterinarian really becomes proficient and shows his proficiency he will be in demand.1 


Poultry veterinarians began to appear in the 1930s, and the field continued to make extraordinary progress in breeding, nutrition, and understanding and managing diseases. In 1943, the first edition of Diseases of Poultry was published. This comprehensive reference on all aspects of poultry health and diseases is now in its 13th edition. The American Association of Avian Pathologists (AAAP) was founded in 1957 (Figure 1-5), and today all veterinary schools require courses in poultry diseases.23
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FIGURE 1-5​The American Association of Avian Pathologists has been diligent in chronicling its history. Source: (Courtesy American Association of Avian Pathologists.)







 Pet bird care

When Europeans immigrated to North America in the seventeenth century, they brought with them the practice of bird keeping. By the nineteenth and early twentieth centuries, the bird was the most popular indoor pet in the United States. Solitary caged birds were common in working-class households, but more well-to-do families often cared for a variety of birds in aviaries. Native songbirds such as the goldfinch, mockingbird, and cardinal were initially very common but were eventually supplanted by imported birds such as the canary. The canary eventually became known as the “universal parlor bird,” and it was considered the most popular caged bird through the 1930s. Parrots were relatively more expensive and far less common than songbirds in early American homes (Figure 1-6).16,33
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FIGURE 1-6​Songbirds were the most popular indoor pets in early America; parrots were relatively expensive and far less common. Source: (Photo courtesy Julie Murad.) 





 
In the event of injury or illness, most bird owners attempted nursing care at home because few veterinarians were interested in animal problems outside of an agricultural setting.34,35 Bird dealers and pet store owners were a logical resource because of their practical experience with small animals and animal diseases.33 Pet shops distributed proprietary bottled medications, dispensed written advice, and even performed procedures on sick or injured pets when the need arose.16,33 Bird dealers also published “how-to” books on bird care.16,36,37 The Nature Friend, Inc., in its popular booklet, recommended a 7-day feeding schedule for the family canary. The regime included Magic Song Restorer, and the booklet closed with “An Imprisoned Bird’s Daily Prayer”38: 


Oh Captor, consider that I am your little prisoner, 


Give me daily food, 


consisting of pure and wholesome rape and canary seed, 


and pray do not omit to give me a separate small dish of 


MAGIC SONG RESTORER and GENERAL HEALTH FOOD 


... 


Lead me not into temptation 


by offering me some cheap imitation of the 


so-called song restorer 


If you deliver me from such evils 


I will promise to sing my song of gratitude 


for the rest of my imprisoned life.38 


Robert Stroud (1890-1963), the infamous “Birdman of Alcatraz,” marketed a line of extremely popular bird treatments, including Stroud’s Effervescent Bird Salts, Stroud’s Special Prescription, Stroud’s Avian Antiseptic, and Stroud’s Salts No. 1 (Figure 1-7).39
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FIGURE 1-7​Robert Stroud, the “Birdman of Alcatraz,” owned up to 300 birds and was even provided with two additional cells to house them. 





 
One of the world’s leading authorities on birds and avian disease of his time, Robert Stroud was sentenced to 12 years in prison for murdering a bartender in 1909. He was then transferred to Leavenworth penitentiary after attacking an orderly in 1912. Stroud was later condemned to life in prison without the possibility of parole after fatally stabbing a prison guard. Although it was not unusual for prisoners to keep a single pet bird, Stroud owned up to 300 birds and was even provided with two additional cells in which to house them (see Figure 1-7).40 


In an effort to understand avian anatomy and disease transmission, Stroud conducted research, and when his birds fell ill, he struggled to nurse them back to health. When this failed, he also performed necropsies, at first with no more than his fingernails. The government handbooks Stroud turned to did not explain the problems he was seeing, so in an effort to educate himself, Stroud devoured as many books as possible on pharmacology, chemistry, medicine, and bacteriology.39 


Stroud wrote numerous articles for canary journals while corresponding with thousands of private bird owners and breeders desperate for advice and guidance. He wrote two detailed accounts of his findings: Diseases of Canaries, originally published in 1933, and Digest on the Diseases of Birds (1943). Both texts are still in print today. Stroud’s Digest is a comprehensive treatise on avian medicine geared to the breeders of canaries and other pet birds; however, it also contains information for the “. . . poultryman . . . the zoologist (and) the pet dealer.” Stroud also hoped his work would “. . . be acceptable to veterinarians and veterinary schools for Heaven knows they need it.”39–41 


Some sections of the Digest clearly illustrate Stroud’s ruthlessness that had led to his incarceration. 


Bird blood has great clotting power. Cut a man’s leg off and without the application of methods for stopping the bleeding he will be pretty certain to bleed to death. Under the same circumstances, a bird will not bleed enough to weaken it noticeably.41 


Although Stroud did not state that he actually removed any appendages, this passage does create a disturbing mental image of Stroud performing his research without the benefit of anesthesia or analgesia. Nevertheless, this passage also accurately describes avian physiology. Humane studies performed in the pigeon, domestic fowl, and quail all confirm that birds can, indeed, tolerate blood loss to a much greater extent than mammals.40 


A particularly interesting entry is found under “Egg Binding.” Today’s avian veterinarians know that an increase in humidity may assist in delayed oviposition. This practice is based on an old aviculturist technique, which Stroud describes:40 


The bird is held over the open mouth of a large-mouth bottle or jar that has been filled two-third full with hot water. The abdomen is steeped in the rising vapor. This method will sometimes cause the tissues to relax and the eggs to pass.41


 Zoo medicine

Zoos and museums have long played a role in contributing to our understanding of the bird. The Zoological Society of London, along with similar organizations in Germany and France, vigorously pursued the study of avian anatomy in the early part of the nineteenth century. The incentive for many of these early comparative anatomy studies was to substantiate or disprove various taxonomic proposals.42 


A great deal of general information on bird anatomy and pathology can also be found in a variety of zoo texts. For instance, the physician Herbert Fox authored Diseases in Captive Wild Mammals and Birds in 1923. Dr. Fox described both normal and abnormal findings in his work as pathologist for the Zoological Society of Philadelphia, where he performed more than 3500 necropsies on birds over a 20-year period.43 


In the class Aves the pancreas consist of two or three distinct lobes lying one in front and two behind the cleft between the limbs of the duodenal loop and it discharges its secretion into the duodenum by two or three ducts separately and almost invariably above the bile duct openings . . . . 


Passerine birds have two pancreatic ducts usually on the ascending loop of the duodenum, or there may be one ahead of the pyloric biliary duct . . . 


The picarian varieties possess three ducts as a rule, one near the beginning of the pylorus, one near its end and a third of inconstant location. Owls have a system like Passerines, but the relation between the organ and the intestinal loop is looser and the ducts are wider . . . . 


The amount of pancreas to be found in birds is greater than that in mammals. According to our figures the organ represents 1/400th of the body weight in the former and 1/600th in the latter . . .43 


It is of interest to note that a detailed description of Dr. Fox’s book was included in the “Book Notes” section of the May 24, 1924, issue of the Journal of the American Medical Association. This would never happen in today’s world but was apparently of potential interest to the physician of that day.44 


The American Association of Zoo Veterinarians (AAZV) was founded in 1946, and early avian veterinarians often attended the Annual Conference.45 One pioneer in companion bird medicine, Dr. Greg Harrison, presented a talk on surgical sexing at the 1976 Annual Conference (Spink R, Personal Communication, May 24, 2013).


 Modern avian medicine

After World War I, utilitarian use of the horse began to decline and automated agriculture increased.2 Subsequently, veterinary medicine gradually turned to the care of dogs and cats. Once the care of companion animals became more commonplace, veterinarians were eventually called upon to see a variety of other companion species, including birds. 


Veterinary Record, one of the oldest veterinary journals in existence, was founded in 1888. The first Veterinary Record article on caged birds, “Common ailments of canaries,” was published in 1947. This article was actually a reproduction of a piece written by Dr. G.V. Narusu from the Indian Veterinary Journal.46 


The Association of Avian Veterinarians (AAV), briefly called the American Association of Avian Practitioners, was founded in 1980 (Figure 1-8). The Association’s first Board of Directors consisted of private practitioners, entrepreneurs, and academics and included some of the best-known avian veterinarians in the United States at that time (Box 1-1).45



[image: Image]


FIGURE 1-8​The first meeting of the Association of Avian Veterinarians, for a brief time called the American Association of Avian Practitioners, was held in Kalamazoo, Michigan, in June 1980. Source: (Used with permission from the AAV.) 








BOX 1-1
 
THE FIRST BOARD OF DIRECTORS OF THE ASSOCIATION OF AVIAN VETERINARIANS45





♦  Ronald Spink, DVM; Founder and Treasurer

♦  Greg J. Harrison, DVM; President

♦  Ted J. Lafeber, DVM; Vice-President

♦  Robert B. Altman, DVM; Editorial Board

♦  Arthur A. Bickford, VMD, Ph.D; Editorial Committee

♦  Chuck Galvin, DVM

♦  David L. Graham, DVM, Ph.D; Editorial Committee

♦  Richard R. Nye, DVM; Education Committee

♦  Margaret L. Petrak, VMD

♦  Fred K. Soifer, DVM






 
The AAV was born out of discontent among avian practitioners attending the AAZV meetings. Avian medicine was only a small portion of the AAZV’s focus, and, of course, topics in caged bird medicine were not generally addressed. The AAV was designed to meet the practitioner’s crucial need for connection and dissemination of information.45 


When the AAV was formed, the curriculum at veterinary medical schools barely touched on avian medicine, except as it applied to birds raised for production, such as turkeys and chickens. Educational resources available in the early 1980s included: Caged Bird Medicine: Selected Topics by Drs. Charles V. Steiner and Richard B. Davis, Stroud’s Digest and Diseases of Canaries, and Diseases of Cage and Aviary Birds by Dr. Margaret Petrak.45 First published in 1969, Dr. Petrak’s book was the first veterinary textbook published on caged bird medicine, and veterinary medical students used her textbook for many years.42 In her preface, Dr. Petrak explained: 


In early 1963, Mr. Theodore Phillips, then on the editorial staff at Lea & Febiger, asked me to edit a book on diseases of cage birds. The interest in the subject shown by veterinarians throughout the US and his own knowledge of veterinary literature had convinced him of the need for such a book. My developing concern in both medical and surgical treatment of cage birds and my frustration at the unavailability of pertinent literature influenced my decision to acquiesce . . . 


We received some early criticism for presuming to write a book on a field of medicine still in its infancy. However in the five years since the book’s conception all criticism has disappeared, to be replaced by encouragement and gratifyingly by impatience for publication of the work . . .42 


Many segments of Diseases of Cage and Aviary Birds focus on the budgerigar parakeet, since this species was deemed the most numerous among those kept as pets.42 The chapter on “Surgical techniques and anesthesia” by Dr. Charles P. Gandal, a veterinarian associated with the New York Zoological Society, stated, “Equi-Thesin is the drug of choice for most procedures . . .” Produced by Jensen-Salsbery Laboratories, a 500-mL vial of Equi-Thesin contained 328 g chloral hydrate, 75 g pentobarbital, and 164 g magnesium sulfate in aqueous solution of 35% propylene glycol with 9.5% alcohol. For inhalant anesthesia, Dr. Gandal reported42: 


. . . methoxyflurane and ether are quite satisfactory if properly administered . . . Small birds may be satisfactorily anesthetized with ether by placing them in a 1-quart glass jar, spraying 1 mL ether through a 25-gauge needle, capping the jar, and waiting approximately 30 seconds. When the bird stops struggling, it is immediately removed, and depending on the level reached, anesthesia may last 1 to 4 minutes. Further ether may be given intermittently by holding a cotton pledget moistened with ether close to the bird’s nostrils, but great care must be exercised as a dangerous overconcentration may be rapidly attained . . . . 


. . . Methoxyflurane may also be used on larger birds by holding the bird’s head in a 1-quart jar into which 0.2-0.4 mL of the drug has been sprayed and sealing the opening off with a towel. It may also be administered on a pledget of cotton held over the nostrils. Once a satisfactory stage of anesthesia has been reached an ET tube may be inserted and attached to a gas anesthetic machine . . . 42 


Today, most veterinary medical schools offer some form of didactic coursework in companion bird medicine. Most lectures introducing students to avian medicine are elective and are generally offered during the third year of veterinary school.47


 The trend to specialization

Specialty veterinary groups with advanced professional training began to appear after World War II. The American Veterinary Medical Association recognized both the American College of Poultry Veterinarians and the American College of Zoological Medicine in 1991, and the American Board of Veterinary Practitioners (ABVP) began avian board certification in 1993.3 Today, the Avian Practice category is the second largest group within the ABVP, with approximately 135 active Diplomates.48 The European College of Avian Medicine and Surgery (ECAMS) was also founded in 1993 and became recognized as a fully functional College in 2005.49 ECAMS was expanded in 2007 to the European College of Zoological Medicine, which includes the avian specialty. In Australia and New Zealand, the equivalent specialty category is the Avian Chapter of the Australian and New Zealand College of Veterinary Scientists with fellowships in Caged and Aviary Birds or Poultry.50


 Conclusion

The earliest references to medical care of birds refer to the castration of cockerels to produce capons and the nursing care of falconry birds. Modern avian medicine is a relatively new specialty; however, much of the information we hold as the foundation of our field is based on the work of a variety of pioneering scientists. As every veterinarian knows, there is no sharp line of demarcation between animal and human diseases, and therefore it should not be surprising that these scientific inquiries were answered by a variety of professionals: physicians, microbiologists, virologists, immunologists, zoologists, pathologists, ornithologists, aviculturists—and even veterinarians—although most of these early veterinarians would never have called themselves avian veterinarians. These exceptional individuals were often gifted with broad interests, great curiosity, creativity, and a keen intellect that they used to answer specific questions. In the case of poultry medicine, there were often immediate, practical applications for their research, but earlier workers often explored a topic merely to satisfy their own curiosity—in other words for the love of pure science. 


The history of avian medicine should evoke pride in today’s achievements and appreciation of the pioneers who, with limited knowledge and inferior tools, paved the way for succeeding generations. . . History is a compass bearing that gives a sense of direction for a continuing journey over winding roads. A look at the past is not a backward turn; it can lay the foundation of future progress.23 


Modern avian medicine has grown tremendously since the founding of the AAV in 1980, and the advances made, in a relatively brief period, have been nothing short of amazing. There are many challenges facing avian medicine today, but the potential for growth is strong. 
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Specialization in avian medicine and surgery 

Eric Klaphake



 Specialization

Receiving a veterinary degree in and of itself is an incredible achievement. However, there is always a push within any profession to “take things to another level,” that is, to develop a higher level of expertise. At an initial level, this usually is addressed by reading journals, belonging to veterinary organizations, and attending conferences for continuing education. Over time, there can be a great drive to develop a niche within the profession, whether for the veterinary practice or an individual employed there. Part of this drive is for personal growth; in other cases, it may be more financially driven to develop a “product” that allows the practice to offer a service not otherwise available within the community. Legally and ethically, there are guidelines as to how one may advertise such a product. While beyond the scope of this chapter, the American Veterinary Medical Association’s website (www.avma.org) provides such guidelines for the United States, and communicating directly with one’s state veterinary board can also provide guidance as to how to advertise such skills. Ultimately, however, in both the United States and Europe, the term specialist is considered the gold standard for indicating the highest level of expertise. A veterinary graduate is legally able to treat any animal species, except human beings. However, most new graduates have developed a comfort level with a small subset of species, usually dogs and cats, horses, or food animals. A relatively new area of veterinary focus involves exotic animals as pets, wildlife, or part of a larger public or private collection. In many ways, the irony of working with such a diverse collection of animals truly challenges an individual to be able to become a specialist; in some cases, the phrase “jack-of-all-trades, master of none” is more applicable. These veterinarians know a little about a lot of species. Because this chapter resides within an avian textbook, the discussion will be directed toward four different opportunities for specialization in avian medicine and surgery: becoming a Diplomate of the American Board of Veterinary Practitioners (Avian Practice) (ABVP Avian Practice), a Diplomate of the American College of Zoological Medicine (ACZM), a Diplomate of the European College of Zoological Medicine (Avian) (ECZM) or either a Member or Fellow (two separate levels) of the Australian and New Zealand College of Veterinary Scientists (ANZCVS). Primary emphasis will be placed upon the former two routes.



 Costs of specializing

The efforts of getting accepted to and graduating from veterinary school can make one avoid considering further sacrifice. Some people immediately transition from veterinary school to an internship and then perhaps a residency. This can be one pathway for becoming a specialist and is often the fastest one, although by no means is it the only option available. So why become a specialist? In some fields, it can lead to a higher level of financial reward—either as a short-term bonus or reflected over the long term in the form of greater overall production revenue, which hopefully translates into a higher base salary or greater compensation in a commission-style contract. One should be aware that at this time, within the fields of zoological medicine, there is not always a direct correlation between specialization and salary increases. In academia, specialization is a requirement for promotion and tenure, and salary increases are often guaranteed. In referral centers, and even in some primary care practices, salary increases can be achieved by being able to charge higher fees and to offer a greater range of specialized services.
 
A specialist is also more likely to be sought locally, nationally, or even internationally for guidance by general practitioners or by other specialists. This may also translate into modest financial opportunities from speaking at veterinary conferences or from writing articles or book chapters. Specialists may become recognized in their community as the “go to” person for the media, local schools, and nonprofit organizations seeking that expertise. Although this may be viewed as either a perk or a burden, it is part of the mantle of being a specialist. Specializing also opens new doors of opportunity professionally. Most academic positions require some level of specialization, as do many secondary or tertiary private practices. Zoos have been slower to recognize the need for and benefit of specialists, but that has begun to change rapidly within the past few years.
 
Nonetheless, specializing does not come without costs, some of which are tangible and others intangible. The first route of pursuing specialization is through an approved residency.
 
The ACZM, ABVP, ECZM, and ANZCVS websites can direct an interested individual to the location of approved residencies if they exist for the particular organization. Approval can change rapidly based on changes of those in charge of such programs or an inability to meet the requirements of approved residencies. Likewise, new programs can be created just as quickly. Most of these residencies are quite competitive, so often an interested individual must begin the process by serving an internship or sometimes even two! This is an important cost consideration.
 
First, examine the loss of financial earning power. Most internships (1-year duration) pay approximately US $25,000 per year with some benefits, as of 2013. Some internships pay more, but one should evaluate the cost of living in the area, and usually the higher salary reflects this. Most residencies offer US $25,000 to $30,000 per year plus benefits and last 2 (ABVP) to 3 years (ACZM and ECZM). Compare this with the average starting salary for a private practitioner, approximately US $67,000 per year (2013 data). Doing the math, one sacrifices from US $50,000 to $120,000 or more, depending on the length of training. With U.S. veterinary student debt at ever-increasing levels, this should give individuals pause when considering this route to specialization. With some specialties such as surgery, one may quickly begin to recoup these financial losses, but this may not be so with ABVP (Avian Practice), ACZM, ECZM or ANZCVS.
 
Second, internships and residencies often necessitate continued movement across the country—veterinary school to internship, to second internship, to residency location. Some residencies even require living at different locations each year. The costs of moving and locating new housing may be compounded by significant others or spouses finding new employment at each location, creating the necessity of a long-distance relationship, or even leading to the fracturing of relationships. Ancillary to this financial cost can be the emotional cost on relationships with significant others or spouses and children. As with veterinary school, hours are often long, with emergency shifts, “free time” spent writing papers, and the need to come in on “off days” to see unique cases.
 
With approved residencies, a resident should be in a stronger position to qualify to successfully sit on specialty boards. In some cases, mentorship can be a benefit, but one is advised not to have high expectations. Some programs may espouse these virtues, but the reality may be that there is little supervision, and residents are left to figure things out for themselves, serving as cheap labor. One wishes this were not so, but I would be remiss if I did not acknowledge that many residents who have completed their programs are quite bitter about this aspect. However, if a resident goes into a residency recognizing that this opportunity will expedite the process, improve one’s resume, and allow access to diagnostics, therapeutics, and unusual cases to which other practitioners will not be exposed, then it is unlikely the resident will become disillusioned or disappointed. Anything gained over and above that from a residency is simply a bonus. The reader should not feel that all approved residencies misrepresent what they offer, but it behooves an individual to diligently access the strengths and weaknesses of any program and not to be overly influenced by a program’s reputation. Prospective applicants are strongly encouraged to talk to current or previous residents, and one should consider it a red flag if any program resists that open dialogue.
 
In theory, most approved residencies should allow for time to study for the specialty examination, prepare case reports or first author publications, and systematically review over the time of the entire residencies all of the didactic information to which one needs to be exposed. For example, the ACZM mandates a minimum of 5 hours of scholarly time away from clinical duties per week (approximately 30 days per year). In some cases, the opportunity to perform research may manifest itself, and, of course, completing a residency does enhance one’s chance of employment in the academic sphere.
 
For either specialty, new employment opportunities may present themselves outside general practice, such as working in a zoo, for a nongovernmental organization often in field settings, as a federal or state wildlife veterinarian, as a teaching or research-only academician, or as a referral specialist.
 
A board is of equal standing to a college with regard to specialization, according to the American Board of Veterinary Specialties (ABVS). The role of this type of organization is simply to maintain the standards established by each specialty, and they make no effort or claim that one board or college is equal to another regarding difficulty.
 
For all of the following organizations, check regularly with their websites to access the most current information regarding timelines, credentialing and re-credentialing requirements, and examination structure and content.
 
Procrastinating is common among many residency candidates, both those pursuing the practitioner routes and those in residencies. Mentors often have the job of motivating residents to receive their credentials and pass their examinations, but mentors and their programs also benefit in membership size by having more of their residents take and eventually pass boards. It is important for every individual to ascertain whether passing one of these examinations is a personal or career goal or whether they are only doing it for someone else. If potential applicants have no real interest in taking the examination, then they should forgo it so that someone who is dedicated can take that valuable place. One may never feel ready for such an examination, but a good course of action is to work on and complete the credentialing process and then focus on studying. Once one has committed to the field by becoming credentialed, the incentive to study and pass the examination becomes an intense motivator compared with studying for an examination sometime in the future. For credentialing, some may prefer to work through one case report or submit one publication at a time, whereas others may find it more efficient to work on several simultaneously. Having an online study group or a group to review case reports can be extremely helpful.
 
The ABVP does provide study and credentialing support groups, and further information is available on its website. Likewise, the ACZM offers dedicated short courses to aid candidates in examination preparation. Remember, both the ABVP and the ACZM examinations only require a score of 65% to 70%, which is the usual pass/fail line. This type of score may feel like failure to many veterinarians, but this is the level at which most veterinarians score in the examination process.
 
In the near future, all organizations should be completely paperless.



 Specialty boards
 
 The american board of veterinary practitioners

The ABVP website is www.abvp.com (not.org). Their mission statement is: “To advance the quality of veterinary medicine through certification of veterinarians who demonstrate excellence in species-oriented clinical practice.” This specialty is focused more on the private practitioner, although ABVP Diplomates are found in academia and other facets of veterinary medicine. ABVP Diplomates have demonstrated excellence in the care of the total patient. Certification provides professional and public recognition of advanced knowledge, skills, and competency in a species category. Diplomate status is granted with approval of the ABVS. The organization began in 1978, and the first examination was given in 1981. In 1993, the avian specialty was added. As of January 2014, approximately 968 Diplomates were in good standing across all species specialties, 121 of which were specialists in avian medicine, the second highest number of specialists within ABVP.
 
Two paths qualify an individual to submit credentials. One must either have practiced a minimum of 5 years in any combination of practice that allowed the minimal amount of professional exposure and caseload of birds as required or have completed an ABVP Avian-approved residency program. The applicant should contact the current ABVP Avian Regent for current requirements at the time of application. As of 2014, the credentialing process timeline is a short, simple first-time online application form and a fee—both due by September 1 of each year; this allows the candidate to take the examination no sooner than November of the following year if all requirements are met. The more complex credentials packet, which is described later, is due January 15 of the earliest year a candidate hopes to sit for the examination. The final evaluation of the credentials packet is completed and notification of acceptance or rejection (complete or partial) of that packet is provided to the candidate by June l of the earliest year a candidate hopes to sit. Studying then commences, and accepted candidates determine by September 1 if they will register for that year’s examination or wait an additional year. Basic information regarding the contents of the 2014 Application and Credentials Packets can be found in Boxes 1-2 and 1-3; however, always refer to the website for changes in the process, form, and requirements. Both of these applications are now completely paperless and online.



BOX 1-2
 
AMERICAN BOARD OF VETERINARY PRACTITIONERS APPLICATION FORM
 




♦  Due September 1

♦  Requirements 


♦  Contact information

♦  Listing of current position(s)

♦  Graduation year and school

♦  Listing of state license(s)

♦  Designation of specialty category to which you are applying

♦  Fee





Important: Once the first-time application and fee are received, applicants have 3 years to complete the credentialing process. If not successfully completed in the allotted 3 years, the process starts over from the beginning with submission of a new application and fee.


 

 
One of the most challenging components of the credentials packet is the case report. As noted in Box 1-3, an applicant may submit one case report and a publication or two case reports. The process of one’s selection of a particular case to report requires careful consideration. To demonstrate excellence in avian medicine and surgery, it behooves the candidate to show some breadth of expertise. Each case report’s species and topic should be different. The topic of each case should generally avoid obscure, new, or uncommon diseases; instead, show expertise at thoroughly working up a standard case. Case reports must have been personally seen and worked up by the applicant within the past 5 years. Each case report must have adequate literature review and demonstrate a logical thought process and well-defended decisions and diagnostic interpretations. Applicants should demonstrate their thought processes and what they know in the case report: significant presenting signs, diagnostic characteristics, problem lists, pathophysiology, differential diagnoses, treatments, and management options. Other directions that could have been taken in hindsight for the aforementioned components should also be discussed for a complete case report.



BOX 1-3
 
AMERICAN BOARD OF VETERINARY PRACTITIONERS CREDENTIALS PACKET
 




♦  Due January 15

♦  Veterinary diploma photocopy

♦  Curriculum vitae

♦  Synopsis of veterinary practice

♦  Self-reported job experience

♦  Continuing education documentation

♦  Applicant evaluation forms (3)

♦  Case reports (2) 


 OR



♦  Case report (1) and publication (1)






 
More specific guidelines and example case reports are available on the website. Formatting is significantly different from most professional journals. The most common reason for failing to credential for examination is inadequate case reports! Both case reports, or both the single case report and the publication, must pass to qualify for the board certifying examinations.
 
It is highly advisable that applicants begin writing their case reports before submitting the application and application fee. Study groups are available from the ABVP and can help with the process of compiling a case report; taking advantage of this expertise and assistance is recommended. An outside review of the case report is also encouraged, but one must make sure that the individual is aware of the needed components of an ABVP case report. Correct grammar and syntax are important. Remember, this work represents the applicant’s ability to function clinically at the level of a Diplomate.
 
For the refereed (peer-reviewed) publication, the applicant must be the first author. The topic of publication must make a meaningful contribution to the literature of the species specialty and must be different than that of the case report. The publication must be published no more than 5 years before the January 15 deadline, in a refereed, English-language, scientific journal. Conference proceedings, online publications, clinical vignettes, short/brief communications, serial features (e.g., ECG of the Month, Drug Topic of the Month, What’s Your Diagnosis), and narrative review articles will not be accepted. If uncertain, one is advised to communicate directly with the executive director of the ABVP, well before any deadlines, to determine clarification of a publication on this issue. Acceptance for publication in a refereed scientific journal does not guarantee that the manuscript will be admissible in lieu of an ABVP-style case report.
 
Once an individual is credentialed to take the examination, preparation for the examination becomes critical. The ABVP examination has two components. One is an all-day two-part (morning and afternoon) general multiple-choice examination, in which each question has one correct answer and two distracters. The second component is a practical examination with slide images to be identified or to be used to answer the associated question. Generally, this second component may be the night before the all-day examination or the morning after. This is clarified by the ABVP once one has been accepted for the examination. The ABVP examination takes place in the fall, and examinees are informed of their own score and of the pass score within 45 days of the examination.



 The American college of zoological medicine

The ACZM website is www.aczm.org. Work began in 1977 to create the ACZM. Established in 1983 by eight charter members, the ACZM is an international specialty organization for certification of veterinarians with special expertise in zoological medicine. Of note, zoological medicine includes all exotic species, so a Diplomate is not restricted to being just an avian specialist. Six individuals sat for the first examination in 1984. The ACZM became a stand-alone College in 1988. As of the completion of the 2014 examination cycle, there were more than 170 Diplomates in the College. ACZM is responsible for establishing training requirements, evaluating and accrediting training programs, and examining and certifying veterinarians in the veterinary specialty of zoological medicine.
 
ACZM Diplomates foster high-quality medical care for nondomestic animals and are actively involved in the discovery of new knowledge in the discipline and the dissemination of this knowledge to the veterinary profession and public. Eligibility for examination can occur either by practicing in 100% exotic or zoologic animal practices for at least 6 years, 50% for 12 years, or some combination thereof. Participation in an ACZM-approved residency program (3 years) can reduce the number of practice years needed to qualify to sit for the examination to a minimum of 4 years after graduation. Many residents find it difficult and daunting to take the examination that soon and may choose to wait an additional year or two. Unlike the ABVP, there is no case report component for qualifying; instead, the applicant for credentialing must have five, senior-authored (first author) peer-reviewed publications, and at least one must be original research, either prospective or retrospective. Papers must be fully accepted before the application deadline—a letter from the editor indicating this may be sufficient proof. Papers must make a meaningful contribution to the literature. Book chapters, review papers, and proceedings papers are not acceptable. See Box 1-4 for more general information regarding the credentialing application; however, always refer to the website for changes in the process, form, and requirements.



BOX 1-4
 
AMERICAN COLLEGE OF ZOOLOGICAL MEDICINE APPLICATION FORM
 


Requirements




♦  Confirmation of professional ethics

♦  Detailed curriculum vitae and copies of license and veterinary diploma

♦  Three letters of reference

♦  Indication of Day 2 subspecialty

♦  Application check

♦  Indication of whether examination will be taken this year or next year

♦  Copies of each of the five accepted or published, first-author peer-reviewed publications (at least one needs to be original research)

♦  Four copies of all of the above must be sent before March 31






 
The ACZM examination also occurs over 2 days; however, it differs significantly from the ABVP examination. The examination takes 2 full days, and the total point allocation is 675 points. On Day 1, all candidates take five sections of the test: Avian, Herpetofauna, Mammal, Wildlife, and Aquatic. Box 1-5 shows the breakdown of the four components of the Day 1 sections. Continuation to Day 2 is contingent on passing all five Day 1 sections with a score of 65% or higher for each section. There are 75 multiple-choice questions for each of the five Day 1 components, and each question has one right answer and four distracters. Thus, 49 of 75 questions must be answered correctly in each section. On both the ACZM and the ABVP examinations, questions may be disqualified for various reasons during the grading process; thus, the actual number of correct answers needed to pass a Day 1 ACZM section can have some variation, but 49 is a starting point. There are still some encouraging rewards if three or four of the sections are passed. On returning the next year, examinees only need to pass the remaining one or two sections to continue on to ACZM Day 2. However, failure to pass those final one or two components in that second try will cause the examinees to have to repeat all five sections of the Day l examination the next year if they so desire to continue with the attempts.



BOX 1-5
 
AMERICAN COLLEGE OF ZOOLOGICAL MEDICINE DAY 1 EXAMINATION
 


Aquatic animal medicine




♦  Fish (47.5%), marine mammals (47.5%), invertebrates (5%): both captive (aquaria) and free-ranging




Mammalian medicine




♦  All captive terrestrial mammals




Wildlife medicine




♦  Free-ranging wildlife, including mammals, birds, and herpetofauna




Avian medicine




♦  Zoo and companion birds; emphasis on captive animals




Herpetofauna medicine




♦  Reptiles and amphibians, with an emphasis on reptiles; emphasis on captive animals






 
The Day 2 examination for ACZM is based on one of four options of a subspecialty—General Zoo, Zoological Companion Animal, Aquatics, or Wildlife. See Box 1-6 for more details of each. Obviously, birds are a component of each of these four options; however, many examinees choose one of the first two options. Each option has four sections—a practical examination, an essay examination, a slide examination, and an advanced multiple-choice examination (75 questions). One must pass with 65% or greater, but for Day 2, the score is cumulative. If examinees do not pass Day 2 on the first try (irrespective of whether first or second try for Day 1), they return the following year for one last try. Failure on the second try for Day 2 requires the examinee to start completely over with passing Day 1, all sections, again.



BOX 1-6
 
ZOOLOGICAL MEDICINE DAY 2 EXAMINATION OPTIONS
 


Aquatic animal medicine




♦  Fish, marine, and aquatic mammals, aquatic invertebrates, aquatic birds, and aquatic herpetofauna; either free-ranging or captive (including zoologic and aquaculture institutions)




General zoo




♦  Captive mammals, birds, reptiles, amphibians, and fish, with an emphasis on species kept in standard zoologic institutions




Wildlife




♦  Free-ranging wildlife, including mammals, birds, and herpetofauna




Zoological companion animal medicine




♦  Major emphasis on companion birds, herpetofauna, and mammals, some fish









 The European college of zoological medicine

The ECZM is a European Veterinary Specialist College formed under the auspices of the European Board of Specialisation (www.eczm.eu). The ECZM evolved from the European College of Avian Medicine and Surgery (ECAMS), itself a veterinary specialist organization founded in 1993. The ECAMS was an initiative of the European Committee of the Association of Avian Veterinarians, in response to a growing demand for better avian medical and surgical services for birds through specialization and a need to harmonize certification in this area. ECAMS became recognized as a fully functional College in 2005. In 2007, an initiative was commenced to broaden the membership and areas of specialty of the ECAMS. The aims were to strengthen the College by increasing membership, provide the opportunity for those working at a specialist level within allied zoologic fields to gain recognition, and facilitate greater recognition of the clinical area by the profession within veterinary academia, by governments, and by the public. The result was that the ECAMS changed to the ECZM. The ECZM website provides detailed information about the ECZM, including the constitution, bylaws, and information brochures on all specialties, including avian medicine. The latter contains information about requirements for admission to the College, a profile of the specialties, and application and examination procedures. As of October 2013, there were 33 ECZM Avian specialty Diplomates, including several in North America.
 
Diplomates in avian medicine and surgery work primarily as clinicians who are concerned with all aspects of diagnosis and management of diseases of birds other than poultry (companion birds, ornamental birds, zoo birds, racing pigeons, birds kept for falconry, free-range birds, and ratites). The primary objectives of the specialty are to advance avian medicine in Europe and increase the competency of those who practice in the field. However, non-Europeans may apply and become certified if they meet the same criteria as European applicants. In 2014, there were seven ECZM-approved avian residencies, with two of those in North America.
 
Currently, a specialist is only required to be active in the field for a minimum of 50% to 60% of the time. The current ECZM examination structure comprises a 1-day examination for a total of 370 points.



 The Australian and New Zealand college of Veterinary Scientists—avian chapter

The Australian and New Zealand College of Veterinary Scientists (ANZCVS) seeks to serve the veterinary profession and reward excellence (www.anzcvs.org.au). College Membership signifies that a veterinarian has expertise and competence in a nominated subject area. To become a member of the College a candidate must have at least four years postgraduate experience as a veterinarian and have successfully completed both written and oral or practical examinations in one of the diverse range of subjects on offer. College Fellowship is associated with scholarly and technical excellence in a particular subject. Standards required for training and examination in Fellowship subjects meet or exceed the prerequisites for registration as a Veterinary Specialist in Australia, New Zealand, or both. Based on these descriptions, a Fellow is most analogous to a Diplomate in the other three systems previously mentioned. As of 2014, 64 individuals were listed as Members of the Avian Chapter and 9 of those individuals listed as Fellows. There are two separate Avian Health Chapters—a Caged and Aviary Birds Chapter and a Poultry Chapter, with the former more analogous to those of the other three groups.
 
The objectives of the Avian Chapter are: 


♦  To provide the means of entry to the college for those specializing in avian health

♦  To provide a means of accreditation for avian health veterinarians

♦  To advance the science and art of avian health

♦  To facilitate the exchange of knowledge between avian health veterinarians

♦  To encourage exchange of knowledge with and collaborative work with other biological scientists in the field of avian health

♦  To encourage publication in the sphere of avian health

♦  To acquire, maintain, employ, and dispose of such real and personal property and to organize such services as will further the above aims



Candidates for Membership of the College should be eligible for registration as a veterinarian in an Australian State or in New Zealand. Council may at its discretion approve a candidate who has veterinary qualifications recognized as being equivalent to Australasian qualifications. Candidates must have spent at least 4 years in a full-time veterinary activity between graduation and taking the examination. Candidates who have not had the opportunity of working intensively in a limited field of activity and in a situation where an opportunity for learning from other veterinarians is available would well be advised to prolong their preparation period to 6 or even 8 years. Applicants will be assessed on their knowledge and skills at the Membership examination. Performance in the Membership examination is assessed on the basis that the candidate shall achieve a pass mark of 70% or above.





 Annotated suggested reading lists

For ABVP, ACZM, ECZM, and ANZCVS, lists are provided to guide veterinarians studying for the examination. They are not a comprehensive listing of all available material but rather a guide to facilitate finding information in areas in which the candidate does not have extensive experience. Questions are taken from the extant literature and are not confined only to information from the work on the list. Not all chapters in listed textbooks are necessarily of significance for the examination. Questions based on journal articles emphasize literature from the past 5 years, although older references may also be included. It is recommended that candidates prioritize study material within the references suggested.



 Examination preparation

No perfect method exists for studying for these examinations: different systems work for different people. Some basic recommendations include the following: Spend time reading (one of the main reasons for taking this examination is to give you the opportunity to, at least once, do a thorough review of the literature), start early (8 to 12 months before the examination), have a study plan, and have an examination-taking plan.
 
