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ABSTRACT 
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submitted to the Ontario Veterinary College Teaching Hospital and development of targeted 
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       Dr. Nicole Nemeth 

 

Veterinary medical literature focused on diagnostic pathology of psittacine birds (e.g., 

parrots, macaws, cockatoos) is based largely on data derived from case reports with an overall 

lack of systematic approaches with the exception of a few zoonotic or economically important 

diseases. In an effort to increase our understanding of disease prevalence and presentation, and 

improve diagnostic approaches, we conducted a retrospective study of pathological data in 

psittacine birds submitted to the Ontario Veterinary College from 1998-2017 (n = 1,850). Using 

this database, we identified cohorts of birds with which to test and validate new diagnostic 

methods. First, we developed a multiplex real-time PCR assay for the detection of three DNA 

viruses in psittacine birds. Second, we used cases of round cell neoplasia to assess the utility of 

immunohistochemical markers, commonly used in mammalian species, for the diagnosis of 

lymphoma in psittacine birds. 
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Chapter 1. Literature review 
 

1.1 Definition of retrospective case studies, and utility to investigate diseases in 

psittacine birds 

Retrospective research is the observational analysis of events after they have occurred 

(Mann, 2003). Retrospective case studies, in this review, are defined as observational studies 

with or without controls that describe findings from multiple cases or published reports without 

experimental manipulation of the data that were previously collected for another purpose (such 

as patient diagnosis; Hess, 2004). Retrospective case studies are important in many fields of 

medical and veterinary research, especially when the diseases of interest are rare or infrequently 

detected, the mechanisms of disease are not well-understood, or there are ethical or conservation 

issues with performing prospective or experimental studies (Mann, 2003). Additionally, 

especially in uncommon species, prospective studies may be not undertaken for lack of funding 

or logistical support.  

Retrospective case studies, similar to literature reviews, amalgamate information from 

various sources to draw conclusions that would be difficult to make in an experimental context 

since the questions being asked are often outside the scope of experimental research, and are not 

tested. These studies are clinically relevant since they describe the presentation of certain 

conditions that can inform clinicians and health care professionals to formulate a diagnosis, or 

can assist in etiological discovery, by suggesting relationships, which can then be further 

verified. For example, the unsuspected association between atherosclerosis and infection by 

Chlamydia spp. was suggested in a retrospective case study of atherosclerosis in psittacine birds 

(Pilny et al., 2012), although this association was later contested (Schenker and Hoop, 2007). 
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Similarly, the histological lesions as well as risk factors associated with proventricular dilatation 

disease were described in one retrospective study by Doneley et al. (2007), prior to identification 

of the causative agent (avian bornavirus) by pyrosequencing in 2008 (Honkavuori et al., 2008).  

The majority of retrospective studies focusing on psittacines are descriptive in nature and 

are known as “case series” studies, by which a collection (or series) of cases or case reports are 

described to assess common lesions or clinical presentations (Table 1.1; Hess, 2004). Fewer 

case-control studies, where features of previously diagnosed cases of a specific disease are 

directly compared to appropriate controls, have also been conducted in psittacines (Pilny et al., 

2012; Beaufrère et al., 2014). Controls in these cases must be selected from the same database 

and represent cases with the same selection criteria except for the disease of interest. These case-

control studies seek to document the potential risk factors associated with specific diseases. A 

list of retrospective case studies found in the literature, which focus on diseases of psittacines, is 

outlined in Table 1.1, and these provide examples of how different kinds of retrospective case 

studies can be used to answer different questions.  

1.1.1 Objectives of retrospective studies 

In order to evaluate the types of retrospective case studies commonly published in 

veterinary research, a search of online medical databases (PubMed) was carried out (Table 1.1). 

The resulting collection of representative studies were broadly categorized by the overall 

objectives of each study, which are individually outlined below.  

1.1.1.1 To study prevalence and distribution of disease 

One of the most common objectives of retrospective case studies was to assess the 

prevalence of a disease, defined either by specific lesions or a specific etiology. In this 
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description, these studies are separated into two categories: A. Taxon-focused and B. Disease-

focused.  

Taxon-focused studies use a defined cohort of study subjects (species, genus, geographic 

population, etc.) and calculate the prevalence of the disease(s) of interest. For example, Smith et 

al. (2017) studied wild raptors in Ontario, Canada to better characterize the diseases present in 

this population, by assessing and summarizing findings from pathology reports. In captive 

Amazon parrots (Amazona spp.), Hvenegaard et al. (2009) outlined the prevalence of various 

ocular disorders in this genus. In taxa for which little is known about disease incidence or 

prevalence, a broader taxonomic scope is often necessary. For example, Garner (2013) 

summarized the common diseases and presentations of elasmobranch fish in captivity, which 

includes sharks, skates, and rays. Describing the prevalence of diseases within targeted taxa 

allows diagnosticians to refine their scope of differential diagnoses when presented with lesions 

in a particular species. 

Disease-focused retrospective studies narrow the scope of the research to a specific 

disease, and are often used when assessing risk factors (e.g., species, age, sex, concurrent 

diseases) associated incidence of disease. For example, Beaufrère et al. (2013a) studied 

atherosclerosis in psittacines to describe the genera, age group(s) and sex that were most 

affected, and how plasma lipid levels correlated with lesions. Based on results from this study 

and follow up studies (Beaufrère et al., 2013b, 2014) the authors proposed that Quaker parakeets 

(Myiopsitta monachus) serve as a useful psittacine-atherosclerosis-model-species for future 

study. In a study of mycobacteriosis, Amazon parrots and grey-cheeked parrots (Brotogeris 

pyrrophterus) were most commonly affected by Mycobacteria spp. infection among the species 
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studied, and Mycobacteria genavense was the most commonly identified etiology (Palmieri et 

al., 2013).  

These types of studies can reveal noteworthy trends and lead to hypothesis-testing 

research directed at the pathogenesis of specific diseases, and potentially lead to further research 

into the causation, pathogenesis, and associated risk factors. 

1.1.1.2 To characterize pathology and presentation of disease 

In veterinary research, retrospective studies are commonly used to characterize gross and 

histological presentations of diseases. Characterization of naturally occurring diseases can 

improve our understanding of the associated pathology and/or etiologies, especially when 

experimental studies are not feasible (e.g., threatened or endangered species), and may better 

reflect the most likely disease presentation. For example, Oglesbee and Oglesbee (1998) 

retrospectively analyzed 26 cases of putative heart disease in Amazon parrots, finding that 58% 

had lesions severe enough to cause mortality, and the remaining cardiac lesions were suspected 

to be secondary to systemic disease. Similarly, Palmieri et al. (2013) described the presentation 

of mycobacterial infections in different psittacine species by comparing gross and histological 

lesions in different cases in order to decipher trends. Common lesions included hepatomegaly 

and splenomegaly with mottling patterns, which were microscopically determined to be 

infiltrates of foamy macrophages. A new syndrome that manifested as systemic granulomatous 

disease was described in three Moluccan cockatoos (Cacatua moluccensis; Cole et al., 2008). 

Researchers retrospectively described the pathology findings to characterize the syndrome, so 

that clinicians and pathologists would be aware of this potentially species-specific disease. 

Similarly, Garner et al. (2009) compiled six cases of a unique pulmonary tumour in cockatiels 

(Nymphicus hollandicus) to describe the common histological lesions and diagnostic features. A 
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retrospective study of Circovirus infection in domestic pigeons (Columba livia domestica), 

which is a common but rarely studied disease, compared the microscopic lesions in pigeons to 

the lesions seen in psittacines in beak-and-feather disease virus infection (a closely related 

Circovirus; Woods et al., 1994). This study provided evidence for classification of pigeon 

circovirus as a new member of the Circoviridae family by characterizing the pathology. 

Aspergillosis is a well-characterized disease of known etiology; however, in a retrospective 

study of a variety of veterinary species, researchers found that only three of 38 case reports of 

aspergillosis reported calcium oxalate crystals histologically at the sites of infection (Payne et al., 

2017). On re-examination, 11 additional cases had calcium oxalate crystals, highlighting the 

importance of retrospectively assessing uncommonly reported presentations of disease, and, in 

this case, suggesting a potential role of calcium oxalate in the pathogenesis of aspergillosis. 

Studies like these assimilate case reports of rare diseases or unique presentations of disease, and 

provide larger sample sizes to provide improved statistical power to disseminate knowledge 

compared to individual case reports.  

Gathering pathology information on diseases with novel disease presentations, or of 

apparent low prevalence or that are rarely documented is greatly improved by the use of 

retrospective studies on pre-existing data and facilitates more accurate disease characterization.  

1.1.1.3 To improve clinical methodology and prognostication 

Individual patient data often are not directly applicable to population level epidemiology, 

but can be useful when collectively analyzed in retrospective studies to assess commonalities. 

Similar to studying prevalence of rare diseases (discussed in section 2.1.2), retrospective 

analyses of clinical procedures can provide statistical power where previously only anecdotal 

evidence exists. For example, Westerhof (1995) retrospectively analysed the outcomes of a 
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suction technique used to treat tracheal obstructions in psittacine birds and summarized the 

procedures, confirming the potential efficacy of this procedure. Similarly, surgical procedures 

performed on psittacine birds to remove neoplasms were retrospectively summarized revealing 

that complete resection was the most common procedure performed (Castro et al., 2016). This 

study further described the prevalence, locations, and re-occurrence rates of different neoplasms, 

not only providing data on the common procedures, but also offering information to improve 

prognostication in cases with similar diseases. Retrospective studies on drug treatments, 

especially involving infrequently used drugs, or those used off label (i.e., not approved for use) 

in some species (e.g., birds), provide data on efficacy, potential adverse reactions, and also 

outcomes of treatments. For example, Mellgren and Bergvall (2008) retrospectively assessed 

reports of the efficacy of selamectin or ivermectin in a case-case comparison to treat mite 

infestations in domestic rabbits, concluding that both drugs were safe and effective (Table 1.1). 

Studies like these help to bolster the confidence of clinicians in treating and managing 

uncommon or poorly characterized diseases or species groups; however rigorous trials invariably 

must follow to confirm the results. 

Additionally, a common application of retrospective studies in veterinary clinical 

medicine is to help determine prognostic indicators. Heidner et al. (1991) described survival 

rates of dogs with different kinds of brain tumours. Although no analogous studies have been 

conducted in psittacines, one study retrospectively summarized the normal blood parameters in a 

variety of psittacine species from archived clinical data (Capitelli and Crosta, 2013), which will 

assist in gathering prognostic data using species-specific normal reference ranges. 
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Data from retrospective studies have been used in a variety of clinical settings 

representing another example of how sporadically collected data can be collated and used to 

improve procedural, and diagnostic/prognostic methods.  

1.1.2 Inherent selection bias in retrospective studies 

Retrospective studies often can be biased as a result of the inherent confounding variables 

influencing the inclusion criteria such as selection bias. Mantel and Haenszel (1959) suggested 

that the result of these are negligible in retrospective studies, due to the fact that the initial data 

were collected for reasons unrelated to the questions being asked retrospectively. However, a 

more recent study concluded that selection bias results in incorrect conclusions more often than 

can be mitigated by this proposed objectivity resulting from the disconnect between reasons for 

collection and questions being asked (Geneletti et al., 2009). Selection bias in case-control 

studies, for example, can lead to false conclusions from confounding variables in either the 

positive or negative controls by selecting subjects that are more (or less) likely to have the 

lesions of interest. This bias can be minimized by methods such as case-matching or 

randomizing the selection of controls. In studies in which selection bias is predicted to be a 

significant driver of conclusions, more rigorous statistics are necessary; hence, Geneletti et al. 

(2009) suggested the addition of a control variable to mitigate this bias. Methods of controlling 

for selection bias are available and should be used in rigorous scientific studies.  

Additionally, in order to conduct retrospective studies there is a need for well-curated 

databases from which to select cases, otherwise study cohorts may be biased as a result of 

including only published/interesting cases. In situations where databases do exist there is still the 

propensity for missing data or inconsistency in data collection due to different observers, 

methodology, and availability of diagnostic tests that inherently change over the span of time 
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during which the cases are collected. Finally, since retrospective studies are inherently 

observational in design, this restricts the versatility of the conclusions that can be drawn and as a 

result causality can only rarely be inferred from retrospective studies and would usually require 

multiple studies, or involvement of prospective or experimental research. 

1.1.3 Gaps of knowledge: Current state of psittacine research  

Although psittacines are commonly kept as pets and are often quite long-lived compared 

to mammalian pets, data on the prevalence of common and uncommon diseases affecting 

psittacines, along with our limited ability to accurately diagnose these diseases represent a 

critical gap in knowledge. Comparatively, diseases of popular domestic mammalian species (i.e., 

production animals and canine and feline pets) are often well characterized with respect to 

disease prevalence, and clinical/pathological presentations. Additionally, experimental studies 

have established underlying molecular mechanisms in many of these diseases. Diseases in 

psittacines, on the other hand, are often understudied, with a few exceptions such as diseases of 

zoonotic or economic importance (e.g., avian chlamydiosis). Peer-reviewed scientific literature 

in the field of psittacine medicine and pathology is comprised mostly of case reports of 

individual or small numbers of birds, which provide limited generalizability for the diseases 

described. Geographic differences in disease prevalence can be significant, but currently no 

published summaries of diseases of psittacines in Ontario exist. In addition, many common 

psittacine diseases lack specific confirmatory tests to accurately diagnose them, leaving many 

cases without definitive diagnoses. 

1.2 Characterization of round cell neoplasia in psittacines and methods of diagnosis 

Age is often associated with increased risk of neoplasia, and since captive psittacines 

often outlive their wild counterparts, captive psittacines are often affected by neoplastic diseases 
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(Reavill and Dorrestein, 2010). Round cell neoplasia (RCN) represent a proportion of the 

neoplastic diseases and are characterized by tumours derived from various cell types (most 

commonly immune cells), all with a round cellular morphology. For the purposes of this 

literature review, these include: lymphoma, plasma cell tumours, histiocytic tumours, mast cell 

tumours, and myeloid tumours. These types of neoplasms affect psittacines with apparent 

moderate to low frequency (see below) and cause significant morbidity often leading to mortality 

(Robat et al., 2017). However, the tools necessary to accurately characterize and confirm these 

diseases (such as immunohistochemical markers) are not validated in psittacine species, thereby 

limiting the precision of final diagnoses, assessment of prognosis, and potential treatment 

options.  