Beyond these steps, what follows are some of the strategies that may help some individuals better direct their energies. For ACZM credentialing, in most cases, candidates likely have a good idea of whether they meet the requirements. However, with credentials submitted by March 31, that only leaves about 5 months until the examination. Thus, some individuals indicate that they will take the examination the following year, giving themselves an 18-month time frame to study. For ABVP credentialing, notification of acceptance of credentials usually occurs in early summer, giving about 5 months until the next examination. As previously mentioned, no matter how much time one has to study, one will likely never feel prepared enough. Some examinees go into an examination with little or no preparation, using this strategy to see what they know and to analyze the question style to help preparation for the next year. Many current Diplomates frown on this strategy; however, it has worked for some individuals. This can be an expensive endeavor for many individuals because the examination fee, plane ticket, hotel expenses, and even the stress of waiting another year before trying again adds up. Using this strategy, one would need a multiyear examination plan from the beginning.
 
Another strategy often employed, particularly for the ACZM examination, is to try to pass the Day l examination in a multiyear approach. Again, while this strategy is not encouraged, it can be successful, particularly for those on the practitioner track, because these individuals often cannot devote large amounts of time to studying the enormous amount of information; however, if they perhaps focus on birds, herpetofauna, and aquatics, then a component of Day 1 might be passed. Disadvantages to this method include the cost of multiple examination site visits, as already mentioned; the stress of not being done after the first attempt; and the possibility that the sections with increased focus are actually failed. Nonetheless, given the huge breadth of ever-increasing knowledge required for passing the ACZM examination, this technique has worked well or occurred for a growing number of examinees. The technique does not work well for the ABVP examination because the only partial one can get is either passing only the practical or only the multiple-choice component, so partial passage is more incidental in most cases.
 
For those attempting to pass one of the examinations completely in one try, the first step is developing a technique to organize the information. Organizing by taxonomic groups or populations is one technique used, and another is to skim through core topics and recent research and organize by information source.
 
Working with a good mentor can be helpful; however, mentors not familiar with the current examination can sometimes be extremely detrimental because they may direct the examinee to study topics on the examination that are no longer relevant. Some mentors also put too much emphasis on the core topics, leaving the candidate blindsided by the examination question coverage. Speaking candidly with individuals previously mentored by that person can be extremely helpful in evaluating whether that particular mentor will be a benefit.
 
Practice examination questions from within a study group or that are completely self-created can help one to start thinking like a question writer and thus can help determine whether a particular paper may have value from an examination standpoint. Reading papers and references from the standpoint of taking an examination versus evaluating those same sources for clinical information usually requires an individual to look at those sources very differently. For either examination, assume that the results of a paper are valid, even if one personally disagrees. An exception to this is when another paper contradicts the other’s findings; this controversy often leads to avoidance of that aspect of the topic for an examination question, although essay questions may touch on those controversies in the ACZM examination. Likewise, if findings are ambiguous or questionable, the results are not likely to be the focus of a question from that source.
 
For the ACZM Day 2 essay and practical portions, try to focus on the major topics in each area. For example, a question on brown kiwi reproductive surgery would be less likely than one on chlamydophilosis in a Columbiform species. Comparing and contrasting similar diseases are often a good way to cover such topics. Real-life scenarios (e.g., “You note a die-off of African penguins. How would you work it up? Then compare and contrast two major diseases that might be involved here.”) are always helpful. Essay questions may be of ancillary benefit to ABVP examinees, but the learning format is not often helpful. Day 2 essays of the ACZM examination are used by many candidates as a significant portion of their combined Day 2 points because these questions focus more on showing what you know (usually a lot) versus what you do not know. However, points will be deducted for wrong information, so writing down everything possible hoping that some part of it is correct is not a good strategy.
 
Develop a pacing strategy for the examination. Remember, even if only guessing, one will be “correct” 33% of the time for the ABVP and 20% of the time for ACZM/ECZM examinations. Examinees then just need to combine what they already know and what they still need to learn in the area for the additional 37% to 45% to score in the 65% to 70% range. This perspective can help keep a candidate calm when feeling overwhelmed by the amount of information. For essays, examinees should quickly read through all of them, skipping those on which they have little or no information; the more well-known questions (and therefore the greater sources of points) should be completely answered first. Time should be allotted at the end of each section for writing down something for those questions that one does not have much to add. For the practical and the slide portion of Day 2 ACZM, one often cannot return to certain stations or images, or, if the latter is allowed, only a brief reassessment may be performed. For the ABVP practical, the current practice is to print out images on to individual booklets for each examinee; however, video may still be shown in a manner described for the ACZM practical. Be careful about changing answers—sometimes first impressions are the best. However, also be careful about “easy question-answer combinations”; these are often screened from the question pools by examination committees, so quick associations of terms may not be the correct answer.
 
Having a study group for either examination does seem to improve the success of examinees. Some partner with a single other person, others with a larger group. Communication can be weekly, monthly, or even just once. Some try to form study groups with individuals of different backgrounds professionally so that each person brings something different to the group. Others prefer groups of like-minded people, who study and organize their summarized information similarly. Again, there is no single solution; it is different for everyone.
 
Images for the practical in both examinations and the slide portion of the Day 2 component of the ACZM examination should be reviewed in atlases, textbooks, journal articles, and on the Web. Most actual images on the examinations are rarely in the public domain, but similar ones have often been contributed to the examination.
 
Some people like to take time off 1 to 4 weeks before the examination for review of all topics. Many practitioners do not have the luxury of such an option. It is also important to realize that at this late stage of examination preparation, such reviews may help more by keeping a person focused and busy rather than allowing more time to gather novel information. Nonetheless, such reviews at the end or periodically throughout the study process may be helpful. It is very important to set a schedule so that one does not spend too much time on a particular topic or area and to also recognize that some topics of unfamiliarity may require greater energy and focus. Study groups often help keep one on schedule.
 
Do not panic during the studying process or during the examination, and try to stay positive. Everyone hits highs and, more commonly, lows during the process. Study group members can be helpful again in this regard. Also, do not forget that these examinations are not a matter of life and death: failure is not the end of the world (I passed the ACZM examination on the second try and am aware of some extremely well-respected zoo veterinarians and private practitioners who took the examination more than once). Make sure to dedicate time for family, pets, and a life outside of the examination process—no extra letter after one’s name is worth that sacrifice or loss!



 Re-credentialing

Currently, ABVP Diplomates are required to either retake the examination or re-credential via a point process every 10 years. Notification occurs in Year 8 to allow adequate time for this lengthy process and for the second or third attempt if early failure occurs so that Diplomate status is not lost. The ABVS is mandating such a process in the near future for all specialties, including the ACZM starting in 2016. Current Diplomates would be grandfathered in, although they would be encouraged to engage in the process. Re-credentialing, other than retaking the examination, requires a significant amount of documentation of appropriate specialty continuing education in the previous 5 years, publications, appropriate lectures, writing examination questions, and doing topic summaries, among other options. Re-credentialing should not be left until the last minute; some ABVP Diplomates have lost their Diplomate status because they lacked enough points. Interestingly, the ABVP offers recredentialing points if one has taken the ACZM examination and passed since the Diplomate last credentialed. The ECZM also has a compulsory re-credentialing system, which requires active Diplomates to re-credential every 5 years.
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Critical thinking and practical application of evidence-based medicine in avian practice 

James F.X. Wellehan Jr.

The term “evidence-based medicine” is often misunderstood. A false dichotomy is often painted between “Western medicine” and “Eastern medicine,” and claims are made that evidence-based medicine is not feasible, since we lack double-blinded controlled trials for everything. The reality is that the true division is between evidence-based medicine and doctrine-based medicine. Doctrine-based medicine involves acceptance of a set of teachings as truth, whether the doctrine is traditional Chinese medicine, information from a professor in a veterinary school, or from the book of the flying spaghetti monster. Evidence-based medicine works from the best information available, such as use of hypergravity for avian fracture repair,1 but recognizes that further evidence may prove current theories incorrect. While the truth is approached, it is an ongoing and constantly revised process. When examined from this perspective, “Western medicine” is also riddled with doctrine, and the term denigrates the many excellent clinical scientists in Eastern countries; evidence transcends culture. Willow bark was used as an analgesic in traditional European medicine; accepting the controlled studies that have demonstrated this does not involve acceptance of the doctrine as a whole or letting bad blood out of patients because of imbalanced humors.2 To hypothesize that placement of a needle in a specific site induces a neurophysiologic response causing analgesia is reasonable and merits further testing. To accept that this is caused by chi flow despite lack of supporting evidence of the existence of chi is doctrine-based medicine, and in this case, is acceptance of a doctrine that is leading to extinction of a significant number of species.3
 
A state of uncertainty and self-doubt is inherently less comfortable. It is a natural human tendency to seek clean black-or-white answers, and this is often the way information is taught in veterinary schools. Clients prefer their veterinarians to state answers with certainty. The problem with this was perhaps best stated by Mark Twain, “It ain’t what you don’t know that gets you into trouble. It’s what you know for sure that just ain’t so.” While acting with surety is certainly easier, it occasionally leads to disastrous results. In the real world, everything is various shades of gray, and many factors play roles contributing to disease processes. It is important for the clinician to recognize uncertainty without letting it paralyze them into inaction, and to act on the apparent best path without forgetting other options. Evidence-based practitioners seek to identify, interpret, and apply the best and most relevant available evidence, while recognizing the limitations of said evidence.


 
 Identifying evidence

The first step in evidence-based medicine is identification of evidence. Before searching for evidence, it is important to understand the choices for the presentation of evidence. The highest-quality evidence is original research found in peer-reviewed journals. When an author submits a manuscript to a journal, the standard process is that it is screened by an editor of the journal, and then sent to an associate editor on the subtopic of the journal relevant to the manuscript. If the manuscript is considered to merit further evaluation, the associate editor then identifies reviewers (typically two) who are experts on the topic, and these reviewers then read through the manuscript in detail, assessing the validity of the data and interpretation and clarity of presentation and noting any omissions or errors in the manuscript. The reviews are then returned to the associate editor, who decides whether the manuscript is rejected, accepted, or requires revision followed by re-evaluation. If revision is required, the manuscript is sent back to the authors, who must address all the concerns of the reviewers. If the revisions are addressed to the satisfaction of the reviewers and the editors, the manuscript then advances to publication. This peer review process is the most rigorous method of dissemination of data available and is the gold standard for modern science. It is not perfect, however, and depends on selection of appropriate reviewers by editors, as well as being vulnerable to reviewers who have their own biases and limitations on time available for reviews. Winston Churchill once said of democracy, “No one pretends that democracy is perfect or all-wise. Indeed, it has been said that democracy is the worst form of government except all those other forms that have been tried.” Similarly, although peer-reviewed journals are flawed, they are not as flawed as other forms of evidence.
 
Lower-quality evidence includes review articles and textbooks. Many review articles are peer reviewed, but the original data on which statements are based is not directly available for the reader to assess. Textbooks are generally written by invited chapter authors and then reviewed primarily by the editor. Textbooks undergo a much less rigorous review process, and many textbooks do not even adequately cite the original data so that the reader can assess them, if needed. Brian Speer, as editor of this text, may very well let me get away with the statement on hypergravity therapy for avian fractures in the first paragraph of this section to illustrate the point. The reader should be especially cautious when a reference cited is another review or textbook; especially in avian medicine, many statements are repeated in various reviews and textbooks until they become gospel, but the original data on which the statement is based may be deeply flawed or absent.
 
Lower still in quality are conference proceedings. Conference proceedings are generally not peer reviewed and are often incomplete. Conference proceedings provide the opportunity to disseminate preliminary findings before publication but should be followed up by proper publication of a manuscript in a peer-reviewed journal. If a proceedings abstract is not followed in the next couple of years with a peer-reviewed manuscript, it should not be weighted heavily. One study in the field of human orthopedics found that 30% of published manuscript results differed from the conference proceedings where they were first presented,4 and it is plausible that the accuracy rate of conference proceedings that never made it into publication may have been lower.
 
The least reliable sources of information are anecdotal. Of anecdotal information, the most reliable is personal experience, but it is very important to realize that there is a huge recollection bias. Good or bad outcomes from an insignificant number of cases without controls for comparison may significantly alter a veterinarian’s behavior to an inappropriate extent. Bias from personal experience plays a larger role when data are uncertain, leading to incorrect clinical assessments.5 It is important for the avian veterinarian to be aware of this and not overemphasize single case results when making clinical decisions. Objective interpretation of one’s own biases is difficult and requires a very conscious effort.
 
Additional anecdotal sources of information include testimonials from avian medicine experts and product literature. While avian medicine experts may have seen larger caseloads and be more familiar with the literature, the same potentials for recollection bias exist, and this is essentially personal experience that is more challenging to assess bias because you were not present for this experience. Testimonials from product literature are even less reliable because the company producing the product has a vested interest in supporting the product and screening for positive testimonials.
 
When searching for evidence in avian medicine, there are two routes to take: reactive and proactive searching. Reactive searching is searching for data to best answer specific questions regarding a patient presented to the veterinarian. Proactive searching is screening the avian medical literature for information that may be useful with future cases that have not presented yet.
 
The most rapid way of reactive searching for high-quality evidence is through the use of literature databases. There are a number of literature database options available. The National Center for Biotechnology Information makes the PubMed (www.pubmed.gov) medical literature database available for free. Another free literature database is BioOne (www.bioone.org). This includes a number of natural history journals not present in PubMed that may be useful for determining appropriate husbandry conditions for captive birds. Google has produced the Scholar database (scholar.google.com), which is also free of charge. Although this database is currently less consistent than others discussed here, it has the advantage of linking to manuscripts citing the article of interest, potentially providing updates on the status of a topic since the original publication.
 
There are also several subscriber databases available. The largest and most extensive is ISI Web of Knowledge (wokinfo.com). This is an umbrella database covering several smaller databases, which cover a broad range of literature going back more than a century. Like Google Scholar, there are also links to manuscripts citing the article of interest, as well as backward links to manuscripts cited by the article of interest. Individual subscriptions are available, although most people access it through an academic library. It is worth investigating the possibility of alumni access to university libraries, or local colleges may also provide some public access. Another subscriber database is the Veterinary Information Network (VIN; www.vin.com).* The literature database covers a number of veterinary journals not on PubMed, although it is not as extensive as the Web of Knowledge. The VIN also has a number of experts in given areas who can offer opinions and more importantly point toward specific literature. It is important to remember that although an opinion may be given by an expert, it is still important to assess the data leading to that opinion.
 
When searching literature databases, it is important to narrow your search to exclude irrelevant items, as much as is feasible, but not to exclude relevant ones. Use of Boolean terms such as AND, OR, and NOT, can be very useful to help target your search appropriately. For example, if you are looking for information on fungal infection in house finches, which were moved from the genus Carpodacus to the genus Haemorhous, you might search for (Carpodacus OR Haemorhous) AND (fungal OR fungus). Many databases will also allow wildcard searches (often marked by an asterisk), meaning all words that start with a set of letters are included. For example, fung* would retrieve articles containing “fungal,” “fungus,” and “fungi.”
 
The other approach to finding evidence is proactive evidence gathering. Proactive evidence gathering builds a knowledge base, reducing the amount of reactive searching needed when presented with a problem. There are a number of different common routes of proactive searching for evidence. One that all veterinarians share is attending veterinary school and attending continuing education following graduation. For proactive searching of the highest quality evidence, peer-reviewed journals, there are a number of options. The avian veterinarian can obtain journals through membership in societies that publish journals relevant to avian medicine, such as the Association of Avian Veterinarians, the Wildlife Disease Association, the American Association of Zoo Veterinarians, or the American Association of Avian Pathologists. However, relevant manuscripts for the avian veterinarian are spread across literally hundreds of journals, and it is not economically feasible to subscribe to all of them. Access to a library at a university with a veterinary school provides the opportunity to access a large number of veterinary journals. One practical option for remaining current with many journals is to have electronic table of contents (ETOCs) sent. Most journals provide emailing of ETOCs as a free service, even to non–journal subscribers. It is typically possible to sign up for this at a journal’s web page. The reader can then rapidly browse titles, click to look at abstracts of interest, and decide whether the article is of sufficient interest to obtain and read in full. This is a very time efficient way of keeping up with the current literature.



 Obtaining evidence

The second step in evidence-based medicine is obtaining evidence that has been identified. More journals are becoming free online, and this is a rapid and easy way to obtain articles. For those with either online or physical access, an academic library is also a quick and easy route. Another route is to email an author to ask for an electronic reprint. Authors have put significant effort into creating scientific publications, and most authors are glad to know that their publication is of interest. Contact information for corresponding authors at the time of publication should be available with the abstract, and provision of reprints is considered basic scientific etiquette. Authors may also be able to help with directing the clinician toward other relevant evidence. Finally, most non–open access journals offer electronic reprints for a fee.



 Assessing evidence

The third step in evidence-based medicine is assessing validity and relevance to your patient. With peer-reviewed journal articles, it is important to look at study design. The most easily misleading journal articles are case reports. These are primarily useful for determining whether a disease process exists in a given species. Treatment of the disease process in a case report means nothing about treatment safety or efficacy unless there is already known expected outcome without treatment. Even if there is an expected outcome, results of treatment of a single case may be an outlier, and not predictive of efficacy of treatment. If the talons of a falcon with enteritis are painted purple and the falcon recovers, that should not be taken as good evidence that painting the talons purple is a good treatment for enteritis in falcons.
 
Retrospective studies are studies that review past cases meeting diagnostic criteria and making associations with other factors and outcome. These also require caution when being interpreted—there may be significant selection bias involved in these cases. If, when treating cockatoos with renal disease, only the sickest animals are hospitalized and placed on intravenous fluids, then a retrospective study may find that cockatoos treated with intravenous fluids do not do as well.
 
Prospective studies are studies where diagnostic criteria for a case are defined in advance, and then patients are given one of two or more treatment protocols. These studies are the most reliable way of assessing comparative treatment efficacy. These studies may be clinical studies, or they may be experimental. Clinical studies use actual cases as they present to a clinic. One challenge, when dealing with uncommon conditions in uncommon species, is that it may be challenging to get sufficient numbers of cases to show statistical significance for smaller differences. Another challenge is that when dealing with actual clinical cases, there are going to be a number of confounding factors causing variation. Diets may differ between toucanets in two different households. One household may have small children that cause significant stress to a bird. These factors will result in more variation in treatment groups and a need for larger sample sizes. Experimental studies use animals under controlled experimental conditions to reduce confounding factors, which should result in smaller sample sizes needed to find statistically significant differences. The main disadvantages of experimental studies are the large cost, and the need to induce the condition of concern in the animal. Some conditions such as rare tumors or infections with agents that have not been successfully cultured may be difficult to reproduce.
 
Finally, descriptive studies can be very important in avian medicine. Many descriptive natural history studies are crucial for proper husbandry. For determination of appropriate diets, stomach content studies of wild birds may provide the most useful data (and often differ dramatically from what is commonly fed in captivity). Morphology studies are useful for determining surgical approaches.
 
When assessing articles, the reader should first assess the methods to determine whether the approach is reasonable to answer the questions asked. Determining whether the methods result in an experiment that answers the question of concern is a significant issue. It is unfortunately not uncommon in avian medicine to see the use of unvalidated assays. The method of measuring albumin utilized by commercially available chemistry machines is very inaccurate for avian albumin.6 Another common problem, given our lack of basic knowledge of the diversity of infectious agents of birds, is the use of serologic testing for an agent that has not been demonstrated in a given host species and may cross-react with yet unidentified related agents.
 
Statistical errors are common, including lack of presentation of confidence intervals, treatment of non-normal data using statistics that are only appropriate for data fitting a normal curve, and lack of correction for multiple comparisons. With a standard cutoff for statistical significance of 0.05, that means that there is only a 1 in 20 chance that the data are as divergent as they are by chance. However, if you are making a large number of comparisons, eventually you will find one that falsely appears divergent. There are a number of methods of correcting for this, the most common of which is the Bonferroni method.
 
A significant flaw of many manuscripts is to draw conclusions that are not supported by data. Some authors approach a study as an attempt to validate a theory, rather than an attempt to test it, and this bias may result in erroneous conclusions. This error may not be obvious from reading an abstract, and the reader generally needs to examine methods and results sections to identify these errors. Another common mistake is misinterpretation of an association as causality. There is probably a higher rate of lung cancer among humans who carry lighters. This does not mean that lighters cause lung cancer.
 
When assessing textbooks or review articles, it is important to ensure that adequate references are given to enable the reader to track down and assess the original data, if needed. Poor referencing is particularly a problem with textbooks, and some textbooks in avian medicine are poorly referenced. One example of a well-referenced text is the Exotic Animal Formulary.7 When the references are examined more closely, it becomes very apparent that the data vary markedly in quality, ranging from peer-reviewed pharmacokinetic, safety, and efficacy studies to empirical doses based on personal communications. It is important for the reader to be aware of this and weigh information appropriately.
 
When assessing conference proceedings, the literature should be examined for articles resulting from the study initially presented in the proceedings. If it has resulted in a peer-reviewed publication, the reader should read and assess that instead of the proceedings. If it has been more than a couple of years since the proceedings presentation and no peer-reviewed publication has resulted, the data should be used with caution.
 
Once validity of data has been assessed, relevance to the case at hand needs to be determined. Hypergravity may improve avian fracture healing,1 but given that the current practice of avian medicine is limited to one rather small planet, increasing gravity is not a practical option for therapy. The study population needs to be compared with the patient; while data on pharmacokinetics of azithromycin in healthy young blue and gold macaws may be available, this may differ in a 70-year-old macaw patient with hepatocellular carcinoma. In avian medicine, we often lack information in a given species, including anatomy, physiology, microbiology, and pharmacology. When information is lacking in a given species, the best model to use is typically the closest relative from which data are available. This requires knowledge of species relationships. Since humans are not commonly used for experimentation due to ethical concerns, common and appropriate laboratory models used are other primates, or the closest relatives of the primates, rabbits, and rodents. However, the understanding of animal classification that most current adults have been taught in grade school is fundamentally erroneous.
 
A definition is first necessary. The word monophyletic is an adjective used to describe a group that contains a common ancestor and all descendants. In comparative medicine, understanding what constitutes a monophyletic group is needed to understand relationships and to choose appropriate models. A group that is not monophyletic is called paraphyletic. Paraphyletic groups may not share a common ancestor or may exclude some descendants of the common ancestor. It is illogical to predict that paraphyletic groups would share characters that are not in nonmembers. Primates constitute a monophyletic group; when the primates except for humans are referred to, the term nonhuman primates is generally used. This qualification in the term helps the reader understand that a paraphyletic group is being referred to.
 
When the evolution of the tetrapods (terrestrial vertebrates) is examined, both the fossil record and the even stronger evidence from nucleic acid sequence phylogeny analyses are in agreement on relationships.8 The earliest divergence among terrestrial vertebrates (tetrapods) is between amphibians and amniotes (Figure 1-9). The amniotes consist of reptiles (including birds) and mammals. The amnion was a major evolutionary advance, enabling amniotes to have a completely terrestrial life cycle without the need to return to water for reproduction.
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FIGURE 1-9​The relationships of the major vertebrate clades. It can be seen that the birds (Dinosauria) are in the middle of the reptiles and are a group of reptiles. 





 
Amniotes are then further divided into mammals and sauropsids (sauropsids are in green in Figure 1-9). Within the sauropsids, the first group to diverge is the squamate (lizards and snakes) or sphenodontid (tuatara) clade. Following this, Testudines (turtles) diverged, and the last two major sauropsid groups to diverge were crocodilians and dinosaurs, collectively known as Archosaurs. The recognition of dinosaurs as reptiles is widespread in our culture. However, what is not generally recognized is that dinosaurs are not extinct, and birds are the only surviving group of dinosaurs. This is supported both by fossil records and by sequence data.9 Part of this failure may be due to an erroneous picture of nonavian dinosaurs—they shared a number of traits with birds, including feathers,10 and there is evidence that they were warm-blooded.11 Nevertheless, although birds themselves constitute a monophyletic group, if birds are not considered part of the reptiles, then reptiles are not a monophyletic group. What we really mean by reptiles is sauropsids, and birds are a group of reptiles. The term nonavian reptile should be used if excluding birds from the reptiles, an awkward term indicating a logically awkward paraphyletic group.
 
Birds and crocodilians share a number of medically relevant similarities. In a mammal, a persistent right aortic arch is a developmental problem that obstructs the esophagus, and the left aortic arch is the main outflow for oxygenated blood from the heart. In archosaurs, the right aortic arch is the major outflow.12 Both birds and crocodilians have four-chambered hearts. They also both have a respiratory system with unidirectional, rather than tidal, air flow, a much more efficient design than the mammalian lung.13 There are also similarities in susceptibility to infectious diseases.14 Birds occupy a position in the middle of the reptile family tree. While information on birds would obviously be preferable when dealing with an avian patient, if the information is lacking, crocodilians are a better model than mammals. The obvious differences between a sparrow and a caiman underscore the more cryptic but greater differences between a sparrow and a big brown bat.
 
Within the birds, it is important to be familiar with relationships of taxa for model choice as well. The earliest divergence within the extant birds is the Palaeognathae–Neognathae divergence, occurring approximately 102 million years ago15 (Figure 1-10). Palaeognathae comprises ostriches, rheas, emus, cassowaries, kiwis, and tinamous. Within Neognathae, the first divergence is between Galloanseres and Neoaves, approximately 88 million years ago.15 Galloanseres include Galliformes (fowl, turkeys, quail, pheasants, cracids, and megapodids) and Anseriformes (ducks, geese, swans, and screamers). By far, the most physiologic, microbiologic, and pathologic studies specific to birds involve the chicken, a member of Galliformes. Neoaves contain most of the living avian taxa, and resolution of their relationships has been complicated by the fact that nearly all families in this group (as well as the Galliformes–Anseriformes split) diverged shortly after the end-Cretaceous extinction, approximately 66 million years ago.15 The loss of approximately 65% of species from the fossil record, associated with the Chicxulub crater asteroid impact, left many ecologic niches open, leading to an explosion in avian diversity within a short period. As a result, it is only with the recent advances in whole genome sequencing technology that we have gained sufficient resolution to understand these relationships, and several important clades for model choice have become clear as a result. Australaves (Passerines, Psittacines, Falcons, and Seriemas) contain the most commonly kept companion birds, with Passerines and Psittacines forming a subclade within Australaves, known as the Psittacopasserae or Passerimorphae, depending on the author.15 Psittacopasserae share brain adaptations for vocal learning, a trait that has evolved independently in hummingbirds.16 Afroaves contain several other taxa that are commonly seen in captivity, including hawks and eagles, new world vultures, owls, mousebirds, trogons, hornbills, woodpeckers, and bee eaters.15 It should be noted that falcons are included in Australaves, while hawks and eagles are included in Afroaves; their similarity is convergent evolution. Aequornithia contains a variety of primarily aquatic birds, including loons, albatrosses, petrels, penguins, storks, cormorants, gannets, boobies, ibises, spoonbills, herons, and pelicans, and the sister group to Aequornithia is Phaethontimorphae, containing tropicbirds, sunbitterns, and the kagu. Cursorimophae are plovers and cranes, and the hoatzin is unique in Opisthocomiformes. Caprimulgimorphae (hummingbirds, swifts and nightjars) are the sister group of Otidimorphae (bustards, turacos, and cuckoos). The earliest divergence of Neoaves, the Columbea, is composed of Columbimorphae (doves, sandgrouse, and mesites) and Phoenicopterimorphae (flamingos and grebes). When working with poorly studied species, it is important to understand what the closest relative is with available data.
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FIGURE 1-10​The relationships of the major avian clades. Descriptions of clades may be found in the text. 





 
It is also important to consider environments in which birds have evolved. Eons of selective pressure have resulted in birds that have adapted to specific diets, habitats, and threats, and disease may result when captive conditions differ. Vitamin A deficiency is a common concern in parrots in the genus Amazona, native to tropical new world forests.17 In contrast, induction of hypovitaminosis A in adult cockatiels is very difficult, and vitamin A toxicosis is comparatively easy to induce.18 Cockatiels evolved in very xeric environments, where vitamin A may be expected to be relatively scarcer; treating all psittacine species identically from a nutritional standpoint can lead to significant clinical problems. Xanthomas can be a significant problem in birds fed levels of cholesterol beyond those to which they have adapted.19 Some avian species may have adapted to toxins that may be fatal for other birds.20, 21
 
Use of an evidence-based approach requires a conscious effort to keep an open mind about possibilities as cases progress and to avoid falling into routine assumptions. Especially in areas lacking data, such as avian medicine, the uncertainty can be initially discomforting, and most data need to be extrapolated from other model species. However, an evidence-based approach will enable clinicians to provide the best care possible for their avian patients and to improve approaches with the advent of new data.
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The pathogenesis of infectious diseases 

James F. X. Wellehan Jr.

Infectious disease is often thought of as a war against microbes. Koch’s postulates, established in 1844, stipulated that a pathogen must be found in diseased but not healthy hosts, that it must be isolated in culture from a diseased host, that it should cause disease when introduced into a healthy host, and that the same organism should be isolated from the experimentally infected host after causing disease. While Koch’s postulates have their use, they frequently result in a false dichotomous understanding of microbes as either pathogenic or nonpathogenic. Microbes are essential for all vertebrate life, for functions including digestion, nutrition, and defense, and disease is dependent on context. There is no such thing as a microbe that is always either a pathogen or a nonpathogen. There have been many asymptomatic human Ebola virus infections, and people have died of Lactobacillus acidophilus septicemia.1,2 

Evolution and ecology are central to infectious disease. Evolution is an essential concept in biology. Indeed, when one considers definitions for life, perhaps the simplest and most elegant definition is that life consists of things that evolve. A microbe does not “want” to cause disease or not cause disease. All life on earth has been selected for billions of years to reproduce successfully, and this is all that matters from an evolutionary standpoint. If pathogenic traits provide an evolutionary advantage in a given situation, they will be selected for. If they provide a disadvantage, they will be selected against. 

Multiple factors influence evolutionary rates, including generation times, fidelity of copying genes, and selective pressures. Microbes often have very short generation times. Ribonucleic acid (RNA) viruses, typically lacking proofreading, have high error rates when they make copies. As a result, evolution rates in microbes tend to be rapid, and RNA viruses are the most rapidly evolving organisms. This is useful for rapid adaptation to novel selective pressures such as immune selection and antimicrobial drug use. To compensate, the most rapidly evolving genes in vertebrates are immune related. 

There are a number of important selective pressures impacting microbes in an avian host, including nutrient availability, temperature, competition with other microbes, the need to transfer to a new host, and the host immune system. A vertebrate host is a nutrient-rich environment. However, some nutrients may be sequestered; one example is iron, which is a limiting factor for the growth of many bacteria. Significant resources are spent by the host synthesizing transferrin, lactoferrin, and ferritin to make iron unavailable. Many bacterial virulence pathways have evolved to access this sequestered iron.3,4 

Homeothermic vertebrates also provide a highly temperature-controlled environment, whereas poikilothermic hosts require the ability to survive at different temperatures. Infectious disease manifestation may be highly temperature dependent in poikilotherms.5 In nonavian reptiles, temperature manipulation is often the most significant therapeutic approach. West Nile virus infection in alligators at avian-like body temperatures presents as hepatitis and encephalitis, as it does in a bird.6 At cooler temperatures, alligators present with lymphohistiocytic foci in skin, known as pix disease, which is not life-threatening.7 Significant temperature manipulation is not a reasonable therapeutic option in birds, unlike their closest relatives, although a fever response is clinically useful. Further investigation of the role of temperature in disease manifestation in birds is strongly indicated, especially with populations of many avian species critically declining and likely to be impacted by anthropogenic climate change.8,9 

Fortunately for birds, they do not appear to be the most susceptible taxa to climate change. Many are familiar with the K-T extinction 66 million years ago as a result of a meteor impact at the end of the Cretaceous era. Approximately 65% of species disappeared from the fossil record at this time, including the nonavian dinosaurs. This is not the largest extinction in the fossil record; at the end of the Permian era, about 252 million years ago, approximately 95% of species went extinct as a result of the eruption of the volcanoes forming the Siberian steppes, burning extensive coal beds and releasing large quantities of carbon dioxide. This led to a global warming event that was unparalleled until now.10,11 The dominant species in the late Permian era—carnivorous gorgonopsids and herbivorous dicynodonts—were in the lineage containing mammals, Therapsida. With highly soluble urea as nitrogenous waste requiring expensive loops of Henle, lack of a renal portal system to conserve water, and lack of an efficient unidirectional air flow respiratory system, the mammal lineage was hardest hit and nearly went extinct when Pangaea became a hot desert. The dinosaurs, more fit to deal with this, arose out of the ashes of this extinction and dominated the planet for the next 185 million years. 

Microbial competition is also a major selective pressure in a bird; many organisms want to live in such a nutrient-rich environment. The majority of antimicrobials are derived from products secreted by other microbes that help them compete for ecologic niches. Animal guts are some of the most diverse and rich ecosystems to be found anywhere. Many organisms that have evolved in such a competitive environment have resistance to many antimicrobials, the Enterococcus sp. being a classic example. 

The need to transfer to a new host creates significant selective pressure. This often involves secretion of large amounts of microbes via respiratory discharge or diarrhea, but other routes occur, such as the simultaneous behavioral changes and salivary gland shedding of rabies, or the use of insect vectors. There are three fundamental strategies that can be taken to deal with limited host lifespans. First, a microbe may survive well in the environment. Second, a microbe may adapt to a balance with the host environment. Finally, a microbe may move quickly to a new host. 

Parasites often adapt to a balance with their host. Many parasites tend to have slower generation times compared with viruses or bacteria, making rapid reproduction and moving on to a new host less of a viable strategy. Many parasites bring relatively minimal costs to their definitive hosts, as it is advantageous to preserve their habitat. Bullfrog tadpoles carrying the pinworm Gyrinicola batrachiensis have better feed conversion and metamorphose earlier than uninfested controls, rendering the relationship mutualistic rather than parasitic.12 However, for parasites with indirect life cycles, causing disease in an intermediate host may be advantageous. If a dove carrying Sarcocystis calchasi is debilitated, it is more likely to be eaten by a hawk, which would complete the life cycle. This may also result in greater disease in accidental hosts.13 Some parasites do survive well in the environment; this reduces the selective pressure to not harm the host. Parasites that survive well in the environment are much more likely to cause significant disease. 

Most fungi survive well in the environment, resulting in little selective pressure to keep their hosts alive. They compete significantly with bacteria for the same niches; this has resulted in the production of antibacterial compounds by fungi and antifungal agents by bacteria. The fungi are some of the closest relatives of animals; fungi, choanoflagellates, and metazoa (multicelled animals) form a clade known as the Opisthokonta.14 A bird is much more closely related to a mushroom than it is to an oak tree. Antimicrobial drugs generally exploit differences in chemistry and metabolism between pathogen and host. Because fungi and avian hosts diverged more recently, there are fewer differences to exploit, and antifungal drugs tend to have narrower therapeutic indices and use a smaller subset of mechanisms. 

Bacteria constitute a large portion of the avian ecosystem. There are far more bacterial cells in a normal bird than there are bird cells. Traditional approaches to examining bacterial diversity have depended on culture; this is a poor way of assaying diversity. Culture-independent methods such as 16S polymerase chain reaction (PCR) and cloning or high-throughput sequencing methods have revealed that standard culture-based methods will detect between 1% and 10% of bacterial species present in most ecologic niches. As an understanding of further diversity has arisen, it becomes clearer that a vertebrate is a complex ecosystem.15 This system may be very dynamic. The gut flora of chickens changes significantly in response to antibiotic and anticoccidial use. After treatment with monensin and tylosin, bacteria in the phylum Firmicutes (the “classic” gram-positives, containing organisms such as Clostridium, Staphylococcus, and Streptococcus) shift away from the genus Lactobacillus and toward the genus Clostridium.16 

Ecologic disturbance may have significant negative impacts on many aspects of health. Damage to healthy gut flora by antibiotic use provides opportunity for invasive species; recent treatment with antibiotics markedly increases host susceptibility to Salmonella.17 A 5-day course of ciprofloxacin will change human gut flora diversity and composition for several weeks, and the original composition may never be re-established.18 In many ways, the use of broad-spectrum antibiotics for a bacterial infection in a vertebrate is analogous to starting a forest fire to get rid of coyotes. The ideal treatment for a bacterial pathogen would be as narrow spectrum as possible, minimally disturbing the rest of the host ecosystem. Fidaxomicin, which targets only Clostridium difficile and a few very closely related species and does not even significantly impact many other Clostridium spp., is an excellent example. Unfortunately, current market forces have resulted in pharmaceutical companies developing antibiotics with as broad a spectrum as possible, and narrow-spectrum antibiotics are often not put through further development and clinical trials. 

Antibiotic use without consideration of microbial ecology and evolution rapidly leads to failure. Back in the 1990s, fluoroquinolones were used in poultry. Over the next few years, human Campylobacter jejuni isolates from humans acquired a high rate of ciprofloxacin resistance, which had previously been rare19 and therefore posed a greater risk to human health than previously. Use of modern farming practices, including high stocking densities and use of antibiotics as growth promoters, leads to higher antibiotic resistance rates.20 Wild birds typically have lower Salmonella carriage rates and less antibiotic resistance compared with farmed poultry.21 The only realistic way to reduce the risk of Salmonella in farmed birds over the long term is to alter the ecology that the organism inhabits, including facilities engaged in companion bird breeding. Keeping farmed animals in high population densities increases contact rates, pathogen loads, and stress and lowers barriers to transmission. Increased ease of transmission reduces the selective pressure to keep the host alive and healthy. 

Viruses are strictly dependent on host cells for replication. Therefore, living free in the environment as a strategy for dealing with limited host lifespans is not a viable option. There are a number of important properties that impact viral evolution and ecology. Enveloped viruses are surrounded by a lipid envelope. This envelope is usually essential for invading a host cell. Nonenveloped viruses use other mechanisms to invade a cell. The lipid envelope is easily damaged, making disinfection easier when dealing with an enveloped virus. 

Segmentation of viral genomes, which allows reassortment, provides a hybrid advantage for crossing host species; this has been best studied with influenza.22 Random genetic mutations are much more likely to be deleterious than advantageous. Acquiring functional genes that are from a related organism is significantly more likely to be advantageous. Throughout biology, hybridization is a factor that allows for rapid nondetrimental change and for species to invade novel habitats.23 New sites of infection or host species are novel virus habitats. Animals and plants invest significant resources into sex; it would be much easier to sit on the couch and bud, rather than having to take a shower and go on a date, but the advantage of more rapid evolution is worth the cost. Viral recombination is the equivalent of sex. Influenza, a negative stranded RNA virus in the family Orthomyxoviridae, is a segmented virus, and it changes so rapidly that a new vaccine is needed every year. Measles and its nearest avian relative, Newcastle disease, are caused by negatively stranded RNA viruses in the family Paramyxoviridae, which are biologically similar but are not segmented. Vaccination for paramyxoviruses typically results in lifelong protection because the virus does not do the viral equivalent of sex and therefore does not change rapidly. Another example of a segmented virus leading to rapid adaptation to divergent hosts is in the genus Orthoreovirus; a virus identified in parrots by one institution was nearly identical to one found by another institution in a case of abortion in a Steller sea lion in Alaska, representing an avian–mammal host jump.24
 
Nucleic acid type is another property with a major impact on viral evolution and ecology. Many large deoxyribonucleic acid (DNA) viruses adapt to a balance with their hosts, especially those with intranuclear replication. This is seen with latency or chronic infection, requiring a delicate balance with the host immune system, and a larger number of genes is often needed to maintain this balance. Because they are larger and more complicated, they require more accurate replication to avoid accumulating lethal mutations. DNA viruses usually have much more accurate replication, with either host or viral proofreading mechanisms in place. Many DNA viruses evolve at rates comparable with their hosts, enabling larger viral genomes with greater numbers of genes. Viruses reproducing in the nucleus often utilize the host replication machinery there, unlike viruses replicating in the cytoplasm which must supply their own replication proteins. This results in greater dependence on a given host, and large DNA viruses with intranuclear replication are the most host-specific viruses.25 Adenoviruses and herpesviruses, both large intranuclear DNA viruses, have co-diverged evolutionarily along with their hosts. In Figure 2-1, a herpesviral phylogenetic tree is shown. The earliest amniote divergence is between mammals and reptiles, as seen in Chapter 1. All known β-herpesviruses and γ-herpesviruses use mammal hosts, and the longer branch lengths in this area indicate that these viruses have diverged over a longer period. In the α-herpesviruses, the first agents to diverge infect squamates; the squamates are the earliest divergence within the reptiles. The next group to diverge are the herpesviruses infecting turtle or tortoise hosts; this is also consistent with host divergence patterns. Mardivirus and Iltovirus infect avian hosts. However, the mammalian α-herpesviruses nest with the clade infecting avian hosts, closest to Mardivirus. The branch lengths within the mammalian α-herpesviruses are relatively short, indicating that these viruses have not diverged from each other to the same extent that mammalian herpesviruses in the other subfamilies have. One plausible explanation for this is that the mammalian α-herpesviruses represent a host jump to mammals from the Dinosauria. Chicken pox, caused by the α-herpesvirus Human herpesvirus 3, may be a descendant of an avian virus and more aptly named than had been realized.
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FIGURE 2-1​Phylogenetic tree of the herpesviruses suggestive of coevolution. The β-herpesviruses and γ-herpesviruses are all found in mammal hosts, whereas the α-herpesviruses are mostly reptile viruses and short by host class, with the exception of the α-herpesviruses of mammals, which have shorter branch lengths and cluster with avian herpesviruses, suggesting they may be of avian origin. 





 
The host adaptation of some large DNA viruses provides selective advantage to causing minimal pathology in their hosts. A long-lived host may provide suitable habitat for decades. However, this balance in a definitive host may not apply to other hosts. Hosts that are similar enough for a virus to infect but dissimilar enough for the intricate balance of latency or chronic infection to not work often results in overwhelming and often fatal infection. The most significant pathology associated with herpesviruses is in aberrant hosts. A well-balanced host–virus relationship may actually be beneficial to the host. Columbid herpesvirus 1, endemic in rock doves, causes disease in squabs kept in stressful conditions, but the overall pathology is relatively minimal. However, in raptors, which prey on rock doves, Columbid herpesvirus 1 causes an overwhelming infection that is rapidly fatal.26 The advantage to the pigeon populations of killing off predators likely outweighs the disadvantage of minor disease in neonates. 

RNA viruses reproduce less accurately. They usually lack proofreading and have the highest mutation rates of any organisms on Earth. These mutation rates mean that a large complex genome is not possible because their high error rates would cause offspring requiring a large gene set to be nonfunctional. RNA viruses therefore have small genomes and fewer genes. The advantage of such a high error rate is that RNA viruses are capable of rapidly outmaneuvering the host immune system. The strategy of RNA viruses is typically rapid reproduction and moving on to a new host. Because they have less complex relationships with their hosts, RNA viruses are much more capable of moving to new host species. The ability to move to new hosts reduces the selective pressure to not harm the host, and many RNA viruses are more pathogenic. One meta-analysis found that of the 20 virus families infecting the best-studied vertebrate species, humans, four RNA virus families, Reoviridae, Bunyaviridae, Flaviviridae, and Togaviridae, accounted for more than half of emerging and re-emerging viruses.27 Most of the high-profile human viral diseases that have recently emerged are RNA viruses, including Ebola (Filoviridae), severe acute respiratory syndrome (SARS) and Middle East respiratory syndrome (MERS) (Coronaviridae), Chikungunya (Togaviridae), West Nile (Flaviviridae), influenza (Orthomyxoviridae), and Hendra (Paramyxoviridae) viruses. 

Retroviruses have RNA genomes, and when actively replicating, they have very high mutation rates similar to other RNA viruses. However, retroviruses are unusual in that they reverse transcribe from RNA to DNA, and the DNA copy of their genome is then incorporated into the host genome. This has happened a lot over the course of evolution; approximately 1% of the typical vertebrate genome encodes for vertebrate proteins, whereas 8% to 9% of the typical mammal genome is retroviral in origin. The avian genome is much less burdened with retroviruses, at approximately 1.1% of the genome, but this is still formidable.28 Numbers of identified endogenous retroviruses range from 132 endogenous retroviruses in the ostrich genome to 1032 in the American crow genome.28 This makes retroviral discovery and diagnosis very challenging, not because they are hard to find but because they are widespread and present in such large numbers that it is difficult to sort out disease-associated viruses from clinically irrelevant endogenous viruses. Because of the prevalence of retroviruses in avian genomes, reverse transcriptase, the enzyme that converts viral RNA back to DNA, is commonly expressed in bird cells. This has also resulted in the incorporation of other viruses into host genomes, especially those that replicate in the nucleus, albeit less frequently. Bornaviruses, which have the uncommon trait for RNA viruses of nuclear replication, have been found to be incorporated into the genomes of many vertebrates, including avian species.28 Incorporation of inactive bornavirus into host genomes complicates the interpretation of nucleic acid–based diagnostics for bornaviruses, some of which have been demonstrated to be causes of proventricular dilation disease in birds.29,30 Circoviruses, small circular DNA viruses of which the best-studied member in birds is Beak and feather disease virus, are also incorporated into several avian genomes.28 Interestingly, after retroviruses, the second most common endogenous viruses are the Hepadnaviridae, best known as the cause of hepatitis B in humans; there are 38 copies in the budgerigar genome and 68 in the great cormorant genome.28 This is not seen in mammals, and this suggests a longer avian–hepadnavirus relationship. Although significant human pathogens, the clinical implications of hepadnaviruses in birds are not yet well understood, and they have only been described relatively recently in companion birds.31 The chronic nature and lack of pathognomonic histologic lesions in humans make hepadnaviral disease more likely to avoid detection, and these lesions may be a significant unrecognized problem in birds. Endogenous parvoviruses have also been incorporated into avian genomes.28 

Several routine husbandry practices in the avian pet trade create strong evolutionary selective pressures toward pathogenicity. First, overcrowding is common. The stress of close confinement has significant negative impacts on numerous health parameters.32 High population densities lower transmission barriers, reducing pressure to keep the hosts alive and selecting toward virulence.33 It is also common in the bird trade to select for color phases. This usually involves some degree of inbreeding to select for what are often recessive traits. A major driving force for the evolution of sex is the acquisition of genetic diversity for immune function. Inbreeding results in selection for greater disease.34 Finally, variably stressed birds of species originating from all over the world are brought to breeders or distributors, often in the same facility. This is an ideal situation for pathogens to jump to new host species, which is where the most dramatic disease is seen.35 The mixing of species by the exotic animal trade has already proved disastrous, with the transfer of monkey pox from Gambian pouched rats to prairie dogs to humans.36 

Koch’s postulates have led to another common erroneous conclusion—that most infectious diseases are caused by a single agent. When infectious disease is more properly considered as ecology, it seems obvious that a more typical scenario is several infectious agents in concert with other environmental factors. Chicken anemia virus and Fowl adenovirus 341 together cause hydropericardium syndrome in chickens, whereas this was not seen with either agent by itself.37 Avian pneumovirus is much more significant when there is a co-infection with Escherichia coli, Bordetella avium, or Ornithobacterium rhinotracheale.38 Co-infection does not always result in greater pathogenicity; avian influenza and Newcastle disease interfere with each other, resulting in lower pathogenicity39. 

With the development of next-generation sequencing tools, it has become possible to use nucleotide sequences to truly understand the diversity of flora present, whereas only a small fraction were previously identified by culture methods. Deeper investigation of enteritis in chickens revealed that while no single agent was a sole cause, exposure of specific pathogen-free chickens to flocks with chronic enteritis resulted in colonization with astroviruses, rotaviruses, picobirnaviruses, picornaviruses, and coronaviruses and also had significant shifts in bacterial gut flora.40 Further work is needed to understand the microbial ecology of pathogen interactions, but the important thing for the clinician to understand at this point is that most infectious diseases involve the interaction of multiple microbes, and a frank single-pathogen disease is atypical. 

To reduce the significant selective pressures toward highly pathogenic diseases, major changes in the associated avian industries are indicated. Genetic diversity in populations needs to be valued and monitored through appropriate use of studbooks and cooperative, rather than competitive, interactions with breeders. Breeding for color mutations needs to be discouraged. Housing needs to be entirely revised, with larger enclosures for individual animals or pairs designed such that feeding and cleaning can be done without cross-contamination to other animals. Facilities need to focus on single species and have smaller numbers of animals at lower densities. In conclusion, evolution is central to avian medicine and occurs in a clinically relevant time frame in avian infectious diseases. It is critical for the avian practitioner to take this into account, especially when dealing with the dynamics of interactions with population health (herd health), individual bird health, and infectious diseases. 
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Avian bornavirus and proventricular dilation disease 

Michael Lierz

Proventricular dilation disease (PDD) is a common and fatal disease in birds and affects mainly psittacines. Only anecdotal reports describe the disease in other avian taxa. The disease was first described in the 1970s and named “Macaw wasting disease.” The disease was always thought to be transferrable between birds, but the pathogen remained obscured for decades despite various speculations of potential candidates. Only recently, a novel virus, avian bornavirus (ABV) was proven to be the causative agent of this disease. It is now also known that this agent causes digestive tract disorders as well as other clinical signs in birds. Since its discovery, considerable research has been done on the disease and ABV, and knowledge has increased dramatically in the last 5 years. Many questions, however, are still unanswered or not clearly understood, in particular the clinical interpretation of test results in affected birds. This chapter will provide an overview of PDD, focusing on ABV and its clinical significance in the disease and diagnosis.







 Proventricular dilation disease

The first reports about PDD originated from the end of the 1970s, where a disease originally named “Macaw wasting disease” was described. Synonyms that have been used to describe the disease since then have included proventricular dilation syndrome (PDS), neuropathic dilation of the proventriculus, and myenteric ganglioneuritis.1–7 It still remains unclear where the disease originated from, but there are speculations that it was first brought to the United States from Bolivia via imported parrots, followed by a further distribution to Europe.8
 
PDD is typically a disease of psittacines and has been described in more than 60 species.9 Anecdotally, birds from other taxonomic orders, including Passeriformes, Anseriformes, and Piciformes, have been diagnosed with PDD.10–12
 
PDD is characterized by a nonpurulent inflammation of the peripheral nerves, in particular of the autonomic nervous system of the gastrointestinal tract (GI; esophagus, crop, proventriculus, and ventriculus).6 As a result, neurologic function is impaired, and the smooth muscles of the GI tract atrophies.5, 13-15 This is followed by a functional impairment of peristaltic function, and food accumulates in the proventriculus and crop.11 Food is maldigested, and the birds lose weight despite the frequent presence of a normal appetite. Dilation of the proventriculus can be extreme, leaving only a very thin proventricular wall (Figure 2-2), which can even rupture.16 Nonpurulent inflammation can also be found in the central nervous system (CNS; brain, spinal cord), autonomic nerves of the heart, and adrenal glands.5, 6, 17, 18
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FIGURE 2-2​Gastrointestinal tract of a cockatiel with proventricular dilation disease (PDD). Note the thin proventricular wall, allowing the undigested seed to be seen. The same occurs even in the intestine, which is a rare event. 





 
Clinical signs of PDD are usually nonspecific and detected relatively late in the progression of disease. They usually involve lethargy, weakness, and ruffled feathers but frequently a normal appetite. Owners then detect a loss of weight of the birds. Sudden death, without premonitory signs are described.14, 19 However, maldigestion is typically noted in birds that show a normal appetite, and in the later stages of the disease, undigested seed in feces and vomiting may be seen. Birds often die as a result of cachexia and functional starvation. Cardiac conduction disorders may also be reasons for death in some individuals afflicted with PDD.20 Parallel to the affected digestive tract, CNS signs are described, mostly ataxia, lameness, tremor, and epileptic convulsions.19–24 CNS signs and even blindness have also been linked to PDD without digestive disorders.24, 25
 
PDD occurs in all ages, with no recognized age predilection. In a study involving 127 birds, the average age of the affected birds was 3.8 years, with a range of 10 weeks to 17 years;6 therefore, long latent periods before the appearance of clinical signs were presumed, as single-housed birds also became affected after years of no known other outside exposure.26
 
PDD is often suspected if birds lose weight and have undigested seed in feces, although the differential diagnosis for that particular sign certainly includes other disease concerns. Importantly, a dilated proventriculus may occur because of reasons other than PDD. In particular, mycotic infections with Candida spp. and Macrorhabdus ornithogaster should be considered. Bacterial or parasitic infections, neoplasia, or foreign bodies are additional potential causes.8, 11 Intoxications, particularly with lead or zinc may be other considerations, especially if CNS symptoms additionally occur.
 
Conversely, CNS signs often are not part of typically suspected clinical signs, but PDD should almost always be one consideration in the differential diagnosis list for susceptible species and CNS signs. Radiography, including contrast imaging, may demonstrate the presence of a dilated proventriculus in typical cases. This does not have to be the case, however, if the myenteric ganglia of the proventriculus are not affected. Often, when the proventriculus is enlarged as a result of PDD, the walls of the organ are appreciably much thinner than normal. In cases of a dilated proventriculus caused by other reasons (see above), the organ wall is usually thickened or unaltered. Additionally, the passage time of the contrast medium is prolonged in PDD.8 Using contrast fluoroscopy, typically there is an absence of normal ventricular contractility that is visible and measurable.27
 
Endoscopic evaluation of a potentially dilated proventriculus has been described,25 but it is usually difficult to judge the size of the organ and is of less value than radiography. In postmortem examinations, with the classic form of the disease, the proventriculus is highly dilated with a paper thin wall (see Figure 2-2) and filled with undigested food. The diagnosis of PDD is confirmed by demonstration of the typical inflammatory lesions of lymphoplasmacytic infiltrations in the ganglia of the nerves and therefore is often demonstrated post mortem only. In live birds, proventricular biopsies can be difficult to achieve, and may be contraindicated where there is considerable smooth muscle atrophy present. For this reason, crop biopsies have been used.28 False-negative results of crop biopsy are not uncommon. In a study comparing 29 birds confirmed with PDD, only 22 birds had typical lesions in the crop, whereas 25 birds were positive in the proventriculus and 27 in the ventriculus.29 These authors concluded that 24% of crop biopsy specimens seemed to have false-negative results, especially as those lesions were not distributed equally through the organ. This and other similar observations led to the recommendations to take proventricular and ventricular biopsy samples in cases where the crop biopsy was negative but the disease was suspected. The possibility of false-positive crop biopsy results should also be considered. Signs of inflammation may be seen in the ganglia but may only be temporary, not necessarily diagnostic for PDD. Evidence for this might be provided by the observation that birds that had positive results in the crop biopsy had repeat biopsy performed, had never been positive again, and did not show clinical signs for years. When these single-biopsy-positive birds ultimately died of unrelated causes, PDD was also not confirmed at postmortem examination. In the past, prior to the discovery of the causal role of ABV, crop biopsy represented the only tool to achieve at least a tentative diagnosis, in a minimally intrusive manner, compared with proventricular or ventricular biopsy. Today, crop biopsy is no longer viewed as a valuable tool, considering its comparative insensitivity and other diagnostic options being available (see below).
 
In cases where PDD has been diagnosed, therapy is difficult. Although some birds may clinically recover with treatment, many will not, and euthanasia may be appropriate when quality of life is poor. A first component of treatment is the provision of highly digestible, high-energy foodstuffs, preferably a formulated product. Metaclopramide has been symptomatically used to aid in promoting GI motility and cimetidine to reduce gastric acid secretion and for its histamine-blocking effects. Antibacterial medications and antimycotic treatment at the beginning of the therapy can be beneficial to treat secondary infection, if present. The use of cyclo-oxygenase-2 (COX-2) inhibitors and partial inhibitors (e.g., celecoxib (Celebrex, Pfizer; Meloxicam) seems to have the most beneficial effects in treatment, reducing the speed of progression of the disease.13
 
One of the major questions during the last 4 decades in avian medicine was the identification of the causative agent of PDD, although an infectious etiology has always been suspected because the disease seemed to be transferrable between birds. Gough et al30 isolated cytopathogenic, 83-nm-large, enveloped virus particles from macaws with PDD but were unable to identify them. Gregory et al31 were the first to prove the transmissible character of PDD, as they were able to reproduce the disease in healthy parrots after subcutaneous and intramuscular inoculation of homogenized tissue from birds with PDD. The inoculates contained 80-nm-large virus particles but could not be further characterized. During the last decades, many other viruses, especially neurotropic viruses, were speculated to be causative agents. This included adenoviruses, herpesviruses, coronaviruses, polyomaviruses, eastern equine encephalomyelitis virus, western equine encephalomyelitisvirus, and the latest avian paramyxovirus serotype 1 and 3.a However, none of these potential candidates was regularly demonstrated in birds with PDD, and Henle-Koch’s postulates were not fulfilled. Therefore, those candidates always failed to be the proven cause. The latest candidate was identified in 2008 by two independent research groups, both demonstrating the same virus in PDD-affected birds.35, 36 Both groups characterized the virus as part of the bornavirus family and named it “avian bornavirus.”



 Avian bornavirus

Avian bornavirus (ABV) was first detected in 2008 from PDD-affected birds in Israel and the United States by microarray analysis36 and pyrosequence analysis.35 In nonaffected control birds, sequences of this virus were not found. The virus demonstrated a sequence homology to mammalian bornavirus by less than 70% but showed important features of the family Bornaviridae and was therefore named avian bornavirus. More detailed characteristics about the viral structure of ABV can be found in the literature.37, 38
 
Until the discovery of ABV, the family Bornaviridae within the order of Mononegavirales contained only one genus (bornavirus) with all strains originating from mammals. The order Mononegavirales also includes Paramyxoviridae, Rhabdoviridae, and Filoviridae. The order is characterized as a relatively large enveloped virus with a monopartile single-stranded RNA genome of negative polarity.38 In contrast to the other families within this order, bornaviruses use a cellular gene-splicing machinery for protein expression and replicate in the nucleus of the cell.39–42 Bornaviruses are approximately 90 (70 to 130) nm in size and are neurotropic. In the 1920s, the viral etiology of borna disease in mammals was identified.3 The virus was described in more detail in the 1970s44 but since then, only two different genotypes of borna disease virus (BDV) have been described—that is, the genome of BDV is highly conserved.45, 46 BDV was distinguished into the classic BDV-1, where all the isolates shared a genomic nucleotide sequence level of more than 95%,38 and BDV-2, the only variant so far (No/98) that is 85% similar to the other isolates in the genomic sequence. Only recently a novel mammalian bornavirus was isolated from squirrels that seems to have a zoonotic potential.46a This picture changed dramatically with the discovery of ABV. So far, eight ABV genotypes have been described from psittacines (ABV 1-8)35,36,47-49 and seven from nonpsittacine birds, including strains isolated from Canada geese and trumpeter swans,50, 51 canaries,12, 52 and estrildid finches.53 Within the group of ABV, the different strains share a 91% to 100% genomic similarity within their genotype, 68% to 85% between genotypes, and 60% to 69% with BDV.36, 38, 51 The obvious difference between ABV and BDV is also supported by the fact that ABV replicates in cells of avian origin and only poorly, if at all, in mammalian cells compared with BDV, which replicates well in both.38 This diversity within the genus Bornavirus required a novel taxonomy. Therefore, Kuhn et al38 suggested naming at least five different species within the genus Bornavirus: Species 1 (mammalian 1 bornavirus), including the classic BDV-1 and BDV-2; species 2 (psittaciform 1 bornavirus), including ABV 1, 2, 3, 4, and 7; species 3 (passeriform 1 bornavirus), including the strains originating from canary birds (C1,C2, and C3) and from a Bengalese finch (LS); species 4 (waterbird 1 bornavirus), including the strains from waterfowl (062CG); and species 5 (passeriform 2 bornavirus), including the isolate from an estrildid finch. ABV 5 and 6, MALL (originating from wild ducks54), and reptile bornaviruses described so far have remained unassigned, as the available sequences and the absence of isolates from those genotypes have not allowed classification so far.38 The authors further suggested that the different bornavirus “variants” be named more descriptively. Therefore, in the future, ABV 1-7 should be named parrot bornavirus 1-7 (PaBV 1-7); C1-3 and LS as canary bornavirus 1-3 (CnBV 1-3) and munia bornavirus 1 (MuBV-1); ABV 062CG as aquatic bird bornavirus 1 (ABBV-1); EF as estrildid finch bornavirus 1 (EsBV-1), and the mammalian BDV 1-2 as borna disease virus 1 and 2 (BoDV 1-2). The variant of the Loveridge’s garter snake belongs to a novel species (elapid 1 bornavirus) named Loveridge’s garter snake virus 1 (LGSV-1), which is currently placed in the family Bornaviridae but not included in the genus Bornavirus so far because of insufficient characterization.38 Only recently, a distinct ABV has been detected in captive psittacines in Brazil and has been named parrot bornavirus 8 (PaBV-8), forming a separate branch within psittaciform 1 bornavirus species.49 As these nomenclature changes are not yet internationally accepted, the old nomenclature is used in this chapter. However, in the future, it is fair to assume that the new nomenclature will likely be used.
 
Interestingly, the avian bornavirus genome was also detected embedded in avian genomes in a low copy number.55 This may point to the long coexistence of birds and viruses. The author in that report stated that birds obviously seem to be less susceptible to viral genome invasions or prevent them more efficiently compared with other taxonomic groups such as reptiles. So far, it is speculated that ABV represents a rather old virus with the same ancestor as BDV and that BDV evolved later (about 300 years ago).56 The relationship of the separate lineages from waterfowl, songbirds, and psittacines remains speculative, especially if one evolved from another.56 Further studies are needed for more detailed conclusions.
 
 ABV as the cause of PDD

The discovery of ABV in PDD-affected birds was surprising, as up until that discovery, only two mammalian bornavirus strains were known. Borna disease in mammals shows similar lesions to those typically of PDD in birds. BDV is difficult to isolate, however, as it does not show cytopathogenic effects in cell cultures and can easily be overlooked. At that point in time, a high possibility that ABV is the cause of PDD was presumed. However, in part as a result of the remaining large variety of different viruses that were also presumed to potentially have a causative role in the disease, doubts have remained if the cause of PDD was really discovered. First, studies indicated the causative role by demonstrating ABV- antigen in specific PDD lesions.57, 58. These findings were followed by infection trials, where efforts were undertaken to induce the disease by artificial infection methods.
 
As a first trial, three cockatiels were inoculated intranasally, orally, and intramuscularly with the homogenized brain of a Grey parrot with PDD that was positive for ABV-4. Two birds demonstrated PDD-like symptoms 21 and 31 days after infection and ABV-RNA was demonstrated in tissue. Postmortem examinations showed histologic lesion typical for PDD.59 The homogenized tissue, however, contained retrovirus and astroviruses as well, so a conclusive demonstration of ABV as the cause of PDD was not possible. In another trial, two Patagonian conures were inoculated intramuscularly with 8 ×104 international units (IU) of an ABV-4 isolate originating from a PDD-affected macaw. Both birds demonstrated PDD-like symptoms by 66 days after infection and seroconverted; ABV-RNA was found in both birds, and typical PDD lesions were detected at postmortem examination.60 This experiment supported the hypothesis of ABV as the cause of PDD, but both conures were also known to be infected with a herpesvirus. Mirhosseini et al61 infected (orally and intramuscularly) two cockatiels with an ABV-2 isolate originating from a cockatiel, PDD-like symptoms occurred 33 and 41 days after infection, and typical histologic lesions were demonstrated at postmortem examination. None of the birds shed ABV-RNA, but ABV-2 was demonstrated in the brain, spinal cord, and intestine. As both birds were known to be infected with ABV-4, the authors concluded that a superinfection with two different strains may cause PDD. Again, this study provided further evidence but still failed to prove ABV as the cause of PDD, particularly because of the low number of birds used and the questioned role of the other viruses found in those previous studies. Piepenbring et al62 performed a larger infection trial involving 19 healthy cockatiels from a closely monitored research flock, which were known to be free of ABV, paramyxovirus-1, Salmonella spp., and Chlamydia spp. The birds were divided in two groups of nine birds each and a sentinel bird. One group was infected intracerebrally, the other intravenously with an ABV-4 isolate originating from a macaw. The birds were placed in an incubator, and the sentinel bird was added to the intracerebral group. The birds were closely monitored and sampled every other day for ABV-RNA shedding and weekly for the production of ABV antibodies. The trial ended after 230 days, and all surviving birds were euthanized. During the trial, five birds demonstrated PDD-associated clinical signs. At histopathology, all inoculated birds demonstrated nerve lesions typical for PDD. Immunohistochemistry revealed ABV associated with the lesions, and reisolation of the inoculated ABV strain was successful, proving Henle-Koch’s Postulates for the first time. All birds shed ABV-RNA in their feces, starting between day 18 and 71 after infection. All birds seroconverted, with titers constantly rising, up to as high as 1:20480. The first detectable antibodies were noted between day 7 and day 63 after infection. The findings of this study resembled the picture seen in daily practice, where infected birds do not always demonstrate clinical signs. This study clearly demonstrated that ABV is the cause of PDD and that it causes GI symptoms as well as neurologic signs, in combination or individually. Therefore, it has been suggested that PDD should be renamed avian bornavirus disease (ABVD), particularly because many more clinical signs beyond a dilation of the proventriculus can be seen. At present, it is becoming more important to understand ABV infection and its pathogenesis of disease in order to determine the route of transmission and to identify effective prophylactic measures. Knowing the pathogen opens new possibilities in fighting the disease. However, ABV infections are currently not completely understood, which is not surprising, as the virus has only been known for a few years.



 Occurrence of avian bornavirus

Avian Bornavirus was first discovered in psittacines in single cases of PDD-affected birds in Israel and the United States.35, 36 Additionally, ABV has been demonstrated in Australia, several European countries,47, 63, 64 Brazil,49, 65, 66 Japan,67 South Africa,68 and Canada,69 indicating a worldwide occurrence. Prevalence studies are rare, as most research has focused on the examination of diseased birds. Within Europe, a prevalence of 22.8% was detected, involving 1442 live and 73 dead parrots from 215 different flocks, including 33 genera of birds.64 The study demonstrates that in all dead birds with histologically proven PDD, 100% were infected with ABV, whereas only 19% of the birds dying from other causes were ABV positive. In the live birds, 67% of birds showing PDD-like signs were infected compared with 19% of healthy birds investigated during a routine control examination.64 This study not only supports the link between ABV and PDD, but it also demonstrates that the prevalence of ABV is considerably high in captive parrots and that clinically healthy, ABV- positive birds are common. A similar prevalence in a single flock was detected in 59 birds examined after two birds died from PDD with confirmed ABV infection. In 32.2% of the investigated clinically healthy birds, ABV-RNA was demonstrated in cloacal swabs.63 In contrast, a study in Japan revealed only 4.3% of 93 investigated psittacines as ABV positive.70 In the meantime, many breeders and veterinarians began to test and screen psittacine flocks, and it is not surprising that many asymptomatic individuals and flocks have been tested positive. It can realistically be assumed that nearly all larger breeding flocks of psittacines are infected, except those which are specifically making diligent efforts to clear the presence of the pathogen. Within a clinically healthy flock, about 10% to 45% of the birds are ABV positive, but exceptions to this general trend might occur. So far, all reports involved captive psittacines, but Encinas et al65 detected ABV-4 in free-ranging birds in Brazil for the first time. This provides clear evidence that ABV is a pathogen that is not restricted to captive settings. In canaries, 12 of 30 investigated flocks (40%) were ABV positive, and both clinically healthy birds and diseased birds were seen. In waterbirds, ABV-RNA shedding prevalence in free-ranging asymptomatic birds varied according to species and sampling size between 0% and 13%, whereas antibodies were detected in all groups examined. This also clearly shows a wide distribution of ABV in waterfowl populations.71 In addition, if waterfowl cases are selected by the presence of PDD-like histologic lesions, the prevalence of ABV-RNA detection in tissue samples of those birds increased up to 88.2%.69
 
In psittacines, predominantly ABV-2 and 4 are detected, with ABV-4 being the most common genotype.72, 73 This seems to be independent of the geographic origin, as those genotypes are reported on the various continents. Despite the reports of ABV-4 in psittacines in Brazil,65, 66 a novel type (PaBV-8) was reported in various birds in one study performed in Brazil.49 Further studies are necessary to see if this strain is endemic to Brazil or if this will be reported more frequently in future. For now, ABV-2 and ABV-4 need to be considered as the most likely genotypes to be recovered, but seeing the high diversity of different strains, it seems likely that further genotypes will be described. The other psittacine genotypes described so far are only reported in single cases. It seems that other avian taxa do have distinctive specific strains, as waterbirds have consistently other genotypes than songbirds. Also within the family of songbirds distinctive genotypes are reported (canary bornavirus, estrildid bornavirus, munia bornavirus). So far, there is no evidence that the different ABV genotypes are able to cross family borders.



 Avian bornavirus transmission

Because ABV-RNA is regularly detected in feces and urine as well as in cloacal–crop swabs, a fecal–oral route of transmission has been presumed.37, 72-75 Additionally, it was demonstrated that ABV spreads in a flock after infected birds are introduced into a collection.76 Contact birds as well as noncontact birds became infected, but as seen in most flocks, not all birds became ABV positive. However, in this case, the prevalence of ABV in the affected flock prior to the first case was unknown, so it remains unclear how many birds were infected after introduction of the PDD case into the flock. By showing the occurrence of more clinically affected birds, the study underlines that transmission within a flock is possible. This is supported by an infection trial using canaries, where five healthy, noninfected birds were placed with 14 experimentally infected birds. Two of those contact birds developed a persistent infection, supporting the obvious conclusion that direct horizontal transmission between birds took place,52 but three birds remained negative. Interestingly, those findings were questioned by the same researchers when they were able to infect cockatiels and canaries by inoculation and none of the contact birds of either species were shown to seroconvert or shed ABV-RNA.53 The authors then concluded that horizontal transmission of ABV by direct contact is insufficient in immunocompetent fully fledged birds of the tested species. This finding was already presumed after a sentinel cockatiel, placed together with other experimentally infected birds, tested positive in feather and skin samples after contact, but never in one of the organs at necropsy; nor did they seroconvert. Exposure, therefore, most likely did not achieve persistent infection.62 Further doubts of an easy transmission of ABV by fecal–oral route were raised when birds remained uninfected after being in contact with positive birds for years.63 It is also a common finding, when investigating flocks, that infected and uninfected birds have had direct contact and that even in successful breeding pairs only one partner is ABV positive. The first experimental trials all used more than one infection route (oral, intramuscular, and intravenous)59–61 or single routes that are artificial and do not represent the natural way of transmission (intracerebral and intravenous).62 In the first infection trials mimicking more natural routes of transmission, birds could not be infected. In a study, two groups with nine cockatiels each were infected with an ABV-4 isolate orally and intranasally, respectively. The birds were monitored for several months and euthanized at the end of trial. None of the birds seroconverted, and ABV-RNA could not be demonstrated in any of the organs.77, 78 As it was possible to infect cockatiels with the same isolate under the same experimental conditions,62 it is fair to presume that nasal or oral transmission in healthy cockatiels does not represent the common route of transmission, or at least other co-factors are needed for successful infection. Here the authors discussed the necessity of mucosal or skin lesions for the first time and other factors such as immune deficiency or incompetence in juvenile birds. These assumptions are supported by further trials involving Grey parrots. In a first study, Grey parrots could not be infected by oculonasal ABV gavage but were successfully infected when the same isolate was administered by the subcutaneous route.79 The difficulties in transmission of the ABV between birds might be related to the viral nature. ABV, similar to BDV, persistently infects cells but those cells only release a very few infectious particles.37, 73, 80, 81 Potentially only certain cell types might be able to release an efficient amount of virus for transmission, as speculated for kidney cells.74, 81
 
Another potential route of transmission that has been intensively discussed is vertical transmission. The first evidence to support the presence of vertical transmission was found in 2011, when the embryos of ABV-positive psittacine parents were tested positive for ABV-RNA in the brain.82 Similarly, 10 eggs out of 61 eggs obtained from a psittacine flock with PDD-affected birds within it contained ABV-RNA either in the yolk or in the brain of two embryos.83 This was further supported by a study demonstrating that embryos of ABV-positive sun conures contained not only ABV-RNA but also ABV-specific antibodies.84 The authors also demonstrated the eggs and embryos of ABV-positive parents to be free of ABV-RNA and concluded that ABV can be vertically transmitted but that it is also possible to get negative offspring from infected parents by hand rearing or foster rearing. Embryonated eggs laid by experimentally infected canaries contained ABV-RNA, but the virus could not be reisolated.52 However, there is still some doubt regarding vertical transmission of ABV, as all the studies demonstrated ABV-RNA only, and not viable virus. Both Lierz et al82 and Monaco et al83 stated that viable virus in a chick hatched from an infected egg needs to be proven before vertical transmission can be assumed. This is supported by findings of Wüst et al84a in 2015 investigating the survival of ABV after inoculation in embryonated cockatiel eggs. Of 32 embryos infected at day 3 to day 5 of incubation in the yolk sac, only nine demonstrated ABV-RNA in the brain at day 17 of incubation. All these embryos developed uneventfully, and no inflammation typical for PDD was seen. Reisolation of the virus was still ongoing during the preparation of this text, but these results again demonstrated that vertical transmission is also not common and, if at all, only occurs when certain co-factors that are currently unknown are present. This is additionally supported by a study that failed to demonstrate ABV-RNA in the brain of newly hatched chicks or embryos from Canada geese originating from a known ABV-positive population. Only in the yolk of one unembryonated egg was ABV-RNA detected.71
 
Therefore, from clinical observation, the route of transmission, at least the circumstances of a successful transmission, is currently not fully understood, including vertical and horizontal means. The abilities and means by which ABV can overcome skin or mucosal barriers are unknown, viral factors (different genotypes and pathogenicities) are not fully understood, and host factors such as immunosuppression, incompetency in juvenile birds, or other immunologic variables might still play a role in the development of disease. However, both the irregular horizontal transmission as well as the uncommon vertical transmission of ABV opens large potential opportunities in preventing further spread of the virus and clearing flocks of ABV (see below).



 Potential pathogenesis

Today, there should remain no doubt that ABV is the causative agent of PDD and additional clinical signs, especially CNS abnormalities. However, it is also known that a considerable number of birds are infected but remain clinically healthy for long periods.63, 64, 85-87 The circumstances leading an infection to clinical disease are presently not fully understood. ABV demonstrates a clear tissue tropism toward neural tissue,63 especially in infected but clinically healthy birds. The highest virus load is always found in the brain, retina, or spinal cord.88 In clinically diseased birds, the virus can be detected in a wider range of tissues, not exclusive to those of neural origin.37, 57, 71 On the one hand, this is in part similar to BDV, as the mammalian virus also demonstrates neural tropism, but in contrast, BDV is not detected in various other tissues. Additionally, intravenous inoculation of BDV failed to infect rats,89 whereas in cockatiels, those infection routes were successful.62 Therefore, it is fair to assume that the pathogenesis of ABV has certain parallels to BDV but that differences might be present, so further work is needed to clarify the pathogenesis of ABV. However, BDV causes an immune-mediated disease (see also Chapter 11). Immunoincompetent or neonatal rats demonstrate a persistent infection with high virus load in CNS tissue compared with adult rats, which demonstrated an encephalitis 20 to 35 days after infection. Transmission of T lymphocytes from BDV-affected rats to infected but immunoincompetent (symptomless) rats induced clinical signs, clearly indicating a T cell–mediated disease at least in rats.90 Here a neural invasion of CD8 T lymphocytes seems to cause the cellular damage and not the virus itself.81, 90-93 Obviously, a similar pathogenesis is presumed in ABV, and Payne et al51 speculated a delayed-type hypersensitivity effect in inducing the clinical disease. It was also shown that ABV uses similar strategies in escaping the host immune system, by removing the 5’ termini of the viral genome.94 The authors further demonstrated that ABV infection of cell cultures is reduced by adding type 1 interferon (IFN) but that quail cells with a high load of viral ABV-RNA did not produce detectable levels of type 1 IFN as a sign of reducing the host response. The same was supported in a study comparing the type 1 IFN–reducing capacity of the X-protein of BDV and ABV, demonstrating similar capabilities.95 The authors further detected that the level of depression of IFN-production was dose dependent with the amount of X-protein.
 