1.2.1 Prevalence  

Lymphoma is by far the most prevalent RCN in psittacines (Coleman, 1995; see 

Appendix 1 for examples). Nemeth et al. (2016) found that lymphoma was the most common 

neoplasia diagnosed in birds at the University of Georgia veterinary teaching hospital [n = 17 

(22%), eight of these were psittacine]. Very few examples of non-lymphoid RCN have been 

reported in psittacines; one example is a mast cell tumour reported in a black-masked lovebird 

(Agapornis personata), which the authors claimed to be the first case reported in birds (Dallwig 

et al., 2012). No examples of histiocytoma in psittacines have been published although this 

neoplasm has been diagnosed in birds (Derakhshanfar and Oloumi, 2008). Documented RCN 

cases in birds include a wide variety of taxa (Appendix 1), but the limited sample sizes of 

species-specific diagnoses hinder accurate assessment of disease prevalence or species 

predisposition.  
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1.2.2 Etiology 

Some neoplastic diseases, especially among birds, have infectious etiologies. Most 

notably, Marek’s disease is a well-characterized infectious disease in chickens caused by Gallid 

herpesvirus-2, which can establish latent infections in T-lymphocytes leading to transformation 

and development of lymphoma (Calnek, 2001). Other retroviruses, such as avian leukemia 

sarcoma virus and reticuloendotheliosis virus can also induce lymphoma in chickens and other 

gallinaceous species (Robinson et al., 1997). Similarly, chronic or latent herpesviral infections in 

several psittacine species are associated with development of papillomatosis, a neoplastic 

disorder of the gastrointestinal tract (Styles et al., 2004). Similarly, papillomavirus infection in 

African grey parrots (Psittacus erithracus) has also been associated with neoplastic disease, 

specifically cloacal papillomatous growths (Jacobson et al., 1983). However, to date, virus-

induced lymphoma in psittacines has not been described (Johne et al., 2002; Styles et al., 2004) 

and further, very little is known about the pathogenesis of round cell tumours in psittacine birds.  

1.2.3 Pathology and presentation 

Lymphoma can present as cutaneous or internal masses that may be localized or 

multicentric (Reavill, 2004; Robat et al., 2017). Published case reports of lymphoma in birds 

indicate that presentation generally is similar to mammalian lymphoma, which can clinically 

present with lethargy, anorexia, and weight loss among other non-specific clinical signs (Robat 

et al., 2017). Histologically, the morphology of neoplastic cells is variable, with reports of small, 

medium, or large lymphocytes, and a range of immunophenotypes and mitotic rates (Coleman, 

1995). In dogs, lymphoid neoplasia has been characterized by the presence of additional cell 

types such as macrophages scattered throughout the tumour which has been described as a 

“starry sky effect” (Greenlee et al., 1990). In the two published cases of lymphoid leukemia in 
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psittacines (Hammond et al., 2010; Osofsky et al., 2011) birds presented with elevated levels of 

CD3 immunoreactive lymphocytes in blood and bone marrow leading to a diagnosis of leukemia. 

Mast cell tumours and histiocytic tumours in psittacines, similar to leukemia, are rarely reported 

and it is necessary to rely on anecdotal data to estimate trends in pathology and presentation of 

these neoplastic diseases.  

1.2.4 Prognosis 

Survival data on RCN in psittacines are limited and very few reported treatments have 

proven effective at improving survival (Coleman, 1995). In order to assess potential prognosis, a 

summary of studies that reported survival data in psittacine RCN is provided in Table 1.2. Some 

birds were euthanized on presentation or die within days (Lennox et al., 2014), while others lived 

for months before succumbing to the disease (Alexander et al., 2017). One umbrella cockatoo 

(Cacatua alba) with cutaneous B-cell lymphoma appeared to be in remission eight years after 

treatment (Rivera et al., 2009). In dogs, subtyping of lymphoma by morphology and 

immunophenotype has provided useful information for estimating prognosis (Greenlee et al., 

1990; Dhaliwal et al., 2003). Although similar diagnostic algorithms in psittacines have not yet 

been developed, further classification of lymphomas and subsequent accurate diagnoses could 

potentially reveal similar trends and aid clinicians and pathologists to predict the behavior and 

outcomes of specific tumour types. 

1.2.5 Immunohistochemistry 

There is a paucity of formally validated immunohistochemical (IHC) markers in avian 

and specifically psittacine tissues, making accurate diagnosis of RCN challenging. 

Immunohistochemistry provides a method of differentiating cell types and lineages (i.e., 

immunophenotype) by labeling cell-type specific antigens with conjugated antibodies that can be 
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used to visualize reactivity. Immunophenotype can also be determined in fresh or frozen tissues, 

but since most tissues used for routine diagnostic purposes are stored as formalin-fixed, paraffin-

embedded tissues (FFPETs), it is necessary to find specific cell markers to be used in this context 

(Ramos-Vara and Miller, 2014). Table 1.3 and Appendix 1 detail the results of published 

reports that described the avian cross-reactivity of 14 mammalian IHC markers and how they 

were used to identify specific cell types in various disease states in avian species. Table 1.3 

highlights the avian taxa for which these data exist, as well as the taxa without reactivity data.  

CD3 is consistently cross-reactive regardless of the specific antibody used, but only 

scattered taxa are reported to cross-react for the remaining 13 markers. T-cell, B-cell, and NK 

cell-specific markers can be used to differentiate lymphocytic RCN. CD3 is the most common 

marker used in identification of T-cell neoplasia and shows cross-reactivity with most species in 

most disease states (Table 1.3; Appendix 2). Reactivity was observed in normal (non-

neoplastic) tissue, as well as in lymphoma and leukemia, highlighting the utility of this marker 

for identifying T-cells in FFPETs. In contrast, B-cell specific markers, are not well-established in 

psittacines (Robat et al., 2017). At least six different markers have been used in avian species to 

attempt and detect B-cells (Table 1.3), irrespective of disease state, but none show consistent or 

specific reactivity in avian (including psittacine) tissues. Further, some B-cell markers can be 

differentially expressed in different disease states. For example, BLA.36 is differentially 

expressed in neoplastic vs. non-neoplastic tissues in mammals (Carioto et al., 2001); however, 

this trend may be different among avian species (Kommers et al., 2002; Cushing et al., 2011; 

Neagari et al., 2011; Jones et al., 2014; Woodhouse et al., 2015). Since no B-cell markers are 

universally used in avian species, B-cell lymphoma or leukemia, as a result, may be 

underdiagnosed.  
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Macrophage-specific markers (Table 1.3) used in immunohistochemistry would be useful 

in identifying histiocytic sarcoma in psittacines; however, of the three antibodies reported to 

react in avian tissues (raised against IBA-1, lectin RCA-1, and lysozyme; Bröjer et al., 2012; 

Dezfoulian et al., 2012; Ushio et al., 2015; Gamino et al., 2016) none have been reported in 

psittacine species. Although histiocytic sarcoma is only rarely diagnosed in avian species (Sacré 

et al., 2014), verified negative reactivity of neoplastic cells for this marker (with appropriate 

internal controls) can help to confidently rule out this diagnosis and direct future diagnostic 

resources.  

Reactivity of mast cell-specific immunohistochemical markers is also rarely reported in 

psittacines with only one instance of positive reactivity of C-kit, which was used in the diagnosis 

of a dysgerminoma in an eastern rosella (Platycercus eximius; Strunk et al., 2011). Since other 

methods of specific diagnosis exist (histochemistry using Toludine blue or PAS stain), 

immunohistochemical markers are not always necessary (Dallwig et al., 2012). However, in 

agranular mast cell tumours, C-kit would be very valuable for diagnosis. 

1.2.6 Tissue microarray methods to assess immunohistochemical cross-reactivity 

Since determining cross-reactivity among different species is dependent on many factors 

(e.g., antigen homology, fixation method and length, tissue preservation, antibody properties, 

assay methodology), multiple reactions must be done to validate and optimize the IHC protocols. 

Tissue microarray (TMA) technology is a tool used to test many different tissues in a single 

reaction, and has been used in the validation process of several antibodies (Kononen et al., 1998; 

Natkunam et al., 2001; Hedvat et al., 2002). Small (i.e., 0.5-1.5 mm diameter) cores from each 

tissue of interest are placed on a grid, allowing up to 1000 cores to be included in a single 

paraffin block. This method reduces the inter-reaction variation and allows for more comparable 
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estimates of core-specific immunoreactivity. Hammer et al. (2007) used TMA technology to 

characterize IHC reactivity of lymphoma in ferrets, to better understand the variation in 

reactivity among different samples. An additional advantage of this method is that multiple 

antigen retrieval techniques and/or reaction protocols can be optimized on the same set of slides, 

enabling high-throughput evaluation of multiple tissues simultaneously. Conclusions drawn 

using this technology can be limited in that only a small section of the tissue is assessed, thereby 

potentially missing the divergent  (i.e., most relevant) sections of a tissue. However, Hammer et 

al. (2007) showed that single cores taken from lymphomas offered an area sufficient to identify 

positive immunoreactivity and make a diagnosis. The difference in assessment by TMA and 

whole mount was assessed using kappa concordance statistics to assess agreement between 

different methods of diagnosis and confirmed that diagnosis by TMA was sufficient for 

diagnosis. Therefore, the use of TMA technology would increase our ability to test and optimize 

different markers in psittacine species. 

1.3 Real-time PCR for DNA viruses in psittacines 

Viruses are an important cause of morbidity and mortality in psittacines (Gaskin, 1989). 

Furthermore, viruses can spread rapidly and cause devastating effects in aviary collections. 

Numerous psittacine species are severely threatened or endangered, and the maintenance of 

healthy captive breeding populations is an important conservation management strategy (Deb et 

al., 2010; Raidal et al., 2015). Psittacid herpesvirus-1 (PsHV-1), beak-and-feather disease virus 

(BFDV), and aves polyomavirus-1 (APV) are DNA viruses that can cause significant morbidity 

and mortality in psittacines (Katoh et al., 2010). Currently, diagnostic tools to detect these 

viruses are not commonly offered by veterinary diagnostic laboratories, especially in Ontario. As 

a consequence, specific diagnosis often depends on inference based on classic clinical signs and 
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histological lesions. Therefore, more specific detection methods are necessary to accurately 

diagnose and subsequently characterize the prevalence and pathology of these viruses as well as 

to determine potential risk factors associated with incidence or prevalence of disease.  

1.3.1 Psittacid herpesvirus-1  

1.3.1.1 Etiology 

Psittacine herpesviruses (Herpesviridae: Iltovirus) encompass a group of DNA viruses. 

The best described member of the group is Psittacid herpesvirus-1, the causative agent of 

Pacheco’s disease. This disease was first described in 1929 and beginning in the 1970s, massive 

outbreaks occurred among many psittacine species of all ages, with some aviaries loosing 

hundreds of birds over the course of a few days (Miller et al., 1979; Tomaszewski et al., 2001; 

Katoh et al., 2010). Subsequently, Simpson et al. (1975) identified a herpesvirus (specifically 

PsHV-1) as the causative agent.  

Psittacid herpesvirus-1 has been classified into four different genotypes, for which 

pathogenicity varies among different psittacine taxa (Tomaszewski et al., 2003). Recently, two 

other psittacine herpesviruses have been identified. PsHV-2 was identified in and associated with 

papillomas of African grey parrots, and was later diagnosed in a blue and gold macaw (Ara 

ararauna; Tomaszewski et al., 2006). However, little is known about the underlying 

pathogenesis (Styles et al., 2005). PsHV-3 was identified in a Bourke’s parakeets (Neopsephotus 

bourkii; Shivaprasad and Phalen, 2012) and later in Eclectus parrots (Eclectus roratus; Gabor et 

al., 2013) as the cause of severe respiratory disease, and it is phylogenetically closest to Gallid 

herpesvirus-1 (the causative agent of infectious laryngotracheitis in poultry; Thureen and Keeler, 

2006; Shivaprasad and Phalen, 2012; Gabor et al., 2013). PsHV-1 (with its four genotypes) is 

distinct from these other two viruses, although all three psittacine herpesviruses along with 
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Gallid herpesvirus-1 belong to the same Iltovirus genus (Thureen and Keeler, 2006). PsHV-1 is 

the most prevalent in psittacines and has been shown to be of the greatest clinical significance; 

therefore, the rest of this section focuses solely on PsHV-1.  

1.3.1.2 Epidemiology 

PsHV-1 has been documented worldwide, and is believed to have originated in South 

America (Phalen et al., 2004). In one study in the USA, 9.3% of psittacines submitted for 

necropsy were positive for PsHV-1, with specific detection of three of the four PsHV-1 

genotypes (Tomaszewski et al., 2006). Similar to other herpesviruses, PsHV-1 can become latent 

in birds that survive initial infection, making detection of infected birds challenging. In such 

cases, clinical disease can be triggered by stress of handling or transportation and often manifests 

a few days after arrival to a facility and may affect both resident and newly introduced birds 

(Miller et al., 1979). These stressors can also initiate viral shedding, providing a source of 

infection to nearby birds (Gaskin, 1989). Transmission has been demonstrated via carrier birds 

(anecdotally associated with the genus Aratinga) being introduced to an aviary (Gaskin, 1989); 

aviaries experiencing disease outbreaks with no new introductions within the previous two years 

were presumably a result of these subclinical carriers and stressful events which have been 

shown to initiate viral shedding (Gaskin, 1989). Transmission route is proposed to be fecal-oral 

with aerosolized viral particles infecting naïve birds (Gaskin, 1989). 

1.3.1.3 Diagnosis  

Pacheco’s disease is a systemic disease, with lesions mainly identified in the liver, spleen, 

and other parenchymatous organs (Katoh et al., 2010). Inflammation and necrosis of these organs 

often causes acute mortality, frequently preceded by non-specific clinical signs such as lethargy, 

anorexia, and sometimes yellow, watery feces (Abdul-Aziz and Barnes, 2018). Diagnosis has 
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relied primarily on histological lesions such as inclusion bodies (i.e., Cowdry Type A inclusions) 

in the nucleus of cells in the liver as well as other organs (Miller et al., 1979).  

Latently infected birds can develop papillomatosis in the oral or cloacal mucosa, and 

rarely, pancreatic or bile duct carcinomas are reported, although the pathogenesis remains 

unknown (Johne et al., 2002). Herpesviral genotypes have differing effects on different psittacine 

genera; therefore species signalment can help in diagnosis (Styles et al., 2004). For example, 

Amazon parrots are affected by all four genotypes, macaws (Ara sp.) and conures (Cyanoliseus 

spp.) most often by genotype 4, and African grey parrots are affected by all but genotype 1 

(Tomaszewski et al., 2006). Each genotype is associated with papillomatosis at different 

frequencies, with genotype 3 being the most likely to cause this disease (Styles et al., 2004). In 

an experimental study, an isolate of genotype 2 was less pathogenic in budgerigars 

(Melopsittacus undulatus) compared to an isolate of genotype 4 (Katoh et al., 2011). Styles et al. 