Prior to the detection of ABV, an immune-mediated pathogenicity of PDD was presumed, similar to Guillain-Barré syndrome in humans.96 The study described antiganglioside antibodies as the cause of the nonpurulent inflammation typical of PDD and provided evidence, as the detection of those antibodies in PDD-confirmed cases were significantly higher than in healthy birds. The authors also concluded later97 that the trigger for this could be ABV but also any other viral infection. However, this needs to be questioned, as it was not possible to find antiganglioside antibodies in confirmed PDD cases after experimental ABV infection and a very poor connection between ABV positivity and occurrence of antiganglioside antibodies in clinical cases has been shown.97 A more detailed view of potential immune-mediated pathogenesis of ABV is provided in Chapter 11. It should also be kept in mind that the role of viral factors in the pathogenesis is not yet determined. It is known that different ABV strains act differently within the same host by terms of viral replication and pathogenicity. The first trial comparing the experimental infection of cockatiels with two different ABV genotypes under identical conditions, demonstrated that one strain (ABV-2) was more pathogenic to cockatiels than the other strain (ABV-4) and that viral RNA shedding occurred significantly earlier in ABV-4–infected birds compared with ABV-2–infected birds but that seroconversion occurred significantly earlier in the ABV-2 group.98 More interestingly, the viral load of ABV-RNA in the different organs was significantly higher in the ABV-4–infected group despite the presence of fewer clinical signs. Additionally, in ABV-4–infected birds the tissue virus load findings were comparable in all birds, independently from the time point of death after infection or the route of inoculation (intracerebral versus intravenous). In the ABV-2–infected birds, the viral load in the different organs after infection depended on the route of infection (intracerebral-infected birds higher compared with intravenous-infected birds) and the time point of death after infection (early death birds had a lower load compared with late death birds). Last but not least, ABV-4 antigen was more often detected in the CNS of infected birds compared with that of birds infected with ABV-2, where antigen was found to be increased in the GI tract.98 Most interestingly, reisolation was easily possible from ABV-4–infected birds from nearly all tissues within a couple of days, whereas re-isolation of ABV-2 depended on the time point of death or the identifiable disease of the host. Reisolation of virus from the birds that died earlier after experimental infection was successful only after several passages in cell culture compared with what was seen in infected birds that died later, where reisolation was typically possible in the first passage. These results indicated additionally that the amount of virus (and viral replication) is not correlated with the severity and speed of the disease and its progress. In addition, it is apparent that the virus induces the disease through mechanisms (e.g., earlier activation of the immune system) independently of the viral load or even that earlier activation of the immune system causes more severe disease but does not allow the virus to replicate quickly. This seems to be supported by the fact that viral shedding was also noted significantly later compared with the ABV-4 group with a far higher viral replication and less severe symptoms. The infection patterns of ABV-2 demonstrates many parallels to BDV infection in mammals, as it is known that minimal viral replications can trigger the onset of clinical symptoms and that disease progression depends on host immune response.99
 
It needs to be considered, as clearly stated by Lierz et al,98 that the differences found between ABV-2 and ABV-4 must not only be related to the different genotype, but they could also present strain specific variations and can theoretically also occur in different variants within a genotype. Additionally, the ABV-4 isolate used originated from a macaw compared with the ABV-2 isolate originating from a cockatiel and might therefore be differently adapted to the trial animals (cockatiels). However, they demonstrated varying viral factors influencing the viral kinetics and host–virus interactions. Further studies should focus on the interaction of ABV with the host to better understand the viral and host factors involved in triggering clinical disease after infection.





 Diagnosis

The diagnosis of the presence of an ABV infection basically follows the common rules of infectious medicine. It is focused on the demonstration of the pathogen in samples of the birds (direct proof) or the detection of specific antibodies against the pathogen (indirect proof). Both of these basic methods are possible in diagnosis of ABV infection in birds. However, for a straightforward diagnosis, knowledge regarding ABV kinetics in the host and its interaction with the immune system (circumstances of antibody production) must be known, but this knowledge is incomplete. As a result, interpretation of diagnostic test results is challenging. The first problem is when and how to judge a bird to be ABV positive; second, a bird owner or veterinarian will often request a prognosis about the clinical outcome for the bird. The first problem will be discussed below; the second problem has a very clear answer—a clinical prognosis is not possible in infected but clinically healthy birds.
 
The demonstration of the presence of ABV in samples from birds (e.g., cloacal swabs, tissue samples) is made by the detection of viral-RNA by reverse transcription polymerase chain reaction (RT-PCR). Conservative ABV-consensus PCR-protocols focus on the detection of the M-, N-, P-, or L- Gen,35–37 with the M- and N- protocols appearing to have a higher sensitivity.57,100 For an additional quantitative analysis of viral amount real-time RT-Taqman-PCR were initially developed for the detection of ABV-4 (Primer 1034-1322) and ABV-2 (Primer 1367).35 As with all PCR protocols, the primers are able to detect specific gene sequences. As a result of the high variability of ABV, it should be kept in mind that those primers might fail to detect a specific ABV genome despite its presence because alterations in the specific gene sequence occurred. Therefore, negative PCR results should be interpreted in the context of the kind of PCR that has been used and, balanced with serologic results, the clinical picture in the patient or the potential occurrence of novel genomic variants. Enderlein et al88 demonstrated that commonly used real-time RT-PCR protocols were not able to detect all known ABV genotypes. Similarly, an ABV-2 variant from cockatiels was not detected in the previously described real-time RT-PCR protocols35 but by a conventional consensus RT-PCR,98 making it necessary to alter the real-time RT-PCR protocol for detection. As ABV-4 and ABV-2 are the most common genotypes in psittacines, it seems fair to use those protocols in an initial diagnostic step. However, as stated earlier, in negative but suggestive cases, or to increase the confidence in the interpretive meaning of the results, further protocols should be applied. If focusing on the detection of ABV from other bird families (e.g., waterbirds, songbirds), specific PCR protocols need to be used.52, 69 Therefore, the laboratory receiving the samples should be able to handle the different PCR protocols that may be required and will need to know the origin of the sample. Additionally, laboratories need to be very experienced in handling samples for ABV or BDV investigation, as it is known that cross-contamination with Bornaviridae-RNA occurs more easily compared with other viruses. It cannot be overstated that ABV detection is a specific task that requires experience and that it is not easy to establish compared with other diagnostic PCR systems as commonly thought by veterinarians or commercial laboratories. Additionally, the details of sample selection, collection, storage, and transport to the laboratory surely can affect the results obtained. Commonly used samples are crop and cloacal swabs, feces, feather calamus, and blood. Feces carry certain disadvantages when used in PCRs, as inhibitors are commonly found in those samples. In a comparison of samples from 55 known ABV-positive psittacines, in 36 birds crop and cloacal swabs were positive for ABV-RNA, whereas in 11 cases only the crop and in 8 cases only the cloacal swab were positive. None of the whole blood samples of those birds were positive by PCR.88 As a conclusion, a combined sample, including crop and cloacal swabs from one bird, merged in one tube for testing seemed superior for ABV detection in live birds. Interestingly, a recent study identified a high ABV-RNA content in urine,74 potentially explaining the good results with cloacal swabs. Some authors suggest the feather calamus as a good sample,101 but this view is not supported by the experience of some laboratories or by experimental studies, demonstrating other tissues more often positive.62 Additionally, feathers always contain a higher risk of being contaminated by other birds or the environment, leading to false-positive results. In dead birds, brain or retinal tissue is the most superior sample for the detection of ABV-RNA.62 Additional postmortem samples for viral detection might be the adrenal gland, proventriculus, and ventriculus. After collection, the samples should be stored in a cool environment or ideally placed in a special transport media (RNAlater, Quiagen) to be sent to the laboratory, as RNA within samples are sensitive to degradation, and false-negative results might occur because of poor transport conditions. The samples should reach the laboratory within a few days. In case samples need to be stored longer or are frozen, they should not be thawed and should reach the laboratory in the frozen state. Repeated thawing and freezing cycles degrade the RNA very quickly. The veterinarian should always keep in mind that a negative result of the sample might not automatically mean an ABV-negative bird. Apart from a false-negative result (e.g., sampling issues, loss of detectable viral genome as a result of transport), the sample might just not contain ABV-RNA because at the time of sampling the virus was not present in that location. This is a common problem, especially in live birds, as ABV is shed intermittently in some birds.56 In tissue samples, the virus might not be in that particular tissue and may be found elsewhere (e.g., the brain). Especially in live birds, repeated testing might be recommended (see below).
 
ABV antigen can further be demonstrated in tissue by immunohistologic staining. This is commonly used in research settings but is of limited use in daily practice for diagnosis. Viral antigen is stained within the tissue by using polyclonal antiserum against nucleocapsid proteins102 as well as against phosphoproteins37, 47, 103 There seems to be high cross-reactivity between the antigens of the different ABV genotypes as well as between ABV and BDV, but this seems to depend on the target antigen.104, 105 It should also be kept in mind that used primary antibodies might cross-react with tissue antigens, complicating the interpretation of the results.57
 
Last but not least, the isolation of ABV from samples is another method for direct proof of the presence of the pathogen. As this is also not easy, susceptible to false-negative results (as a result of challenges in keeping the virus live during transport and cultivation), costly, and time-consuming, isolation is not a routine method in daily veterinary practice for the diagnosis of ABV infection. However, virus cultivation represents the only method to prove the viability of a virus known to be present, whereas a PCR only demonstrates the presence of a certain RNA sequence. Therefore, virus isolation is essential to answer certain questions and to understand the infection itself. As an example, the proof of vertical transmission requires the cultivation of a viable virus from embryos or newly hatched chicks, similar to the way that detection of means of shedding viable virus and infection trials can only be made if one is working with a live virus in hand. There are difficulties in cultivation of ABV in cell culture. During the search for the causative agent of PDD, several attempts to isolate the potential pathogen failed.10, 106 However, now it is known that ABV does not cause a cytopathic effect and therefore may have been overlooked when using cell cultures. Only Gough et al30 demonstrated a cytopathic effect when he thought that the pathogen causing PDD was found, but so far it remains unproven if he did find ABV. ABV, independently of its origin (psittacine, canary bird, waterbirds), grows in cell cultures of avian origin such as in duck embryo fibroblasts48, 60, 72 or quail cell lines (CEC32, or QM7).37, 48, 52, 105 ABV does not grow in cells of mammalian origin, and so far, only one study has reported a minimal growth of ABV in VERO cells.52 The best virus cultivation results were achieved in CEC32 cells.48, 52 It should be kept in mind that different ABV isolates differ in their growth characteristics, especially in speed of replication and ability to infect cells,98 making several passages necessary in some cases before a negative result can be assumed. As there is no cytopathogenic effect, additional tests such as real-time RT-PCR, immunofluorescence testing, or Western blot testing need to be applied to prove an increase in the amount of viral antigen to confirm a growing virus (Table 2-1).


TABLE 2-1


Selected Tests for Detection of Avian Bornavirus Infection in Birds Commonly Offered by Commercial Laboratories*

 
 


	Test
	Use in Practice
	Sample
	Meaning
	Interpretation
	Remarks



	Direct test to demonstrate the presence of virus particles. Minimum 18 days after infection shedding is detectable according to infection trials62; under natural circumstances this might be longer.


	Reverse transcriptase polymerase chain reaction (RT-PCR)
	Good, sample easy to take, use transport media, cross contamination possible
	Swabs, tissue, secretions
	Detection of avian bornavirus ribonucleic acid (ABV-RNA)
	Viral RNA demonstrated, does not imply the presence of viable virus 	Could be caused by contamination, repeat if serology is negative, excellent for screening (see Figures 2-2 and 2-3)



	Virus isolation
	Less practical. Takes a longer time. Virus is sensitive to transport issues, and false-negative results can be seen
	Swabs, tissue, secretions
	Detection of viable virus
	Complete viable virus, unlikely result of cross contamination
	Takes long, expensive, more for research setups



	Immunohistochemistry
	Less practical, expensive, takes long, usually not commercially offered
	Tissues
	Detection of viral antigen in cells
	In positive cases infection is clearly demonstrated
	Sensitivity questionable, especially in latent cases usually not many cells infected; therefore not applicable in testing live birds


	Indirect test (serology) to demonstrate the immunologic reaction of host against the presence of virus particles. Unclear if virus is still present, or even being likely in the case of ABV. Minimum 7 days after infection, seroconversion occurred according to infection trials62; under natural circumstances this might be longer.


	Immunofluorescence test – ABV-infected cell culture
	Excellent; result takes 3–5 days
	Serum, plasma
	Detection of anti-ABV-specific antibodies
	Bird’s immune system had contact with virus. Persistent infection is presumed. Low titers may become negative, demonstrating non-infection of bird. Low titers (up to 1:80) should be rechecked if polymerase chain reaction (PCR) of bird is negative 	ABV-infected cell cultures present various ABV antibodies, therefore higher chance of cross-reactivity between different antibodies. Antibodies cannot be distinguished against which protein they are directed



	Multiple protein enzyme-linked immunosorbent assay (ELISA)
	Excellent, results may take only 2 days
	Serum, plasma
	Detection of anti-ABV-specific antibodies
	See Immunofluorescence, except that low and high titers should be interpreted by the laboratory using the test
	Several proteins act as Antigen. Cross-reactivity likely, but less than as in immunofluorescence test. Depending on ELISA, antibodies, may be distinguishable against which protein they are directed. Low experience at present but may become a very valuable tool for research and clinical prognostication



	Single-protein ELISA
	Excellent, results may take only 2 days
	Serum, plasma
	Detection of anti-ABV-specific antibodies
	See Immunofluorescence, except that low and high titers should be interpreted by the laboratory using the test
	Titers should be rechecked, as huge variations between tests occur. Especially low titers in immunofluorescence test (IFT) sometimes not detected. Comparison trials between the various diagnostic test with large amount of samples necessary



	Western blot
	Good, result may be quick, only a few laboratories use this test
	Serum, plasma
	Detection of anti-ABV-specific antibodies
	Interpretation of titers difficult
	See Single-protein ELISA
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*Refer to the text for more details.


 
The detection of ABV-specific antibodies in serologic assays is a very important diagnostic tool. So far, it is not fully understood under which circumstances detectable antibodies are present. In experimental setups, all infected birds developed antibodies independently of the genotype that the birds were infected with52, 62, 98 following common rules of infections. In contrast, after natural infection, some birds are detected as shedders without seroconversion.64, 86 Additionally, the titer depends obviously on the time point of infection, the ABV genotype and other unknown factors, making interpretation of serologic test results challenging in spite of the apparent value that serology offers as a tool in flock management (see below). There are also hints that the titer correlates with the potential possibility of developing clinical signs107 (see clinical interpretations below) and could be used for the interpretation of clinical cases. There are different assays available to detect anti-ABV-specific antibodies. These are indirect enzyme-linked immunosorbent assay (ELISA)101, 108 and Western blot63 tests, using certain proteins as antigen. Those proteins are recombinant N-,63, 108, 109 P-,63, 101 M-,101 or X-84 proteins from either BDV or ABV. Usually, single proteins in those tests are used, with expectations of cross-reactivity between BDV, ABV, and different ABV genotypes. However, as this cross-reactivity is not ensured between the different ABV genotypes, the sensitivity of those tests focusing on one protein only needs to be questioned until otherwise proven. At present, this is challenging, since gold standards for those tests for ABV-specific antibodies have not been set, as the disease and definition of ABV positive cases is poorly understood. However, sera from experimentally infected birds are available and should serve as samples for establishing those standards. The first published results of such tests had a sensitivity of 90% and a specificity of 82% in a Western blot test72, 104 and in an ELISA using the N-protein of 75% sensitivity and 75% specificity,101 both unsatisfying results for use in clinical setups, especially in flock management and flock pathogen elimination strategies. It is presumed that in case of low titers, those tests might present false-negative results, and this presumption was supported by the first comparison tests performed. Tests based on ABV-infected cell cultures (e.g., indirect immunofluorescence test (IFT),105 which present a wide range of different ABV antigens, seem to be superior in the detection of anti-ABV-specific antibodies in clinical case and flock management. However, those tests are more complicated to perform compared with ELISA. Additionally, in the indirect IFT, a complete antibody titer is measured, not distinguishing against which specific protein those antibodies are directed. For a clinical situation, this seems to be adequate. For research purposes, especially to obtain a better understanding of pathogenesis and disease development, it might be advantageous to know against which proteins the antibodies are directed in the different phases of infection.101, 110, 111 Here, Dorrestein et al112 made very interesting observations by developing an ELISA using different proteins as antigen. They detected that antibody titers against certain proteins (especially P16 and P24) increased when birds developed disease, whereas in infected but healthy birds only antibodies directed against the recombinant ABV protein P40 were detectable in the beginning.
 
 Clinical disease of avian bornavirus and disease patterns

Clinically, ABV infections have the largest impact in psittacine birds. There are reports of clinical disease related to ABV infection in canaries, geese, and other species, but those are seen rarely, are usually anecdotal descriptions and the significance is still unclear. In psittacines, infection can lead to a deadly outcome. In psittacine species conservation projects, ABV can have a major impact. As an example, during the early 2000s, about 10% of Spix’s macaws in the breeding program, one of the most endangered birds in the world and currently extinct in the wild, died from PDD, the major clinical outcome of an ABV infection.
 
ABV causes nonpurulent inflammation in nervous tissues with ensuing loss of function. Mainly lymphoplasmacytic infiltrations in ganglia are seen in histopathology. The most known clinical outcome of an ABV infection is PDD, as described above. However, other neurologic disorders should also be considered.87 Especially, CNS signs seem to be more common than previously thought. CNS signs can range in severity from relatively minor signs, including slight tremor (e.g., of one toe), to epileptic convulsions and incoordination, loss of equilibrium, head shaking, opisthotonus, and so on. Fluck et al107 examined CNS cases presented to avian practice and could clearly demonstrate a link to ABV infection, with more than half of those cases being ABV positive, by exclusion of other common potential causes. In the past, behavioral problems70 and feather-damaging behaviors in psittacines had been associated with ABV,113 but scientific proof for clear causality is still lacking. Fluck et al107 included birds with feather-damaging behaviors in a study and found that about 50% of the examined birds were positive for ABV, but the amount of antibodies and viral RNA shed was comparable with those of ABV-positive birds in a control group, whereas it was significantly lower compared with a group of CNS-diseased birds. A link between ABV and feather-damaging behaviors cannot be ruled out, but current evidence suggests that it is not likely. This stands out in contrast when compared with what is seen with clinical signs of CNS disease in a considerable number of those birds very likely caused by ABV. This is also supported by experimental infection trials, where cockatiels developed a classic manifestation of PDD after experimental infection (GI tract signs), but some birds also developed clear CNS signs either on their own or in combination with PDD.62, 98 Interestingly, some birds demonstrated only nonspecific clinical signs of ruffled feathers and diarrhea, and a few died suddenly without demonstrating any clinical signs prior to death.
 
It seems that the quality and quantity of clinical signs depend not only on host factors but also on the ABV variant. In a comparison trial, more birds developed clinical signs after infection with an ABV-2 variant compared with an ABV-4 variant. The incubation time can obviously be relatively short but can also be several months at least. The first signs occurred in experimental trial as soon as 22 days after infection with an ABV-2 variant and 33 days after infection with the ABV-4 variant.62, 98 In this same study, however, some birds developed clinical signs after as much as 20 weeks. It is repeatedly observed that single-housed birds died from PDD (with then-confirmed ABV infection) years after arrival, therefore making it likely that the incubation period of ABV might be as long as several years and the triggering factors might occur any time independent of the duration of existing ABV infection. These types of repeated clinical observations support the hypothesis that there is a delayed pathogenesis after infection in some birds; however, scientific challenge has not yet confirmed these observations to be true. Experimental trials have suggested that the clinical course of the disease in a single bird is unpredictable. After ABV-2 infection, three different types of courses were seen. There are (1) birds with a severe and acute onset of symptoms shortly after infection; (2) birds with a mild course of the disease developing first signs from approximately 80 days after infection, which might then develop to severe signs; and (3) birds with demonstrated signs late after infection (172 days after infection) with a mild progression of clinical disease or even remaining clinically healthy during the complete infection trial.98 This array of clinical presentations is also seen in daily practice or when observing flocks. After introduction of ABV-positive birds into a collection, some contact birds died quickly with severe clinical signs, whereas others had a slow but progressive onset, and some remained infected but clinically healthy.101 Additionally, it seems that it is not only the introduction of newly infected birds but other factors such as stress that may also aid in the induction of clinical disease in some birds in a flock. ABV-infected birds were followed up for years after being donated from owners who wished to exclude ABV-positive birds from their flocks. Repeatedly, it was observed that after translocation of those clinically healthy-appearing but ABV-infected birds, an initial die-off period was seen, with some of the translocated birds developing PDD or CNS signs shortly after translocation. Birds that survived this initial period of several months and did not demonstrate clinical signs during this time remained clinically healthy for at least 3.5 years despite being ABV positive. This observation is supported by a study monitoring ABV-infected birds for a year and demonstrating that some birds developed clinical signs, whereas others stayed clinically healthy for long periods.86 Therefore, the prognosis for ABV-positive birds is nearly impossible to predict, as long as no directly attributable clinical signs of infection are noted.
 
In bird species other than psittacines, the clinical significance of an ABV infection seems to be low or unknown. The first description of a canary with enteric ganglioneuritis and encephalitis was linked to ABV infection.47 In naturally ABV-infected canaries, GI and neurologic signs comparable with those observed in psittacines were discovered, but in contrast to the experimental trials in psittacines, these same clinical signs could not be reproduced in canaries experimentally infected with the ABV virus isolated from those diseased birds.52 Histopathologic lesions, including lymphoplasmacytic perivascular cuffing in nervous tissue, similar to those of PDD in psittacines, were also discovered in Canada geese and trumpeter swans that were positive for ABV infection69 but could not be linked to clinical signs, as only tissue was examined in that study without clinical history of those affected birds.



 Clinical diagnosis of avian bornavirus infection

The most difficult question at present concerns the clinical interpretation of test results obtained from individual birds. Here, there is a considerable gap between the knowledge gained from experimental infection trials and what is seen in practice.
 
In two large experimental infection trials involving ABV-negative cockatiels, all inoculated birds seroconverted and started shedding ABV-RNA eventually. There was a difference between those trials in the maximum antibody titer reached, as ABV-4 caused significantly higher titers than an ABV-2 variant infection with lower and more varying titers,62, 98 but in the end, diagnosis of a successful ABV infection was made as all birds seroconverted and shed detectable levels of ABV-RNA. If those birds had been presented in a practice setup, they would easily have been detected as ABV-positive birds. Interestingly, it was also shown that 11 birds first tested positive for RNA shedding before seroconversion occurred, in 6 birds seroconversion was noted prior ABV-RNA shedding, and in 2 birds both occurred at the same time. These observations underline clearly the need for both direct and indirect tests when attempting to diagnose ABV infection. However, in those trials, birds were inoculated by the intravenous or intracerebral route, which might have affected the host response to infection.
 
In contrast, Heffels-Redmann et al86 investigated naturally infected psittacines from different flocks repeatedly over a year. In this study, different infection patterns were observed. As in the experimental trials, there were birds with a high anti-ABV-antibody titer and shedding of ABV-RNA during the entire study, some of which developed clinical signs during the observation period, whereas others remained clinically healthy. However, those birds were clearly ABV infected. Another group of birds had a permanent but low anti-ABV-antibody titer and variable detection of ABV-RNA in crop and cloacal swabs. Those birds should also be interpreted as being infected, as shedding of ABV seemed to be intermittent. However, the authors also observed two other groups of birds that are not easy to categorize, and those observations are also regularly seen in daily laboratory practice. There are birds demonstrating an intermittent low anti-ABV-antibody titer, meaning that sometimes they are serologically negative and at other times they have a low but measurable titer. Those birds never were noted to shed viral RNA during the observation period. In comparison, other birds shed viral-RNA in a low amount intermittently but never had a detectable antibody titer.86 The last group may be explained as persistently infected birds, in which ABV was functionally hidden from the immune system, but the other group is much more difficult to explain. Those individuals may be persistently infected, with irregular contact of the virus to the immune system. However, both these hypotheses are at present very speculative, and the cause of those infection and host response patterns remains obscure. The route of transmission, as well as unclear host factors, might play a role in this. Veterinarians often have difficulties in explaining to bird owners if those birds should be considered ABV positive or not. As long as the details of infection remain incompletely understood, birds that have had positive signs for ABV should be considered potential carriers (see flock management) and tested repeatedly to get a clearer picture. Importantly, those observations very clearly underline the need that the investigation of birds for ABV positivity must include direct and indirect tests, that is, demonstration of viral presence (e.g., through PCR) as well as serology. With the use of only one laboratory test (e.g., PCR), the results are understandably incomplete and often inconclusive. Particularly in daily practice, cross-contamination of one sample with ABV-RNA from the environment cannot be excluded during sampling in places where several birds are kept or pass through.
 
In clinical settings, the following is suggested as long as the ABV infection is not better understood. Birds positive for the presence of virus (e.g., RT-PCR positive) and that are also positive by serology can be considered clearly ABV positive. Those being shown to be positive by PCR only should be retested to confirm this result and to exclude cross-contamination of the sample as a reason. At best, those tests should be repeated not earlier than 4 to 6 weeks after the first sample to see if seroconversion has occurred. During this time, the tested birds should be kept separate from others. If they seroconvert or are repeatedly positive for viral presence, they should be considered positive. Birds positive by serology only are a more difficult interpretive challenge. Usually, they are presumed to be carriers,72 but clear evidence for this is lacking. However, birds with a high titer should be considered positive, as it is known that bornavirus in mammals causes persistent infections.73 As described above, birds with a low titer are seen to be negative in additional tests, and therefore persistent infection in those remains unproven. There seems to be evidence that some birds are able to clear the ABV infection,108 which could explain the varying titers seen in some birds, usually not seen in birds with a high ABV titer. This, however, needs to be scientifically proven. Additionally, false-positive reactions in serologic tests by cross-reaction with antibodies directed against other antigens cannot fully be excluded, even if unlikely. Therefore, low-titer birds should be kept separate and repeatedly tested by direct virus test (e.g., PCR) and serology approximately 4 to 6 weeks later. If the titer remains or increases, if virus is detected, or both, the birds should be considered positive. Decreasing titers or seronegativity, together with negative virus detection (PCR negative), should lead to another retest 4 to 6 weeks later. Only if the seronegativity remains for both tests, and there is a repeated failure of virus demonstration by PCR, should the birds be considered ABV negative. Figure 2-3 provides an overview of suggested interpretation of test results to categorize tested birds.
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FIGURE 2-3​Suggested interpretation of laboratory test results to categorize birds as positive or negative for avian bornavirus (ABV). Polymerase chain reaction (PCR) should be made from a pooled cloacal and crop swabs of each bird, serology with a multiprotein enzyme-linked immunosorbent assay (ELISA) or preferably Immunofluorescence test based on ABV persistently infected cell culture (Herzog, et al, 2010). – = negative test result, + = positive test result, ++ high anti-ABV-antibody titer. Each box represents an individual bird, and so all the potential test results can be seen by following a box through the complete diagnosing process. Each arrow represents a retest 4 to 6 weeks apart with combined PCR and serology. Usually, most of the birds tested are assigned to a final result in the second row (after two tests) or third row (three tests). Only in very rare cases are more tests necessary, or the birds should be considered positive. First of all, the individual bird is tested and then assigned a positive, negative, or questionable status. Red means that those birds should be taken as positive. Yellow indicates that there is a questionable interpretive status and that from those birds all possibilities may arise; a retest is necessary. Green birds are negative, but it is advised to have at least two negative tests of one individual bird to ensure negativity. In the circumstance that a bird is considered positive, no retest is necessary. Often in clinical circumstances, a negative bird is considered as such in a single test. In the case where the bird is planned to be sold or integrated into a known negative flock, the test should be repeated, and only with a second negative result is the bird considered negative. In case a bird has a high antibody titer with a negative PCR, it should be considered positive. However, in the case of a bird that is deemed very rare or valuable species or individual, the test may be repeated. These birds are depicted as (red/yellow). Questionable birds are retested and usually will be assigned positive or potentially negative status. As described above, only in very rare events birds being positive in one of the test again may still be considered questionable and tested again. The vast majority of these previously positive cases, when retested, will remain positive. Potentially negative birds that were questionable status before are tested a third time and are only considered negative if they are deemed negative again, providing two consecutive negative tests. The odds that from a red/yellow box a result other than a positive can occur are very low, according to the experience of this author, but can theoretically happen. 





 
An interesting question is the interpretation of what the meaning of a low or a high antibody titer is. This is not easy to answer, as this depends on the test used. Therefore, the laboratory should be contacted for interpretation. The greatest advantage is with laboratories that are experienced with ABV investigations, as they should have the experience to interpret those questionable results. Ideally, those laboratories have affiliations with clinical practice settings to provide the needed experience to compare with laboratory results obtained. By using the indirect IFT on infected cell cultures (see above) titers ranging up to 1:80 should be retested if viral detection by PCR failed.
 
As previously stated, PCR and serology laboratory results do not allow an individual prognosis for prediction of the onset of clinical disease in birds. These test results also do not necessarily indicate the cause of the clinical signs seen. Birds with a high titer and a high amount of shed virus remained clinically healthy for at least 3.5 years. It repeatedly is seen that clinically ill birds have a considerably high anti-ABV-antibody titers and do shed a considerable amount of virus or viral RNA. This was also seen by Fluck et al,107 who detected significantly higher anti-ABV antibody titers and amount of ABV-RNA being shed in a group of neurologically diseased parrots, compared with a control or a feather-damaging group, despite the fact that the total number of ABV-positive birds was comparable between the feather-damaging and the neurologic group. This underlines the fact that laboratory results point to clinical diagnosis. However, there are cases when the antibody titers rise quickly shortly before the onset of clinical disease, but this point in time is not predictable, and birds cannot be monitored permanently in clinical setups. In experimental infection trials, it was also described that some birds developed the clinical signs very quickly after infection without developing high antibody titers or even shedding viral RNA. Therefore it must be summarized that in clinically sick birds, high titers or large amount of shed virus might be used carefully for interpretation of the cause. Conversely, those same results in clinically healthy birds cannot be used for a prognosis of clinical disease.
 
The question remains if diagnosis of ABV status is helpful for a PDD diagnosis. This question can be answered both No and Yes. In PDD cases, a single test (PCR or serology) for ABV alone is not helpful. An ABV test (PCR, serology, or both) can tell if a bird is infected with ABV, but it does not tell if the clinical signs of concern are caused by this infection. As described earlier, a considerable number of ABV-positive birds remain clinically healthy. If a bird is symptomatic with compatible signs of PDD, the factual cause of those signs can still be unrelated to ABV. Exclusion of other potential differential diagnoses such as toxicoses, gastric foreign bodies, or concurrent infections still is required to aid in the inductive strength of a PDD diagnosis. Therefore, an ABV test—serology, PCR, or a combination—should not be taken as a PDD test. The typical PDD lesions can only be seen in histopathology. However, here comes the “Yes” that ABV investigation is helpful. In the situation where typical clinical signs of PDD or CNS signs are observed, ABV testing (serology and PCR) should be included in the diagnostic workup, and other common causes should be investigated. If those reasons cannot be confirmed, and ABV combined test results are positive, it is very likely that those signs are caused by ABV. This is particularly true if the ABV-titer or amount of shed ABV-RNA is high. For flock management, the combined ABV tests are essential (see below). Therefore it can be summarized that a combined antibody– PCR ABV test may be included in the examination panel in an avian practice but should not be taken as a “PDD test” and that single PCR or serologic assays are considerably less reliable for the purpose of screening and diagnosis of ABV status or the presence of PDD.





 Therapy

While several reports indicate partial success of therapy against PDD (see above), only a few studies have focused on the treatment of ABV infection itself. Antiviral treatment of ABV has not been successful to date.73 Some authors100, 114 reported that amantadine hydrochloride reduced clinical symptoms in birds, but others72 could not see an effect in reducing the viral shedding. It remains, therefore, unclear what the mode of action could have been in reducing the symptoms in the described studies. Ribavirin was reported to reduce ABV infection in cells in tissue cultures but also did not demonstrate an effect in reducing viral shedding in birds.115 As long as no direct antiviral drug is available to reduce ABV infection, a treatment focus might be to interrupt the pathogenesis, thus not allowing the virus to trigger clinical disease. To achieve this, immunosuppressive drugs might be promising, as an increasing survival time of experimentally infected rats with BDV has been described.91 This therapy focuses on selective T cell suppression, for example, accomplished with cyclosporine, and has been described as beneficial in single case reports in birds treated with cyclosporine-A.116 Controlled studies in infected and clinically ill birds are necessary to prove the benefits. Additionally, it needs to be discussed how practical it is to immunosuppress a bird and reduce ABV-related symptoms, which would potentially then make the bird more susceptible to other infections. Those birds must then definitely be monitored very closely and may also return to clinical states of disease with PDD when immunosuppressive treatment is stopped. However, studies into this direction will be necessary to evaluate the pros and cons of this type of treatment. Recently, a study suggesting an immunomodulating approach using robenacoxib (anti-COX-2 nonsteroidal antiinflammatory drug) in combination with mycobacterial extracts was reported as being promising. The complete mixture applied remained proprietary, but it was reported that the T cell response was somehow redirected.117 However, those studies had certain drawbacks, as proper case controls were lacking, and therefore the results should be considered carefully and need further confirmation.
 
As in the treatment of PDD, antiinflammatory drugs were suggested to reduce the ABV-induced signs of inflammation and thus improve the observed clinical signs. For this, meloxicam was used in experimentally infected cockatiels115 but demonstrated an adverse effect, with more severe lesions in ABV-infected birds that were treated compared with the control group that was ABV positive and not treated. It is fair to conclude that meloxicam had no observed beneficial effect in reducing clinical signs in experimentally infected cockatiels, but it remains unclear if the treatment had a role in increasing the severity of lesions observed in the treated group.
 
All in all, immune-modulating or symptomatic treatment might be beneficial in clinical circumstances for individual birds, but it should not be forgotten that those birds will likely remain ABV positive and are a potential risk of infecting other birds and spreading the virus.



 Flock management

The loss of a complete flock to ABV (or PDD) is a very rare event, if this has ever occurred. It seems that an initial period of PDD and CNS signs is reported more commonly in an infected flock, followed by longer periods of patency where no or only single birds become diseased. Usually, over years, only single birds die from ABV-related signs in these infected flocks. In some collections, even those single birds might have great value for financial, personal, or genetic reasons, and therefore this loss cannot be tolerated. However, some owners might decide to live with those losses and not to clear the flock from the virus. As ABV is very intensively discussed in the avian community, negative ABV test results are more often requested with a pre-purchase examination, in particular when large parrots are sold. Additionally, more and more boarding facilities request negative ABV test results on record prior to entry. Therefore, there is an increased pressure on breeding flocks to clear their flock from ABV, especially as ABV-positive or untested birds will be more and more impossible to sell. Unfortunately, the specifics of how these birds are being tested may be incomplete, leading to inconclusive findings or erroneous conclusions.
 
Viewing the common occurrence of ABV-positive birds and the high prevalence in different collections of psittacines, it is rational in some settings to initiate a proper flock health management strategy to exclude the virus from collections, particularly in psittacines. This complex task should only be supervised and planned by a veterinarian familiar with the particular details of the flock’s particular management and goals and who understands what is most currently known about ABV and PDD. As with many complex disease processes, effective flock management strategy is far more than a series of test results alone. Informed consent prior to initiating the process to establish an ABV-free population is required.
 
The clearance of a flock from ABV is a long, expensive, and frustrating task and can only be accomplished with strict compliance of the owners. Many of them are enthusiastic at the start and want their flocks be examined. When they recognize that a considerable amount of birds are ABV positive, conflict often arises, especially if expensive and successfully breeding birds may need to be separated. It is not uncommon for aviculturists to stop further testing and abandon the effort to establish an ABV-free flock. Therefore, owners should be counseled as to exactly what is involved and expected at the onset of the effort to establish an ABV pathogen-free collection. If they accept this, a flock clearance and establishment of an ABV-negative flock is possible. This is particularly true as horizontal transmission of ABV seems to be not that easy (see above).
 
All birds of the flock need to be tested in a bimodal manner, by direct (virus demonstration, preferably RT-PCR of crop and cloacal swab) and indirect (serology) tests. Careful thought should be given to the specific choice of the serologic assay being used. This also applies in all further tests during the clearance process. After the first round of tests, three groups will be established and need to be maintained epidemiologically separate. This implies different logistical setups of compartments away from each other. One group contains the positive birds, the next the questionable birds, and the last the ABV-negative birds according to the diagnostic interpretation mentioned above (see clinical diagnosis and Figure 2-3). The assignment of the birds to one group is purely based on the laboratory results, not on the owners’ preference or pairing status of the birds. If an owner does not want to split a pair when one partner is positive and the other negative, both birds must be included in the positive group. The compartments the different groups are located in are treated as separate units. These units are supplied and serviced by different caretakers or by the same caretakers who change their clothes, shoes, and so on, and disinfection is implemented when leaving one compartment. The negative compartment should be supplied (food, water, cleaning) first, followed by the questionable compartment and then the positive compartment. Owners might decide to give the positive birds away, which is a difficult task and might only be reached by rehoming them to private owners to be kept as pets. Euthanasia of positive birds is sometimes also requested but should only be considered in clinically affected birds. Ethically, euthanasia of ABV-positive but clinically healthy birds is very difficult and not recommended. It should also be considered that it seems possible to produce ABV-negative offspring from ABV-positive parents, and therefore those birds, as long as not clinically affected, do have their value as breeding birds (see below). In the end, it is the owners’ informed decision, based on the advice of the veterinarian, whether the benefits outweigh the higher workload involved in keeping the ABV-positive birds and the risk of infecting the ABV-negative birds. In many cases of valuable breeding flocks, this is the case, and logistic plans should be made to keep the ABV-positive birds.
 
This first step is not the end of the way to clear a flock of ABV. In the second step, both groups (questionable and negative), are retested 4 to 6 weeks later. In the questionable group, some birds will now be treated as positives and transferred into this group, and some now potentially negative will remain here, but separated from other questionable birds (Figure 2-4). From the negative group, some birds will be transferred to one of the other groups and some remain still negative. The negative group can be taken as cleared when two consecutive combined tests performed 4 to 6 weeks apart reveal negative results in all birds of this group. Birds from the questionable group should be retested as often as only negative birds remains here, with two consecutive combined tests 4 to 6 weeks apart being negative. Those birds then can be placed back in the negative group. Whenever a bird shows up positive in one of those groups, the risk remains that virus was transferred from this bird to another, so the complete group should be retested. As stated above, a “test” means both direct (e.g., PCR) and indirect (serology) investigation (see Figure 2-4). Using this method, flocks were successfully cleared of ABV, with an observation period of approximately 3 years after exclusion of the last ABV-positive bird. This method was also utilized and effective in a flock of Spix’s macaws. After separation of ABV-positive birds and strict hygiene measures, no further infections of previously negative birds were recorded over an observation period of 2 years in that flock.118
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FIGURE 2-4​Suggested diagnostic workup plan to clear a flock from avian bornavirus (ABV) infection. The large box represents the epidemiologic units (populations), which should be clearly separated and treated as independent populations. The smaller boxes represent the group of birds which demonstrated the same results (positive, questionable, negative). Each arrow represents a retest 4 to 6 weeks later of all birds in that group at the same time. It is important that all birds within these groups are sampled on the same day and that always polymerase chain reaction (PCR) and serology are performed on an individual bird. First, the complete flock is tested, and three major groups are established (positive, questionable, and negative). A retest 4 to 6 weeks later places additional birds from the negative group into the positive and questionable groups and from the questionable group to the positive group and establishes a potentially negative group within the quarantine section. The negative group is only ultimately considered ABV-negative if ALL birds in that group are tested at the same time and are found to be negative in two consecutive tests. Questionable birds within the questionable groups are only placed in the negative group after two negative tests but are housed separately within the isolation area from the others after their first negative test result. Birds that are retested questionable (very rare; see Figure 2-3) should be considered positive for the purpose of clearing a flock of ABV; however, in very rare or valuable species, the risk might be taken to keep them in quarantine in the questionable group. However, should those birds test questionable again, they should definitely be considered positive. The isolation population is tested as long as all the birds are assigned to one of the other groups (positive or negative) or the owner decides that the remaining birds here should not be retested, and at that time, all remaining birds in isolation will be assigned to the positive group. Once a bird is assigned to the positive group, it will remain here. 





 
To keep a flock negative, strict measures must be applied to not include new birds in the flock. Only quarantined birds (at least 3 months or, even better, 6 months) that are repeatedly tested, as described above, and are negative should be included. Additionally, the flock should be retested on a regular schedule (yearly, biannually) to ensure the negative status. Also, the acceptance of other bird owners as visitors should be limited and shoe covers and coats should be supplied to them before entering the flock. This also will be beneficial to prevent various other infectious diseases.
 
As stated above, positive birds might still be used as breeding birds as vertical transmission of ABV seems to be rare, if occurring at all. Examination of eggs from ABV-positive parents has demonstrated that ABV-negative eggs are regularly found. Therefore eggs of positive parents should be taken away and the shell disinfected. It was shown that the shells of cockatiel eggs were effectively disinfected from ABV-RNA after cleaning with 3% hydrogen peroxide.119 Following disinfection, those eggs should be artificially incubated, and the chicks should hatch separately from each other. Those chicks should then be kept singly housed, hand raised, and tested repeatedly using paired serology and PCR methods. In newly hatched chicks of small species, blood sampling for serology might not be possible, and only in this rare event PCR test for ABV-RNA detection by crop and cloacal swab should be used. It should be kept in mind that an anti-ABV-antibody titer in chicks could represent maternal antibodies transferred through the egg, as previously described.101 This means that those birds should be retested 4, 6, and 8 weeks after hatch to see if the titer decreases, which is the case with maternal antibodies. If this is not the case and/or ABV-genome is detected, the birds are treated as positive. Chicks repeatedly testing negative can be grouped to avoid human imprints or can be transferred to ABV-negative foster parents. The last seems only to be possible in parrots when the birds are proven negative early enough for this procedure to be accepted by the parents. Transfer of newly hatched chicks to ABV-negative foster parents can be considered, and those chicks can be regularly tested there, although this maneuver poses a risk of the foster parents being infected. This is usually only done in setups where very valuable birds are bred and less valuable pairs are established as negative foster parents.
 
ABV-positive birds may remain clinically healthy for years. Therefore there may be a demand to rehome those birds as pets when breeders want to exclude them from their flocks. More and more owners also are starting to test their birds for ABV to try to determine their ABV status. This is particularly done if single birds are planned to be paired, even if breeding is not intended. Owners of ABV-negative birds usually request that the potential partner birds also be ABV negative. Conversely, owners of ABV-positive birds might plan to accept ABV-positive partners. Therefore rehoming of ABV-positive birds from flocks that are seeking to become ABV free is possible. Basically, this is a way that may be considered by the supervising veterinarian, if the right information about what is involved is relayed to the owner of the new home to which these birds are being transferred. However, it should be mentioned that ABV-positive birds might potentially carry different ABV genotypes. As a previous study has demonstrated, the infection of ABV-4-positive birds with ABV-261 triggered clinical disease; therefore, it might be recommended that the genotype be evaluated first before paring those birds. On the other hand, it remains unclear at present if this observation and the potential different pathogenicity observed is really related to the genotype itself or to the single strain involved.98 Compared with genotyping, strain differentiation within one genotype is very difficult, and therefore matching of the different ABV strains carried by potential partners is a task that can derail the plan to pair ABV-positive birds. The risk of triggering a clinical disease by pairing two ABV-positive birds remains, for practical extents and purposes, as anyway every ABV-positive bird carries the risk of getting a clinical disease at any time. This recommendation may be abandoned, changed, or supported when the factors triggering clinical disease are better understood.



 Vaccination

Whenever a novel pathogen is discovered as a cause of an important disease, the demand to produce a vaccine as a prophylactic measure and to protect the birds arises. In the case of ABV, this seems to be a very difficult task. As described above, high anti-ABV-antibody titers are detected in clinically diseased birds, and in many cases, there seem to be a correlation between the increase of the titer and onset of clinical symptoms. Therefore it is fair to state that the antibodies that have been detected so far specifically against ABV are not protective.87 It seems also likely that the pathogenesis of the symptoms caused by ABV are immune mediated and that ABV has developed mechanisms to escape the recognition of the immune system.94 All these facts do not make steps toward a vaccine production very promising. To the contrary, it might even be that vaccine could in some circumstances induce the clinical disease or at least increase the severity of clinical signs.72 However, when the pathogenesis and the details of the host immune response and the nature of different anti-ABV-specific antibodies are better understood, the window for the development of specific vaccines might open, especially based on recombinant vaccines.



 Take-home message

Avian bornavirus has clearly been identified as the causative agent of PDD and other clinical symptoms such as CNS signs or sudden death. Despite being commonly observed in other avian taxonomic groups, its main clinical importance is seen in psittacines. So far, the triggering factors causing clinical disease out of an ABV infection are unknown, and the pathogenesis of the infection is poorly understood. However, for the clinician, it is important to know that ABV is widely distributed. The means of transmission or the circumstances under which the virus is successfully transmitted between birds are not completely understood, but viral transmission overall does not seem to be easily reproduced. Therefore, psittacine flocks can be managed to clear the virus from the flocks, which is possible by regular testing of birds using direct virus demonstration (e.g., PCR) and indirect (serologic) testing. Positive birds need to be separated from negative birds, and as long as they are clinically healthy, those positive birds should not be euthanized. In summary, ABV is a very important viral infection with a large impact, especially in psittacine management, but it seems to be controllable.
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Psittacid herpesviruses and associated diseases 
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 Psittacid herpesvirus 1
 
 History and description of the virus

Psittacid herpesvirus 1 (PsHV-1) belongs to the subfamily (Alphaherpesvirinae) and genus (Iltovirus). It has four major genotypes and at least three serotypes (Table 2-2 and Table 2-3).1 It is the cause of Pacheco disease, which is an acute rapidly fatal disease of parrots and, rarely, passerine species, as well as mucosal papillomas and associated neoplasms of parrots.1, 2


TABLE 2-2

Psittacid Herpesviruses and Their Associated Diseases

 
 


	Virus
	Pacheco Disease
	Respiratory Disease
	Mucosal Papillomas




	Psittacid herpesvirus 1
	Yes
	No
	Yes



	Psittacid herpesvirus 2
	No
	No
	Grey parrots only



	Psittacid herpesvirus 3
	No
	Yes
	No
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TABLE 2-3

Serotype and Disease Potential for the Four Genotypes of Psittacid Herpesvirus 1

 
 


	Genotype
	Serotype
	Pacheco Disease
	Mucosal Papillomas
	Bile Duct Carcinomas




	1
	1
	Amazons, Australian species
	Uncommon
	No



	2
	2
	Amazons, Grey parrots
	Uncommon
	No



	3
	3
	Predominately Amazons, less commonly other species
	Very common
	Yes



	4
	1
	Most species
	No
	No
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From Tomaszewski EK, Gravendyck M, Kaleta EF, et al: Isolation of psittacid herpesvirus genotype 1 from a superb starling (Lamprotornis superbus), Avian Dis 48:212–214, 2004.


 
Outbreaks of Pacheco disease were first recognized in Brazil in the late 1920s in captive parrots and were not seen again until the late 1970s when large numbers of parrots were exported from South America into Europe and North America.1, 2 As of this time, the frequency of outbreaks has diminished to the point where they are relatively rare, but they still occur in mixed collections of parrots originating from multiple sources. The prevalence of mucosal papillomatosis in parrots has also diminished, but to a lesser extent.



 Species affected and geographic distribution

Pacheco disease occurs in parrots of either sex and of any age, originating from all of their distributions, so potentially all species are susceptible to infection with PsHV-1 and the development of disease (see Table 2-3).3 There is no age or sex predilection. Mucosal papillomas have the greatest prevalence in Amazon parrots (Amazona spp.), macaws (Ara spp.), Hawk-headed parrots (Deroptyus accipitrinus), and conures (Aratinga spp.) but have also been infrequently reported in other species. Mucosal papillomas and related neoplasms are found in birds of both sexes. They can also occur in parrots as young as 6 months of age. Pacheco disease outbreaks and or mucosal papillomatosis have been documented in North America, Europe, the Middle East, Japan, New Zealand (in quarantined birds), and Australia.2, 4



 Clinical manifestations
 
 Pacheco disease

Pacheco disease should be suspected when a parrot in a collection dies unexpectedly and when multiple deaths occur over a short period. Signs are rare and generally nonspecific; however, some birds will have biliverdin-stained (yellow or green) urates immediately prior to death.2



 Mucosal papillomatosis

Mucosal papillomas can occur most frequently in the cloaca and the oral cavity. Signs may be lacking and the lesions only observed on physical examination. When the lesions are advanced, birds may exhibit upper respiratory signs, strain to defecate, and have blood in their droppings, and the papillomatous lesions from the cloaca may protrude. A more generalized form of the disease can also occur where the papillomatous lesions extend into the esophagus, crop, and, rarely, to the level of the proventriculus and ventriculus. These birds may experience a chronic wasting disease. Regurgitation is uncommon but may occur. Mucosal papillomas are typically raised and pink and have a cauliflower-like surface. More diffuse lesions that involve the entire cloaca may have a cobblestone appearance. Oral papillomatous lesions are most commonly found along the margins of the choanae and at the base of the tongue. They can be very subtle, resulting in an asymmetric thickening of the choana or a blunting of the papillae. In many instances, the first indication of oral mucosal papillomas is a loss of pigment at the site of the lesion. Lesions can wax and wane, disappear completely, or become progressive.2, 4, 5

Bile duct and pancreatic duct carcinomas are fairly common sequelae to mucosal papillomatosis. Birds with these lesions do not show evidence of disease until the lesions are severe. When they do show signs, they are typically signs of chronic liver disease, including weight loss, an overgrown beak, and poor feather quality. Bile and pancreatic duct carcinomas develop in the months and years following the onset of mucosal papillomas.5





 Diagnosis
 
 Pacheco disease

It is rare that a bird with Pacheco disease survives long enough to have blood collected and tested, and as a result, the diagnosis of Pacheco disease is usually made at necropsy. If a bird survived long enough to be seen by a veterinarian, experimental infections would indicate that they likely have a leukopenia and marked elevations in their plasma aspartate aminotransferase concentrations.2 The hematologic picture, however, might change if the birds do not die immediately, which is uncommon.
 
Gross lesions in birds with Pacheco disease are variable. Some birds will only show very subtle changes in the liver that resemble a diffuse lipidosis. Others will have prominent swelling of the liver and spleen. Multifocal areas of discoloration, representing areas of necrosis, and gross evidence of pancreatitis and enteritis are seen less frequently. Most birds will be in good to excellent body condition. Microscopically, hepatic and splenic necroses, varying from moderate to massive, are characteristic lesions. The pattern of necrosis in the liver may appear to be random, but generally the periportal hepatocytes are spared. Pan-nuclear eosinophilic inclusions are generally present in the liver but, in some instances, can be difficult to find; they are often abundant in the spleen. Pancreatic necrosis and necrosis of the intestinal and crop mucosa with intralesional inclusion bodies occur with infection with certain genotypes. There is a single report of a cockatiel with chronic active pancreatitis secondary to PsHV-1 infection. This bird exhibited both endocrine and exocrine pancreatic insufficiency.2



 Mucosal papillomatosis and associated neoplasms

Mucosal papillomas are diagnosed through careful examination of the oral cavity and eversion of the cloacal mucosa with a lubricated swab (Figure 2-5). Anesthesia may be required to observe subtle mucosal changes. If there are diffuse lesions, crop thickening may be detected with palpation. The gross papillary changes are characteristic, and biopsy is generally not necessary to make a diagnosis. In the author’s experience, PCR assays will reveal all of these birds to be positive for PsHV-1, so testing for PsHV-1 is not necessary.2
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FIGURE 2-5​Everted mucosal papilloma of the cloaca of a blue and gold macaw. Persistent soiling of the mucocutaneous junction around the vent has resulted in infection and ulceration. 





 
Despite extensive liver involvement, it is rare that the liver of birds with bile duct carcinomas is sufficiently enlarged that the edge of the liver can be palpated. Radiographically, the liver may have rounded margins. Bile duct carcinomas are readily visualized with ultrasonography as multifocal to coalescing hyperechoic regions of the liver that are replacing the adjacent normal areas of the liver. Increases in the γ-glutamyl transferase (GGT) have been reported in birds with bile duct carcinomas. It has been the author’s experience that the GGT will increase in older parrots in a range of species, so changes in the GGT are not specific for bile duct carcinomas. Diagnosis can be confirmed by liver biopsy. Pancreatic duct carcinomas are very difficult to diagnose, but ultrasonography may reveal lesions, and biopsy can also lead to antemortem confirmation of diagnosis.2
 
Grossly, mucosal papillomas can be difficult to recognize in the dead bird, but if the animal is fresh, these mucosal papillomas will retain the same characteristics as those seen in the live bird. Microscopically, mucosal papillomas are made up of multiple fimbriae with a variably wide to narrow base. Each fimbria is composed of a fibrovascular core surrounded by a pseudostratified or stratified cuboidal to columnar epithelium. The lesions may be ulcerated. Lymphoplasmacytic infiltrations of the fibrovascular cores occur intermittently.4
 
Bile duct carcinomas are pale tan to gray colored, confluent to slightly raised, and multifocal to coalescing. Only small amounts of normal liver may remain. Similarly, pancreatic duct carcinomas are gray and nodular, and, in some instances, may be coalescing. Neither the bile duct carcinoma nor the pancreatic duct carcinoma metastasizes.2
 
The author has rarely seen cloacal carcinomas (Figure 2-6) in psittacine birds. However, in the three cases that have been seen, all contained PsHV-1 DNA, and all three metastasized to other organs in the body. Whether these tumors were caused by the virus or not is not known.
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FIGURE 2-6​Cloacal carcinoma in an Amazon parrot. 










 Treatment

Acyclovir has been used to treat individual birds and entire aviaries during outbreaks of Pacheco disease. Published reports and anecdotal evidence suggest that treatment is highly effective in preventing mortality in these outbreaks. A range of routes of administration and drug dosages have been used. The author has used acyclovir orally by gavage at 80 to 100 milligrams per kilograms (mg/kg) three times a day for 10 days with apparent success. While treated birds may survive, they are not cured of infection and will become carriers of the virus. Carriers and those with overt mucosal papillomas are not impacted by treatment with acyclovir.2
 
Mucosal papillomas should be left alone unless they are clearly causing the bird discomfort or interfering with breathing or defecation. These lesions are rarely static and may spontaneously regress or may worsen. In many cases, they will shrink only to return again in the weeks or months to follow. If surgical intervention is required, the papillary lesions can be debulked with sharp dissection, laser surgery, radiosurgery, and treatment with topical silver nitrate. It is the author’s impression that surgical remove of part of the diseased tissue can result in regression of the surrounding lesion in some instances. Repeated surgical intervention can result in cloacal scarring. To prevent cloacal scarring, the author uses sharp dissection to remove the diseased mucosa and sutures the margins. There is minimal evidence of successful treatments for bile duct carcinomas.2 There is a case report of treatment of a pancreatic duct carcinoma in a green-winged macaw (Ara chloroptera) with carboplatin. In that case, the lesions resolved but ultimately returned.6



 Epizootiology and preventive measures

It has been hypothesized that the four genotypes of PsHV-1 have coevolved with some South American species of parrot.1 Infected birds shed the virus in oral secretions and droppings. Infection is thought to be the result of ingestion of contaminated material. The incubation period is 5 to 7 days. In the adapted host, infection is unlikely to cause disease, and these birds develop lifelong infections and are potential sources for future outbreaks if housed with other parrots that have not been exposed to the virus. When nonadapted parrots are exposed to certain PsHV-1 genotypes, Pacheco disease occurs. Which parrots in an aviary will develop Pacheco disease will depend on the species of the exposed bird and the genotype of the virus, as well as husbandry and other undefined factors.1 For example, densely housed indoor collections are more prone to outbreaks of Pacheco disease. Many infections are subclinical, and the affected birds become carriers. Subclinically infected birds and those that have survived Pacheco disease are at high risk for developing mucosal papillomas if they are infected with genotype 3 and have a lower risk if infected with genotypes 1 and 2. To date, all birds that developed bile duct and pancreatic duct carcinomas and were tested were found to be infected with genotype 3.4
 
Keeping the birds infected with PsHV-1 out of a virus-free collection can be achieved by performing routine testing. PCR-based assays that can detect all four genotypes of PsHV-1 have been developed. In one study, the virus was consistently found in birds that were repeatedly tested over the course of a year by a PCR assay of combined oral and cloacal swabs. PsHV-1 DNA could also be detected in heparinized blood, but blood samples proved to be less sensitive than mucosal swabs. Serology may also be a useful tool for detecting subclinically infected birds, but sera would have to be tested against all three serotypes.7
 
Vaccines have been developed from PsHV-1 isolates and may prove to be useful tools in high-risk flocks.2 It is not known, however, if vaccination with one serotype of PsHV-1 will protect against infection with other serotypes. In at least one instance, two different serotypes have been detected in the same bird, which indicates that a polyvalent vaccine may be required to protect against all three serotypes of PsHV-1.7





 Psittacid herpesvirus-2
 
 History and description of the virus

Psittacid herpesvirus 2 (PsHV-2) is of the genus Iltovirus of the subfamily Alphaherpesvirinae. It is most closely related to PsHV-1 but has never been associated with a Pacheco-like disease.8



 Species affected and geographic distribution

PsHV-2 has only been detected in Congo African Grey parrots (Psittacus erithacus erithacus) in the United States and Germany. Infections have been found in both wild-caught and domestically raised birds. In the only extensive survey done, even in mixed aviaries, infection was confined to Grey parrots and was not even detected in the closely related Timneh parrot (Psittacus timneh).8, 9 The only other bird known to be infected with PsHV-1 was a blue-and-gold macaw in a collection in the United States.7 Widespread testing for this virus has not been done, so it is expected that it may have a wider geographic range than is currently known.



 Clinical manifestations

PsHV-2 infections can either be subclinical or result in the development of mucosal and, less commonly, mucocutaneous papillomas of the oral cavity and eye. The papillomas are benign but can be fairly extensive. Differential diagnoses for PsHV-2-induced papillomas include cutaneous papillomas caused by parrot papillomavirus-1 (PePV-1) and other neoplastic diseases of the oral cavity. PePV-1 is rare, causes extensive lesions of the skin of the face, and has only been reported in wild-caught birds.8, 9



 Diagnosis

Gross lesions are characteristic but can be confirmed by biopsy where the characteristic fibropapillomatous lesions will be demonstrated. Virus inclusions have not been reported in these lesions. Primers that detect PsHV-1 DNA can be used in PCR assays to detect PsHV-2 DNA in the papillomatous tissue or combined oral and cloacal swabs from clinically and subclinically infected Congo African Grey parrots.2



 Treatment

There are no reports of treatment attempts. Surgical removal would be indicated if the lesions were interfering with air flow. Given that these lesions are not thought to be associated with replicating virus, acyclovir will not be effective against them.



 Epizootiology and preventive measures

Current data suggest that this virus is host-adapted to Grey parrots and entered Europe and the United States by the movement of wild-caught Grey parrots. Twenty percent of aviaries in Germany were found to have infected birds.9 Individual birds could be screened for infection by using PCR assays of oral and cloacal swabs designed to detect PsHV-2. The sensitivity of this assay is not known.





 Psittacid herpesvirus 3
 
 History and description of the virus

For several decades, an uncharacterized herpesvirus that predominately targets the trachea of parrots has been reported to occur sporadically in a range of parrots in North America and Europe. Recent work has shown this virus to belong to the subfamily Alphaherpesvirinae and the genus Iltovirus. It has been named psittacid herpesvirus-3 (PsHV-3) and is most closely related to the passerid herpesvirus-1, another respiratory herpesvirus.10



 Species affected and geographic distribution

PsHV-3 infection has only been confirmed by sequencing of the virus in an outbreak of disease in Bourke’s parrots (Neopsephotus bourkii) in the United States and in two eclectus parrots (Eclectus roratus) in Australia.10, 11 It is likely that PsHV-3 has a more widespread geographic and species range because a similar disease has been described in Amazon parrots (Amazona spp.), Indian ring-necked parrots (Psittacula krameri), a cockatiel (Nymphicus hollandicus), and a princess parrot (Polytelis alexandrae) in Europe and Japan and other locations in Australia and the United States.10



 Clinical manifestations

The outbreak in the two Bourke’s parrots lasted several months. Infected birds coughed, had difficulty breathing, and exhibited ocular and nasal discharge. The birds died within 3 to 7 days after signs were first noticed. Other species of parrots in the collection did not develop the disease.10 Both eclectus parrots were in poor body condition and appeared to have been ill for some time. Respiratory signs were observed in one of the eclectus parrots, but the majority of the signs exhibited by these birds was nonspecific and may have been the result of concurrent infectious diseases.11



 Diagnosis
 
 Diagnosis in the live bird

No work has been done on the diagnosis of PsHV-3 in the live bird. It should be considered a potential differential diagnosis in any psittacine bird that is exhibiting signs of tracheal or pulmonary disease, especially if these signs are accompanied by ocular and nasal discharge. Cytology of the conjunctiva and trachea has the potential to detect syncytial cells as well as cells with characteristic eosinophilic intranuclear inclusion bodies. The partial sequence of PsHV-3 is known, and virus-specific primers could be developed for use in a PCR assay. It is also possible to detect PsHV-3 by using pan-herpesvirus primers.11



 Postmortem diagnosis

Potential gross lesions include conjunctivitis, tracheitis, and changes in the lungs suggestive of diffuse or locally extensive pneumonia and air sacculitis.10 One of the eclectus parrots exhibited multiple pale foci in the pancreas caused by pancreatic necrosis. Both eclectus parrots also had concurrent aspergillosis.11 Microscopically, diagnosis of PsHV-3 infection is presumptively made by detecting syncytial cells containing pan-nuclear eosinophilic inclusion bodies in the bronchi and parabronchi and to a lesser extent in the trachea, conjunctiva, air sac, and respiratory epithelium of the turbinates. Similar lesions were also seen in numerous other tissues, including the spleen, pancreas, inner ear, meninges, kidney, thymus, bursa, and gonads. Lymphoplasmacytic inflammation of varying degrees was often present, and hyperplasia of the respiratory epithelium was a common finding. In contrast to the acute form of the disease caused by PsHV-1, the liver is not a primary target.10, 11 Both eclectus parrots also had severe mycotic bronchopneumonia.11





 Treatment

The outbreak in the Bourke’s parrot collection stopped with the onset of acyclovir treatment. However, multiple other management changes were made at the same time, and whether acyclovir treatment was the reason the outbreak was stopped is not known.10 Given the apparent success and safety of acyclovir treatment in birds with acute PsHV-1 infections, it would seem reasonable to use acyclovir to treat PsHV-3 infections if an antemortem diagnosis were made.



 Epizootiology and preventive measures

If this virus behaves like many other avian herpesviruses, then it is likely that it is host adapted and does not cause disease in its host or hosts but does cause a persistent infection. If so, persistently infected birds are likely to intermittently or continuously shed the virus and would be the source of outbreaks when they do occur. It is possible that subclinically infected birds could be detected with PCR-based assays of oral swabs, cloacal swabs, or blood samples.
 
Both eclectus parrots described here were concurrently infected with the psittacine beak and disease virus (PBFDV).11 It is therefore likely that these birds were immunosuppressed, which resulted in their Aspergillus infections. It is possible that immunosuppression may have also resulted in the PsHV-3 infection causing disease, whereas it would not have in an immune competent bird. Testing of birds with confirmed PsHV-3 infection for PBFDV will be necessary to prove this hypothesis.
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Psittacine beak and feather disease

Shane Raidal



 Psittacine beak and feather disease

Psittacine beak and feather disease (PBFD) is a well-recognized disease that clinically presents most often as a chronic and ultimately fatal viral disease of Psittaciformes. While acute forms of the disease can occur in nestling and fledgling birds, the incubation period can be very long, with the slow development of feather dystrophy as molting progresses. All parrots, lorikeets, and cockatoos are considered susceptible to infection,1, 2 and there is evidence of it occurring naturally in wild birds for more than 120 years in Australia, where it is recognized as the main disease threat to many critically endangered birds such as the orange-bellied parrot (Neophema chrysogaster). Increasing evidence suggests that the dispersion of wild-caught Australian parrot species such as the budgerigar (Melopsittacus undulatus) since the early 1840s has most likely resulted in the global spread of PBFD because it now affects a wide range of psittacine species in both wild and captive populations worldwide,1, 3-7
 
 Etiologic agent

The virus that causes PBFD is beak and feather disease virus (BFDV) and despite many attempts, no method for cultivating BFDV in vitro has been successful, which impeded early research into the disease. The biologic characteristics, pathophysiology, and mode of replication have all been determined by studying the natural virus purified from the tissues of infected birds, by studying recombinant proteins, or by inferring from related circoviruses. The virus is a member of the family of Circoviridae8 and is perhaps the simplest pathogen known to infect vertebrates. It is highly genetically diverse and prone to mutation9–11 but relatively antigenically conserved based on serology.12–14 Unlike other members of the Circovirus genus, BFDV is a hemagglutinating virus and has been shown to agglutinate erythrocytes from guinea pigs, geese, and many species of psittacine birds.15–18 The disease is associated with ongoing massive viral excretion, a feature that can be readily detected with hemagglutination assay (HA) as an antigen detection diagnostic test.



 Origins of beak and feather disease virus

The first recorded description of a feather loss syndrome that almost certainly was PBFD was in South Australia in 1907 in red-rumped grass parakeets (Psephotus haematonotus). Affected birds were described as “quite healthy, except being destitute of feathers,”19 and this was considered responsible for the decline of the species in the Adelaide Hills, since affected birds were likely to be more susceptible to predation. The use of terms such as “runners,” or “hikers”6 but more commonly “French molt” in historical records, particularly in reference to feather loss syndromes in budgerigars, probably included examples of PBFD as well as avian polyomavirus disease. Nevertheless, the disease has been recognized by aviculturists since the early 1970s.20
 
Until recently, it was thought that different BFDV genotypes or even distinct virus sub-types were responsible for, or at least associated with, disease in certain geographic areas or psittacine bird species. However, emerging consensus indicates that all psittacine birds are susceptible to a diversity of BFDV clades, with no clear association based on host–virus cospeciation. Within the order Psittaciformes as a whole, BFDV exhibits host-generalism with wide species susceptibility.11
 
Phylogenetic analysis of BFDV genomes strongly indicates that no one genotype can be considered more virulent than another; as such, it behaves like a viral quasispecies and host-generalist in the Psittaciformes, with shallow host-based divergence likely reflecting the dynamic ranges of interspecific transmission. Any effort to develop an attenuated strain for vaccination purposes is likely to be confounded by this feature. There is evidence that the Loriinae subfamily, which includes the lorikeets, lories, fig parrots, and budgerigars, may be the most robust or deeply adapted host of BFDV and are potentially super-distributors of this virus, at least throughout Australasia (Figure 2-7).
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FIGURE 2-7​Abnormal and discolored plumage in a black-capped lory (Lorius lory) on the left with psittacine beak and feather disease. Affected contour feathers are abnormally yellow, while others are missing, including the primary flight feathers. While more than 200 different beak and feather disease virus (BFDV) genotypes have been detected, there are no distinct subtypes or strains, with only weak association with certain geographic areas or psittacine bird species. Emerging consensus indicates that all psittacine birds are susceptible to a diversity of BFDV clades. Source: (Courtesy Dr. Brian Speer.) 





 
There is increasing viral genetic evidence that BFDV originated in the Australasian and not African or South American Psittaciformes.1, 21-23 While captive macaws, conures, and Amazon parrots are susceptible to BFDV infection,9 the conspicuous paucity of unique BFDV genotypes from South American parrots suggests that the disease does not occur naturally in the wild in this region. Given the prominence of neotropical parrots in the North American and European aviculture, it seems likely that if it does occur in the wild in South America with an epidemiology similar to that in Australasia, then the disease would have been historically more frequently seen in shipments of wild-caught South American birds. This is because the less-than-ideal disease control in the pet bird trade during the height of exportation in the previous decades would have allowed ample exposure to any neotropical BFDV genotypes admixing from a variety of sources. Such genetic admixing has clearly been documented recently among captive psittacine flocks in Europe.9 Recent evidence of BFDV infecting wild Cape Parrots in South Africa7 is likely the result of a recent introduction, given the constrained degree of genetic diversity observed as well as the close relatedness of Cape Parrot isolates to BFDV genotypes from captive birds in Europe.
 
Features of differential disease expression—seen in Grey parrots at one end of a scale of susceptibility and in lorikeets and cockatiels at the other—are typical of the accentuated virulence seen when a virus switches from its preferred host to another.24, 25 There is evidence for this because BFDV jumps from one host species to another. In quasispecies theory, it is likely that a greater number of genetic variants occur as the most replicatively efficient variants compete within new hosts. This has been recently shown in PBFD-affected orange-bellied parrots11 and cockatoos,26 and an overall consequence of this might be the retention or enhancement of virulence across Psittaciformes as BFDV jumps flexibly from one host to another. In other words, the rich range in psittacine hosts probably counteracts any evolutionary trend toward viral attenuation.
 
Many avian circoviruses have been detected recently, some more pathogenic than others,27–32 and many more are likely to be discovered serendipitously with the use of next-generation sequencing and metagenomic techniques. Circovirus DNA sequences present in a wide range of invertebrates, protozoans, plants, fungi, algae, and bacteria suggest a likely ancient coevolution of circoviruses with vertebrate hosts,33, 34 and this is likely to be true for the majority of birds. Indeed, the absence of a circovirus lineage in any extant psittacine species is somewhat puzzling, given the recent findings. Increasing evidence supports a post-Gondwanan origin of BFDV in the Australian species,26 and there is fossil evidence that Cacatua35 and the budgerigar have likely been present in Australia in their present forms for at least five million years.36 Theoretically it is likely that BFDV has circulated with limited host-based divergence among the Australian Psittaciformes for at least this period. In contrast, there is no strong evidence of BFDV endemicity in native New Zealand parrot species prior to human colonization,4 and the recent detection of PBFD in wild New Zealand birds is best explained by the introduction of this pathogen with the release of infected feral eastern rosellas (Platycercus eximius) from Australia. A similar scenario almost certainly occurred for the Norfolk Island green parrot.37 The recent characterization of BFDV infection in captive New Caledonian lorikeets and parrots21 is evidence of contemporary introductions of at least two BFDV lineages in Deplanche’s rainbow lorikeets (Trichoglossus haematodus deplanchii) and the vulnerable New Caledonian parakeet (Cyanoramphus saisseti). Given the relatedness of the Indonesian, Australian, and Polynesian BFDV genotypes, it seems most likely that continental Australia, or Sahul, has acted as a pathogen reservoir for island seeding in the South Pacific region. Within the Australian parrot species, there is a clinically well-recognized differential host susceptibility to PBFD. Lorikeets have never been reported with the same degree of advanced feather and beak dystrophy as is seen very commonly in sulfur-crested and other white cockatoos,38 and there is anecdotal evidence that lorikeets frequently make complete clinical recoveries or at least regain relatively normal plumage. The majority of these recovered lorikeets may continue as BFDV carriers, excreting large viral titers in feces for months and possibly years. It is plausible that lorikeets disperse BFDV to the islands. This is supported by the results of a recent survey of captive birds in New Caledonia, which showed a strong infection bias to lorikeets,21 but in the absence of more widespread sampling of wild birds, iatrogenic reasons, rather than natural expansion, will have to be held responsible in that case.
 
In the context of BFDV in the Australian landscape, a definitive understanding of disease modeling and population thresholds for a multihost disease such as PBFD may not be possible, given the large number of potential host species and conceivable parameters that could dynamically influence intraspecies and interspecies transmission rates alongside other factors such as abundance of important host reservoir species. Nevertheless, phylogenetic analysis of BFDV genomes strongly indicates that no one genotype can be considered more virulent than another, and as such, BFDV behaves like a viral quasispecies and host-generalist in Psittaciformes, with shallow host-based divergence likely reflecting dynamic ranges of interspecific transmission.



 Transmission

The virus is excreted in feather dander and in feces. Consequently, high concentrations of the virus can be detected in liver tissue, bile, crop secretions, feces, and feathers.18, 39, 40 Infection is most likely by oral and/or intracloacal ingestion of the virus, as demonstrated by experimental infection studies.41 BFDV is suspected to be transmitted vertically42, 43 because BFDV DNA can be found in embryos from infected hens.43 However, there is no experimental evidence that has conclusively confirmed vertical transmission rather than horizontal transmission to the embryo via cloacal secretions and nesting material. If vertical transmission occurs, it is unlikely to be a significant mechanism for circovirus maintenance in populations, since it is more likely to be a deep force for virus–host coevolution. Recent phylogenetic analyses provide little evidence to support strong host-based divergence. When considered in broader terms of disease ecology, BFDV behaves more as a resource-generalist with flexible host switching. This is much more likely facilitated by horizontal transmission and, at least in Australia, is most likely to occur in tree nest hollows, where there is strong competition between Psittaciformes and other birds for reproductive opportunities.44–46 The ability of BFDV to persist in the environment,47 along with the massively high titers excreted by PBFD-affected birds, supports this. As such the role of sequestration of BFDV genotypes within nest hollows, perhaps for many years, may be an important factor in extending the replication strategy of the virus along with re-entry of ancestral BFDV genotypes into host populations.



 Clinical signs

Juvenile or young adult psittacine birds are the most susceptible to PBFD, but birds of all ages can succumb to the disease. Birds kept in isolation for many decades can become infected when exposed to affected psittacine birds or contaminated areas. An acute form of the disease is well recognized in nestling or fledgling birds,48 particularly in the Grey parrots (Psittacus erithacus),49, 50 which can die within a week of developing signs, and a more commonly encountered chronic form that can occur in all psittacine species. In acute disease, there is rapid development of depression associated with leukopenia, anemia, green diarrhea, biliverdinuria, and death due to hepatic necrosis. Acutely affected birds often become systemically ill and anorexic and/or regurgitate food. There may be pterylodynia with edematous and painful wing tips caused by inflammation, vasculitis, and subcutaneous edema. High viral titers can be detected in the liver and bile of affected birds, and some may die of liver failure without obvious feather lesions. Depending on the age of the nestling and thus the phase of feather development in individual pterylae, affected feathers may be shed all at once, or only the primary flight feathers may be affected, but this is usually seen in a bilaterally symmetric pattern. Fractures of the developing calamus and accompanying intrapulp hemorrhage are the predominant clinical findings. Affected feathers fracture at points of necrosis, usually before the feather has unsheathed.
 
The more commonly encountered manifestation of PBFD is a chronic disease with a slow subtle development and progression. As the molt progresses, dystrophic feathers replace normal ones, and the affected birds gradually lose plumage, often without other clinical signs of illness. The pattern of ongoing plumage damage is related to the stage of the molt that the bird is in when the disease first begins but is usually bilaterally symmetric and slowly progressive. Dystrophic feathers are usually short and have one or more of the following characteristics: fault lines across the vanes, a thickened or retained feather sheath, blood within the calamus, an annular constriction of the calamus, or curling (Figure 2-8).
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FIGURE 2-8​Wild Australian king parrot (Alisterus scapularis) with early clinical signs of psittacine beak and feather disease, with plumage deficits around the face and head. 