(2004) also suggested that classical Pacheco’s disease is caused by different viral genotypes 

within specific psittacine taxa. Viral shedding is infrequent and at low levels in latently infected 

birds; however, carriers have been identified by DNA testing of oral or cloacal mucosal swabs 

(Tomaszewski et al., 2006). By this method, Tomaszewski et al. (2006) found that birds 

maintained their infection (i.e., shedding) status for at least five years, indicating that repeat 

testing can identify latent carriers within a flock.  

1.3.2 Beak-and-feather disease virus 

1.3.2.1 Etiology 

Beak-and-feather disease virus (Circoviridae: Circovirus), is one of the smallest 

documented viruses in the animal kingdom, with a genome of ~2000 bp. The disease was first 

described in 1984 (Pass and Perry, 1984) and five years later, the etiological agent was 
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characterised as a member of the genus Circovirus (Ritchie et al., 1989). The host range is very 

broad and has been documented in over 60 species, but is thought to be much broader (Katoh et 

al., 2010). There is a high amount of genetic variation within psittacine circoviruses, and three 

genotypes have been proposed using two different methods: genetic distance and host taxonomy; 

unfortunately, these methods resulted in different genotype divisions (Ritchie et al., 2003; Heath 

et al., 2004). Evidence suggests that this variation is due to genetic drift within isolated clades of 

psittacines and not necessarily adaptive evolution (Heath et al., 2004). For example, phylogenetic 

divergence of viral strains in lorikeets (Das et al., 2016) and cockatoos (Cacatua spp.; Sarker et 

al., 2014) shows high host-specificity suggesting that variation within these distant taxa may be a 

result of genetic isolation and not differential adaptive selection. Additionally, Shearer et al. 

(2008) identified a serologically distinct strain in cockatiels, which are known to be highly 

resistant to BFDV infection.  

1.3.2.2 Epidemiology  

Infection prevalence of BFDV was documented at 31% in aviaries in Australia (Hulbert 

et al., 2015), as part of a surveillance program, 19.7% in Costa Rican aviaries (Dolz et al., 2013), 

39.2% in German breeding facilities (Rahaus and Wolff, 2003), and 10.4% in New Caledonian 

native and introduced wild psittacines (Julian et al., 2012). Although the virus is thought to be 

endemic to Australia, it is present on all continents with psittacines, and most psittacine species 

show some level of susceptibility to disease caused by BFDV (Raidal et al., 2015). 

Horizontal transmission occurs through shedding of infectious viral particles in feces and 

feather dust, allowing for efficient spread between birds (Ritchie et al., 1991). A mite 

(Knemidokoptes sp.) has also been anecdotally implicated in the horizontal spread of the virus in 

a sulfur-crested cockatoo (Cacatua galerita) although this may have been simply a mechanical 
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(i.e., not biologic) transmission (Portas et al., 2017). Non-psittacine birds can serve as carriers of 

the virus, thereby acting as reservoirs among wild bird populations (Amery-Gale et al., 2017). In 

Gouldian finches (Chloebia gouldiae), the disease has been shown to present similarly to 

psittacine disease, although little is known about the true non-psittacine host range (Circella et 

al., 2014). Additionally, the virus can remain infectious in the environment for years (Amery-

Gale et al., 2017). Vertical transmission has also been documented by detection of virus in eggs 

of naturally infected birds as well as in experimental trials (Rahaus et al., 2008). Horizontal 

transmission, however, is still considered the most important route of viral spread (Bert et al., 

2005). Regardless of the method of infection, total viral load in a bird positively correlates with 

clinical signs, suggesting that birds with high virus titers may be more likely to develop disease 

(Regnard et al., 2015). Chronic infections are thought to be an important source of infection 

since birds will often live several years after infection before succumbing to secondary disease 

(Todd, 2000).  

1.3.2.3 Diagnosis 

Beak-and-feather disease virus has received substantial attention because of the 

characteristic feather loss, often resulting in completely featherless birds. Adult wild birds with 

this feather dystrophy may experience higher rates of mortality as a result of increased risk of 

depredation, but chick mortality both in the wild and captivity is likely the most important factor 

in the virus’ effects on mortality (Abdul-Aziz and Barnes, 2018). Direct cytolytic effect of the 

virus affects lymphocytes in the cloacal bursa and thymus resulting in marked 

immunosuppression with generalized pancytopenia. Acute and peracute disease occur mostly in 

young birds with mortality, often without clinical signs (Hulbert et al., 2015). Infected birds most 

often succumb to secondary bacterial or fungal infections before the classical signs of feather 
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dystrophy appear resulting in higher rates of chick mortality (Doneley, 2003). Feather dystrophy 

is caused by the rapid virus replication in the epithelial cells of feather follicles (Todd, 2000). 

Beak lesions and deformities may also be seen, such as hyperkeratosis, necrosis, flakiness or 

elongation (Pass and Perry, 1984). Clinical presentation can vary, with some species having no 

clinical signs, and other more severe as described above (Shearer et al., 2008). Histologically, 

characteristic eosinophilic botryoid inclusion bodies can be seen in macrophages within the 

cloacal bursa and in feather follicle epithelial cells (Katoh et al., 2010). Although molecular 

methods are necessary for specific diagnosis, viral inclusions are often sufficient for diagnosis of 

BFDV (Katoh et al., 2010). 

Detection by PCR is commonly used for the diagnosis or confirmation of histological 

diagnosis of BFDV, and detection sensitivity depends concentration of virus in the tissues 

(Eastwood et al., 2015). Feather biopsy is often the most feasible/non-invasive tissue sample to 

collect from live birds, and can be diagnostic (Hakimuddin et al., 2016), but blood or muscle 

have a higher sensitivity by PCR, as demonstrated in a disease surveillance study in wild birds, 

and these tissues are the preferred samples for diagnosis (Eastwood et al., 2015). At postmortem 

examination, the cloacal bursa or other lymphoid organs are the most useful tissues for diagnosis, 

given that the virus replicates in lymphoid tissue, where it can be present even without the 

presence of inclusion bodies as demonstrated by in situ hybridization (Ramis et al., 1994). PCR 

diagnosis is particularly useful in birds in which the cloacal bursa has naturally (i.e., age-

induced) or pathologically regressed. Developments in methods of surveillance and testing for 

BFDV have improved drastically in recent years. Ogawa et al. (2005) developed a duplex PCR 

to test simultaneously for BFDV and APV. Additionally, haemagglutination inhibition assays 

have been used to test for antibodies against BFDV and can provide estimates of seroprevalence 
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(Raidal et al., 1993). Seroconversion facilitates more sensitive detection of birds that may be 

carriers and cannot be detected by other molecular methods such as PCR. Quantitative real-time 

PCR (rtPCR) tests have been developed for diagnosis of BFDV in Japan (Katoh et al., 2008), 

Australia (Shearer et al., 2009), United Arab Emirates (Hakimuddin et al., 2016), and the Czech 

Republic (Černíková et al., 2017), and provide rapid estimates of viral load as well as 

streamlined confirmation of diagnosis. 

1.3.3 Aves polyomavirus-1 

1.3.3.1 Etiology  

Aves polyomavirus-1 (Papovaviridae; Polyomavirus) was previously known as 

budgerigar fledgling disease virus, but is now known to have a much broader host range (Johne 

and Müller, 1998). It was first discovered in 1981 in Quebec, Canada, by Bernier et al. (1981) 

after observing high mortality in young budgerigars. Aves polyomavirus-1 isolates from widely 

divergent avian taxa appear to belong to a single genotype (Johne and Müller, 1998). Genetic 

characterization revealed low genetic variability and suggested that APV belongs to a subgenus 

within the Polyomavirus genus (Stoll et al., 1993). Conversely, Baron et al. (2014) identified a 

strain in budgerigars in New Zealand that had 30% sequence divergence from other known APV, 

and a divergent strain has also been identified in lovebirds (Agapornis spp.; Pass, 1985; Enders 

et al., 1997). Both of these proposed divergent strains represent a small proportion of APV 

infections and consequently the scope of APV research focuses on the most common variants.  

1.3.3.2 Epidemiology  

Studies suggest that APV is present on all continents with psittacine birds (Bert et al., 

2005), and prevalence estimates range from less than 1% (Bert et al., 2005) to 13% (Hulbert et 

al., 2015). In Costa Rica, a prevalence of 4.8% was observed in captive psittacine species (Dolz 
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et al., 2013). In Canada however, no current estimates of prevalence among captive psittacines 

exist; management and surveillance practices, however, have anecdotally reduced infection rates 

(Dr. Emily Martin, pers. comm.). 

Aves polyomavirus-1 is shed in the feces and can be detected by PCR on samples from 

cloacal swabs or fecal matter (Phalen et al., 1997). Fledglings and young breeders are proposed 

to be responsible for most of the transmission (i.e., both vertical and horizontal) within an aviary 

since birds continue to shed virus after clinical signs have subsided (Phalen et al., 1995). 

Infection prevalence in aviaries has been as high as 100% (Thongchan et al., 2016), with 

mortality in young birds ranging from 30 to 100% (Phalen et al., 1993). Birds that shed virus can 

be seronegative, but test positive by cloacal swabs, suggesting that they can shed virus in the 

absence of a significant humoral response, although this is considered the exception (Phalen et 

al., 1997). In a study by Phalen et al. (1995) seronegative offspring were produced from 

seropositive adults after seven months of breeding cessation, which allowed the birds to clear the 

infection indicating that the transmission cycle can be stopped. Infection of non-psittacines such 

as raptors and passerines, has been well-documented in the wild (Johne and Müller, 1998) and 

captivity (Alley et al., 2013), suggesting that these birds can serve as potential sources of 

infection. Since psittacines are sometimes co-housed with non-psittacine species, care should be 

taken to monitor for reservoir hosts. Known risk factors for APV infection include age and 

concurrent viral infections. For example, Dolz et al. (2013) found that BFDV infection was 

associated with a 6.24 times higher odds of APV infection. 

1.3.3.3 Diagnosis 

Aves polyomavirus-1 affects a wide range of psittacine species, but is diagnosed most 

commonly in macaws, conures, eclectus parrots, and lovebirds (Phalen et al., 1997). Clinical 
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presentation does not vary significantly between species (Johne and Müller, 1998; Circella et al., 

2014), and may include abdominal distention and dystrophy and/or loss of feathers; however, 

sudden death often occurs without premonitory signs (Bernier et al., 1981). Infection within an 

aviary has been identified by noting an increase in chick mortality and stunted growth in 

survivors (Kingston, 1992). Additionally, identification of foci of necrosis seen grossly and 

microscopically in the liver and other parenchymal organs can be used to suggest a diagnosis of 

polyomavirus (Abdul-Aziz and Barnes, 2018).  

Histopathology is the main method of diagnosis of APV infection. Intranuclear basophilic 

inclusion bodies are a highly suggestive microscopic finding associated with infection and are 

characterized by large and glassy inclusions found in hepatocytes, renal tubular cells, and splenic 

macrophages, as well as other tissues (Kingston, 1992). Necrosis is often associated with these 

inclusions (Ramis et al., 1994). Virus has been detected in most tissues tested in budgerigars by 

PCR, attesting to the systemic nature of this disease (Phalen et al., 1993). In situ hybridization 

has been used to identify viral nucleic acids in lesions and is particularly useful in identifying 

virus within tissues to determine co-localisation with lesions (Ramis et al., 1994). Similar to 

many other viral infections, exposure to the virus can be identified by serology (Deb et al., 

2010). However, several studies have shown that APV-specific antibody titers decrease over 

time if the source of exposure is removed (Phalen et al., 1995). Genetic methods (e.g., PCR) 

remain the most sensitive method of detection of APV (Phalen et al., 1991; Ogawa et al., 2005). 

1.3.4 Overall diagnostic methods for psittacine DNA viruses 

Viral diseases are diagnosed by a variety of techniques and common methods can be 

broadly applied regardless of the specific virus in question. Histopathology, virus isolation, 

electron microscopy, and molecular methods, such as PCR and sequencing are commonly used 
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(Katoh et al., 2010), as well as immunohistochemistry and in situ hybridization (Ramis et al., 

1994). Since many DNA viruses that infect psittacines have been well-characterized and 

methods of diagnosis are reasonably accurate, the greatest need currently lies in developing more 

rapid and sensitive diagnostic tests to better manage these diseases in captive and wild 

psittacines.  

1.3.4.1 Real-time PCR 

Real-time PCR has been used in psittacines via two methods: SYBR green (Katoh et al., 

2008; Shearer et al., 2009) in which indicators fluoresce when intercalated with DNA, and 

TaqMan (Hakimuddin et al., 2016; Černíková et al., 2017) in which indicators fluoresce when 

released into solution. Quantitative rtPCR methods provide tools to quantify the amount of DNA 

in a sample and can be used to correlate viral load with clinical signs or associated risk factors. 

Reported applications include rtPCR to identify prevalence of infection of BFDV in different 

psittacine species (Hakimuddin et al., 2016). Katoh et al. (2008) developed individual rtPCR 

assays using SYBR green technology for four different DNA viruses including the three viruses 

discussed in the present work. Even though these tests have been developed and primer 

sequences published, it is necessary to develop, validate, and optimize laboratory-specific 

methods and in some cases. At the Animal Health Laboratory (AHL) at the University of 

Guelph, no molecular tests are currently available to diagnose PsHV-1, BFDV, or APV 

infection. Developing rtPCR tests will not only improve diagnostic capacity through the AHL, 

but will also provide tools to increase our knowledge of DNA viral infections in psittacines with 

respect to prevalence and pathogenesis. In addition, a multiplex design for these three viruses is 

would be a completely new contribution to the literature. 
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1.3.4.2 Multiplex design 

Multiplex assays are a tool that can concurrently test for multiple pathogens in a single 

diagnostic sample, increasing the efficiency of sample processing and providing additional data 

on the presence/absence of pathogens that would otherwise not be collected, assisting in the 

determination of causative etiologies. Examples using conventional PCR (Huang et al., 2004) as 

well as rtPCR (Fumian et al., 2010) are used in psittacine diagnostics. Multiplex assays facilitate 

the detection of concurrent viral infections causing disease. Aves polyomavirus-1 and BFDV 

have been diagnosed concurrently (Latimer et al., 1993), but the viral interactions and the 

mechanisms/pathogenesis behind these concurrent infections are not well-understood. Co-

infection data from multiplex test incorporating all three viruses will help to better characterize 

these interactions, as well as disease resulting from single or concurrent infections. 