 
While some species such as the cockatiel, Trichoglossus lorikeets and New World psittacines appear to have an inherent resistance to BFDV infection or at least to the development of PBFD, if they become infected at all, others such as the gang gang cockatoo and black cockatoos (Calyptorhynchus spp.), which occupy specialist ecologic niches, seem more susceptible to succumbing, especially from the acute phase of infection (Figure 2-9).
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FIGURE 2-9​Powder down patch in a gang gang cockatoo (Callocephalon fimbriatum) with psittacine beak and feather disease (PBFD) demonstrated atrophic and dysplastic pulviplume feathers, which results in a loss of powder throughout the rest of the plumage. 





 
In all Cacatuidae, the powder down feathers, or pulviplumes, are often the first feathers affected, and the ensuing lack of powder throughout the plumage can result in a glossy or dark pseudodiscoloration of the beak and claws and cause the plumage to become dull. PBFD-affected pulviplumes are fragile or develop an abnormally thickened outer sheath that fails to disintegrate. Powder down feathers may atrophy and create bare patches of affected skin. Claw abnormalities occur occasionally and generally develop well after feather and beak lesions become apparent. The beak can progressively elongate and/or develop fracture lines, and the affected rhamphotheca may slough off. In severe cases, necrosis of the oral epithelium and osteomyelitis can extend through to the esophagus and crop. On the extremities, PBFD-induced hyperkeratosis can cause the skin to appear excessively scaly, or it may be thickened and moist. Sunlight-exposed skin can become darkly pigmented. Chronic skin ulcers can occur at the elbows and wing tips. Chronically affected birds are predisposed to hypothermia, and secondary infections are common as a result of immunosuppression. These include cryptosporidiosis and bacterial, mycotic, and other viral infections. Most birds with chronic disease eventually have difficulty eating, lose weight, and die. In smaller grass parrots such as the Psephotus and Neophema species, apparently normal feathers that fall out or are easily plucked may be the only clinical sign. The first clinical sign in birds with green plumage may be the development of yellow feathers which may appear normal in other respects (Figure 2-10).
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FIGURE 2-10​A dystrophic feather, showing blood within the calamus and annular constrictions of the calamus. 








 Clinical pathology

The acute form of PBFD is associated with severe leukopenia in juvenile birds,49, 51, 52 and chronically affected birds may have lower serum protein concentrations, characterized by low prealbumin and gammaglobulin concentrations.53 The hematologic characteristics of juvenile long-billed corellas (Cacatua tenuirostris) were studied following experimental infection with BFDV and compared with vaccinated birds.54 Significant differences in total and differential leukocyte concentrations, including heteropenia and lymphopenia, were demonstrated in BFDV-infected birds, but packed cell volume (PCV) and total serum protein (TSP) were not significantly affected.



 Histopathology

Lesions within the skin and epidermis include multifocal epithelial cell necrosis, necrosis of distal pulp and hemorrhage into the distal shaft of feathers, and epidermal hyperplasia and hyperkeratosis.20, 41, 55 There may also be infiltration of heterophils and lymphocytes into the pulp of some feathers. Basophilic intracytoplasmic inclusions can be found within macrophages in the feather pulp (see Figure 2-8), and some epithelial keratinocytes may contain intracytoplasmic or intranuclear inclusions.20, 56 Within the beak, degeneration and necrosis of epithelial cells occur in the basal and intermediate cell layers. Chronic beak lesions are also associated with inflammation as a result of the presence of bacteria within the exudate and the keratinized layers of epithelium.20
 
The liver may be congested, with multifocal areas of necrosis of varying severity.56 Characteristic basophilic inclusions may be present in Kupffer cells within the liver, and occasionally erythrophagocytosis may be seen in the liver and spleen. The thymus and bursa may show varying degrees of atrophy and necrosis. Focal aggregates of necrotic lymphocytes often contain macrophages with typical inclusions, and necrotic lymphocytes with intranuclear inclusions may also be visible.20, 56 Intracytoplasmic inclusion bodies within macrophages are variable in size and shape, and electron microscopic examination shows that they are composed of particles 17 to 20 nm in diameter arranged in a paracrystalline array.20, 41, 55
 
Immunohistochemistry and in situ hybridization57 can be used to demonstrate BFDV antigens in a wide range of tissues,58 but the best organs to assess are the bursa of Fabricius, feather follicles, spleen, esophagus, and crop. In some species, there appears to be differential expression in these tissues (Figure 2-11).
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FIGURE 2-11​Typical strong positive immunohistochemistry reaction shown in the developing feather of a cockatoo with chronic psittacine beak and feather disease (PBFD) (A). Beak and feather disease virus (BFDV) antigen can be detected in other organs such as the esophagus shown in a hematoxylin and eosin–stained section (B) from a gang gang cockatoo (Callocephalon fimbriatum), which had areas of epithelial cell apoptosis and spongiosis. In the absence of characteristic botryoid amphomphilic intracytoplasmic inclusions, immunohistochemistry has shown a positive reaction to antigen (C). 








 Diagnosis

The chronic form of PBFD can be diagnosed clinically with a high degree of certainty by careful physical clinical examination. Very few other diseases can mimic the bilaterally symmetric feather dysplasia seen in this disease, but endocrine conditions such as hypothyroidism should be considered in rare cases. Cases of feather plucking may be present, resulting in widespread iatrogenic plumage damage, so it is important to examine the feathers around the head and face area, where single birds cannot easily inflict self-trauma. In pairs or groups of birds, occasionally excessive allopreening might result in physical trauma to facial and head feathers that can mimic the lesions seen in PBFD. Surgical biopsy of skin and developing feather follicles has been used to detect histopathologic evidence of infection, but the sensitivity of detection is low unless chronic fulminate disease is present. In some species such as the grass parrots, Neophema, and Psephotus parrots, viral inclusions can be rare or difficult to confirm without immunohistochemistry (Figure 2-12).



[image: Image]


FIGURE 2-12​Loss of normal feather coverage around the head and face in a female eclectus parrot with abortive attempts at follicular regeneration, resulting in small atrophic and dysplastic feather stumps. 





 
In Australia, serology and antigen detection have proven to be valuable diagnostic tests for detecting and quantitating BFDV excretion and antibody responses, and when used in combination, different tests have proven extremely useful for understanding the impact of viral infection in individual birds and to identify potential false-positive and false-negative results.13 While a number of antibody-detecting enzyme-linked immunosorbent assay (ELISA)–based tests59, 60 have been developed, they are not used extensively in diagnostic testing, primarily because the cross-reactivity between the immunoglubulin Y (IgY) of different psittacine birds is not known, and it is impossible to guarantee the validity of the assay when used with sera from other species. Hemagglutination inhibition (HI) avoids such issues and remains the gold standard for antibody detection.14 HI assays tend to be technically simple and rapid and do not require anti-species-specific secondary antibodies or highly purified antigen. Antibody measurements using HI have reasonable precision if attention is paid to minimizing interassay variation by titrating standard virus and antibody activity against each other and against the erythrocytes from multiple birds prior to testing. Even so, HI assays are still prone to an appreciable amount of intertest variations, especially if performed infrequently or without standard reference antigen and sera.61
 
Along with HA and HI, polymerase chain reaction (PCR) testing has been used extensively for managing PBFD,13 and in most countries, PCR testing has become the main method for detecting BFDV infection. As mentioned above, there is a wide variation in BFDV genetics, which has the potential to confound the PCR test design. Nevertheless, the BFDV Rep gene is relatively conserved,1, 62 and the PCR primer set P2-P4,63 which targets this gene, has proven to be reliable for detecting BFDV DNA; even so, there are some rare genotypes that do not match perfectly with this primer set, and at least one study has revealed wide variations in diagnostic laboratory accuracy.64 The PCR product from this diagnostic test covers a 700-nucleotide segment of the Rep gene, providing an ideal length for routine DNA sequencing,65 which is useful for tracing the origin and establishment of infection in a flock.66 This can be an important legal aspect of a diagnostic investigation. Within the diagnostic laboratory, it is also a useful step to monitor or identify potential sources of DNA contamination. Clinicians need to be aware that different laboratories might target slightly different parts of the BFDV genome or the capsid gene that has a higher degree of genetic diversity. Even for the same primer sequence set, they may use different PCR amplification conditions in their diagnostic assay, and the potential number of different variables that goes into designing a test protocol means that laboratory results from different laboratories should not be considered as equal.
 
In real-time PCR assays, primer dimers and other artefacts can result in false-positive interpretations. Other sources of false-positive PCR results include contamination of samples from the environment, especially if feathers are being collected, as well as amplicon contamination in the laboratory during DNA extraction. Copious shedding of BFDV occurs in the environment of PBFD-affected birds, and the risk of contamination of samples precludes the use of any material such as feathers exposed to the environment for meaningful PCR diagnosis in individuals that are not isolated for a prolonged period. Collection of bodily tissues such as blood is ideal for PCR testing. So it is important for clinicians to use and change gloves when handling and collecting samples from multiple birds. In the laboratory, a number of steps can be taken to investigate suspected false-positive reactions. First, the tests can be repeated using a second round of DNA extraction from the original submitted sample. Second, a separate PCR test that targets a different part of the viral genome, such as the capsid gene, can be used. Third, DNA sequencing can be done on the amplicons and compared with reference or positive controls. If the clinicians are suspicious of the results, they should contact the laboratory and ask for further validation of results.
 
Appropriate sample collection is important for determining the infection status of suspect birds. One study showed that in a flock of 56 peach-faced lovebirds (Agapornis roseicollis), of the 47 birds that were PCR positive on blood samples, only 10 were also positive on feather samples (Figure 2-13).13
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FIGURE 2-13​A peach-faced love bird (Agapornis roseicollis) with advanced clinical signs of plumage deficits due to PBFD. Source: (Courtesy Dr Brian Speer.) 





 
While rarer than false-positive results, false-negative PCR results do occur. There are various reasons for this, but most importantly, the clinician needs to consider whether the sample collected was appropriate for the question being asked and if it has been appropriately stored. False-negative PCR results can occur due to a number of intralaboratory errors in technique, but more importantly, the degree of genetic variation that occurs in BFDV can lead to errors in primer annealing.
 
More recent studies in clinical research and diagnostics have used high-resolution DNA melt (HRM) curve analysis for routinely identifying differences in genetic sequences.67 Newer-generation PCR machines can do this automatically as part of the diagnostic analysis. The melting profile of a PCR product is dependent on length, sequence divergence, guanine-cytosine (GC) content, and heterozygosity and is an accurate, robust, and cost-effective alternative to existing methods for genotypic differentiation of BFDV. Compared with sequencing, the technique is faster, and results can be obtained within 5 hours from receipt of blood or feather specimens.68



 Management of disease and treatment

Individuals within many species may make full recoveries from clinical PBFD. For example, lorikeets (Trichoglossus sp.) and Eclectus parrots (Eclectus sp.) often develop protective HI titers alongside cessation of virus excretion. The immunologic mechanisms that control whether or not a bird succumbs to full-blown disease or recovers from subclinical infection is not well understood. Successful therapeutic regimes are likely to be developed but almost certainly will have a higher rate of success in subclinically infected birds rather than those with chronic disease. Current therapeutic options for PBFD are mainly supportive. Birds with chronic BFDV can live for many years, even after the development of significant beak lesions.
 
There have been few studies on possible therapeutic interventions for PBFD. Interferon alpha (IFN-α)–modulatory CpG sequences have been described in other circoviruses and likely also exist within BFDV. These oligodeoxyribonucleotides (ODNs) have been shown to have both inhibitory and stimulatory effects on the induction of IFN-α and an inhibitory effect on the production of tumor necrosis factor alpha (TNF-α) in natural interferon-producing cells,69–71 independent of viral replication or the presence of capsid proteins. Cytokines show promise for the treatment of many viral diseases, and the use of chicken IFN-γ has been promoted anecdotally. Interferon of avian origin is not yet commercially available, and its efficacy for the treatment of chronic cases is yet to be investigated, especially in light of findings that IFN-γ may enhance circovirus replication in cell culture.72
 
In one case, treatment with b-(1,3/1,6)-D-glucan from oyster mushroom was claimed to have cleared BFDV DNA from four out of the six BFDV-infected horned parakeets (Eunymphicus cornutus), and four subclinically affected Major Mitchell cockatoos (Lophochroa leadbeateri) some 9 months after the treatment commenced.73 However, the absence of BFDV DNA in blood should not lead to the conclusion that an effective clearance because an insufficient number of birds were treated, no control group was included, and no evidence that absence of BFDV DNA was not simply a result of the development of an appropriate antibody response was provided.



 Prevention and control

It is presumed based on its physicochemical characteristics that BFDV is resistant to extremes of temperature and various chemical disinfectants.18 However, disinfection using peroxide compounds (Virkon S) has been recommended for use in captive breeding programs of endangered psittacine species.74 Strict quarantine and diagnostic screening of new additions to the flock, using a combination of assays to detect potentially infected birds, is recommended. In countries where free-flying PBFD-infected birds may exist, prevention of access to the flock by wild birds is important, as is prevention of contamination of the flock by feces from wild birds. Stringent hygiene protocols should be in place, including regular cleaning with an appropriate disinfectant such as Virkon S in a 1% solution, which has been shown to inactivate nonenveloped viruses and bacterial spores.
 
Currently, there is no commercially available vaccine for BFDV. An experimental inactivated vaccine using inactivated virus or recombinant proteins has been shown to be effective.75, 76 As no cell culture system has been developed to grow the virus successfully in vitro, recombinant techniques show the most promise for the development of effective vaccines that may be produced on a large scale. Recombinant capsid proteins, expressed in bacterial and insect cell–based systems have been proposed for use in diagnostic tests and vaccines for BFDV.77, 78 It should be noted, however, that vaccination does not prevent viral replication,79, 80 so effective control of PBFD will always depend on a combination of diagnostic testing, hygiene measures, and the maintenance of high levels of flock immunity.






 






References 
 

173.   Bassami MR, Ypelaar I, Berryman D, et al. Genetic diversity of beak and feather disease virus detected in psittacine species in Australia. Virology 2001;2792:392-400. 
 
174.   Ritchie PA, Anderson IL, Lambert DM. Evidence for specificity of psittacine beak and feather disease viruses among avian hosts. Virology 2003;3061:109-115. 
 
175.   Raidal SR, McElnea CL, Cross GM. Seroprevalence of psittacine beak and feather disease in wild psittacine birds in New South Wales. Aust Vet J 1993;704:137-139. 
 
176.   Ha HJ, Anderson IL, Alley MR, Sp, et al. The prevalence of beak and feather disease virus infection in wild populations of parrots and cockatoos in New Zealand. N Z Vet J 2007;555:235-238. 
 
177.   Clout MN, Merton DV. Saving the Kakapo the conservation of the world’s most peculiar parrot. Bird Conservat Int 1998;803:281-296. 
 
178.   Layton F. Runners or hikers in budgerigars. Central Queensland Herald (Rockhampton) 1936;7357:11. 
 
179.   Regnard GL, Boyes RS, Martin RO, et al. Beak and feather disease viruses circulating in Cape parrots (Poicepahlus robustus) in South Africa. Arch Virol 2015;160(1):47-54. 
 
180.   Bassami MR, Berryman D, Wilcox GE, et al. Psittacine beak and feather disease virus nucleotide sequence analysis and its relationship to porcine circovirus, plant circoviruses, and chicken anaemia virus. Virology 1998;2492:453-459. 
 
181.   Julian L, Piasecki T, Chrza˛stek K, et al. Extensive recombination detected amongst Beak and feather disease virus isolates from breeding facilities in Poland; J Gen Virol2013;941086-941095. 
 
182.   Duffy S, Holmes EC. Phylogenetic Evidence for rapid rates of molecular evolution in the single-stranded DNA begomovirus tomato yellow leaf curl virus. J Virol 2008;822:957-965. 
 
183.   Sarker S, Patterson EI, Peters A, et al. Mutability dynamics of an emergent single stranded DNA virus in a naïve host. PLoS One 2013;9(1):e85370. 
 
184.   Shearer PL, Bonne N, Clark P, et al. Beak and feather disease virus infection in cockatiels (Nymphicus hollandicus). Avian Pathol 2008;371:75-81. 
 
185.   Khalesi B, Bonne N, Stewart M, et al. A comparison of haemagglutination, haemagglutination inhibition and PCR for the detection of psittacine beak and feather disease virus infection and a comparison of isolates obtained from loriids; J Gen Virol2005;863039-863046. 
 
186.   Raidal SR, Sabine M, Cross GM. Laboratory diagnosis of psittacine beak and feather disease by hemagglutination and hemagglutination inhibition. Aust Vet J 1993;704:133-137. 
 
187.   Kondiah K, Albertyn J, Bragg RR. Beak and feather disease virus haemagglutinating activity using erythrocytes from African grey parrots and brown-headed parrots. Onderstepoort J Vet Res 2005;723:263-265. 
 
188.   Sanada N, Sanada Y. The sensitivities of various erythrocytes in a haemagglutination assay for the detection of psittacine beak and feather disease virus. J Vet Med S 2000;476:441-443. 
 
189.   Sexton N, Penhale WJ, Plant SL, et al. Use of goose red blood cells for detection of infection with psittacine beak and feather disease virus by haemagglutination and haemagglutination inhibition. Aust Vet J 1994;7110:345-347. 
 
190.   Raidal SR, Cross GM. The haemagglutination spectrum of psittacine beak and feather disease virus; Avian Pathol1994;23621-23630. 
 
191.   Ashby E. Parakeets moulting; Emu1907;193-194. 
 
192.   Pass DA, Perry RA. The pathology of psittacine beak and feather disease. Aust Vet J 1984;613:69-74. 
 
193.   Julian L, Lorenzo A, Chenuet JP, et al. Evidence of multiple introductions of beak and feather disease virus into the Pacific islands of Nouvelle-Caledonie (New Caledonia). J Gen Virol 93 Pt 2012;11:2466-2472. 
 
194.   Massaro M, Ortiz-Catedral L, Julian L, et al. Molecular characterisation of beak and feather disease virus (BFDV) in New Zealand and its implications for managing an infectious disease. Arch Virol 2012;1579:1651-1663. 
 
195.   Varsani A, Regnard GL, Bragg R, et al. Global genetic diversity and geographical and host-species distribution of beak and feather disease virus isolates. J Gen Virol 2010;92 Pt 4:752-767. 
 
196.   Hawley DM, Osnas EE, Dobson AP, et al. Parallel patterns of increased virulence in a recently emerged wildlife pathogen. PLoS Biol 2013;115:e1001570. 
 
197.   Osnas EE, Dobson AP. Evolution of virulence in heterogeneous host communities under multiple trade-offs. Evolution 2012;662:391-401. 
 
198.   Sarker S, Ghorashi SA, Forwood JK, et al. Phylogeny of beak and feather disease virus in cockatoos demonstrates host generalism and multiple-variant infections within Psittaciformes. Virology 2014;460-461:72-82. 
 
199.   Phenix KV, Weston JH, Ypelaar I, et al. Nucleotide sequence analysis of a novel circovirus of canaries and its relationship to other members of the genus Circovirus of the family Circoviridae; J Gen Virol2001;822805-822809. 
 
200.   Halami MY, Nieper H, Muller H, et al. Detection of a novel circovirus in mute swans (Cygnus olor) by using nested broad-spectrum PCR. Virus Res 2008;1321(2):208-212. 
 
201.   Todd D, Fringuelli E, Scott AN, et al. Sequence comparison of pigeon circoviruses. Res Vet Sci 2008;842:311-319. 
 
202.   Smyth JA, Todd D, Scott A, et al. Identification of circovirus infection in three species of gull. Vet Rec 2006;1597:212-214. 
 
203.   Stewart ME, Perry R, Raidal SR. Identification of a novel circovirus in Australian ravens (Corvus coronoides) with feather disease. Avian Pathol 2006;35(2):86-92. 
 
204.   Johne R, Fernandez-de-Luco D, Hofle U, et al. Genome of a novel circovirus of starlings, amplified by multiply primed rolling-circle amplification; J Gen Virol2006;871189-871195. 
 
205.   Gibbs MJ, Weiller GF. Evidence that a plant virus switched hosts to infect a vertebrate and then recombined with a vertebrate-infecting virus. Proc Natl Acad Sci U S A 1999;9614:8022-8027. 
 
206.   Delwart E, Li L. Rapidly expanding genetic diversity and host range of the Circoviridae viral family and other Rep encoding small circular ssDNA genomes. Virus Res 2012;1641-1642:114-121. 
 
207.   Boles WE. A New cockatoo (Psittaciformes, Cacatuidae) from the Tertiary of Riversleigh, Northwestern Queensland, and an evaluation of rostral characters in the systematics of parrots. Ibis 1993;1351:8-18. 
 
208.   Boles WE. A budgerigar Melopsittacus undulatus from the Pliocene of Riversleigh, north-western Queensland; Emu1998;9832-9835. 
 
209.   Stevenson P, Yorkston P, Greenwood D. Draft Interim Plan. Green Parrot Recovery Program 1995-96. In Norfolk Island Conservancy ANCA, editorCommonwealth of Australia (1993-1998). Canberra, Australia: Australian Nature Conservation Agency;1995. 
 
210.   Pass DA, Perry RA. The pathology of psittacine beak and feather disease. Aust Vet J 1984;613:69-74. 
 
211.   Ritchie BW, Niagro FD, Latimer KS, et al. Haemagglutination by psittacine beak and feather disease virus and the use of haemagglutination inhibition for the detection of antibodies against the virus. Am J Vet Res 1991;52:1810-1815. 
 
212.   Ritchie BW, Niagro FD, Latimer KS, et al. Routes and prevalence of shedding of psittacine beak and feather disease virus. Am J Vet Res 1991;5211:1804-1809. 
 
213.   Wylie SL, Pass DA. Experimental reproduction of psittacine beak and feather disease/french moult; Avian Pathol1987;16269-16281. 
 
214.   Ritchie BW, Harrison G, Harrison L. Avian medicine principles and application. Lakeworth, FL: Wingers Publishing Inc;1994. 
 
215.   Rahaus M, Desloges N, Probst S, et al. Detection of beak and feather disease virus DNA in embryonated eggs of psittacine birds. Veterinarni Medicina 2008;531:53-58. 
 
216.   Heinsohn R, Murphy S, Legge S. Overlap and competition for nest holes among eclectus parrots, palm cockatoos and sulphur-crested cockatoos and sulphur-crested cockatoos. Aust J Zool 2003;511:81-94. 
 
217.   Legge S, Heinsohn R, Garnett S. Availability of nest hollows and breeding population size of eclectus parrots, Eclectus roratus, on Cape York Peninsula, Australia. Aust Wildlife Res 2004;312:149-161. 
 
218.   Saunders DA, Smith GT, Rowley I. The availability and dimensions of tree hollows that provide nest sites for cockatoos (Psittaciformes) in Western Australia; Aust Wildlife Res1982;9541-9546. 
 
219.   Raidal SR, Cross GM. The hemagglutination spectrum of psittacine beak and feather disease virus. Avian Pathol 1994;234:621-630. 
 
220.   Raidal SR, Cross GM. Acute necrotizing hepatitis caused by experimental infection with psittacine beak and feather disease virus; J Avian Med Surg1995;936-940. 
 
221.   Doneley RJT. Acute beak and feather disease in juvenile African Grey parrots—an uncommon presentation of a common disease. Aust Vet J 2003;814:206-207. 
 
222.   Schoemaker NJ, Dorrestein GM, Latimer KS, et al. Severe leukopenia and liver necrosis in young African grey parrots (Psittacus erithacus erithacus) infected with psittacine circovirus. Avian Dis 2000;442:470-478. 
 
223.   Schoemaker NJ, Dorrestein GM, Latimer KS, et al. Severe leukopaenia and liver necrosis in young African grey parrots (Psittacus erithacus erithacus) infected with psittacine circovirus; Avian Dis2000;44470-44478. 
 
224.   Stanford M. Interferon treatment of circovirus infection in grey parrots (Psittacus e erithacus); Vet Rec2004;154435-154436. 
 
225.   Jacobson ER, Clubb S, Simpson C, et al. Feather and beak dystrophy and necrosis in cockatoos clinicopathologic evaluations. J Am Vet Med Assoc 1986;1899:999-1005. 
 
226.   Bonne N, Clark P, Shearer P, et al. Hematology of vaccinated and non-vaccinated long-billed corellas following infection with beak and feather disease virus (BFDV); Comparat Clin Pathol2009;18353-18359. 
 
227.   McOrist S, Black DG, Pass DA, et al. Beak and feather dystrophy in wild sulphur crested cockatoos (Cacatua galerita). J Wildlife Dis 1984;202:120-124. 
 
228.   Raidal SR, Cross GM. Acute necrotizing hepatitis caused by experimental infection with psittacine beak and feather disease virus; J Avian Med Surg1995;936-940. 
 
229.   Ramis A, Latimer KS, Niagro FD, et al. Diagnosis of psittacine beak and feather disease (PBFD) viral infection, avian polyomavirus infection, adenovirus infection and herpesvirus infection in psittacine tissues using DNA in situ hybridization. Avian Pathol 1994;234:643-657. 
 
230.   Latimer KS, Rakich PM, Kircher IM, et al. Extracutaneous viral inclusions in psittacine beak and feather disease. J Vet Diagn Invest 1990;23:204-207. 
 
231.   Ritchie BW, Niagro FD, Latimer KS, et al. Production and characterisation of monoclonal antibodies to psittacine beak and feather disease virus; J Vet Diagn Invest1992;413-418. 
 
232.   Shearer PL, Sharp M, Bonne N, et al. A blocking ELISA for the detection of antibodies to psittacine beak and feather disease virus (BFDV). J Virol Methods 2009;1581-1582:136-140. 
 
233.   Cross G. Hemagglutination inhibition assays. Semin Avian Exot Pet Med 2002;111:15-18. 
 
234.   Heath L, Martin DP, Warburton L, et al. Evidence of unique genotypes of beak and feather disease virus in southern Africa. J Virol 2004;7817:9277-9284. 
 
235.   Ypelaar I, Bassami MR, Wilcox GE, et al. A universal polymerase chain reaction for the detection of psittacine beak and feather disease virus. Vet Microbiol 1999;681-682:141-148. 
 
236.   Olsen G, Speer B. Laboratory reporting accuracy of polymerase chain reaction testing for psittacine beak and feather disease virus. J Avian Med Surg 2009;233:194-198. 
 
237.   Sanger F, Nicklen S, Coulson AR. DNA sequencing with chain-terminating inhibitors; Biotechnology1992;24104-24108. 
 
238.   Kundu S, Faulkes CG, Greenwood AG, et al. Tracking viral evolution during a disease outbreak the rapid and complete selective sweep of a circovirus in the endangered Echo parakeet. J Virol 2012;869:5221-5229. 
 
239.   Sarker S, Ghorashi SA, Forwood JK, et al. Rapid genotyping of beak and feather disease virus using high-resolution DNA melt curve analysis. J Virol Methods 2014;208:47-55. 
 
240.   Sarker S, Ghorashi SA, Forwood JK, et al. Rapid genotyping of beak and feather disease virus using high-resolution DNA melt curve analysis. J Virol Methods 2014;208:47-55. 
 
241.   Hasslung F, Berg M, Allan GM, et al. Identification of a sequence from the genome of porcine circovirus type 2 with an inhibitory effect on IFN-alpha production by porcine PBMCs; J Gen Virol2003;842937-842945. 
 
242.   Stevenson LS, McCullough K, Vincent I, et al. Cytokine and C-reactive protein profiles induced by Porcine Circovirus Type 2 experimental infection in 3-week-old piglets. Viral Immunol 2006;192:189-195. 
 
243.   Wikstrom FH, Meehan BM, Berg M, et al. Structure-dependent modulation of alpha interferon production by porcine circovirus 2 oligodeoxyribonucleotide and CpG DNAs in porcine peripheral blood mononuclear cells. J Virol 2007;8110:4919-4927. 
 
244.   Meerts P, Misinzo G, McNeilly F, et al. Replication kinetics of different porcine circovirus 2 strains in PK-15 cells, foetal cardiomyocytes and macrophages; Arch Virol2005;150427-150441. 
 
245.   Tomasek O, Tukac V. Psittacine circovirus infection in parakeets of the genus Eunymphicus and treatment with B-(1,3/1,6)-D-Glucan. Avian Dis 2007;514:989-991. 
 
246.   Cross GM. Draft threat abatement plan for psittacine circoviral (beak and feather) disease affecting endangered psittacine species. Canberra, Australia: Department of the Environment and Heritage, Commonwealth of Australia;2004. 
 
247.   Raidal SR, Firth GA, Cross GM. Vaccination and challenge studies with psittacine beak and feather disease; Aust Vet J1993;70437-70441. 
 
248.   Raidal SR, Cross GM. Control by vaccination of psittacine beak and feather disease in a mixed flock of Agapornis sp.; Aust Vet Pract1994;24178-24180. 
 
249.   Johne R, Raue R, Grund C, et al. Recombinant expression of a truncated capsid protein of beak and feather disease virus and its application in serological tests. Avian Pathol 2004;333:328-336. 
 
250.   Heath L, Williamson A, Rybicki EP. The capsid protein of beak and feather disease virus binds to the viral DNA and is responsible for transporting the replication-associated protein into the nucleus. J Virol 2006;8014:7219-7225. 
 
251.   Bonne N, Shearer P, Sharp M, et al. Assessment of recombinant beak and feather disease virus (BFDV) capsid protein as a vaccine for psittacine beak and feather disease (PBFD). J Gen Virol 2009;90(apt 3):640-647. 
 
252.   Shearer P, Bonne N, Clark P, et al. A blocking ELISA for the detection of antibodies to psittacine beak and feather disease virus (BFDV). J Virol Methods 2009;158(1-2):136-140. 
 










 




An overview of avian influenza in domestic and nondomestic avian species 

Darrel K. Styles
 
Influenza poses significant disease risk to both animal and public health, causing extensive morbidity and sometimes high mortality. Influenza may cause global pandemics such as the recent 2009 H1N1 pandemic, and avian influenza results in the loss of billions of dollars of poultry yearly, hence the older term for its disease “fowl plague.” While biologics are useful in limiting the spread of influenza, the rapid rate of viral evolution and its ability to elude the immune response make it a challenging disease to control. This chapter is intended to provide a cursory overview of influenza virology and disease dynamics and discuss the disease risk and sequelae in both domestic and wild avian species.
 
Influenza viruses belong to the family Orthomyxoviridae and are enveloped, single-stranded negative-sense ribonucleic acid (RNA) viruses with segmented genomes consisting of eight gene segments coding for 11 known proteins. These viruses are broadly subdivided into types A, B, and C. Type A influenza viruses are further classified into subtypes based on the major antigenic proteins that festoon the viral capsid, namely, hemagglutinin (H or HA) and neuraminidase (N or NA). These two proteins provide the basis for the subtype nomenclature (e.g., H5N1, H3N2, and H7N9), because there are 16 recognized HA and 9 NA confirmations that occur in different combinations and comprise a range of avian influenza subtypes. Avian influenzas are widely distributed in waterfowl and shorebirds, which are considered the natural hosts for influenza viruses.1, 2 However, recent reports have described bat species as being hosts for two novel strains, H17N10 and H18N11, showing that influenza virus host diversity extends beyond avian species.3, 4 Type A influenza viruses are antigenically diverse and express a cosmopolitan host preference. These viruses may affect many avian species and a broad range of mammals, including, but not limited to, humans, swine, horses, dogs, ferrets, bats, and marine mammals. Clinically, influenza A viruses are responsible for outbreaks, epidemics, and pandemics.
 
Type B influenza viruses are also further classified into subtypes and express a more restricted host range, which includes humans, seals, and, experimentally, ferrets. Influenza B viruses typically cause outbreaks and epidemics but not pandemics. Type C influenza viruses are the least antigenically diverse and are largely confined to humans, although both canine and swine infections and experimental infections in ferrets have been reported. Therefore influenza C viruses cause outbreaks and highly localized epidemics but are not involved in pandemics.



 Biology of type a influenza viruses

Avian influenza viruses (AIVs) are Type A influenza viruses and are thought to be the progenitor of all influenza A viruses regardless of their host species. AIVs are found in waterfowl and shorebirds globally, and these species are the natural reservoirs for the virus. AIVs may adapt to mammalian species and become established in those populations; however, how this occurs has not been well elucidated, although there may be select evolutionary mechanisms by which this transition occurs.
 
Type A influenza viruses are highly subject to mutation and evolution, and primarily change by two mechanisms, antigenic drift and antigenic shift. Antigenic drift occurs because the virus’ RNA polymerase has no proofreading function; therefore substitutions are introduced resulting in a somewhat predictable error rate between 1 × 10−3 and 8 × 10−3 substitutions per site per year.8 Antigenic drift may contribute to the agent’s ability to elude the host immune response, but generally it does not result in significant virulence changes in the virus. By contrast, antigenic shift can radically change the virus’ pathogenic potential. Antigenic shift generally occurs by reassortment of heterologous influenza virus gene segments when the host is co-infected with two different influenza subtypes. The influenza genome is segmented and the gene segments of different influenza viruses can reassort to create unique viruses.8 For example, if a host is co-infected with H5N1 and H3N2, then new reassortant viruses such as H5N2 and H3N1 can result. Antigenic shift can greatly increase virulence or host adaptation in a single viral generation. This shift may potentially advance zoonotic potential and certainly enhances the ability to elude the host immune response.



 Virology, pathobiology, and ecology of avian influenza viruses

Type A influenza viruses attach to a host’s respiratory or gastrointestinal (GI) epithelial cell’s sialic acid receptor by means of their hemagglutinin protein. Mammalian adapted influenza viruses and AIVs demonstrate different receptor preferences for the confirmation of the terminal galactose on the polysaccharide chain of the sialic acid. AIVs prefer this terminal sugar to be in an α-2,3 orientation, whereas mammalian adapted influenza viruses prefer an α-2,6 orientation. This specificity helps to partially explain host preferences for these viruses. Avian species have a greater density of α-2,3 receptors on their epithelial surfaces, whereas mammals have a greater density of α-2,6. However, mammals do possess α-2,3 receptors of variable concentration, and in humans, these are typically found in the lower respiratory tract. This is one of the possible pathways for avian influenza viruses to infect mammalian hosts. Swine have demonstrated the potential for being readily infected with both avian and mammalian strains, and this has, in part, been attributed to receptor sialobiology.8 Therefore, swine have been postulated to be the “mixing vessels” for avian and mammalian strains and capable of adapting avian strains to mammals. However, other findings suggest that the distribution of receptor type in swine is not dissimilar to humans; hence the mechanism(s) for avian strain adaptation to mammals is more complex than receptor biology alone. Quail have also been postulated to play a similar role in this type of adaptation scheme; however, whether this might occur has not been established.9
 
Once the influenza virus hemagglutinin protein has been bound to the sialic acid receptor with the carbohydrate moiety in the appropriate confirmation for that virus and species, an essential enzymatic cleavage of the hemagglutinin protein must occur in order for the virus to enter the host cell. This cleavage has important implications for AIV virulence, which will be discussed later.
 
AIVs are further classified by their pathogenic potential for poultry, namely, highly pathogenic avian influenza (HPAI) and low pathogenicity avian influenza (LPAI). Therefore, when designating an avian influenza virus, the HA/NA subtype designation is preceded by its pathogenic potential (e.g., HPAI H5N1, LPAI H7N9). HPAI infection typically causes severe illness and death in avian species, but the clinical signs of LPAI range from subclinical to mild, depending on the species infected and the strain of virus. Clinical signs described in susceptible chickens infected with HPAI include ocular and nasal discharges, coughing, snicking and dyspnea, swelling of the sinuses and/or head, apathy, reduced vocalization, marked reduction in feed and water intake, cyanosis of the unfeathered skin, wattles and comb, incoordination, nervous signs, diarrhea, and acute death. In laying birds, additional clinical features include a marked drop in egg production, usually accompanied by an increase in numbers of poor-quality eggs. None of these signs is considered to be pathognomonic for HPAI infection. LPAI viruses that normally cause only mild or no clinical disease in poultry can result in more severe disease if concurrent infections or adverse environmental factors are present. LPAI infections in poultry are often detected serologically with hemagglutination inhibition (HI) assays, agar gel immunodiffusion tests (AGIT), and enzyme-linked immunosorbent assays (ELISA). Virus isolation with LPAI viruses can be challenging, but often partial sequencing for characterization can be accomplished by molecular methods such as reverse transcriptase polymerase chain reaction (RT-PCR). By contrast, birds with HPAI may succumb to disease before seroconversion and molecular testing (e.g., RT-PCR) and sequencing and/or virus isolation is used to characterize the virus.10, 11
 
Domestic poultry and other birds are usually infected by LPAI from spillover from infected wild migratory waterfowl. While such events typically result in a mild or asymptomatic infection, LPAIs of the H5 and H7 subtype are subject to mutation in land-based poultry (e.g., chickens, turkeys) and can evolve into highly pathogenic strains. All currently known HPAI viruses are restricted to subtypes H5 and H7 (although not all H5 and H7 are highly pathogenic; in fact, most are LPAI viruses). HPAI virus infections may cause high flock mortality up to 100%. Some subtypes of HPAI viruses have become adapted to wild migratory waterfowl and may crossover directly into poultry from that compartment.
 
Commercial poultry in the United States is subjected to rigorous surveillance for LPAI and HPAI; infection in commercial poultry is usually detected through this routine serologic or molecular surveillance for subclinical infections or by clinical illness and production losses. Commercial flocks showing clinical signs consistent with avian influenza are subjected to extensive diagnostics and may be depopulated if an H5 or H7 subtype is detected. LPAI infection of land-based poultry is largely confined to the respiratory tract, unless the infection is exacerbated, whereas in waterfowl it is largely subclinical and confined to the gastrointestinal tract.5 This tissue tropism is a result of the necessary enzymes being present in the target cells to cleave the hemagglutinin protein after attachment, typically confined to the avian intestinal or respiratory tract. LPAI viruses have a single cleavage point within their HA protein that helps to convey this cell-type specificity where only the target cells (e.g., GI tract) possess the necessary enzymes to cleave the HA protein and allow ingress. By contrast, HPAI viruses have multiple basic amino acid cleavage points within their HA protein, which permits an array of cell types to actively cleave the HA protein. Therefore, HPAI viruses are systemic in nature and infect multiple organ systems.