1.4 Proposal  

1.4.1 Gaps of knowledge 

Published literature on diseases of psittacines is largely comprised of case reports and 

anecdotal data, and the tools necessary to accurately diagnose the wide variety of diseases in 

psittacines are lacking. Numerous diagnostic methods are commonly used in other areas of 

veterinary research and need to be developed and validated for use in psittacines.  

1.4.2 Objectives  

1. Describe the prevalence and presentation of common diseases in cohort of psittacines 

from Ontario, and determine risk factors associated with select diseases. 

2. Describe the pathological presentation of round cell neoplasia in psittacine birds, and 

assess the cross-reactivity of antibodies commonly used in domestic mammals for the 

diagnosis of these tumours in psittacines.  
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3. Develop and validate a multiplex rtPCR assay to detect three select DNA viruses in 

psittacines.  

1.4.3 Methods  

Diagnostic data derived from psittacine birds (n = 1,850) submitted to the Ontario 

Veterinary College and the Animal Health Laboratory from 1998-2017, will be compiled in a 

database, including demographic data (e.g., taxonomy, age, sex) and final diagnoses. Final 

diagnoses will be ranked according to importance in the cause of mortality and categorized by 

body system affected (e.g., nervous, musculoskeletal, etc.) and disease process (e.g., viral, 

metabolic, etc.). Using a subset of cases (n = 1246) with complete signalment data, we will 

perform logistic regression to determine trends in disease prevalence of different age groups and 

genera. Additionally, FFPETs from a subsets of cases derived from this database will be used to 

refine diagnostic methods for RCN and molecular detection of DNA viruses, as outline below.  

Using a cohort of cases diagnosed with RCN from our database as well as from other 

institutions, we will summarize common histological and immunohistochemical features, 

through the validation of immunohistochemical markers commonly used in mammalian species 

for use in psittacine tissues. Tissue cores taken from archived formalin-fixed paraffin-embedded 

tissues will be arrayed in TMAs to test cross-reactivity of antibodies previously validated in 

mammalian tissues and to assess their utility in characterizing RCN in psittacines.  

Using FFPETs from psittacines diagnosed with infections of PsHV-1, BFDV, or APV, 

we will validate and optimize virus-specific primers designed from publically available 

sequences, in order to develop a multiplex TaqMan rtPCR. Sensitivity and specificity of 

primer/probe sets will be assessed using serial dilutions of synthetic target DNA and a panel of 

59 other veterinary agents. This validated multiplex TaqMan rtPCR assay will be offered through 
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the Animal Health Laboratory and will be the first of its kind in Ontario, and one of only a few 

psittacine diagnostic tools offered in Ontario. 
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1.5 Tables  

 

Table 1.1. Examples of retrospective studies conducted in veterinary pathology, categorized by overall purpose 

 Purpose of the 

study* 

Study design Taxa Disease Description of study Reference 

To describe 

pathology and 

presentation 

(disease-focused)  

Case series Psittacines Mycobacteriosis Described the prevalence of 

mycobacteriosis in different 

species and the histological 

presentations 

(Palmieri et al., 2013) 

Case series Pigeons Pigeon circovirus 

infection 

Described the gross and 

histological presentation of 

pigeon circovirus 

(Woods et al., 1994) 

Case series Psittacines Avian polyomavirus 

infection and psittacine 

beak-and-feather 

disease 

Described the prevalence and 

presentation of two DNA viruses 

in different psittacine genera 

(Thongchan et al., 

2016) 

Case series Psittacines Heart disease Described the cardiac lesions of 

psittacine birds diagnosed with 

heart disease 

(Oglesbee and 

Oglesbee, 1998) 

Case-control Psittacines Atherosclerosis Described the prevalence and risk 

factors associated with 

atherosclerosis in pet birds 

(Beaufrère et al., 

2013a) 

Case series Cockatiels 

 

Neoplasia Described a unique pulmonary 

tumour in cockatiels 

(Garner et al., 2009) 

To describe 

pathology and 

presentation 

(taxon-focused) 

Case series Elasmobranc

h fish 

Varied  Described the prevalence of 

different diseases affecting 

captive elasmobranchs 

(Garner, 2013) 

Case series Avian Varied Quantified and described the (Nemeth et al., 2016) 
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causes of mortality in birds 

submitted to the university of 

Georgia focusing on taxa specific 

patterns 

Case series Raptors Varied Quantified and described the 

causes of mortality in wild raptors 

in Ontario, in Canada 

(Smith et al., 2017) 

Case series Amazon 

parrots 

Ocular disorders Described the range of ocular 

disorders in Amazon parrots and 

their clinical presentations 

(Hvenegaard et al., 

2009) 

Case series Ratites Varied Described spontaneous diseases 

in captive ratites 

(Bello et al., 2017) 

To find associations 

between diseases and 

risk factors 

Case-control Psittacines Chlamydiosis and 

atherosclerosis 

Determined if a chlamydia-

associated antigen and other risk 

factors are associated with 

development of atherosclerosis 

(Pilny et al., 2012) 

Case series Domestic 

poultry 

Salmonella enterica 

infection 

Analyzed biosecurity protocols 

on commercial poultry farms to 

find risk factors or Salmonella 

infection 

(Fris, 1995) 

To characterize new 

diseases 

Case series Mollucan 

cockatoos 

Atypical 

granulomatous disease 

Described a novel granulomatous 

disease in Moluccan cockatoos 

(Cole et al., 2008) 

Case series Cockatiels 

 

Probably pulmonary 

carcinoma 

Described a unique pulmonary 

tumour in cockatiels 

(Garner et al., 2009) 

To describe 

prevalence of 

specific lesions 

Case series Veterinary 

cases 

Aspergillus spp. 

infection 

Described the prevalence of 

calcium oxalate crystals in 

Aspergillus spp. infection cases in 

a variety of taxa 

(Payne et al., 2017) 

To describe drug Case-case Domestic Cheyletiellosis Compared and contrasted the (Mellgren and 
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efficacy  comparison rabbits efficacy of treating cheyletiellosis 

in domestic rabbits with 

selamectin or ivermectin 

Bergvall, 2008) 

To determine normal 

physiological 

parameters 

Case series Psittacines Various Used clinical pathology records 

from a variety of species and 

diseases to determine normal 

blood parameters in psittacines  

(Capitelli and Crosta, 

2013) 

To quantify clinical 

procedure efficacy 

Case series Psittacines Tracheal obstruction Quantified the outcomes of a 

suction technique to treat tracheal 

obstructions 

(Westerhof, 1995) 

Case series Psittacines Neoplastic diseases Summarized the kinds of surgical 

procedures performed for various 

neoplasms in psittacine birds and 

the final outcomes 

(Castro et al., 2016) 

Note: Studies selected are author-defined retrospective case studies.  

*Main purpose of the study, as assessed by the author of this literature review. 

**Case series = descriptions of a group of cases without the use of control cases, case-control = cases are directly compared to controls 

with similar risk exposures, case-case comparison = similar to case-control but both groups of cases are treated somehow. 
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Table 1.2. Examples of survival data and immunohistochemical reactivity for lymphocytic neoplasia in psittacines, as reported in 

the literature  

Species Presentation IHC 

positive 

Treated** Survival 

time* 

Euthan

ized 

Reference 

Green-winged macaw  

(Ara chloropterus) 

Chronic lymphocytic leukemia CD3 Yes 29 weeks No (Hammond et al., 2010) 

Umbrella cockatoo  

(Cacatua alba) 

Cutaneous B-cell lymphoma BLA.36 Yes Indefinite N/A (Rivera et al., 2009) 

Yellow-naped Amazon parrot 

(Amazona auropalliata) 

Diffuse intestinal T-cell 

lymphosarcoma 

CD3 Yes 6 weeks Yes (Souza et al., 2008) 

Cockatiel  

(Nymphicus hollandicus) 

Lymphosarcoma None Yes 2 years No (Lennox et al., 2014) 

Blue and gold macaw 

(Ara ararauna) 

Lymphosarcoma None Yes 7 days No (Lennox et al., 2014) 

Double yellow-headed 

Amazon parrot 

(Amazona oratrix) 

Chronic lymphocytic T-Cell 

Leukemia 

CD3 Yes 40 days Yes (Osofsky et al., 2011) 

Yellow-collared macaw 

(Primolius auricollis) 

Retro-orbital and disseminated 

B-cell lymphoma 

MUM-1 No 2 months No (Le et al., 2017) 

Orange-winged Amazon 

(Amazona amazonica) 

Malignant T-cell Lymphoma CD3 No  3 days No (de Wit et al., 2003) 

Blue-fronted Amazon 

(Amazona aestival) 

Malignant T-cell Lymphoma CD3 No  Euthanized 

after testing 

Yes (de Wit et al., 2003) 

Catalina macaw 

(Ara macao X Ara ararauna) 

Multicentric T-cell Lymphoma CD3 Yes 24 days Yes (Hausmann et al., 2016) 

Blue and gold macaw 

(Ara ararauna) 

Periorbital lymphoma None Yes 4 months No (Alexander et al., 2017) 

Double yellow-headed Cutaneous T-cell CD3 No  1 week Yes (Burgos-Rodríguez et al., 
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Amazon 

(Amazona oratrix) 

lymphosarcoma  2007) 

Pacific parrotlet 

(Forpus coelestis) 

Orbital B-cell lymphoma  Pax5 Yes ~2 weeks Yes (Parmentier et al., 2017) 

Black-masked lovebird 

(Agapornis personata) 

Mast cell tumour None No 1 day No (Dallwig et al., 2012) 

*Survival time indicates the time of initial presentation to natural death or euthanasia. 

**Treated with chemotherapy or radiation (other treatments such as palliative care were disregarded). 
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Table 1.3. Matrix of immunoreactivity in avian taxa reported in the veterinary literature for various round cell markers using 

antibodies raised against mammalian markers.  

  

T-lymphocytes B-lymphocytes Macrophages Mast cells 

 

Taxon (# species)  CD3 CD3a TIA-1 Pax5 MUM-1 CD79 CD79a BLA.36 CD20 Vimentin IBA1 Lectin RCA-1 Lysozyme c-Kit 

P
si

tt
ac

if
o

rm
es

 

Ara (n = 4) 4       2                   

Amazona (n = 5) 5                 1         

Cacatua (n = 1) 1             1             

Psittacus (n = 1) 1       1                   

Nymphicus (n = 1) 6         6       6         

Forpus (n = 1) 1     1                     

 Platycercus (n = 1)                   1       1 

Myiopsitta (n = 1)                   1         

Strigiformes (n = 1) 1                           

Falconiformes (n > 1) 68                           

Galliformes (n = 5) 97   1 1   33 1 60 2     13 1   

Passeriformes (n = 5) 4     1   1   1   1         

Columbiformes (n = 1) 2     1             1       

Sphenisciformes (n = 3) 2 1         1 2             

Pelecaniformes (n = 1) 1                           

Anseriformes (n = 1) 60   1     58           58     

Gruiformes (n = 2) 2             1             

 

Total 255 1 2 4 3 98 2 65 2 10 1 71 1 1 

Note: Numbers in the matrix show the total number of birds that showed reactivity regardless of disease state.  A list of reports used in 

this matrix and detailed descriptions of each marker can be found in Appendix 1 and Appendix 2, respectively.  



34 
 

Chapter 2. Captive psittacine birds in Ontario, Canada: 
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2.1 Summary 

Psittacines (e.g., parrots, macaws, cockatoos) are common companion animals that are 

also kept in zoos and private breeding collections. Despite this popularity, long-term, 

comprehensive studies of diagnostic data in captive psittacines are rare. This study was 

conducted to assess trends in disease prevalence and to describe causes of morbidity and 

mortality in psittacines submitted for postmortem examination to the veterinary hospital and 

diagnostic laboratory at the University of Guelph, Ontario, Canada. Postmortem reports of 1,850 

psittacines from 1998-2017 were assessed and included 110 species from 45 genera. Birds were 

often diagnosed with infectious disease processes (n = 823; 44.5%), including viral (n = 428; 

23.1%), bacterial (n = 284; 15.4%), and fungal (n = 161; 8.7%). Non-infectious disease 

processes (n = 1,076; 58.2%), were most commonly degenerative (n = 465; 25.1%), metabolic 

(n = 392; 21.2%), and hemodynamic (n = 270; 14.6%). Exploratory statistical analyses, used to 

guide further research, revealed significant correlations and associations among disease 

processes, and genera, age categories, and sex. This 19-year retrospective study is the first to be 

conducted in Canada for psittacine birds and provides a broad overview of disease prevalence 

that can be used as a baseline to inform other studies addressing common and uncommon 

diseases affecting these birds in the future.  

 

Keywords: descriptive; pathology; long-term; proportional mortality rates 
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2.2 Introduction 

Birds from the order Psittaciformes (psittacines) include popular companion and aviary 

species such as macaws, cockatoos, parrots, and parakeets. Psittacines are comprised of 393 

species in 92 genera and three families (del Hoyo et al., 2018). Most of these species are native 

to tropical and subtropical climates in the Americas, Africa, Asia, and Australia; however, 

several species have been introduced to other areas of the world (e.g., Europe and the United 

States; Butler, 2005). In Canada and the U.S.A., psittacines exist primarily in captivity as 

companion animals, or in zoos and private collections for breeding, conservation, and education. 

Many psittacine species have a long life span (Young et al., 2012), and birds that are bred and 

maintained in captivity often develop a unique set of diseases that may differ substantially from 

those that occur in their wild conspecifics (e.g., cardiovascular, neoplastic; Ricklefs, 2000). 

Further, regional differences in aviculture practices (e.g., biosecurity, breeding and raising 

practices, bird sourcing, weather conditions, etc.) may affect disease prevalence, indicating the 

need for region-specific analyses. Pet owners and veterinary clinicians rely on pathologists and 

diagnosticians to understand disease pathogenesis, provide accurate diagnoses, and refine 

diagnostic algorithms. Pathology-focused literature describing the gross and histological 

presentation of psittacine diseases, including diagnostic standardization and grading, is currently 

comprised mostly of case reports or limited case series, which is defined here as a summary of 

multiple cases that share the same lesion or disease process (Caswell et al., 2018). Exceptions 

include extensive case series and reviews focusing on diseases such as mycobacteriosis (Lennox, 

2007; Palmieri et al., 2013), chlamydiosis (Vanrompay et al., 1995; Pilny et al., 2012; Beckmann 

et al., 2014), aspergillosis (Beernaert et al., 2010), and atherosclerosis (Beaufrère et al., 2013a, 
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2014). To the best of our knowledge, this is the first published report that describes the overall 

prevalence and pathological presentation of psittacine diseases in Canada.  

The purpose of the present study was to conduct a long-term retrospective analysis of 

pathologic diagnoses in psittacines submitted for postmortem evaluation to the Ontario 

Veterinary College and Animal Health Laboratory (Ontario, Canada) from 1998-2017. The 

objectives were to: 1) provide estimates of the prevalence of diseases affecting captive 

psittacines in Ontario, 2) determine possible risk factors associated with commonly diagnosed 

diseases through exploratory statistics, and 3) describe the pathological presentation of select 

diseases.  

2.3 Materials and methods  

2.3.1 Study population and data extraction 

Postmortem reports from psittacines submitted to the Ontario Veterinary College 

teaching hospital and the Animal Health Laboratory, from 1998-2017, were retrieved. Data from 

postmortem reports were compiled into a spreadsheet (Excel 2016, Microsoft, Redmond, WA) to 

include, for each case, signalment (i.e., species, sex, age, and submission date), final diagnoses 

(i.e., determined by the pathologist based on complete pathology and laboratory results), and 

results of any ancillary tests. Taxonomic information from the postmortem reports were used to 

determine genus and family level classification according to del Hoyo et al. (2018). To account 

for life span differences among taxa, ages were delimited into four anagraphic categories (i.e., 

“chick”, “juvenile”, “adult” and “senior”) in accordance with the age at sexual maturity and the 

average life span for each genus (Young et al., 2012; Table 2.1; Appendix 3).  
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All reported diagnostic procedures (e.g., histopathology, ancillary test) were conducted in 

accordance with the standard operating procedures of the Animal Health Laboratory, which is an 

American Association of Veterinary Laboratory Diagnosticians-accredited diagnostic facility. 

2.3.2 Coding of final diagnoses by severity, etiology, and organ system  

Each final diagnosis in the postmortem report was broadly coded by etiological “disease 

process” (e.g., viral, metabolic, degenerative), and “body system” affected (e.g., hepatic, 

alimentary, musculoskeletal). Diagnoses with lesions that could not be attributed to a specific 

disease process, were coded as “idiopathic”, and cases with no final diagnosis were coded as 

“undetermined”. When possible, subcategories were determined to increase the precision of the 

data (Table 2.2; Appendix 4). For infectious etiologies, subprocesses (e.g., viral-circovirus) 

were coded if histologic lesions (e.g., viral inclusions, or ganglioneuritis for avian bornavirus) 

were highly suggestive or pathognomonic, or ancillary tests confirmed involvement of a specific 

agent. When an infectious etiology was suspected but could not be confirmed by histopathology 

or ancillary tests, the subprocess for that final diagnosis was indicated as “suspect” (e.g., 

bacterial-suspect). When infectious etiological agents were identified histologically (e.g., 

aggregates of bacteria, fungal hyphae, viral inclusions) and a specific etiology was not reported, 

diagnoses were coded as “unspecified” (e.g., bacterial-unspecified). For body systems, specific 

organs were used as subcategories.  

All final diagnoses (and thereby the associated disease processes) for each bird were 

ranked to indicate the relative importance in causing disease, and were coded as a “primary” or 

“non-primary” disease process. A primary disease process (a single final diagnosis) was 

considered the most important factor in causing mortality or clinical signs prompting euthanasia. 

Non-primary disease processes (often multiple final diagnoses per disease process) were 
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considered contributory to disease, but not the primary cause of mortality. Multiple non-primary 

disease processes were possible, but only one primary disease process per bird. Pathologists’ 

written comments were reviewed and considered in assigning ranking.  

2.3.3 Database formatting  

Information derived from the reports and associated coding were used to build a database 

that included demographic data [taxonomic groups (species and genus), sex, and age], and final 

diagnoses (coded by disease process, and body system affected, with associated subprocesses 

and ranking). When available, the location of the owner/aviary was included in the database; 

however, geographical provenience from Ontario was not an inclusion criterion. A derivative 

database was also built, with variables converted to binary code (i.e., 0, negative; 1, positive) for 

correlation and logistic regression analyses. All databases were created in Excel 2016.  

2.3.4 Statistical analysis 

2.3.4.1 Descriptive statistics 

Descriptive statistics were used to describe the prevalence of demographic data, disease 

processes/subprocesses, and body systems affected. Since multiple final diagnoses were made 

for most birds, the summation of all disease processes was greater than the number of birds in the 

database. Estimates of disease prevalence were reported as the number of birds affected by at 

least one of a given disease process or subprocess, out of the total number of birds in the 

database (n = 1,850). Primary disease processes were also described out of the total number of 

birds. For the purposes of this study, “prevalence” refers to the frequency observed in the given 

population submitted for postmortem, and more accurately describes proportional mortality or 

morbidity rates specific to the population.  
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2.3.4.2 Exploratory statistics 

The binary coded database was used to test for trends in the data using Spearman’s rank 

correlation analysis and logistic regression. For the correlation analyses, all disease processes, 

regardless of ranking, were correlated with demographic categories (i.e., genera, age category, 

and sex). Only disease processes with > 1% frequency in the database were included. Results 

were reported as correlation coefficients (ρ) when significant at p < 0.05. Primary disease 

processes were further analyzed, using body system, genus, age category, and sex as variables in 

multivariable logistic regression modeling. Separate models were built for each body system as a 

binomial outcome variable comparing the specific body system to all the other body systems. 

Independent variables included: disease process (binomial variable that compares the specific 

disease process to all the other disease processes), genus (binomial variable that compares the 

specific genus to all the other genera), age categories (categorical variable: chick, juvenile, adult, 

or senior), and sex (male vs. female). During the model building process, manual backward 

elimination was performed. Variables with p > 0.05 on the Wald’s test were removed unless 

there was evidence of confounding (i.e., when the removal of a variable changed the coefficients 

of the remaining variables by > 25%; Dohoo et al., 2009). Sex was not significant at the 

univariable stage and was excluded from further models. Results were reported as the odds of a 

body system being affected given the associated disease process, genus, and age category. All 

statistical analyses were performed using STATA Intercooled statistical software, version 14.2 

(Stata Corporation, College Station, TX, US). For all results from regression analyses statistical 

significance was determined for p values < 0.05, and for the reported models, all independent 

variables must have been significant. 
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2.4 Results 

2.4.1 Demographic data  

A total of 1,850 psittacines were submitted for postmortem examination from 1998-2017, 

and all cases were included in this study. The majority of birds were submitted from veterinary 

clinics in Ontario (86%), with the remainder from Quebec, Alberta, British Columbia, New 

Brunswick, or unspecified locations. Two psittacine families were represented: Psittacidae (n = 

1,452; 78.5%) and Cacatuidae (n = 333; 18.0%); identity of 65 birds (3.5%) was unknown. One 

hundred and ten species spanning 45 genera were represented, with the most common genera 

being Nymphicus (n = 230; 12.4%), Psittacus (n = 221; 11.9%), and Melopsittacus (n = 214; 

11.6%; Appendix 5). Males (n = 696; 37.6%) and females (n = 684; 37.0%) were similarly 

represented, and 470 birds (25.4%) had unidentified sex. Juveniles were the most common age 

category (n = 473; 25.6%) followed by adults (n = 289; 15.6%), seniors (n = 273; 14.8), and 

chicks (n = 249; 13.5%); age data were not recorded for 566 birds (30.6%). 

2.4.2 Overview of final diagnoses and disease processes 

A total of 3,813 final diagnoses were reported in 1,850 birds, with an average of 2.1 final 

diagnoses per bird (range, 1-12). An average of 1.6 disease processes were concurrently 

diagnosed per bird (range, 1-7). A summary of all disease processes and subprocesses is 

provided in Table 2.2. Birds affected by non-infectious disease processes were the most 

common (n = 1076; 58.2%), and were diagnosed most frequently with degenerative (n = 465; 

25.1%), metabolic (n = 392; 21.2%), or hemodynamic (n = 270; 14.6%) disease processes. Birds 

affected by infectious disease processes (n = 823; 44.5%) were most commonly affected by viral 

(n = 428; 23.1%), bacterial (n = 284; 15.4%), and fungal (n = 161; 8.7%) disease processes. 
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Birds affected by idiopathic and undetermined disease processes comprised 21.1% (n = 392) of 

birds in the database.  

Similar to what was observed for all disease processes, the most common primary disease 

processes were non-infectious (n = 794; 42.9%), while infectious processes were implicated in 

the cause of mortality of 738 birds (39.9%). A hierarchical breakdown of primary disease 

processes is reported in Figure 2.1 and Table 2.2. Relative frequencies of the most common 

primary disease processes reflected exactly what was seen with all processes except in primary 

processes, neoplastic disease processes were more frequent than physical disease processes. 

Considering all disease processes, the most commonly affected body systems were alimentary (n 

= 571; 15.0%), systemic (n = 516; 13.5%) and respiratory (n = 453; 11.9%; Appendix 4). 

Relevant findings for the most common disease processes are detailed in the following 

paragraphs. Information not found in Table 2.2 is clearly specified in the text; this information 

includes the most commonly affected genera and body systems, and brief descriptions of 

histological findings when relevant. 

2.4.3 Infectious disease processes 

2.4.3.1  Viral 

A total of 428 birds were diagnosed with viral disease processes with 390 being 

considered primary. Specific viral etiologies (i.e., subprocesses) were most frequently 

bornavirus, polyomavirus, circovirus, and herpesvirus, and the majority of each were considered 

primary (average, 88.8%). The most common genera affected by viral subprocesses were 

Psittacus (n = 72; 25.0%) for bornavirus, Psittacus (n = 23; 62.2%) for circovirus, Ara (n = 11; 

14.1%) for polyomavirus, and Amazona (n = 11; 36.7%) for herpesvirus. Proportionally, chicks 

were most affected by polyomavirus and circovirus, and juveniles were most affected by 
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bornavirus and herpesvirus. West Nile virus was diagnosed in only few birds (n = 3), and one 

case of adenovirus infection was suspected as the cause of mortality in a Pacific parrotlet 

(Forpus coelestris). Considering all viral disease processes together, the most commonly 

affected body systems were nervous (n = 275; 49.4%), systemic (n = 117; 21.0%), and 

hepatobiliary (n = 36; 6.5%).  

2.4.3.2 Bacterial 

Bacterial infections were commonly diagnosed as Mycobacterium spp., Chlamydia spp., 

and Salmonella spp., and were considered primary in 220 birds. Mycobacterium spp. infection 

was diagnosed in 33 birds as primary, and among all cases (i.e., primary and non-primary), the 

genus Amazona was most commonly affected (n = 8; 17.8%). Mycobacterium spp. infections 

were most commonly coded as systemic (n = 25; 43.1%), followed by respiratory (n = 12; 

20.7%). The latter involved the lungs, air sacs and infraorbital sinuses. Other body systems 

affected included hepatic (n = 6; 10.3%), alimentary (n = 5; 8.6%), lymphoid organs (n = 4; 

6.9%), nervous (n = 2; 3.4%), integumentary (n = 2; 3.4%), bone marrow (n = 1; 1.7%), and eye 

(n = 1; 1.7%). Chlamydia spp. infections were coded as the primary in 26 birds from 11 genera. 

The most common genus infected with Chlamydia spp. was Amazona (n = 6; 20.7%). 

Considering all chlamydiosis cases, infections were most often systemic (n = 18; 39.1%), but 

were also localized to hepatic (n = 8; 17.4%), lymphoid (n = 4; 8.7%), three (6.5%) each in 

respiratory, alimentary, nervous, coelomic, two (4.3%) each in cardiovascular, urogenital, and 

musculoskeletal (n = 1; 2.2%) body systems. All 17 cases of Salmonella spp. infections were 

considered the primary disease process, and infection was systemic in all cases. The most 

common genus affected by Salmonella spp. infection was Trichoglossus (n = 6; 13.3%). 
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2.4.3.3 Fungal 

Fungal infections were diagnosed in 161 birds, with 106 being primary. Aspergillus spp. 

infection was the most commonly diagnosed, followed by Macrorhabdus ornithogaster (avian 

gastric yeast), and Candida spp. Aspergillosis manifested primarily in the respiratory system 

(55.0%), including nasal sinuses, lungs, and air sacs, and in 84.4% of birds was considered 

primary. Avian gastric yeast infection was diagnosed in eight species, most commonly 

budgerigars (Melopsittacus undulatus; n = 19), cockatiels (Nymphicus hollandicus; n = 10), and 

Pacific parrotlets (n = 8). Overall, 52.2% birds with M. ornithogaster infection were considered 

primary, which included cases where this infection was the only apparent cause of poor 

doing/emaciation. In all 11 birds with candidiasis, infection was only reported in the crop and 

other parts of the alimentary system. 

2.4.3.4 Parasitic 

Parasitic infections were diagnosed in 37 birds with 22 being considered primary. 

Baylisascaris spp. was the most common etiology (n = 11) and was considered primary in all 

cases. Baylisascaris spp. infection was generally a presumptive diagnosis based on the presence 

of localized encephalomyelitis; nematode larvae were observed histologically in one bird. 

Cryptosporidia spp. infections were identified in six individuals and one was considered as the 

primary disease process. Various other parasitic infections were also diagnosed by 

histopathology (Table 2.2). One example included a mitred conure (Psittacara mitratus) with a 

non-primary sarcosystis sp. infection diagnosed by the presence of elongated parasitic cysts 

filled with bradyzoites in the tongue and masseter muscle with a minor inflammatory reaction; 

the primary disease process in this bird was proventricular dilatation disease (bornavirus 

infection). 
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2.4.4 Non-infectious disease processes 

2.4.4.1 Degenerative 

Degenerative disease processes were the most commonly recorded non-infectious causes 

of morbidity, affecting a total of 465 birds and were considered primary in 197 birds. 

Degenerative subprocesses were most commonly necrosis, and atrophy. The primary subprocess, 

necrosis (n = 21) included cases with extensive or multifocal necrosis of liver (n = 12; 57.1%), 

two each (10.0%) of myocardium, pancreas, and spleen, one case with involvement of spleen, 

liver, and kidney, and one with involvement of the spleen, liver, and pancreas. The primary 

subprocess, atrophy (n = 13), consisted most commonly (n = 6; 46.2%) of pancreatic atrophy 

manifesting as partial or complete loss of zymogen granules. In all of these primary degenerative 

cases no signs of an etiological agent were identified. The most common body systems affected 

by degenerative disease processes were hepatobiliary (n = 174; 27.4%), lymphoid (n = 94; 

14.8%), and cardiovascular (n = 92; 14.5%; Appendix 6). 