 Diagnosis
 
 Identification of the agent

Samples of oropharyngeal and cloacal swabs, feces, or specimens from dead birds can be submitted for virus isolation. RT-PCR, targeting one or more segments of the virus genome (usually the matrix protein, HA, and NA) offers accurate and rapid results.12, 13 The matrix or M protein is a highly conserved protein across all subtypes of influenza, and a PCR-positive result suggests that there is an influenza A virus in the sample. Subtyping the virus may be accomplished by HI and neuraminidase inhibition tests against a battery of polyclonal or monospecific antisera to each of the 16 hemagglutinin (H1–16) and 9 neuraminidase (N1–9) subtypes of influenza A virus. However, sequencing is more frequently used in determining virus subtype. Pathogenicity is determined by inoculation of live susceptible chickens in a virus-secure biocontainment laboratory to determine the intravenous pathogenicity index (IVPI), which defines the threshold for HPAI designation when the mortality rate is 75% or greater, and/or by sequencing the H5 or H7 gene and determining whether the genes possess the multiple basic amino acid cleavage sites common to all HPAI viruses.14–16



 Serology

Serological diagnostics have been validated for poultry species, but may not be fully applicable across the range of avian species that may be examined. Some pen-side antigen capture tests have demonstrated effectiveness for detection of avian influenza virus both in terms of sensitivity and specificity.17 ELISA assays that have been validated for veterinary use are preferred for veterinary diagnostic laboratories. AGITs are used to detect antibodies to the conserved nucleocapsid and matrix antigens of influenza A viruses, and are therefore used as general screening tools for domestic poultry monitoring.18, 19 AGITs may be less reliable for detection of antibodies to influenza A in species of birds other than domestic poultry, so results from nondomestic species should be carefully interpreted.20 HI tests can be used in diagnostic or screening serology; however, these tests also may lack sensitivity because of the subtype specificity of the hemagglutinin used. ELISA is used to detect antibodies to influenza type A–specific antigens in either species-dependent (indirect) or species-independent (competitive) test formats.





 Reportable (notifiable) avian influenza

Infection of poultry by H5 or H7 strains is considered to be a reportable disease to State and Federal animal health authorities. Older regulatory language refers to infection of poultry by H5 or H7 subtypes as “notifiable,” but this language is considered obsolete by the World Organization for Animal Health (OIE), which provides regulatory guidance for the international trade of animal commodities. OIE defines avian influenza for its purposes in the Terrestrial Code Chapter 10.4, which is paraphrased as “infection of poultry caused by any influenza A virus of subtype H5 or H7; HPAI viruses demonstrate an IVPI of 1.2 (75% mortality) or greater or possesses multiple basic amino acid cleavage sites within their HA protein.” LPAI viruses are considered to be all other H5 or H7 viruses in poultry that cannot be classifed as HPAI viruses by the aforementioned criteria. Infection of commercial poultry by non-H5 or non-H7 LPAI subtypes (e.g., H1, H3) is not immediately reportable, but these LPAI viruses may cause mild disease or production loss. Detection of any HPAI strain in commercial poultry is immediately reportable to regulatory authorities and has a swift and direct impact on the interstate and international movement of poultry commodities. All poultry infected with or exposed to HPAI, and some classes of poultry infected with LPAI H5 or LPAI H7, are quarantined and depopulated to control the spread of the disease or prevent evolution into a more dangerous strain.



 Zoonotic potential of avian influenza viruses

While influenza infects a broad range of avian species, outbreaks in domestic poultry remain the primary concern due to the potential for the H5 and H7 subtypes to evolve into highly pathogenic strains. Zoonotic transmission is also a possibility with some subtypes of avian influenza, which—if they could achieve sustained lateral transmission in people—might result in a pandemic.6 Both HPAI H5 and HPAI H7 subtypes have demonstrated the potential for zoonotic transmission. This is exemplified by the emergence of the virulent genotypes of the Asian strains of HPAI H5N1 in 1996, which have caused an epizootic extending from a pan-Asian distribution to parts of Africa and resulted in scores of human cases and fatalities. However, LPAI viruses such as LPAI H7N9 and LPAI H9N2 have also exhibited zoonotic behavior. LPAI H7N9 emerged in China in 2013 and is sustaining ongoing infections, which are characterized by land-based poultry subclinically infected by LPAI H7N9 and are being transmitted to people, resulting in human illness and fatalities.7 How avian influenza viruses adapt to mammals is not well understood, but the potential for emergence of zoonotic or pandemic strains exists within the avian population.21 It has been speculated that virulence changes occur when the viruses attempt to adapt to novel hosts (e.g., land-based poultry, mammals).



 Avian influenza in birds other than waterfowl and poultry

For purposes of this discussion, the nondomestic avian species that will be addressed are psittacines, passerines, Columbiformes, Accipitriformes, and ratites. Avian influenza has been reported in a number of different bird species.22 However, these were likely coincidental infections resulting from spillover from either infected waterfowl (the natural hosts) or infected domestic poultry.23 Epidemiological data suggest that LPAI and some HPAI viruses may spread from wild waterfowl along their migratory route to domestic birds such as chickens, turkeys, or even ostriches. However, HPAI had rarely been detected in any wild bird species until the appearance of the current pathogenic clades of Eurasian HPAI H5N1 that emerged in 1996 and then re-emerged with the more modern pathogenic clades in 2003.24 Since 2003, HPAI H5N1 has been detected in a number of avian species other than wild waterfowl and domestic poultry, which is likely due to the magnitude of the epizootic across Asia and extending into Africa.
 
Occasionally, raptor and passerine species are incidentally infected by spillover from the infected domestic poultry compartment or infected wild waterfowl. This transmission can occur indirectly through the contaminated environment (passerines) or directly through consumption of infected poultry or waterfowl (raptors). Columbiforms appear to be highly resistant to avian influenza virus infection and are not considered to be a high-risk species.
 
 Pet bird species

Because psittacines figure prominently in pet bird culture, they will be the focus of this discussion, but the findings are largely applicable to other conventional pet bird species. Parrots have been reported to have been infected with HPAI H5N1, HPAI H5N2, and LPAI H9N2, as well as other LPAI subtypes.25–28 However, these infections have likely occurred because of housing the birds in close proximity to infected poultry, waterfowl, or other avian species that are shedding virus. Situations that are associated with pet bird species being infected with avian influenza include trapping of wild caught birds that may be exposed to infected poultry or other infected species in places like the live-bird markets that are common in the developing world.
 
Psittacines would not normally encounter high-risk influenza species in the wild, and experimental studies have shown that avian influenza virus infection and transmission is not efficient in parrots. However, avian influenza infection can cause serious disease or death in pet bird species and can mimic the clinical signs of other viral diseases (e.g., Newcastle, avian polyomavirus).25 Neotropical parrots were infected when being co-housed in a quarantine station with infected bulbuls and vireos from Asia (which may have originated from live-bird market environments), resulting in the depopulation of the station. The infection of these passerines likely occurred in the exporting country through exposure to infected poultry or waterfowl prior to export and the virus was then transmitted to the psittacines.
 
Psittacines can be treated palliatively for avian influenza (including HPAI infections), and there is a case where an infected pet parrot was isolated and supported until it cleared the infection.25 While some subtypes of avian influenza have been shown to be zoonotic, parrots have been experimentally infected with avian influenza, including HPAI H5N1 and the zoonotic LPAI N7N9; but it is questionable how efficient these birds could be as vectors of avian influenza to other birds or animals.22





 Current HPAI dynamics in the world

Eurasian HPAI H5N1 continues to cause disease in both domestic poultry and wild birds across Asia and parts of Africa. It also continues to cause infections in humans, but to date has not increased in virulence or transmission potential in regard to its zoonotic capacity. However in Asia, HPAI H5N1 over the past decade or so has generated a number of reassortants including H5N2, H5N3, H5N5, H5N6, and H5N8. Of these reassortants, Eurasian HPAI H5N6 and H5N8 have proven to be particularly robust. This clade of Eurasian H5 viruses appears to be uniquely adapted to select species of dabbling ducks (genus Anas spp.) where the birds manifest infection asymptomatically and serve as reservoirs of the viruses without consequence. Eurasian HPAI H5N8 (EA H5N8) has spread to much of Asia and even made incursions into Europe in late 2014. EA H5N8 reached North America sometime in late 2014 and was detected in the United States in December 2014. Presumably, EA H5N8 arrived in wild migratory waterfowl from Asia during the migration season in 2014 via the Pacific flyway along the Aleutian chain. Shortly after EA H5N8’s arrival, it reassorted with an endemic LPAI N2 virus to create Eurasian/North American HPAI H5N2 (EA/NA H5N2). Both EA H5N8 and EA/NA H5N2 have been detected in wild birds and domestic poultry in the Pacific, Central, and Mississippi flyways of the United States. Only the Atlantic or Eastern flyway has no reported detections to date (May 2015). EA H5N8 has also generated another reassortant, EA/NA HPAI H5N1, but this virus has only been found in a single wild bird and has not been detected since. These viruses appear to be moving in subclinically infected dabbling duck (mallards and their relatives) species and precipitating outbreaks in both commercial and backyard poultry, which intensified during the spring migration period of 2015. Disease in the wild bird population is rare (the viruses have only been detected in a few species other than dabbling ducks) but the dynamics of these viruses are still being studied in the many different avian species that are being exposed. However, both captive and wild raptors feeding on infected waterfowl have died from the disease in the United States, thus generating extreme concern within the falconry community. These Eurasian H5 viruses will likely persist in the wild migratory waterfowl compartment and may spread throughout all U.S. flyways at an increased prevalence in the fall of 2015, exposing both domestic poultry and other avian species to infection. What the ultimate fate of these Eurasian H5 viruses will be in North America is uncertain. They could potentially attenuate over time or be subsumed into the larger endemic LPAI community. Nevertheless, all holders of birds should be implementing good biosecurity practices and should notify their state animal health officials if diseased or dead birds are observed.



 Vaccination

Vaccination for avian influenza is strictly controlled in the United States by state and federal authorities because of the impact that seropositive birds may have on interstate and international commerce. Vaccination for LPAI (e.g., H1, H3) does occur in the United States for some species such as turkeys. However, vaccination for any H5 or H7 subtype is highly restricted to a case-by-case basis.
 
Nondomestic birds, including parrots, were vaccinated in zoos in Europe during the HPAI H5N1 crisis in the mid-2000s.29 However, the likelihood of any nondomestic pet bird housed outdoors in a secure enclosure (excluding waterfowl and galliforms) being infected by a wild migratory waterfowl is low. Therefore, vaccination may provide no more additional protection of outdoor caged birds than does adequate biosecurity. Moreover, the performance of many vaccines and the vaccination schedule in nonpoultry species is not well defined. Therefore, vaccination of nondomestic avian species is done only under extreme situations.
 
There are many platforms of avian influenza vaccine available, ranging from inactivated (killed) to modified-live vectored vaccines. However, only inactivated or nonreplicating vectored vaccines would likely be recommended for nondomestic species should they become eligible for vaccination.



 Summary

Avian influenza is a complex virus that will continue to be a challenge to poultry production and other avicultural operations for the foreseeable future. The high mutability of the virus complicates vaccination efforts, but biosecurity practices coupled with surveillance and depopulation of infected birds helps control any outbreaks. While avian influenza has been detected in pet bird species, it is usually the result from spillover from the infected waterfowl or poultry compartments and does not naturally circulate in pet bird species in the wild. The risk that avian influenza poses to pet birds is largely a function of the potential exposure to infected high-risk species and disruptions in commerce caused by the presence of the disease.
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Aspergillosis 

An Martel

Aspergillosis is one of the most frequently occurring mycotic diseases in birds and is caused by infection by the genus Aspergillus. Although other Aspergillus species such as A. flavus, A. niger, A. glaucus, A. nidulans, A. terreus, A. clavatus, A. oryzae, A. ustus, and A. versicolor have been isolated from patients with aspergillosis, A. fumigatus is the predominant species of this airborne infection.1 The pathogenesis of this respiratory disease is still poorly understood. Acute or chronic disease can occur, varying in spectrum from local involvement to systemic dissemination. Although epizootics as flock diseases with severe mortality from brooder-borne or litter-sourced infection can occur, in most cases, only an individual is infected.


 
 Etiology

A. fumigatus is a ubiquitous saprophytic ascomycetous fungus, which is identified on the basis of its macromorphology and micromorphology. The macromorphology comprises the features that can be observed with the naked eye or the stereomicroscope. Colonies are dark blue-green in color (Figure 2-14) and consist of a dense felt of conidiophores, intermingled with aerial hyphae.2 Hyphae are the main mode of vegetative growth and are collectively called a mycelium.3 To examine the micromorphology, a smear is stained with lactophenol blue or new methylene blue staining (Figure 2-15). The conidial heads (conidiophores or fruiting bodies) are columnar, resembling a “holy water sprinkler.”4 Conidiophores are specialized hyphae with a swollen end, known as vesicle (15–30 μm in diameter), from which the green phialides (5 to 9 μm length) directly arise. A chain of green smooth-walled conidia (2 to 3 μm in diameter) emerges from each phialide.3
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FIGURE 2-14​Aspergillus fumigatus culture grown on Sabouraud dextrose agar plate. 
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FIGURE 2-15​Lactophenol blue stain of a smear. 





 
A. fumigatus is a rapidly growing fungus and is thermophilic, with growth occurring at temperatures as high as 55° C, and survival at temperatures up to 70° C.3, 5 It grows rapidly on Sabouraud dextrose agar (see Figure 2-14), Czapek yeast agar or potato dextrose agar at 25° C to 37° C. Colonies develop a diameter of approximately 3 to 4 cm in 7 days. A young A. fumigatus colony is white but turns green to dark blue-green after a few days of growth due to sporulation. As the colony matures, conidial masses become gray-green, but the colony edge remains white (see Figure 2-14).



 Disease predisposition

The major risk factors for an Aspergillus infection are exposure to an overwhelming number of conidia and/or immunosuppression of the host. An overwhelming amount of spores can rapidly develop in a warm humid environment with poor ventilation and poor sanitation.4, 6, 7 Besides, improperly stored feeds can be a source of fungal pathogens (A. fumigatus, A. flavus, A. glaucus, and A. niger).8, 9 In those feeds, not only the fungi but also immunosuppressive mycotoxins such as zearalenone, trichothecenes, aflatoxins, and/or fumonisins can be present.10, 11 Intensive production strategies, severe genetic manipulation, and inadequate management and husbandry practices of domestic birds may also weaken the immunologic defense.12, 13 Other immunosuppressive factors that can predispose birds to aspergillosis include administration of tetracyclines, vaccination (e.g., against infectious bursal disease, infectious bronchitis, or Newcastle disease), overcrowding, shipping, quarantine or capture of wild birds, starvation, thermal discomfort, migration, inbreeding, Psittacine circovirus infection, lymphoproliferative disorders, toxicosis (e.g., heavy metals, being oil soaked), traumatic injuries, and reproductive activity.1
 
All bird species are considered particularly susceptible to aspergillosis, probably because of the anatomic and physiologic characteristics of the avian respiratory system compared with those of mammals and humans. These characteristics include the high average body temperature (38° to 45° C), which is favorable for the growth of thermophilic fungus; the absence of an epiglottis, which otherwise prevents particles from reaching the lower respiratory tract; the lack of a diaphragm, which disables a strong cough reflex; the limited distribution of ciliated epithelium through the respiratory tract; a greater respiratory surface area and a thinner air-blood capillary barrier; and the presence of an air sac system, which widely extends throughout most of the body.7, 12 The warm and oxygenated air sacs provide a favorable condition for the vegetative growth and even sporulation of Aspergillus.7 In addition, the unidirectional air flow in the lungs and the bidirectional air flow in the air sacs hinder the elimination of inhaled particles.14 The paucity of free respiratory macrophages in the avian respiratory system is also assumed to obstruct the respiratory immunity against respiratory pathogens, but this might be compensated by the phagocytic epithelial cells in the atria and infundibula, the pulmonary intravascular macrophages, and subepithelial macrophages, which can be efficiently translocated to the epithelial surface.12, 13, 15-19

A. fumigatus infections have been observed in a wide number of taxonomic orders, including Accipitriformes, Anseriformes, Charadriiformes, Ciconiiformes, Columbiformes, Falconiformes, Galliformes, Gruiformes, Gaviiformes, Passeriformes, Psittaciformes, Rheiformes, Sphenisciformes, Strigiformes, Struthioniformes, and Tinamiformes.1 Although every bird species is intrinsically susceptible to the disease, some authors report some species to be more susceptible than others. Based on empirical data, several authors claim that birds of prey, especially gyrfalcon (Falco rusticollis) and hybrids, rough-legged hawk (Buteo lagopus), and red-tailed hawk (Buteo jamaicensis) are highly susceptible to aspergillosis.7, 21, 22 In psittacines, the Grey parrot (Psittacus erithacus), the blue-fronted amazon (Amazona aestiva), and pionus parrots (Pionus spp.) seem highly susceptible.4 Another group of birds considered extremely susceptible to infection are seabirds. Although there are a few sporadic cases reported for these birds in the wild, the incidence increases substantially in birds coming into captivity to be rehabilitated.23, 24 There have been a number of documented cases of aspergillosis in penguins, either during rehabilitation or in zoologic settings.25–27 Most of these data are coming from observations of the prevalence of aspergillosis in avian clinics and zoos. Limited experimental studies concerning the true susceptibility of these presumptively highly susceptible species have been conducted. Because of the lack of scientific research in this area, it is not clear if these highly susceptible birds are intrinsically more susceptible to aspergillosis or if other factors such as stress renders them more vulnerable to develop the disease. Van Waeyenberghe28 demonstrated that there was no difference in species susceptibility between 8-month-old Gyr-Saker hybrid falcons and pigeons to a single-dose exposure of 107 A. fumigatus conidia, supporting the latter hypothesis.



 Pathogenesis of aspergillosis

Because of continuous inhalation of the ubiquitously present and small-sized A. fumigatus conidia, the respiratory system is primarily affected, although other body sites such as the eye or skin can be infected as well.4, 7, 29-33 Some inhaled A. fumigatus conidia are not trapped in the nasal cavity and trachea and are therefore able to colonize the lungs and air sacs.34 The tracheal bifurcation can also be infected due to conidia deposition in the narrow lumen. The consequences of colonization of A. fumigatus conidia ultimately depend on the interaction between the host immune system and the fungus.35
 
The A. fumigatus conidia that colonize the lung get embedded in the atria and in parts of the infundibula in the parabronchus and are first attacked by the phagocytic epithelial cells, subepithelial macrophages, and intravascular macrophages.12, 13, 18, 34 If the conidia overwhelm the immune defense, they break dormancy and start germinating by mitotic divisions.4, 36 Germination switches the fungal morphotype from unicellular conidia to multicellular hyphae, which extend and enable tissue invasion.35 As the hyphae invade, tissues necrotize, and plaques are formed in the lung and respiratory tract and obstruct the trachea or bronchi or fill an air sac.4 Occasionally, sporulation occurs in the aerated spaces of lungs and air sacs (Figure 2-16).37, 38
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FIGURE 2-16​Aspergillus fumigatus granuloma in the air sacs of a Grey parrot. 






Because hyphae are tissue invasive, extension of the infection can occur through the air sac wall to adjacent tissues and organ systems. In addition, hematogenous spread can occur.39 In this circumstance, hyphae as well as host cells play a role in the hematogenous spread of infection. Conidia can become attached to erythrocytes or be ingested by respiratory macrophages and then carried by the bloodstream and the lymph stream to other organs.40, 41

Tissue reactions to A. fumigatus infections in birds can be granulomatous and/or infiltrative, depending on the immune status of the bird. The granulomatous form is characterized by a necrotic center containing hyphae and/or heterophils surrounded by abundant inflammatory cells, including giant cells, macrophages, and lymphocytes, and encapsulated by an outer layer of fibrous connective tissue. Neither exudative inflammation nor vascular lesions are seen in the neighboring tissues.1 The infiltrative types of tissue reaction include exudative cellular inflammation with giant cells, macrophages, heterophils, and lymphocytes. In this type, the fungus frequently invades blood vessels and forms aggregates of radiating hyphae containing a large number of conidiophores and conidia without forming structured granuloma due to T-cell suppression.1
 
 Host immune response to aspergillosis

Both cellular and humoral immunity are involved in the bird’s immune response to infection. Macrophages and heterophils play the primary role in phagocytizing the invading A. fumigatus conidia and hyphae, followed by antibody reactions for adaptive immunity.42, 43

The respiratory macrophages form the early immune defense against A. fumigatus infection in birds.42 Birds lack free respiratory macrophages in the respiratory system.13, 15, 16 Instead, respiratory macrophages are present in the epithelia and the subepithelial interatrial septa of the atria and infundibula and can be reinforced by the pulmonary intravascular macrophages.12, 15, 18, 44 These macrophages can transmigrate from the epithelia and the interatrial areas or the vascular system into the air surface and play an important role in the removal of particles or pathogens from the air.12, 13, 18-20 In vitro studies with Aspergillus conidia and avian macrophages demonstrate that they may prevent early establishment of infection unless the number of A. fumigatus conidia exceeds the macrophage killing capacity, leading to intracellular germination and lysis of the phagocytic cells, which may contribute to colonization of the respiratory tract.45
 
Immunosuppressive agents such as mycotoxins, frequently present in parrot feeds,11 can alter the macrophage functions. It has been demonstrated that the mycotoxin T-2, on the one hand, impairs the antifungal activities of chicken macrophages against A. fumigatus conidial infection; on the other hand, it stimulates a proinflammatory response in infected macrophages, which might compensate for the observed macrophage functional impairment.46 However, fungal growth in the presence of T-2 induces a stress response in A. fumigatus. The net outcome of decreased macrophage defense, increased proinflammatory response, and induction of fungal stress in birds exposed to T-2 is an overall exacerbation of aspergillosis.47
 
The avian immune response is regulated by cytokines, which can be produced by virtually every cell type, and chemokines are a group of cytokines that regulate leukocyte traffic. Recruitment of leukocytes (e.g., macrophages, heterophils, and dendritic cells) to the infection cite is primarily mediated by the interaction between the circulating leukocytes and the chemokines released from the infection cite.48 Instead of the oxidative mechanisms used in neutrophils, heterophils use cationic proteins, hydrolases, and lysozymes to kill fungal hyphae, but more research is needed to elucidate the fungal killing mechanisms in avian heterophils.7
 
Also, the avian adaptive immune response against aspergillosis is poorly known.49 A study of the humoral response of pigeons to A. fumigatus antigens showed an early rise of immunoglobulin M (IgM) and a later rise of IgG following injection of A. fumigatus culture filtrate.21, 50-53




Aspergillus fumigatus virulence factors

Most airborne fungi rarely cause disease. This suggests that A. fumigatus produces specific virulence factors that are important for the fungus to colonize avian tissues. In humans, several factors, including phospholipase, protease, elastase, and gliotoxin, play a role in the pathogenesis of aspergillosis.54–56 The relevance of these factors in avian aspergillosis is not well known because research concerning this subject in birds is minimal. One study conducted in turkeys revealed marked variability in pathogenicity between several A. fumigatus isolates.57 Other studies in turkeys have considered that gliotoxin may be involved in the pathogenesis of aspergillosis.58, 59





 Clinical signs and lesions

Clinical manifestations of aspergillosis depend on the infection dose, the pathogen distribution, pre-existing disease, and the immune response of the bird. The disease may be either localized or diffuse but often causes a progressive illness leading to mortality if untreated. Although aspergillosis is predominantly a disease of the respiratory tract, any organ can be infected.60 Avian aspergillosis is distinguished into two forms: acute and chronic.1
 
The acute form is thought to be caused by exposure to an overwhelming number of Aspergillus conidia.61 Onset of clinical disease is rapid. The acute signs include dyspnea, anorexia, tail bobbing, open mouth breathing, and gasping. Potential general signs are acute depression, inappetence, vomiting, crop stasis, ascites, polydipsia, polyuria, and cyanosis. Death usually occurs within 7 days.4, 61, 62 At necropsy, a white mucoid exudate and marked congestion of the lungs and air sacs can be noted. Although multiple foci of pneumonic nodules may be present, because of the rapid progress of the disease, large pulmonary granulomas are frequently absent. The chronic form is generally associated with immune suppression as a localized or disseminated disease.62 The chronic signs include decreased appetite, lethargy, weight loss, change or loss of voice, cough, open beak breathing, cyanosis, polyuria, depression, and vomiting.61, 62 With the exception of mycotic tracheitis, little, if any, respiratory sign is seen at the beginning of the disease.61, 63 In case of tracheitis, a milky white tracheal discharge, loss of voice, and the occasional cough can be observed.61, 63 Airsacculitis with extension to the lungs, is the most frequently encountered form of the disease.6 Aspergillomas may be found throughout the entire respiratory tract (see Figure 2-16; Figure 2-17).
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FIGURE 2-17​Air sac aspergilloma. Source: (Courtesy Dr. Brian Speer.) 





 
Localized aspergillosis involving the upper respiratory tract often presents as chronic rhinitis and sinusitis (Figure 2-18), possibly accompanied by malformation of the nostrils, beak, and cere and a purulent nasal discharge.33 Wheezing respiratory sounds may be caused by the formation of rhinoliths or oronasal granulomas obstructing the upper airways.
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FIGURE 2-18​Chronic sinusitis in a citron crested cockatoo. Source: (Courtesy Dr. Scott Ford.) 





 
Mycotic keratitis can cause blepharospasm, photophobia, periorbital swelling, turbid discharge, swollen and adhered eyelids, cloudy cornea, and cheesy yellow exudates within the conjunctival sac.30, 31 Fungal infections of the eye are rare in birds, and most reported cases result from the extension of pre-existing upper respiratory infections, although ocular trauma and corticosteroid therapy are other predisposing factors.30, 31, 64
 
Encephalitic and meningoencephalitic lesions may occur with disseminated aspergillosis. Depression, unilateral wing drooping, paralysis, ataxia, weakness or general disinclination to move, unsteady gait, falling on the side or back, torticollis, and tremors are potential neurologic signs caused by Aspergillus infection.65–67
 
Epidermal cysts associated with A. fumigatus have been described in the comb of a silky bantam chicken.32 Although necrotic granulomatous dermatitis from which A. fumigatus was isolated has been described in chickens, cutaneous lesions caused by Aspergillus occur rarely in avian species.68



 Diagnosis

Because the clinical signs of aspergillosis are nonspecific, the diagnosis of the disease is difficult.39 Moreover, there is no single test that provides certainty. Most of the time, the diagnosis relies on an accumulation of evidence from history, clinical presentation, hematology and biochemistry, serologic tests, radiographic changes, endoscopy, and culture of the fungus.53 Anamnesis can reveal a stressful event, some underlying environmental factors, and/or an immunosuppressive condition or treatment.63 It may also reveal chronic debilitation, weight loss, voice change, and exercise intolerance.4 Since clinical signs are nonspecific and depend on which aspergillosis form a bird develops and which organs are involved, aspergillosis should be included in the differential diagnosis of most respiratory tract diseases as well as systemic diseases.39, 53
 
Unfortunately, aspergillosis is frequently diagnosed at postmortem examination, often based on identifying characteristic caseous nodules in the lungs or plaques in the air sacs, followed by cytologic and histologic examinations of the lesions and culturing of the fungus.
 
 Hematology and serum chemistry

Hematology and serum chemistry in birds is considered rather indicative than diagnostic of any particular disease.53 Leukocytosis of 20,000 to more than 100,000 white blood cells per microliter, heterophilia with a left shift (degenerative shift), monocytosis and lymphopenia, nonregenerative anemia, and increased serum total proteins are described in birds with aspergillosis.b An increase in β-globulins and an increase of β-globulins and/or γ-globulins can be noticed in acute and chronic infections, respectively. Multiple studies in birds stated a decreased concentration of albumin and a decreased A/G ratio as the most marked electrophoretic changes with aspergillosis.70–72 In falcons with aspergillosis, lower prealbumin values were noted compared with healthy falcons.73, 74 However, immune-suppressed birds may have hypoproteinemia, and white cells may be in the normal range.71, 72, 75
 
Serum biochemical changes in specific organ parameters will vary, depending on the organ system affected, and are not specific to aspergillosis.



 Antibody and antigen detection

Although humoral immunity is generally considered to have less importance than cellular immunity in fungal infections, it is possible to use the antibody response as a diagnostic aid.57 However, in the acute stage, the antibody production trails behind antigen exposure by 10 to 14 days, and in case the bird is immunosuppressed, the low antibody production results in false-negative results.21, 51 In these cases, detection of circulating Aspergillus antigen in serum may be more helpful.71 Also, high antibody titers against Aspergillus antigen have been demonstrated in healthy as well as in A. fumigatus-infected raptors.74, 76 Overall, negative serologic test results do not rule out aspergillosis, and positive test results are only considered diagnostic by accumulation of evidence from other diagnostic aids.
 
Counter-immunoelectrophoresis is a technique that detects precipitating antibodies against Aspergillus spp. with the use of metabolic or somatic A. fumigatus antigens. The number and intensity of the precipitation vary in function of the precipitant antibody concentration.77 Precipitating antibodies against Aspergillus spp. can also be measured by agar gel immunodiffusion.57 Both tests, however, result in a poor sensitivity, possibly because of the requirement of a higher antibody concentration than commonly found in patients.76
 
An indirect enzyme-linked immunosorbent assay (ELISA) has been developed to detect antibodies against Aspergillus spp. (The Raptor Center at the University of Minnesota, Minneapolis, MN). Although false-negative results can occur, this assay appears to be a useful clinical tool, especially in the detection of subclinical cases of aspergillosis.69, 78 In a report of 23 falconiform birds with confirmed aspergillosis, 43% of the birds had moderate to marked antibody titers, whereas 22% had negative titers. In contrast, in the same study, the owls with confirmed aspergillosis had negative antibody titers.78 In a study of captive penguins with confirmed aspergillosis, many birds had increased titers, and only 20% had negative antibody titers.69 The indirect ELISA is limited by the inability of the conjugated antibodies to cross-react with all avian orders.21, 51
 
A commercial direct ELISA Platelia Aspergillus kit (Bio-Rad, France), which was developed for humans, detects the fungal antigen galactomannan, a major cell wall constituent of Aspergillus species, in serum using rat monoclonal antibodies. Galactomannan levels have been 2.6-fold elevated in psittacines with aspergillosis.79 False-positive results do occur77, 80 and may be explained by the cross-reaction with antigens of other organisms, feeding soybeans, and the use of beta-lactam antibiotics.81–83 In addition, the sensitivity of this serologic test appears to be low to moderate.71, 77, 84 Possible reasons for false-negative results are not well known. Cray71 hypothesized that necrotic areas that are not nutrient or oxygen rich may decrease the amount of released galactomannan. Also, since galactomannan antigens are large, a degree of angioinvasion may be necessary for the antigen to reach the circulation. Finally, the report suggested that antibodies may bind to galactomannan reducing the test sensitivity.
 
Concentrations of (1→3)-ß-D-glucan in plasma samples have been shown to be significantly higher in aspergillosis-positive birds than in aspergillosis-negative birds, with the highest averaged values in infected sea birds, followed by companion birds, and raptors.85
 
In birds with aspergillosis confirmed by necropsy, the Aspergillus toxin fumigaclavine A (FuA) has been detected in air sac samples with the use of an enzyme immunoassay (EIA).86, 87 Little is known whether this EIA can be used in serum or plasma samples of birds. One study on experimentally infected falcons was not able to demonstrate FuA in blood samples.74



 Radiology

Lateral radiography and ventrodorsal radiography are part of the routine clinical examination of a sick bird. Radiographic changes noticed in aspergillosis patients can be bronchopneumonia with a prominent parabronchial pattern; thickening of the air sac walls, reducing the detail in the coelomic cavity; distinct nodular lesions; and/or air sac hyperinflation as a result of airway obstruction or loss of air sac compliance.62 Although intraluminal granulomas of the syrinx, trachea, and main stem bronchi are fairly common, they can be seldom visualized radiographically.6 Organ enlargement can be noticed in systemic disease. A disadvantage is that radiographic features indicating an Aspergillus spp. infection are only obvious in the late phase of the disease. In addition, the changes of pneumonia and consolidating airsacculitis are nonspecific, leading to a broad differential diagnosis that includes bacterial pneumonia, hypovitaminosis A, pulmonary hemorrhage or infarction, and neoplasia.62
 
Other imaging techniques such as computed tomography (CT) or magnetic resonance imaging (MRI) avoid the superposition of overlying structures and can be useful for demonstrating small lesions that are not visible on radiographs. However, the definitive diagnosis of aspergillosis still requires identification by biopsy, histopathology and/or cytology, or culture.6



 Polymerase chain reaction

Polymerase chain reaction (PCR) assays have been developed for the diagnosis of human aspergillosis. Few reports of different PCR assays (including real-time PCR) tested on heparinized whole blood, tracheal washings, air sac fluids, respiratory tract granulomas, and (biopsy) tissue samples from birds support the value of this assay for the diagnosis of avian aspergillosis.39, 71








OEBPS/images/f02-12-9781455746712.jpg





OEBPS/images/f02-04-9781455746712.jpg
1— Complete flock-All birds tested by PCR and Serology —l

= b=

Birds -
> T >
2
¢ Repeated until all
Birds birds in one test.
o (PCR and Sero)
are nogaive
= =
birds are. lecin
anymore,
orallbirds
Positve uit Qurantne unit, dided into quesiionable

(yellow) and poentially negative birds (green)

N = Re-Test 4:6 weeks later, Negative urit
PCR and Serology





OEBPS/images/f02-11ac-9781455746712.jpg





OEBPS/images/f02-17-9781455746712.jpg





OEBPS/images/fm02-9781455746712.jpg
qh Working together
— to grow libraries in

i | Book Aid developing countries

www.elsevier.com « www.bookaid.org





OEBPS/images/chp0002t0030.png
[Genotype Serotype Pacheco Disease.

I
|
i

‘Amazors, Grey parros

oerspecies
ess commmorly.
Predormintely Amazors,

Very common.

Mostspecies.