2.4.4.2 Metabolic 

Metabolic disease processes affected 392 birds, with 183 being coded as the primary. In 

total, 477 final diagnoses were coded as metabolic, indicating that many birds were diagnosed 

with multiple, concurrent metabolic disease processes. The most common metabolic 

subprocesses included atherosclerosis, gout, and hemosiderosis. Atherosclerosis was reported in 

16 genera, in a total of 172 birds and was considered primary in 44.8% of these. Psittacus was 

the most commonly affected genera (n = 53; 30.8%), but Agapornis was the most severely 

affected with 80.0% (n = 12/15) of cases considered as primary. Three age categories were 

affected by primary atherosclerosis: seniors (n = 28; 36.4%), adults (n = 13; 17.0%), and 

juveniles (n = 12; 16.0%), and 24 birds (31.1%) had no age specified. In all cases, 
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atherosclerosis was identified in the great vessels of the heart, and two cases involved additional 

glomerulosclerosis: an African grey parrot (Psittacus erithacus) and a conure species (genus 

unknown). Gout was considered a primary cause of mortality in 44 birds from 16 genera with 

Nymphicus being the most commonly affected (n = 10; 22.7%). All except two cases of gout 

were described as urate nephrosis characterised by the presence of urate crystals (tophi) in the 

kidneys, and 18 birds (40.9% of cases of primary urate nephrosis) also had visceral urate 

deposits. Hemosiderosis was considered a primary disease process in 24 birds and histologic 

lesions were most frequently in the liver (n = 19; 79.2%). The most severe cases were 

accompanied by extensive hepatic fibrosis, but all cases had accumulations of iron pigment in 

macrophages and/or parenchymal cells.  

2.4.4.3 Hemodynamic 

Birds diagnosed with hemodynamic disease processes were affected by subprocesses 

such as hemorrhage, congestion, edema, and ascites. Hemorrhage followed by congestion were 

the most common disease processes. Hemorrhage was diagnosed most frequently in the intestine 

(72 birds) with no identified cause. Fatal “stress hemorrhage” was described in 42 of these cases; 

however, confirmation of this pathogenesis was not verified. Congestion, when considered 

primary, was most often systemic (n = 9; 50.0%), and in seven cases (38.9%) consisted of 

marked pulmonary congestion. 

2.4.4.4 Physical 

Birds affected by physical disease processes were diagnosed with subprocesses such as 

foreign body disease, trauma, and perforation and were coded as primary in 87 birds. Foreign 

body disease was diagnosed in 82 birds and was most often observed in the respiratory system (n 

= 69; 84.2%); ten of these cases (12.2%) were diagnosed as incidental anthracosis. Foreign body 
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disease was coded as primary in 45 birds, with 71.1% (n = 32) of these being described as 

aspiration pneumonia. Examples of trauma included long bone and skull fractures, of avian and 

anthropogenic origin, and were considered primary in 61.5% (n = 16) of birds diagnosed with 

trauma. Perforations included four primary disease processes involving esophagus, and/or crop. 

Body systems affected in non-primary cases of perforations included intestines and 

proventriculus; these cases were likely secondary to primary neoplastic (n = 3), viral (n = 2), and 

fungal (n = 1) disease processes.  

2.4.4.5 Neoplastic 

One or more neoplastic disease processes were diagnosed in 144 birds totalling 154 final 

diagnoses; eight of these birds were diagnosed with multiple neoplasms. Concurrent final 

diagnoses included adenocarcinoma and lipoma (n = 2 birds), spindle cell tumour and 

adenocarcinoma (n = 2), leukemia and leiomyosarcoma (n = 1), and concurrent final diagnoses 

of different primary carcinomas (n = 3). Neoplastic disease processes were considered primary 

in 119 birds. Overall, the most common neoplastic subprocesses included carcinoma, round cell 

neoplasia, and sarcoma, and were frequently considered the primary cause of mortality. 

Considering all neoplastic disease processes, the most common body systems affected were 

alimentary (n = 40; 26.0%), urogenital (n = 27; 17.5%), and systemic (n = 26; 16.9%). 

Alimentary neoplasia consisted most commonly of carcinoma (88.0%) affecting the pancreas 

(19.4% of carcinomas diagnosed), intestine (19.4%), cloaca (16.7%), proventriculus (11.1%), 

ventriculus (5.6%), colon (5.6%), esophagus (2.8%), oral cavity (2.8%), and crop (2.8%). The 

most frequently affected genera were Melopsittacus (n = 37; 25.7% of birds affected by 

neoplastic disease processes), Nymphicus (n = 23; 16%), and Amazona (n = 18; 12.5%). 
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Carcinoma was the most prevalent subprocess within each of these genera [Melopsittacus (n = 

20; 51.3%), Amazona (n = 13; 68.4%), and Nymphicus (n = 11; 45.8%)]. 

2.4.4.6 Non-neoplastic disturbances of growth  

Non-neoplastic disturbances of growth (n = 143) were diagnosed in 126 birds, and were 

considered primary in 36 birds. The most common subprocesses included hyperplasia, goiter, 

and metaplasia, the latter being associated with suspected vitamin A deficiency in 10 of 15 cases. 

Papillomatosis was diagnosed in 14 birds, and was considered primary in eight cases. Papillomas 

were observed in the cloaca of three macaws (Ara spp.), one yellow-collared macaw (Primolius 

auricollis), three Amazon parrots (Amazona spp), one mitred conure, and one maroon-bellied 

conure (Pyrrhura frontalis). Oral papillomas were identified in one African grey parrot, one 

Quaker parakeet (Myiopsitta monachus), and one macaw. Papillomatous growths were also 

observed on the ovary of a Major Mitchell’s cockatoo (Lophochroa leadbeateri), and the skin of 

an unidentified parrot. A viral etiology was not identified in any of these cases. Considering all 

non-neoplastic disturbances of growth (n = 143), the most affected body systems were endocrine 

(n = 47, 2.8%), alimentary (n = 30, 21.0%), and integumentary (n = 14, 9.8%). 

2.4.5 Exploratory statistics 

2.4.5.1 Correlation analysis 

Considering all final diagnoses, Spearman’s rank correlations revealed significant 

positive correlations between nine disease processes and numerous genera, all age categories, 

and female sex (Table 2.3). The highest correlations were between Psittacus correlated with 

viral disease processes (ρ = 0.12), and Melopsittacus correlated with neoplastic disease processes 

(ρ = 0.10). Metabolic disease processes correlated with Psittacus, Agapornis, and Amazona, and 
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of the 65 cases in these genera, atherosclerosis (n = 41; 63.1%), hemosiderosis (n = 9; 13.8%), 

and poor body condition (n = 5; 7.7%) were the most common subprocesses. Age categories 

showed significant positive correlations with five disease processes. Viral disease processes for 

example positively correlated with the chick and juvenile age categories (ρ = 0.1, and ρ = 0.08, 

respectively). Of the 139 juveniles diagnosed with viral disease processes the most common 

etiologies identified were: bornavirus (n = 90; 64.7%), polyomavirus (n = 13; 9.4%), and 

circovirus (n = 12; 8.6%), and of the 70 chicks, the most common etiologies identified were: 

polyomavirus (n = 42; 60.0%), circovirus (n = 13; 18.6%), bornavirus (n = 10; 14.3). Physical 

disease was the only category that correlated with female sex, and of the 86 final diagnoses 

coded as physical in female birds, foreign body disease (n = 30; 34.9%) was the most common, 

followed by trauma (n = 20; 23.3%), and egg binding (n = 8; 9.3%).  

2.4.5.2 Multivariable logistic regression 

Based on the two models using nervous body system as the outcome variable, the odds of 

being diagnosed with a primary nervous lesion were highest in adult birds with viral disease 

from the genus Aratinga, or Ara (Appendix 7). Cases meeting all of these criteria were 

diagnosed with primary bornavirus infections (n = 6 and 3, for Ara and Aratinga, respectively). 

With urogenital body system as the outcome variable, primary processes had the highest odds of 

being diagnosed in senior budgerigars when the disease process was metabolic. Cases meeting 

all these criteria involved urogenital gout in senior budgerigars (n = 3). In models with systemic 

disease as the outcome variable (two models), chicks of the genus Amazona had the highest odds 

of systemic lesions when the cause of disease was either bacterial or viral. Cases meeting these 

criteria included one Chlamydia sp. and two herpesvirus infections.  
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2.5 Discussion 

Psittacine birds analyzed in this study represent 45 of the 92 currently recognized, extant 

psittacine genera. Disease trends observed in this study reflect other published studies with 

respect to disease prevalence and pathological presentation (Nemeth et al., 2016). The methods 

used in this retrospective study give estimates of proportional mortality rates attributed to 

different causes and contributory factors. These rates provide population level data on the 

prevalence of spontaneous disease in a population of captive psittacines, and may help to 

estimate actual health threats in a given population or region. For infectious diseases, the 

incidence of infection may even underestimate the true incidence since infection does not always 

cause apparent morbidity or mortality leading to submission for postmortem investigation. 

Overall, our distinction between primary and non-primary disease processes helped to identify 

the diseases that more often resulted in mortality in this cohort of birds. Additionally, descriptive 

and exploratory statistics help to elucidate and confirm trends in disease prevalence, to suggest 

risk factors or putative associations in need of further research. Numerous disease processes were 

identified in this study as primary and non-primary contributors in the cause of morbidity and 

mortality, and the following sections discuss a selection of these.  

2.5.1 Viral infections 

Herpesvirus infection (e.g., psittacid herpesvirus-1), which classically causes Pacheco’s 

disease, was diagnosed as a primary process in nearly all cases (96.7%), and represented the 

highest proportion of mortality among the six viral diseases diagnosed in the present study. This 

result is consistent with the known high pathogenicity of the herpesvirus that causes Pacheco’s 

disease (Katoh et al., 2010). Psittacines can be differentially affected by specific genotypes of 

psittacid herpesvirus-1 (Tomaszewski et al., 2003); however, genotyping was not conducted in 
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the present work. Disease caused by polyomavirus and circovirus infection was significantly 

more common in chicks and juveniles versus older age categories. This trend is consistent with 

the notion that adults are rarely susceptible to disease caused by these two pathogens (Katoh et 

al., 2010).  

2.5.2 Bacterial infections 

The prevalence and etiologies responsible for bacterial infections in the present work are 

consistent with previous studies (Panigrahy and Harmon, 1985; Devriese et al., 1994; Doneley, 

2009). Mycobacteriosis, for example, is common in captive psittacines and the prevalence 

observed in the present study (approximately 2% of birds) is comparable to the estimated 

prevalence in captive psittacines in California (Palmieri et al., 2013). In the latter study, a wide 

distribution of organs was affected, including liver, spleen, and intestinal mucosa, similar to the 

body systems affected in the present study. Chlamydiosis has been most frequently diagnosed in 

the genera Amazona and Ara (Vanrompay et al., 1995); however, in the present study, infection 

was most common in Amazona as well as being reported in 10 other genera. Pathological 

presentation was similar to previously published reports (Vanrompay et al., 1995) and included 

hepatitis, splenitis, pericarditis, and airsacculitis. Salmonella spp. can be highly pathogenic as 

was observed in the present study. In 2001, an outbreak of Salmonella typhimurium caused 22% 

mortality in a zoological collection of lories and lorikeets (Ward et al., 2003). The genus 

Trichoglossus (i.e., a genus of lorikeets) was also the most common genera affected in the 

present study. Taken together, these results indicate a high virulence of this pathogen in 

psittacine species.  
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2.5.3 Neoplasia and other age associated diseases  

Neoplasia in the present study was significantly correlated with older birds, with the same 

trend being observed for non-neoplastic disturbances of growth, which is consistent with the 

existing literature (Reavill, 2004; Reavill and Dorrestein, 2010; Zehnder et al., 2016). 

Carcinoma, was the most commonly reported neoplasia, which is in contrast to a previous study 

indicating that round cell neoplasia was the most common in a variety of bird species, including 

psittacines (Nemeth et al., 2016). Budgerigars are often diagnosed with neoplasia, most 

commonly renal carcinoma (Neumann and Kummerfeld, 1983), and are often deemed the 

psittacine species most affected by neoplasia (Robat et al., 2017). Therefore, the significant 

correlation between neoplastic and the genus Melopsittacus in the present study reinforces these 

previous reports. Atherosclerosis is associated with increased age, as well as female sex 

(Beaufrère et al., 2013a); however, the sample size in the present study did not allow for 

statistical verification of these trends. However, descriptively, all cases of atherosclerosis were 

observed in post-fledgling birds and mostly adult birds. Atherosclerosis is often subclinical until 

lesions become severe (Beaufrère et al., 2011), which is consistent with our observation that less 

than half of atherosclerosis final diagnoses were considered primary. 

2.5.4 Intestinal hemorrhage 

Final diagnoses of intestinal hemorrhage comprised the majority of the hemodynamic 

cases and in most cases, no specific etiology was identified. Intestinal haemorrhages can be 

associated with infectious disease. For example, adenovirus, reovirus and Enterococcus hirae 

infection have been associated with gastrointestinal hemorrhage in psittacines (Graham, 1987; 

Devriese et al., 1995; Gómez-Villamandos et al., 1995). Some of the cases in the present study 

were diagnosed as suspected stress hemorrhage, which has been reported and may be part of the 
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pathogenesis of gastrointestinal hemorrhage in birds (Grabarević et al., 1993). Further research is 

needed in this area to discover the mechanisms behind intestinal hemorrhage in psittacine birds. 

2.5.5 Limitations of retrospective studies 

The strength of the present study lies in the large data set that allows for broad 

conclusions relevant to a wide range of taxa to hone research questions and guide future 

investigations. Notwithstanding, several limitations of the present study should be considered. 

Long-term retrospective studies covering wide ranges of taxa and diseases present challenges in 

drawing relevant statistical conclusions. Gathering sufficient sample sizes to study any single 

disease in depth is often impossible and classification of diseases or disease categories, as needed 

for statistical analysis, can be subjective. As a result, disease classifications may have limited 

applicability. Additionally, medical histories of birds prior to death or euthanasia were not 

readily available, potentially limiting the scope of our findings to postmortem analyses. When 

possible, future studies should include pre-mortem data where possible so that potential 

husbandry or other related risk factors associated with diseases may be considered. Psittacine 

species commonly kept as pets are overrepresented in our cohort (i.e., selection bias), potentially 

limiting the accuracy of extrapolation of the results to less common psittacine species kept in 

zoos and private collections. Selection bias was likely introduced by clinicians or owners, who 

may have only preferentially submitted birds for postmortem with more severe diseases or 

diseases of population level concern such as infectious or zoonotic diseases. Finally, the results 

of the statistical analyses such as the correlation coefficients may be misinterpreted as bonafide 

associations, but actually represent trends that need further exploration.  