No






OEBPS/images/f01-08-9781455746712.jpg





OEBPS/images/f02-08-9781455746712.jpg





OEBPS/images/f01-03-9781455746712.jpg





OEBPS/styles/fonts/CharisSILBI.ttf


OEBPS/images/f02-16-9781455746712.jpg





OEBPS/images/9780323243674_FC.jpg
CURRENT THERAPY IN

MEDICINE
«SURGERY

B

BRIAN L. SPEER






OEBPS/nav.xhtml


Table of Contents



		Cover image

 

			Title page


		Table of Contents


			Copyright




			Contributors




			Dedication




			Foreword




			Preface




			Acknowledgments




 


		1. Advances in Avian Medicine 

			1.  Avian medicine: An overview

	
	
			A historical view of avian medicine


			References


			Specialization in avian medicine and surgery


			Critical thinking and practical application of evidence-based medicine in avian practice


			 References







			2.  Infectious disease

	
			The pathogenesis of infectious diseases


			 References


			Avian bornavirus and proventricular dilation disease 


			 References


			Psittacid herpesviruses and associated diseases


			 References


			Psittacine beak and feather disease


			 References


			An overview of avian influenza in domestic and nondomestic avian species 


			 References


			Aspergillosis 


			 References


			Coccidial diseases of birds


			 References


			Macrorhabdosis


			 References


			Chlamydiosis (psittacosis) 


			 References


			Mycobacteriosis 


			 References


			Usutu virus


			 References


	
	
	
	
	
	
	





			3.  Neoplastic diseases in avian species
		 References







			4.  Advancements in nutrition and nutritional therapy

	
	
	
			Foundations in avian nutrition


			 References


			Advancements in nutrition of loridae 


			 References


			Navigating the nutraceutical industry: A guide to help veterinarians make informed clinical decisions


			 References


	
	





			5.  Behavior
		 References







			6.  Cardiology
		 References







			7.  Clinical significance of the avian cloaca: Interrelationships with the kidneys and the hindgut
		 References







			8.  Pleura, pericardium, and peritoneum: The coelomic cavities of birds and their relationship to the lung–air sac system
		 References







			9.  Clinical avian neurology and neuroanatomy
		 References







			10.  Clinical endocrinology of the protein hormones
		Anatomy and physiology of the endocrine system—protein hormones


		Diseases of the endocrine system—protein hormones


		 References







			11.  Immunology
		 References







			12.  Reproduction

	
	
			Advancements in methods for improving reproductive success


			 References


			Advancements in methods for decreasing reproductive success


			 References


			Endosurgical methods for reducing reproductive success


			 References


			Advancements in methods for decreasing reproductive success


			 References


	
	
	
	
	
	
	





			13.  Advances in clinical pathology and diagnostic medicine

	
	
	
			Foundations in clinical pathology


			 References


	
			Variability and limitations in clinical avian hematology


			 References


			Clinical biochemistry


			 References


	
			Cytology 


			 References


	
			Molecular diagnostic testing 


			 References


	
			Diagnostic testing of age of birds and its applications 


			 References


	
	
	
	





			14.  Advances in diagnostic imaging
		 References







			15.  Management and medicine of backyard poultry
		 References







			16.  Medicine of strigiformes
		 References







			17.  Critical care
		 References







			18.  Advancements in diagnosis and management of toxicologic problems
		 References







 








		2. Advances in Anesthesia, Analgesia, and Surgery 

			19.  Anesthesia
		 References







			20.  Recognition, assessment, and management of pain in birds
		 References







			21.  Surgery

	
			 Principles of microsurgery 


			 References


			 Approaches to the coelom and selected procedures 


			 Selected coelomic surgical procedures 


			 References


			Orthopedics 


			 References


	
	
	
	
	





 








		3. Advances in Welfare, Conservation, and Practice Management 

			22.  Advancements in management of the welfare of avian species

	
	
			Foundations in avian welfare 


			 References


			Animal welfare legislation and its influence on avian welfare


			 References


			As free as a bird on the wing: Some welfare and ethical considerations on flight restraint methods in birds 


			 References


			The human–avian bond


			 References


			Euthanasia 


			 References


	
	
	
	
	





			23.  Conservation of avian species
	
				 Conservation medicine


				 References


				The conservation project of the rarest parrot: The Spix’s macaw (Cyanopsitta spixii)


				 References


				Veterinary involvement in the takahe recovery program 


				 References


		
				Veterinary contributions to the recovery of the California Condor 


				 References


		
				The whooping crane recovery project

 
				 References







			24.  Practice management and risk management
	
		
				Practice management


				 References


				Managing risk in avian practice


				 References


		
				Forensic necropsy


				 References







 








		4. Pattern Recognition 

			25.  Common conditions of commonly held companion birds in multiple parts of the world
		 References







		Table of common drugs and approximate doses

 

 



 

 		Normal clinical pathologic data

		Normal biological data

		Index








List of tables


 


		Tables in Chapter 2
 


		TABLE 2-1


		TABLE 2-2


		TABLE 2-3


		TABLE 2-4


		TABLE 2-5


		TABLE 2-6


		TABLE 2-7


		TABLE 2-8


		TABLE 2-9


		TABLE 2-10










		Tables in Chapter 3
 


		TABLE 3-1


		TABLE 3-2


		TABLE 3-3


		TABLE 3-4












		Tables in Chapter 4
 


		TABLE 4-1


		TABLE 4-2


		TABLE 4-3


		TABLE 4-4


		TABLE 4-5


		TABLE 4-6









		Tables in Chapter 5
 


		TABLE 5-1


		TABLE 5-2


		TABLE 5-3


		TABLE 5-4


		TABLE 5-5


		TABLE 5-6


		TABLE 5-7









		Tables in Chapter 6
 


		TABLE 6-1A


		TABLE 6-1B


		TABLE 6-2


		TABLE 6-3


		TABLE 6-4


		TABLE 6-5


		TABLE 6-6


		TABLE 6-7


		TABLE 6-8


		TABLE 6-9


		TABLE 6-10


		TABLE 6-11


		TABLE 6-12


		TABLE 6-13


		TABLE 6-14


		TABLE 6-15


		TABLE 6-16


		TABLE 6-17











		Tables in Chapter 7
 


		TABLE 7-1











		Tables in Chapter 10
 


		TABLE 10-1


		TABLE 10-2


		TABLE 10-3


		TABLE 10-4








		Tables in Chapter 12
 


		TABLE 12-1


		TABLE 12-2


		TABLE 12-3











		Tables in Chapter 13
 


		TABLE 13-1


		TABLE 13-2


		TABLE 13-3


		TABLE 13-4


		TABLE 13-5


		TABLE 13-6


		TABLE 13-7


		TABLE 13-8









 




		Tables in Chapter 14
 


		TABLE 14-1


		TABLE 14-2


		TABLE 14-3


		TABLE 14-4











		Tables in Chapter 15
 


		TABLE 15-1


		TABLE 15-2











		Tables in Chapter 17
 


		TABLE 17-1


		TABLE 17-2


		TABLE 17-3











		Tables in Chapter 18
 


		TABLE 18-1


		TABLE 18-2


		TABLE 18-3


		TABLE 18-4


		TABLE 18-5


		TABLE 18-6









		Tables in Chapter 19
 


		TABLE 19-1











		Tables in Chapter 20
 


		TABLE 20-1


		TABLE 20-2


		TABLE 20-3










		Tables in Chapter 21
 


		TABLE 21-1











		Tables in Chapter 22
 


		TABLE 22-1


		TABLE 22-2


		TABLE 22-3


		TABLE 22-4


		TABLE 22-5











		Tables in Chapter 23
 


		TABLE 23-1


		TABLE 23-2










		Tables in Chapter 24
 


		TABLE 24-1


		TABLE 24-2















 


List of figures


 


		Figure in Chapter 1

 


		FIGURE 1-1


		FIGURE 1-2


		FIGURE 1-3


		FIGURE 1-4


		FIGURE 1-5


		FIGURE 1-6


		FIGURE 1-7


		FIGURE 1-8


		FIGURE 1-9


		FIGURE 1-10










		Figure in Chapter 2

 


		FIGURE 2-1


		FIGURE 2-2


		FIGURE 2-3


		FIGURE 2-4


		FIGURE 2-5


		FIGURE 2-6


		FIGURE 2-7


		FIGURE 2-8


		FIGURE 2-9


		FIGURE 2-10


		FIGURE 2-11


		FIGURE 2-12


		FIGURE 2-13


		FIGURE 2-14


		FIGURE 2-15


		FIGURE 2-16


		FIGURE 2-17


		FIGURE 2-18


		FIGURE 2-19


		FIGURE 2-20


		FIGURE 2-21


		FIGURE 2-22


		FIGURE 2-23


		FIGURE 2-24


		FIGURE 2-25


		FIGURE 2-26


		FIGURE 2-27


		FIGURE 2-28


		FIGURE 2-29


		FIGURE 2-30


		FIGURE 2-31


		FIGURE 2-32


		FIGURE 2-33


		FIGURE 2-34


		FIGURE 2-35


		FIGURE 2-36


		FIGURE 2-37


		FIGURE 2-38


		FIGURE 2-39


		FIGURE 2-40


		FIGURE 2-41


		FIGURE 2-42


		FIGURE 2-43


		FIGURE 2-44










		Figure in Chapter 3

 


		FIGURE 3-1


		FIGURE 3-2


		FIGURE 3-3


		FIGURE 3-4


		FIGURE 3-5


		FIGURE 3-6


		FIGURE 3-7


		FIGURE 3-8


		FIGURE 3-9


		FIGURE 3-10


		FIGURE 3-11










		Figure in Chapter 4

 


		FIGURE 4-1


		FIGURE 4-2


		FIGURE 4-3


		FIGURE 4-4


		FIGURE 4-5


		FIGURE 4-6


		FIGURE 4-7


		FIGURE 4-8


		FIGURE 4-9


		FIGURE 4-10


		FIGURE 4-11


		FIGURE 4-12


		FIGURE 4-13


		FIGURE 4-14


		FIGURE 4-15


		FIGURE 4-16


		FIGURE 4-17


		FIGURE 4-18


		FIGURE 4-19










		Figure in Chapter 5

 


		FIGURE 5-1


		FIGURE 5-2


		FIGURE 5-3


		FIGURE 5-4


		FIGURE 5-5


		FIGURE 5-6


		FIGURE 5-7


		FIGURE 5-8


		FIGURE 5-9


		FIGURE 5-10


		FIGURE 5-11


		FIGURE 5-12


		FIGURE 5-13


		FIGURE 5-14


		FIGURE 5-15


		FIGURE 5-16


		FIGURE 5-17


		FIGURE 5-18


		FIGURE 5-19


		FIGURE 5-20


		FIGURE 5-21


		FIGURE 5-22


		FIGURE 5-23


		FIGURE 5-24


		FIGURE 5-25


		FIGURE 5-26


		FIGURE 5-27


		FIGURE 5-28


		FIGURE 5-29


		FIGURE 5-30


		FIGURE 5-31


		FIGURE 5-32


		FIGURE 5-33


		FIGURE 5-34


		FIGURE 5-35


		FIGURE 5-36


		FIGURE 5-37


		FIGURE 5-38


		FIGURE 5-39


		FIGURE 5-40


		FIGURE 5-41


		FIGURE 5-42


		FIGURE 5-43


		FIGURE 5-44


		FIGURE 5-45


		FIGURE 5-46


		FIGURE 5-47


		FIGURE 5-48


		FIGURE 5-49


		FIGURE 5-50


		FIGURE 5-51


		FIGURE 5-52









		Figure in Chapter 6

 


		FIGURE 6-1


		FIGURE 6-2


		FIGURE 6-3


		FIGURE 6-4


		FIGURE 6-5


		FIGURE 6-6


		FIGURE 6-7


		FIGURE 6-8


		FIGURE 6-9


		FIGURE 6-10


		FIGURE 6-11


		FIGURE 6-12


		FIGURE 6-13


		FIGURE 6-14


		FIGURE 6-15


		FIGURE 6-16


		FIGURE 6-17


		FIGURE 6-18


		FIGURE 6-19


		FIGURE 6-20


		FIGURE 6-21


		FIGURE 6-22


		FIGURE 6-23


		FIGURE 6-24


		FIGURE 6-25


		FIGURE 6-26


		FIGURE 6-27


		FIGURE 6-28


		FIGURE 6-29


		FIGURE 6-30


		FIGURE 6-31


		FIGURE 6-32


		FIGURE 6-33


		FIGURE 6-34


		FIGURE 6-35


		FIGURE 6-36


		FIGURE 6-37


		FIGURE 6-38


		FIGURE 6-39


		FIGURE 6-40


		FIGURE 6-41


		FIGURE 6-42


		FIGURE 6-43


		FIGURE 6-44


		FIGURE 6-45


		FIGURE 6-46


		FIGURE 6-47


		FIGURE 6-48


		FIGURE 6-49


		FIGURE 6-50


		FIGURE 6-51


		FIGURE 6-52


		FIGURE 6-53


		FIGURE 6-54


		FIGURE 6-55


		FIGURE 6-56


		FIGURE 6-57


		FIGURE 6-58


		FIGURE 6-59


		FIGURE 6-60


		FIGURE 6-61


		FIGURE 6-62


		FIGURE 6-63


		FIGURE 6-64


		FIGURE 6-65











		Figure in Chapter 7

 


		FIGURE 7-1


		FIGURE 7-2


		FIGURE 7-3


		FIGURE 7-4


		FIGURE 7-5


		FIGURE 7-6


		FIGURE 7-7


		FIGURE 7-8


		FIGURE 7-9


		FIGURE 7-10


		FIGURE 7-11


		FIGURE 7-12


		FIGURE 7-13


		FIGURE 7-14


		FIGURE 7-15


		FIGURE 7-16


		FIGURE 7-17


		FIGURE 7-18


		FIGURE 7-19


		FIGURE 7-20


		FIGURE 7-21


		FIGURE 7-22


		FIGURE 7-23


		FIGURE 7-24


		FIGURE 7-25


		FIGURE 7-26


		FIGURE 7-27


		FIGURE 7-28


		FIGURE 7-29


		FIGURE 7-30











		Figure in Chapter 8

 


		FIGURE 8-1


		FIGURE 8-2


		FIGURE 8-3


		FIGURE 8-4


		FIGURE 8-5


		FIGURE 8-6


		FIGURE 8-7


		FIGURE 8-8


		FIGURE 8-9


		FIGURE 8-10


		FIGURE 8-11


		FIGURE 8-12


		FIGURE 8-13


		FIGURE 8-14


		FIGURE 8-15


		FIGURE 8-16


		FIGURE 8-17


		FIGURE 8-18


		FIGURE 8-19


		FIGURE 8-20


		FIGURE 8-21


		FIGURE 8-22


		FIGURE 8-23


		FIGURE 8-24


		FIGURE 8-25


		FIGURE 8-26


		FIGURE 8-27


		FIGURE 8-28


		FIGURE 8-29


		FIGURE 8-30


		FIGURE 8-31











		Figure in Chapter 9

 


		FIGURE 9-1


		FIGURE 9-2


		FIGURE 9-3


		FIGURE 9-4


		FIGURE 9-5


		FIGURE 9-6


		FIGURE 9-7


		FIGURE 9-8


		FIGURE 9-9


		FIGURE 9-10


		FIGURE 9-11











		Figure in Chapter 10

 


		FIGURE 10-1


		FIGURE 10-2


		FIGURE 10-3


		FIGURE 10-4


		FIGURE 10-5


		FIGURE 10-6


		FIGURE 10-7


		FIGURE 10-8











		Figure in Chapter 11

 


		FIGURE 11-1


		FIGURE 11-2


		FIGURE 11-3


		FIGURE 11-4


		FIGURE 11-5


		FIGURE 11-6


		FIGURE 11-7


		FIGURE 11-8


		FIGURE 11-9


		FIGURE 11-10


		FIGURE 11-11


		FIGURE 11-12


		FIGURE 11-13


		FIGURE 11-14


		FIGURE 11-15


		FIGURE 11-16


		FIGURE 11-17


		FIGURE 11-18


		FIGURE 11-19


		FIGURE 11-20


		FIGURE 11-21


		FIGURE 11-22


		FIGURE 11-23










		Figure in Chapter 12

 


		FIGURE 12-1


		FIGURE 12-2


		FIGURE 12-3


		FIGURE 12-4


		FIGURE 12-5


		FIGURE 12-6


		FIGURE 12-7


		FIGURE 12-8


		FIGURE 12-9


		FIGURE 12-10


		FIGURE 12-11


		FIGURE 12-12


		FIGURE 12-13


		FIGURE 12-14


		FIGURE 12-15


		FIGURE 12-16


		FIGURE 12-17


		FIGURE 12-18


		FIGURE 12-19


		FIGURE 12-20


		FIGURE 12-21


		FIGURE 12-22


		FIGURE 12-23


		FIGURE 12-24


		FIGURE 12-25


		FIGURE 12-26


		FIGURE 12-27


		FIGURE 12-28


		FIGURE 12-29


		FIGURE 12-30


		FIGURE 12-31


		FIGURE 12-32


		FIGURE 12-33


		FIGURE 12-34










		Figure in Chapter 13

 


		FIGURE 13-1


		FIGURE 13-2


		FIGURE 13-3


		FIGURE 13-4


		FIGURE 13-5


		FIGURE 13-6


		FIGURE 13-7


		FIGURE 13-8


		FIGURE 13-9


		FIGURE 13-10


		FIGURE 13-11


		FIGURE 13-12


		FIGURE 13-13


		FIGURE 13-14


		FIGURE 13-15


		FIGURE 13-16


		FIGURE 13-17


		FIGURE 13-18


		FIGURE 13-19


		FIGURE 13-20


		FIGURE 13-21


		FIGURE 13-22


		FIGURE 13-23


		FIGURE 13-24


		FIGURE 13-25


		FIGURE 13-26


		FIGURE 13-27


		FIGURE 13-28


		FIGURE 13-29


		FIGURE 13-30


		FIGURE 13-31


		FIGURE 13-32


		FIGURE 13-33


		FIGURE 13-34


		FIGURE 13-35


		FIGURE 13-36


		FIGURE 13-37


		FIGURE 13-38


		FIGURE 13-39


		FIGURE 13-40


		FIGURE 13-41


		FIGURE 13-42


		FIGURE 13-43


		FIGURE 13-44


		FIGURE 13-45


		FIGURE 13-46


		FIGURE 13-47


		FIGURE 13-48


		FIGURE 13-49


		FIGURE 13-50


		FIGURE 13-51


		FIGURE 13-52


		FIGURE 13-53


		FIGURE 13-54


		FIGURE 13-55


		FIGURE 13-56


		FIGURE 13-57


		FIGURE 13-58


		FIGURE 13-59


		FIGURE 13-60


		FIGURE 13-61


		FIGURE 13-62


		FIGURE 13-63


		FIGURE 13-64


		FIGURE 13-65


		FIGURE 13-66


		FIGURE 13-67


		FIGURE 13-68


		FIGURE 13-69


		FIGURE 13-70


		FIGURE 13-71


		FIGURE 13-72


		FIGURE 13-73


		FIGURE 13-74


		FIGURE 13-75


		FIGURE 13-76


		FIGURE 13-77


		FIGURE 13-78


		FIGURE 13-79


		FIGURE 13-80


		FIGURE 13-81


		FIGURE 13-82


		FIGURE 13-83











		Figure in Chapter 14

 


		FIGURE 14-1


		FIGURE 14-2


		FIGURE 14-3


		FIGURE 14-4


		FIGURE 14-5


		FIGURE 14-6


		FIGURE 14-7


		FIGURE 14-8


		FIGURE 14-9


		FIGURE 14-10


		FIGURE 14-11


		FIGURE 14-12


		FIGURE 14-13


		FIGURE 14-14


		FIGURE 14-15


		FIGURE 14-16


		FIGURE 14-17











		Figure in Chapter 15

 


		FIGURE 15-1


		FIGURE 15-2


		FIGURE 15-3


		FIGURE 15-4


		FIGURE 15-5


		FIGURE 15-6


		FIGURE 15-7


		FIGURE 15-8


		FIGURE 15-9


		FIGURE 15-10


		FIGURE 15-11


		FIGURE 15-12


		FIGURE 15-13


		FIGURE 15-14


		FIGURE 15-15


		FIGURE 15-16


		FIGURE 15-17


		FIGURE 15-18











		Figure in Chapter 16

 


		FIGURE 16-1


		FIGURE 16-2


		FIGURE 16-3


		FIGURE 16-4


		FIGURE 16-5


		FIGURE 16-6


		FIGURE 16-7


		FIGURE 16-8











		Figure in Chapter 17

 


		FIGURE 17-1


		FIGURE 17-2


		FIGURE 17-3


		FIGURE 17-4


		FIGURE 17-5











		Figure in Chapter 18

 


		FIGURE 18-1


		FIGURE 18-2











		Figure in Chapter 19

 


		FIGURE 19-1


		FIGURE 19-2


		FIGURE 19-4


		FIGURE 19-5


		FIGURE 19-6










		Figure in Chapter 21

 


		FIGURE 21-1


		FIGURE 21-2


		FIGURE 21-3


		FIGURE 21-4


		FIGURE 21-5


		FIGURE 21-6


		FIGURE 21-7


		FIGURE 21-8


		FIGURE 21-9


		FIGURE 21-10


		FIGURE 21-11


		FIGURE 21-12


		FIGURE 21-13


		FIGURE 21-14


		FIGURE 21-15


		FIGURE 21-16


		FIGURE 21-17


		FIGURE 21-18


		FIGURE 21-19


		FIGURE 21-20


		FIGURE 21-21


		FIGURE 21-22


		FIGURE 21-23


		FIGURE 21-24


		FIGURE 21-25


		FIGURE 21-26


		FIGURE 21-27


		FIGURE 21-28


		FIGURE 21-29


		FIGURE 21-30


		FIGURE 21-31


		FIGURE 21-32


		FIGURE 21-33


		FIGURE 21-34











		Figure in Chapter 22

 


		FIGURE 22-1


		FIGURE 22-2


		FIGURE 22-3


		FIGURE 22-4


		FIGURE 22-5


		FIGURE 22-6


		FIGURE 22-7


		FIGURE 22-8


		FIGURE 22-9


		FIGURE 22-10


		FIGURE 22-11


		FIGURE 22-12


		FIGURE 22-13


		FIGURE 22-14


		FIGURE 22-15


		FIGURE 22-16


		FIGURE 22-17


		FIGURE 22-18


		FIGURE 22-19


		FIGURE 22-20


		FIGURE 22-21


		FIGURE 22-22


		FIGURE 22-23


		FIGURE 22-24


		FIGURE 22-25


		FIGURE 22-26


		FIGURE 22-27


		FIGURE 22-28


		FIGURE 22-29


		FIGURE 22-30


		FIGURE 22-31


		FIGURE 22-32


		FIGURE 22-33


		FIGURE 22-34


		FIGURE 22-35


		FIGURE 22-36


		FIGURE 22-37











		Figure in Chapter 23

 


		FIGURE 23-1


		FIGURE 23-2


		FIGURE 23-3


		FIGURE 23-4


		FIGURE 23-5


		FIGURE 23-6


		FIGURE 23-7


		FIGURE 23-8


		FIGURE 23-9


		FIGURE 23-10


		FIGURE 23-11


		FIGURE 23-12


		FIGURE 23-13


		FIGURE 23-14


		FIGURE 23-15


		FIGURE 23-16


		FIGURE 23-17


		FIGURE 23-18


		FIGURE 23-19


		FIGURE 23-20


		FIGURE 23-21


		FIGURE 23-22


		FIGURE 23-23


		FIGURE 23-24


		FIGURE 23-25


		FIGURE 23-26


		FIGURE 23-27


		FIGURE 23-28


		FIGURE 23-29










		Figure in Chapter 24

 


		FIGURE 24-1


		FIGURE 24-2


		FIGURE 24-3


		FIGURE 24-4


		FIGURE 24-5


		FIGURE 24-6


		FIGURE 24-7


		FIGURE 24-8


		FIGURE 24-9


		FIGURE 24-10


		FIGURE 24-11


		FIGURE 24-12


		FIGURE 24-13


		FIGURE 24-14


		FIGURE 24-15


		FIGURE 24-16


		FIGURE 24-17


		FIGURE 24-18


		FIGURE 24-19


		FIGURE 24-20


		FIGURE 24-21















	Landmarks


	
				Cover Image


				Title Page


				Table of Contents


	



 



		i


		ii


		iii


		iv


		v


		vi


		vii


		viii


		ix


		1

 

		2

 

		3

 

		4

 

		5

 

		6

 

		7

 

		8

 

		9

 

		10

 

		11

 

		12

 

		13

 

		14

 

		15

 

		16

 

		17

 

		18

 

		19

 

		20

 

		21

 

		22

 

		23

 

		24

 

		25

 

		26

 

		27

 

		28

 

		29

 

		30

 

		31

 

		32

 

		33

 

		34

 

		35

 

		36

 

		37

 

		38

 

		39

 

		40

 

		41

 

		42

 

		43

 

		44

 

		45

 

		46

 

		47

 

		48

 

		49

 

		50

 

		51

 

		52

 

		53

 

		54

 

		55

 

		56

 

		57

 

		58

 

		59

 

		60

 

		61

 

		62

 

		63

 

		64

 

		65

 

		66

 

		67

 

		68

 

		69

 

		70

 

		71

 

		72

 

		73

 

		74

 

		75

 

		76

 

		77

 

		78

 

		79

 

		80

 

		81

 

		82

 

		83

 

		84

 

		85

 

		86

 

		87

 

		88

 

		89

 

		90

 

		91

 

		92

 

		93

 

		94

 

		95

 

		96

 

		97

 

		98

 

		99

 

		100

 

		101

 

		102

 

		103

 

		104

 

		105

 

		106

 

		107

 

		108

 

		109

 

		110

 

		111

 

		112

 

		113

 

		114

 

		115

 

		116

 

		117

 

		118

 

		119

 

		120

 

		121

 

		122

 

		123

 

		124

 

		125

 

		126

 

		127

 

		128

 

		129

 

		130

 

		131

 

		132

 

		133

 

		134

 

		135

 

		136

 

		137

 

		138

 

		139

 

		140

 

		141

 

		142

 

		143

 

		144

 

		145

 

		146

 

		147

 

		148

 

		149

 

		150

 

		151

 

		152

 

		153

 

		154

 

		155

 

		156

 

		157

 

		158

 

		159

 

		160

 

		161

 

		162

 

		163

 

		164

 

		165

 

		166

 

		167

 

		168

 

		169

 

		170

 

		171

 

		172

 

		173

 

		174

 

		175

 

		176

 

		177

 

		178

 

		179

 

		180

 

		181

 

		182

 

		183

 

		184

 

		185

 

		186

 

		187

 

		188

 

		189

 

		190

 

		191

 

		192

 

		193

 

		194

 

		195

 

		196

 

		197

 

		198

 

		199

 

		200

 

		201

 

		202

 

		203

 

		204

 

		205

 

		206

 

		207

 

		208

 

		209

 

		210

 

		211

 

		212

 

		213

 

		214

 

		215

 

		216

 

		217

 

		218

 

		219

 

		220

 

		221

 

		222

 

		223

 

		224

 

		225

 

		226

 

		227

 

		228

 

		229

 

		230

 

		231

 

		232

 

		233

 

		234

 

		235

 

		236

 

		237

 

		238

 

		239

 

		240

 

		241

 

		242

 

		243

 

		244

 

		245

 

		246

 

		247

 

		248

 

		249

 

		250

 

		251

 

		252

 

		253

 

		254

 

		255

 

		256

 

		257

 

		258

 

		259

 

		260

 

		261

 

		262

 

		263

 

		264

 

		265

 

		266

 

		267

 

		268

 

		269

 

		270

 

		271

 

		272

 

		273

 

		274

 

		275

 

		276

 

		277

 

		278

 

		279

 

		280

 

		281

 

		282

 

		283

 

		284

 

		285

 

		286

 

		287

 

		288

 

		289

 

		290

 

		291

 

		292

 

		293

 

		294

 

		295

 

		296

 

		297

 

		298

 

		299

 

		300

 

		301

 

		302

 

		303

 

		304

 

		305

 

		306

 

		307

 

		308

 

		309

 

		310

 

		311

 

		312

 

		313

 

		314

 

		315

 

		316

 

		317

 

		318

 

		319

 

		320

 

		321

 

		322

 

		323

 

		324

 

		325

 

		326

 

		327

 

		328

 

		329

 

		330

 

		331

 

		332

 

		333

 

		334

 

		335

 

		336

 

		337

 

		338

 

		339

 

		340

 

		341

 

		342

 

		343

 

		344

 

		345

 

		346

 

		347

 

		348

 

		349

 

		350

 

		351

 

		352

 

		353

 

		354

 

		355

 

		356

 

		357

 

		358

 

		359

 

		360

 

		361

 

		362

 

		363

 

		364

 

		365

 

		366

 

		367

 

		368

 

		369

 

		370

 

		371

 

		372

 

		373

 

		374

 

		375

 

		376

 

		377

 

		378

 

		379

 

		380

 

		381

 

		382

 

		383

 

		384

 

		385

 

		386

 

		387

 

		388

 

		389

 

		390

 

		391

 

		392

 

		393

 

		394

 

		395

 

		396

 

		397

 

		398

 

		399

 

		400

 

		401

 

		402

 

		403

 

		404

 

		405

 

		406

 

		407

 

		408

 

		409

 

		410

 

		411

 

		412

 

		413

 

		414

 

		415

 

		416

 

		417

 

		418

 

		419

 

		420

 

		421

 

		422

 

		423

 

		424

 

		425

 

		426

 

		427

 

		428

 

		429

 

		430

 

		431

 

		432

 

		433

 

		434

 

		435

 

		436

 

		437

 

		438

 

		439

 

		440

 

		441

 

		442

 

		443

 

		444

 

		445

 

		446

 

		447

 

		448

 

		449

 

		450

 

		451

 

		452

 

		453

 

		454

 

		455

 

		456

 

		457

 

		458

 

		459

 

		460

 

		461

 

		462

 

		463

 

		464

 

		465

 

		466

 

		467

 

		468

 

		469

 

		470

 

		471

 

		472

 

		473

 

		474

 

		475

 

		476

 

		477

 

		478

 

		479

 

		480

 

		481

 

		482

 

		483

 

		484

 

		485

 

		486

 

		487

 

		488

 

		489

 

		490

 

		491

 

		492

 

		493

 

		494

 

		495

 

		496

 

		497

 

		498

 

		499

 

		500

 

		501

 

		502

 

		503

 

		504

 

		505

 

		506

 

		507

 

		508

 

		509

 

		510

 

		511

 

		512

 

		513

 

		514

 

		515

 

		516

 

		517

 

		518

 

		519

 

		520

 

		521

 

		522

 

		523

 

		524

 

		525

 

		526

 

		527

 

		528

 

		529

 

		530

 

		531

 

		532

 

		533

 

		534

 

		535

 

		536

 

		537

 

		538

 

		539

 

		540

 

		541

 

		542

 

		543

 

		544

 

		545

 

		546

 

		547

 

		548

 

		549

 

		550

 

		551

 

		552

 

		553

 

		554

 

		555

 

		556

 

		557

 

		558

 

		559

 

		560

 

		561

 

		562

 

		563

 

		564

 

		565

 

		566

 

		567

 

		568

 

		569

 

		570

 

		571

 

		572

 

		573

 

		574

 

		575

 

		576

 

		577

 

		578

 

		579

 

		580

 

		581

 

		582

 

		583

 

		584

 

		585

 

		586

 

		587

 

		588

 

		589

 

		590

 

		591

 

		592

 

		593

 

		594

 

		595

 

		596

 

		597

 

		598

 

		599

 

		600

 

		601

 

		602

 

		603

 

		604

 

		605

 

		606

 

		607

 

		608

 

		609

 

		610

 

		611

 

		612

 

		613

 

		614

 

		615

 

		616

 

		617

 

		618

 

		619

 

		620

 

		621

 

		622

 

		623

 

		624

 

		625

 

		626

 

		627

 

		628

 

		629

 

		630

 

		631

 

		632

 

		633

 

		634

 

		635

 

		636

 

		637

 

		638

 

		639

 

		640

 

		641

 

		642

 

		643

 

		644

 

		645

 

		646

 

		647

 

		648

 

		649

 

		650

 

		651

 

		652

 

		653

 

		654

 

		655

 

		656

 

		657

 

		658

 

		659

 

		660

 

		661

 

		662

 

		663

 

		664

 

		665

 

		666

 

		667

 

		668

 

		669

 

		670

 

		671

 

		672

 

		673

 

		674

 

		675

 

		676

 

		677

 

		678

 

		679

 

		680

 

		681

 

		682

 

		683

 

		684

 

		685

 

		686

 

		687

 

		688

 

		689

 

		690

 

		691

 

		692

 

		693

 

		694

 

		695

 

		696

 

		697

 

		698

 

		699

 

		700

 

		701

 

		702

 

		703

 

		704

 

		705

 

		706

 

		707

 

		708

 

		709

 

		710

 

		711

 

		712

 

		713

 

		714

 

		715

 

		716

 

		717

 

		718

 

		719

 

		720

 

		721

 

		722

 

		723

 

		724

 

		725

 

		726


		727


		728


		729







OEBPS/images/fm01-9781455746712.jpg





OEBPS/images/f01-02-9781455746712.jpg
THE |
entlemans Exercife;

Fltrfred, 166 -






OEBPS/images/f01-07-9781455746712.jpg





OEBPS/images/f02-05-9781455746712.jpg





OEBPS/images/f02-15-9781455746712.jpg





OEBPS/images/f02-09-9781455746712.jpg





OEBPS/images/f01-01-9781455746712.jpg





OEBPS/images/f01-06-9781455746712.jpg





OEBPS/images/chp0002t0010.png
[Test

UseinPracice  Sample  Meaning _ Interpretation

Remarks

‘Directtest to demonstae e presence of vinus paricles. Miriuam 18 days afe nfection sheckling s detectable according o infection il eeker sl circumstances.

is mightbe onger.

Reverse tanscripase
polymerase chain
reaction (RT-PCR)

Good, sample ey
o ke, e

[e—

contamition
possile

Swabs,
e,

secreiors|

Viral RNA demrorstraed, does rotingly |
the preserce of visle vins.

‘Couldbe camedby contaminaton repest it
semlogy i negative, excellen orscreering.
(see Figuses 22 and23)

Vins isolaion

Less practical.
Takes alonger
time. Vinsis
sersitve
trsportisues,
e
regtve mads

canbe seen

‘Compicte viabe vin, wlkely resultof
cross cortaminaton.

Takes lomg, expensive, more for research setus.

[———

Less pactica,
expensive tkes
long, wualy not]

commercilly
ofered

Tesues

‘Detectionof
vinl
amtgenin
cells

npositve cases inkection's cleatly
Fl—

‘Sersitvity qestorabl, especilly in e cases
‘ususly rot many cells infected; herefors not
applicable inesting live bircs

Icirect et (serology) o demorstae he mmnologic eacton of ost againe e eserce of vins partices. Unclearif virus s st presert, o even being lkely in e case
of ABV. Mirimuam 7 days afr inection, seroconversion occusted according o ifecton rils” under sl circurstances this igh b lorger.

Imrofrescerce | Bcellent st | Seram, | Detection of | Bird' imrure system had contactwith | ABV Anfecied cell culures present variows ABV.
st ABVinkcted | bkes3-Scdys | pama | aABV- | vins. Persentinkctionis anthbodes, herefore igher chance of cross-
cellcure specific | presumed Lowtiersmay become | reactvity between diferent anibodies.
anthodies | negtive, demorstrating ron- Ansibodies canmot e disinguashed sganst
infectonofbind Lowiers (spio | which oteinthey ar directed.
1:80) shovdbe recheckedf
polymerse chain eacton (PCR) of
bindis regative
‘Miie protein Bcellert rosuls | Seram, | Detectonof | See knmurofiworescerce, exepett | Several protens actas Anigen. Crosseactviy
ersymedirked. maytkeorly? | plasma | ABV- | lowandhightiers shouldbe ikely, bus s than a n mrumofioescence
F— e specific | interpreedby the aborstory wing | test Depersding on ELIA, ansbodies, my be
assay (ELBA) amthodies | te st disingusteble agaist which protein ey are
directed. Low experience st resert bty
‘become avery valusbe tool for research and
clirical rogrosticaton
SingleprowinELBA | Exellent resls | Serum, | Detectionof | See knmmunoflwrescence, except ht | Tiers should berechecked,  huge variaiors
maytkeorly? | plasma | ABV- | lowandhightiers shouldbe ‘betweentests occu. Especialy low iers in
e specific | interpretedby the laborstory wing | immunofivorescence test () sometimes not
amthodies | te st detected. Comparison tiss between e
various dsgnostic testwithlrge amovmtof
sampies recesary
Weswemblot Good resitray | Serum, | Detectionof | Inerpetaion o ers difcult See Single prowinELBA.
bequckonya | pama | aABV-
few sboraories specific
use this test antbodies






OEBPS/images/f02-06-9781455746712.jpg





OEBPS/images/f02-10-9781455746712.jpg





OEBPS/images/f02-14-9781455746712.jpg





OEBPS/styles/math.js
function mathmlImg() {
	var ps = document.getElementsByTagName('p');
	var divs = document.getElementsByTagName('div');
		for(var i =0; i < ps.length; i++) {
		    var p1 = ps[i];
		    if(p1.className === 'hiddenClass') {
		        p1.className = 'showClass';	            
		    }
		}
		 for(var i=0; i < divs.length; i++) {
		    var s1 = divs[i];
		    if(s1.className === 'showClass') {
		            s1.className = 'hiddenClass';            
		    }
		}
}



OEBPS/images/f02-01-9781455746712.jpg
GaviidHV1_ACY60868

PitiacidhV1_AY572263

099

GalidHV1_AF168792
PasseridHV1_AAM761722

e VwlureHV_ART7046

FrogataHV_ACJ66652.1
[ MacacinoHV1_AF533768

1 HumanHV1_X1a112
" HumanHV2_NP_ 044500
i EquidHV1_AY665713

o087

SuidHV1_BKOO1744
AnaidHV1_ACTE3543
idHV2_DQs30348

GalldHV3_AB049735

092

ColumbidHV1_AF141890
(7 LoggerheadGRV_ABVS9128

ULETv_ABU9sa1s

557 ToroiseHV1_ABD47545

o097

"

096

TortoiseHV3_ABC70832

o.
—ren«uavucmm

TRESidorty

TorrapeneHV1
roiseHV2_ARX15944

e L)

[ VaranicHV1_AAS17072.1

LacortigHV1

TorraponoHV2
= LoggerheadoCV_ABVS0131
CholonidHVS,_AY644454

_ACD64983.1
IguanidHV2_AY236869

Birds (hovirus)

Mammals.

Birds (Mardivirus)

MeleagridHV1_AAG30070

Turtes.

Squamates

‘GerhosauridHV1_AAL13288
‘GenhosauridHV2_AAL13287.1

‘GenthosauridHV3_AAL13289.1

e

¥

1

PhocidHV2_ACV86607
SaimirinoHV2_AJ410483

— DelphinidHV4_ARX5S677
T gt Anxiross

[T AlcelaphinoHV1_NPOGS$12.1

o091

SUdHVS_AAF16520

i — i o

OtaridHV1_AALS8191

e MacropadicHV3_ABC

— ‘HumanHV4_DQ279927

ElephanidHV1_AF322977

099

02

ElophantidHV4_ABB54685
squmuvuzuw

092 OvineHV2_YP438136

PongineHV4_AF450884
i S i voctvoeiof 3y

phantidHV3_DQ238845

MustolidHV1_AALSS728

- Mammais

061861
CalirchinaHV3_AF319762

e MuridHV2 AV728086
HumanHV6_X83413
HumanHV7_AF037218






OEBPS/images/f01-05-9781455746712.jpg
Ceﬁaémting
the first fifty years

1957 - 2007






OEBPS/images/f02-18-9781455746712.jpg





OEBPS/images/chp0002t0020.png
Pacheco Disease Respiratory Disease. Mocosal Papllomas.

Peitacid herpesvins 1] Yes No Yes
Pritacid herpesvins 2| No. No Grey ot orly
Peitacid herpesvins 3| No. Yes No






OEBPS/images/f02-13-9781455746712.jpg





OEBPS/images/f02-03-9781455746712.jpg
2

o Easw
e &

Ei'“**?#

n m ws
nsidered questionable but ve o cases.
it potentially n-wm

-
§§§§§





OEBPS/styles/fonts/CharisSILB.ttf


OEBPS/images/f01-09-9781455746712.jpg
Amphibia

Tetrapods Mammalia
Amniotes Testudines
: Crocodylia
Senopeids Dinosauria (Birds)
{aeptles) Sphenodontia

Time — Squamates





OEBPS/images/f01-04-9781455746712.jpg
.. Walko Tablets

for Your Baby Ohichs

AT a Wy

LD ON MONEY BACK GUARANTEE





OEBPS/images/f02-02-9781455746712.jpg





OEBPS/styles/fonts/CharisSILI.ttf


OEBPS/images/f02-07-9781455746712.jpg





OEBPS/images/f01-10-9781455746712.jpg
Palaeognathae
Galliformes
Anseriformes
Neognathae Australaves
Afroaves
Aequonithia
Phasthontimorphae
Cursorimorphae
Opisthocomiformes
Caprimulgimorphae
Otidimorphae

Time ——3— Columbea

Aves

Neoaves





OEBPS/styles/fonts/CharisSILR.ttf