This 19-year retrospective study provides an overview of diseases that affect psittacines 

in Ontario, Canada, including disease prevalence estimates across a wide variety of taxonomic 
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and demographic groups. These data also show the frequencies of diseases encountered in this 

population and provide estimates of prevalence for future comparison. The associations and 

relationships identified among disease processes, genera, and age categories provide critical 

information regarding disease pathology and together with estimated prevalence may help to 

direct future research on diseases that affect captive psittacines.  
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2.6 Figures 

 

 

Figure 2.1. Dendrogram depicting the number of birds affected by the most common 

primary disease processes and subprocesses diagnosed in a database of psittacines 

submitted for postmortem to the Ontario Veterinary College and Animal Health 

Laboratory from 1998-2017 (n = 1,850)  

Only one primary final diagnosis was identified for each bird, so each bird is represented only 

once. In each node, numbers indicate how many birds were diagnosed with that category of 

disease, and percentages are calculated over the number of birds in the preceding node. The sum 

of subtotals is less than 1,850, since not all disease processes are reported.  
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2.7 Tables  

Table 2.1. Age categories used to delimit stages of life for each genus of psittacines 

submitted for postmortem examination to the Ontario Veterinary College and Animal 

Health Laboratory from 1998-2017 (n = 1,850) 

Age category Definition 

Chick Hatch to fledging* 

Juvenile After fledging to sexual maturity† 

Adult Sexual maturity to average life span† 

Senior Older than the average lifespan 

*Fledging time was estimated at 3% of the average life span for each genus, as inferred based on 

published ages at fledging (Forshaw and Cooper., 1989; Vigo et al., 2011).  

 

†Average lifespan and time of sexual maturity for each genus was calculated by averaging the 

reported ages of all species in that genus (Young et al., 2012); data from the closest related genus 

were used for species without published data. For actual ages used for each genus see Appendix 

3. 
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Table 2.2. Disease processes and subprocesses diagnosed in psittacine birds submitted to 

the Ontario Veterinary College and Animal Health Laboratory from 1998-2017 (n = 1,850) 

for postmortem examination 

Overall 

disease 

process Disease process Subprocess Diagnoses  

Birds 

(% of n = 

1,850) 

Primary 

diagnoses 

(% of birds) 

Infectious Viral Bornavirus 314 257 (13.9) 232 (90.3) 

  
Polyomavirus 92 78 (4.2) 74 (94.9) 

  
Circovirus 52 37 (2) 27 (73) 

  
Herpesvirus 32 30 (1.6) 29 (96.7) 

  
West Nile virus 3 3 (0.2) 3 (100) 

  
Adenovirus 1 1 (0.1) 1 (100) 

  
Viral suspect 63 31 (1.7) 24 (77.4) 

  
Total 557 428 (23.1) 390 

 
Bacterial Mycobacterium spp. 58 45 (2.4) 33 (73.3) 

  
Chlamydia spp. 46 29 (1.6) 26 (89.7) 

  
Salmonella spp. 21 17 (0.9) 17 (100) 

  
Echerichia coli 21 9 (0.5) 7 (77.8) 

  
Coccoid bacteria 15 6 (0.3) 5 (83.3) 

  
Coxiella spp. 14 12 (0.6) 9 (75) 

  
Staphylococcus spp. 13 9 (0.5) 8 (88.9) 

  
Pasteurella spp. 12 3 (0.2) 3 (100) 

  
Clostridium spp. 10 6 (0.3) 4 (66.7) 

  
Bordetella avium 4 3 (0.2) 2 (66.7) 

  
Enterococcus hirae 2 2 (0.1) 1 (50) 

  
Streptococcus spp.  2 2 (0.1) 1 (50) 

  
Acinetobacter spp. 2 1 (0.1) 1 (100) 

  

Clostridium & Klebsiella 

spp. 
1 1 (0.1) 1 (100) 

  
E. coli and Staph.spp. 1 1 (0.1) 1 (100) 

  

Klebsiella & Aeromonas 

spp. 
1 1 (0.1) 1 (100) 

  
Lactococcus garvieae 1 1 (0.1) 1 (100) 

  
Pseudomonas spp. 1 1 (0.1) 1 (100) 

  
Streptomyces spp. 1 1 (0.1) 1 (100) 

  
Volucribacter spp. 1 1 (0.1) 1 (100) 

  
Bacterial sus. 6 6 (0.3) 3 (50) 

  
Unspecified 179 133 (7.2) 93 (69.9) 

  
Total 412 284 (15.4) 220 

 
Fungal 

Macrorhabdus 

ornithogaster 
48 46 (2.5) 24 (52.2) 

  
Aspergillus spp. 46 32 (1.7) 27 (84.4) 

  
Candida spp. 14 11 (0.6) 8 (72.7) 

  
Yeast 7 7 (0.4) 4 (57.1) 

  
Malassezia spp. 4 1 (0.1) 1 (100) 

  
Zygomycete 1 1 (0.1) 1 (100) 
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Fungal sus. 2 2 (0.1)   

  
Unspecified 82 71 (3.8) 41 (57.7) 

  
Total 204 161 (8.7) 106 

 
Parasitic Baylisascaris spp. 14 11 (0.6) 11 (100) 

  
Cryptosporidia spp. 6 6 (0.3) 1 (16.7) 

  
Ascarids 3 3 (0.2) 3 (100) 

  
Trematodes 3 3 (0.2)   

  
Caryospora spp. 2 2 (0.1) 2 (100) 

  
Nematode 2 2 (0.1) 1 (50) 

  
Protozoa 2 2 (0.1) 1 (50) 

  
Capillaria spp. 1 1 (0.1) 1 (100) 

  
Coccidia spp. 1 1 (0.1)   

  
Sarcosystis spp. 1 1 (0.1)   

  
Tape worm 1 1 (0.1)   

  
Trichomonas spp. 1 1 (0.1) 1 (100) 

  
Unspecified 3 3 (0.2) 1 (33.3) 

  
 

Total 40 37 (2) 22 

  Total 1,213 823 (44.5) 738 

Non-

infectious 
Degenerative Necrosis 77 66 (3.6) 21 (31.8) 

  
Atrophy 73 66 (3.6) 13 (19.7) 

  
Lymphoid depletion 53 49 (2.6) 10 (20.4) 

  
Lipidosis 36 34 (1.8) 12 (35.3) 

  
Mineralization 25 24 (1.3) 2 (8.3) 

  
Fibrosis 19 18 (1) 5 (27.8) 

  
Cirrhosis 9 9 (0.5) 8 (88.9) 

  
Encephalomalacia 3 3 (0.2) 3 (100) 

  
Hypoplasia 2 2 (0.1) 1 (50) 

  
Unspecified 339 273 (14.8) 122 (44.7) 

  
Total 636 465 (25.1) 197 

 
Metabolic Atherosclerosis 174 172 (9.3) 77 (44.8) 

  
Gout 98 82 (4.4) 44 (53.7) 

  
Hemosiderosis 83 73 (3.9) 24 (32.9) 

  
Poor body condition 68 68 (3.7) 24 (35.3) 

  
Dehydration 22 22 (1.2) 8 (36.4) 

  
Amyloidosis 12 12 (0.6)   

  
Vitamin deficiency 4 4 (0.2) 2 (50) 

  
Arteriosclerosis 3 3 (0.2) 1 (33.3) 

  
Obesity 3 3 (0.2)   

  
Erythrophagocytosis 3 3 (0.2) 1 (33.3) 

  
Inanition 2 2 (0.1)   

  
Glycogenosis 1 1 (0.1)   

  
Hypocalcemia 1 1 (0.1) 1 (100) 

  
Storage disease 1 1 (0.1) 1 (100) 

  
Unspecified 2 2 (0.1)   

  
Total 477 392 (21.2) 183 
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Hemodynamic Hemorrhage 185 180 (9.7) 116 (64.4) 

  
Congestion 60 55 (3.0) 18 (32.7) 

  
Edema 39 37 (2.0) 6 (16.2) 

  
Ascites 12 12 (0.6) 4 (33.3) 

  
Melena 3 3 (0.2) 1 (33.3) 

  
Hematoma 2 2 (0.1) 1 (50) 

  
Infarction 1 1 (0.1)   

  
Total 302 270 (14.6) 146 

 
Physical Foreign body disease 84 82 (4.4) 45 (54.9) 

  
Trauma 32 26 (1.4) 16 (61.5) 

  
Perforation 10 10 (0.5) 4 (40) 

  
Egg bound 8 8 (0.4) 6 (75) 

  
Self-mutilation 9 9 (0.5) 5 (55.6) 

  
Intestinal impaction 6 6 (0.3) 3 (50) 

  
Internal lay 5 5 (0.3) 1 (20) 

  
Prolapse 3 3 (0.2) 1 (33.3) 

  
Rupture 3 3 (0.2) 1 (33.3) 

  
Asphyxiation 2 2 (0.1) 2 (100) 

  
Intestinal dilation 2 2 (0.1)   

  
Fracture 2 2 (0.1) 1 (50) 

  
Intussusception 2 2 (0.1) 2 (100) 

  
Luxation 1 1 (0.1)   

  
Total 169 152 (8.2) 87 

 
Neoplastic Carcinoma 80 77 (4.2) 63 (81.8) 

  
Round cell neoplasia 29 29 (1.6) 28 (96.6) 

  
Sarcoma 26 25 (1.4) 16 (64) 

  
Other 10 10 (0.5) 8 (80) 

  
Adenoma 7 6 (0.3) 3 (50) 

  
Unspecified 2 2 (0.1) 1 (50) 

  
Total 154 144 (7.8) 119 

 
Non-neoplastic 

disturbances of 

growth  

Hyperplasia 47 43 (2.3) 3 (7) 

 
Goiter 32 32 (1.7) 7 (21.9) 

 
Metaplasia 15 15 (0.8) 4 (26.7) 

  
Papilloma 14 14 (0.8) 8 (57.1) 

  
Cyst 11 11 (0.6) 5 (45.5) 

  
Xanthoma 7 7 (0.4) 2 (28.6) 

  
Dysplasia 6 6 (0.3) 3 (50) 

  
Histiocytosis 3 3 (0.2)   

  
Parakeratosis 3 3 (0.2) 2 (66.7) 

  
Hyperostosis 2 2 (0.1) 1 (50) 

  
Hypertrophy 2 2 (0.1) 1 (50) 

  
Hyperkeratosis 1 1 (0.1)   

  
Total 143 126 (6.8) 36 

 
Toxic Lead 5 4 (0.2) 4 (100) 

  
Polytetraflouroethylene 2 2 (0.1) 2 (100) 

  
Zinc 2 2 (0.1) 2 (100) 
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Toxic sus. 7 6 (0.3) 6 (100) 

  
Unspecified 7 4 (0.2) 3 (75) 

 
  Total 23 19 (1) 17 

 
Iatrogenic Unspecified 8 8 (0.4) 4 (50) 

  
Total 8 8 (0.4) 4 

 
Hypersensitivity Unspecified 5 5 (0.3) 5 (100) 

    Total 5 5 (0.3) 5 

  Total 1,914 1,076 (58.2) 794 (73.8) 

Unknown Idiopathic Inflammation 517 376 (20.3) 170 (45.2) 

  

Extramedullary 

hematopoesis 
10 9 (0.5)   

  
Congenital 5 4 (0.2) 3 (75) 

  
Leucocytosis 2 2 (0.1) 1 (50) 

  
Enlarged preen gland 1 1 (0.1)   

  
Hemolytic anemia 1 1 (0.1)   

  
Pasted vent 1 1 (0.1) 1 (100) 

  
Polycythemia 1 1 (0.1) 1 (100) 

  
Proteinosis 1 1 (0.1)   

  
Retained Yolk Sac 1 1 (0.1)   

  
Scissor beak 1 1 (0.1)   

  
Seizure 1 1 (0.1) 1 (100) 

  
Sudden death 1 1 (0.1) 1 (100) 

  
Total 543 397 (21.5) 178 

 
Undetermined Undetermined 140 140 (7.6) 140 (100) 

    Total 140 140 (7.6) 140 

  Total 686 536 (29.0) 318 (59.3) 

Totals 
  

3,813 1,850 1,850 

Note: For each process and subprocess, the numbers of final diagnoses, birds affected, and 

primary final diagnoses are included. Percentages are calculated from the total number of birds 

(n = 1,850). 
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Table 2.3. Correlation coefficients between genus, age, or sex and disease processes 

diagnosed in psittacine birds submitted for postmortem examination to the Ontario 

Veterinary College and Animal Health Laboratory from 1998-2017 (n = 1,850) 

    Disease process 

  Genus*  D
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Genus  

(n = 3,813)§ 

Nymphicus -† - - - - - 0.05 - - - - 

Psittacus - 0.12‡ - 0.04 - - - - - - - 

Melopsittacus - - 0.05 - - 0.05 - - - 0.1 - 

Ara - - - - - - - 0.04 - - - 

Amazona - - - 0.03 - - - - - 0.04 0.06 

Poicephalus - 0.09 - - 0.07 - - - - - - 

Agapornis - - - 0.05 - - - - - 0.04 - 

Cacatua - - - - - - - 0.05 - - 0.04 

Aratinga - 0.06 - - 0.04 - - 0.05 - - - 

Pionus - - - - - - 0.08 - - - - 

Pyrrhura - - - - 0.08 - - - - - - 

Forpus - - - - - - 0.08 - - - - 

Eclectus - - - - - - - 0.04 - - - 

Trichoglossus - - - - 0.07 - - - - - 0.07 

Myiopsitta - - - - - - - 0.03 - - - 

Pionites - 0.08 - - - - - - - - - 

Cyanoramphus 0.04 - - - 0.05 - - - - - - 

Psittacara - 0.04 - - - - - - - - - 

Platycercus - - 0.06 - - - - - - - 0.06 

Age 

category¦  (n 

= 2,724) 

Chick - 0.08 - - 0.12 - 0.04 - - - - 

Juvenile - 0.1 - - - - 0.06 - - - - 

Adult - - - - - - - - 0.05 0.07 - 

Old 0.06 - - 0.11 - - - - 0.06 0.12 - 

Sex  

(n = 2,975) 
Female - - - - - - - 0.06 - - - 

*Only genera with > 1% frequency in the database and at least one significant correlation are 

included.  

†Non-significant correlations. 

‡Only significant (p < 0.05) Spearman’s rank correlation coefficients are reported. 
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§Indicates the number of final diagnoses that were used in each correlation analysis, based on 

availability of required data for that analysis.  

¦Age categories are defined according to Table 2.1. 
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Chapter 3. Round cell neoplasia in psittacine birds: 
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3.1 Summary  

In psittacine birds, round cell neoplasms originating from lymphocytes, plasma cells, 

histiocytes, or mast cells are sporadic and poorly described. The lack of morphological and 

immunohistochemical diagnostic criteria make specific diagnoses challenging, limiting the 

development of reliable grading schemes or prognostic algorithms. To this end, we assessed 

cases of psittacine birds diagnosed with round cell neoplasia from the Ontario Veterinary 

College and two other North American institutions to describe the diagnostic features of these 

tumours. For all cases, demographic data, anatomic distribution, growth patterns, cellular 

morphology, and immunoreactivity for T (CD3) and B (Pax5 and MUM-1) cell markers were 

assessed. A total of 38 birds with a median age of nine years, representing 14 psittacine species 

were included in the analysis. Tumours were mainly infiltrative and multicentric, and were 

composed of homogenous sheets of round to polygonal cells with a mitotic rate ranging from 0 

to 107 per high power field. The most common immunophenotype diagnosed was consistent 

with B-cell lymphoma based on Pax5 immunoreactivity, and these neoplasms were significantly 

associated with the gastrointestinal system. Other immunophenotypes were also identified 

including cases consistent with T-cell lymphoma, plasma cell tumours, as well as neoplasms 

with double reactivity for both B and T-cell markers. This is the first study to describe diagnostic 

and immunohistochemical features of round cell neoplasia in a large cohort of psittacine birds, 

and provides preliminary information aimed at fueling future work to increase the accuracy of 

these diagnoses. Finally, these validated immunohistochemical markers provide critical tools that 

will help to improve our knowledge of psittacine neoplasia. 

Key words: Lymphoma, round cell neoplasia, histopathology, immunohistochemistry, 

immunophenotype
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3.2 Introduction 

Round cell neoplasia (RCN) is a term that encompasses any tumour with round cell 

morphology, including lymphoma, histiocytic sarcoma, plasma cell and mast cell tumours, which 

can be difficult to differentiate on histology alone. Lymphoma is the most common type of RCN 

in psittacines (e.g., budgerigars, parrots, macaws, cockatoos; Coleman, 1995; Nemeth et al., 

2016) and, unlike lymphoid neoplasia in other avian species (e.g., poultry; Calnek, 2001), no 

evidence for a viral etiology has been identified. Similar to other neoplastic diseases, older pet 

birds, which were commonly psittacines, are most affected (Coleman, 1995), and existing 

literature suggests that lymphoma in these species has a high mortality rate, with very few 

reports describing curative treatments (Rivera et al., 2009). Coleman (1995) summarized 

common pathological features of lymphoma in a variety of species of pet birds, and found that 

the most commonly affected organs include liver, spleen, and kidney (in descending order); 

however, data describing specifically psittacine lymphoma are sparse or absent, limiting the 

accuracy to diagnoses of lymphoma and RCN in these species.  

Immunohistochemistry (IHC) is often a necessary tool to make a diagnosis of a specific 

round cell tumour, and it is extensively used in diagnostic pathology of mammalian species in 

formalin-fixed paraffin-embedded tissues (FFPETs). Published case reports suggest that some 

IHC markers, commonly used in mammalian species, have diagnostic utility in psittacine birds; 

however, limited cross-reactivity of psittacine antigens with antibodies raised against the 

mammalian homologues is the main hurdle to apply full IHC panels to the diagnosis of RCN in 

avian and, more specifically, psittacine species. The CD (cluster of differentiation) 3 antigen, 

which is part of the T-cell receptor, is used as a T-cell marker with demonstrated cross-reactivity 

in psittacine FFPETs using antibodies for the mammalian homologue, allowing accurate 
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diagnosis of T-cell lymphoma in psittacine species (Zehnder et al., 2016). In contrast, very few 

antibodies directed against mammalian B-cell markers are convincingly cross-reactive in 

psittacine FFPETs. Studies using antibodies raised against mammalian CD79, BLA (B-

lymphocyte antigen) 36, and CD20 antigens report inconsistent or conclusively negative 

reactivity, indicating unsuitability of these markers to be used in psittacine species when using 

routine diagnostic procedures. The Pax5 antigen is considered a pan B-cell marker in mammalian 

species (Willmann et al., 2009), and antibodies raised against the mammalian homologues have 

been reported to cross-react in avian FFPETs (Cushing et al., 2011; Sinclair et al., 2015; Ushio et 

al., 2015). Additionally, cross-reactivity has been reported in a Pacific parrotlet (Forpus 

coelestis) diagnosed with an infiltrative orbital B-cell lymphoma (Parmentier et al., 2017). 

Similarly, the MUM-1 (multiple myeloma 1) antigen, a transcription factor associated with B-

cell differentiation (especially terminally differentiated B-cells), was successfully detected in 

FFPETs derived from a lymphoma in a yellow-collared macaw (Primolius auricollis; Le et al., 

2017), using an antibody against a human homologue. In humans, MUM-1 expression has been 

demonstrated in normal germinal center B-lymphocytes, as well as in a small subset of activated 

T-cells; however, expression is primarily found in plasma cells with nuclear and occasional 

cytoplasmic reactivity (Falini et al., 2000). Taken together, these data suggest that MUM-1 may 

be effective as a round cell marker in psittacines birds. 

To validate the suitability of certain cellular markers in the tissues of new species, as well 

as their cross-reactivity with specific antibodies, large numbers of samples, including normal 

tissues, are needed. To this end, tissue microarray (TMA) technology is useful, as it allows for 

simultaneous assessment of numerous samples from different cases and controls. One study used 

TMAs to determine the subtypes of lymphoma in ferrets and found that duplicate 1 mm cores 
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were sufficient to characterize the immunophenotype of the tumours using CD3, CD79, and 

Ki67 markers (Hammer et al., 2007) indicating that although tissue samples are small for an 

individual sample case, accurate diagnosis is still possible. Utilizing TMAs can facilitate the 

validation of diagnostic tools such as IHC in non-typical species. 

In light of the lack of information present in the literature regarding characteristics of 

RNC in psittacine birds, the purpose of this case series was to describe the anatomic and 

histologic features of select cases of RCN in psittacine species, and to determine the 

corresponding immunophenotype as determined by CD3, Pax5, and MUM-1 markers, through 

the assessment of cross-reactivity of these markers. This is the first case-series study to report the 

characteristics of psittacine RCN in details, and it is a first step in the development of more 

accurate diagnostic algorithms for these diseases, which may lead to the development of 

effective treatment protocols and prognostic studies. 

3.3 Materials and methods  

3.3.1 Case selection and histology review 

Postmortem cases of lymphoma or RCN in psittacines diagnosed postmortem at the 

Ontario Veterinary College Teaching Hospital from 1998-2017 were selected (n = 13; see 

Chapter 2), and compiled with additional cases opportunistically selected from two other North 

American veterinary institutions: Northwest ZooPath (n = 22) and Université de Montréal (n = 

4) for which paraffin blocks were available. Cases of myeloproliferative disease were not 

included. 

Diagnostic case reports were assessed for data on species, sex, age, and date of diagnosis. 

Age was divided into four categories (See Chapter 2). Histology slides for each case were 
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collected and re-assessed at the University of Guelph by two members of the team (DG and LS), 

in order to evaluate organ distribution of the tumour, growth pattern, cellular morphology, and 

other microscopic features, as outlined in Table 3.1. In some cases, archived material (slides or 

paraffin blocks) was only available from limited tissues, and therefore anatomic distribution of 

the tumour was assessed according to the postmortem reports.  

3.3.2 Tissue microarray construction  

Tissue microarrays were constructed using a TMArrayer (Pathology Devices, San Diego, 

California, USA) using triplicate 1 mm cores taken from paraffin blocks for each case that were 

placed in recipient paraffin blocks to make the TMAs. Cores were taken from representative 

areas of the tumour, and did not contain extensive necrosis or autolysis. Tissue cores from spleen 

with neoplastic infiltrates were avoided, when possible, because of the potential ambiguity of 

distinguishing neoplastic and non-neoplastic lymphocytes in this tissue. Congeneric normal 

lymphoid control tissues (i.e., bursa, spleen, and thymus) from birds with no diagnosis of 

neoplasia were included in triplicate in the respective TMAs, in order to assess 

immunohistochemical reactivity in normal T and B-cells in birds from the same genus. Technical 

control cores (also bursa, spleen, and thymus) from a chicken (on which the markers were 

initially optimized) and canine lymph node, and were included in each TMA as a positive 

controls to assess the consistency of reactions across and among TMAs. Cores were randomized 

within each TMA to allow for comparison among cases and tissues, and position number one 

was indicated by a star-shaped arrangement of extra cores to prevent loss of orientation during 

slide preparation. 
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3.3.3 Immunohistochemistry and immunoreactivity assessment 

Immunohistochemistry for Pax5 was conducted in-house in the Department of 

Pathobiology, University of Guelph using the EnVision FLEX HRP detection system (Dako, 

Santa Clara, California, USA). Heat-induced epitope retrieval (HIER) was performed for 30 min 

at 110° in citrate buffer (pH 6; Dako). The mouse monoclonal antibody (clone 24/Pax5, BD 

Biosciences, San Jose, California, USA) was diluted at 1:100 in background-reducing diluent 

(Dako), and the reaction was visualized using DAB chromogen (Dako). 

Immunohistochemistry for CD3 and MUM-1 was performed by the Animal Health 

Laboratory (AHL) personnel at the University of Guelph, an American Association of Veterinary 

Laboratory Diagnosticians (AAVLD)-accredited laboratory. Briefly, IHC for CD3 was 

performed using a Ventana autostainer platform, with on-line HIER (30 minutes at 90 °C at pH 

8) and an alkaline phosphatase-linked polymer detection system. Primary antibody (rabbit 

polyclonal, Dako) was diluted 1:400 and incubated for 32 min at room temperature; the reaction 

was visualized using Fast Red chromogen (Ventana). For MUM-1, IHC was performed using a 

Dako autostainer and a horseradish peroxidase-linked polymer detection system (EnVision 

FLEX HRP, Dako) with HIER pH 9 in a decloaker (Biocare Medical) for 20 min at 97 °C. 

Primary antibody (mouse monoclonal, clone MUM1p, Dako) was diluted 1:50 in antibody 

diluent (Dako) and incubated for 30 min at room temperature; the reaction was visually detected 

using NovaRed chromogen. 

Negative technical controls for all antibodies were run by excluding the primary antibody 

from the diluent, and all other procedures were identical. In order to verify specific cross-

reactivity for all three markers among the psittacine species in the present study, non-neoplastic 

lymphoid tissue from congeneric birds were included in the TMA (see previous section), and 
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specific patterns of reactivity were identified according to the expected distribution of B or T-

lymphocytes in the tissue. Internal controls (normal B or T-lymphocytes in the cores) were also 

assessed to verify possible lack of reactivity specific to that core or tissue; however, these were 

only opportunistically available and could only be assessed in a few cases.  

Immunoreactivity in TMAs was assessed by blinded, sequential assessment of the 

randomized tissue cores to reduce assessment bias. All final immunoreactivity assessments were 

performed by Daniel Gibson. If reactivity was ambiguous or insufficient tissue area remained 

due to core loss, assessments were made on whole mounts for all three IHC markers over the 

entire tumour area. Reactivity for all three markers was visually assessed in three different ways: 

1) localization of reactivity within the cell (cytoplasmic and/or nuclear), 2) average intensity of 

immunoreactivity [low (+), moderate (++), and high (+++) intensity], and 3) estimated average 

percent of immunoreactive cells within the neoplastic population, which included reactive 

inflammatory infiltrates that are often impossible to differentiate from neoplastic lymphocytes. In 

order to make a final diagnosis of a specific type of RCN, relative percentage of immunoreactive 

cells for all three markers were used to define cut offs of different immunophenotypes.  

3.3.4 Statistical assessment  

Linear regression models using percent of immunoreactive cells for each marker as the 

outcome (dependent) variable was used to assess if specific organs or body systems (e.g., 

hepatic, gastrointestinal) were more likely to be affected by tumours with increasing numbers of 

immunoreactive cells. Each marker (continuous variable) was assessed independently and 

regressed in individual models using a single body system (binary variable) as the predictor 

(independent) variable. Body systems resulting in significant regression coefficients (p < 0.05) 

were further subdivided by organ. Linear regression was then performed using the organ (binary 
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variable) as the predictor. The resulting regression coefficients described the increased likelihood 

for a lymphoma to affect a specific body system or organ, based on an increased proportion of 

cells reactive for either a B or T-cell immunophenotype.  

3.4 Results  

3.4.1 Demographics and histological characteristics of the tumours 

A total of 38 psittacines cases of RCN, submitted to three North America institutions 

from 1998-2017, were included in the study. Cases were diagnosed in 14 psittacine genera, with 

the most common species being cockatiels (Nymphicus hollandicus; n = 17) and budgerigars 

(Melopsittacus undulatus; n = 6), and ages ranged from eight months to 26 years (Table 3.2). 

Older birds were most frequently affected [senior (n = 14), adult (n = 10), juvenile (n = 7), and 

unknown (n = 9)], and there was no observable difference in disease prevalence between sexes. 

Table 3.3 shows all the histological features of each case. Tumours were most frequently 

multicentric with a median of five (range 1-11) organs affected. The most frequently affected 

organs were liver (n = 29), intestine (n = 26), and kidney (n = 20; Table 3.4; Appendix 8). Six 

cases had localized involvement of only a single organ: skin (n = 3), liver (n = 2), and brain (n = 

1). Cutaneous cases involved the cutis and did not show epitheliotropism. Histologically, 

tumours were comprised sheets of round cells with round to oval nuclei and scant cytoplasm. 

Tumours were primarily (95%, n = 36) infiltrative, and 18% (n = 7) were expansile in nature 

(Table 3.3). Homogenous populations of round cells were characteristic of 87% (n = 33) of 

tumours, and these were comprised of most commonly large cells (50%, n = 19). Prominent 

nucleoli were present in 63% (n = 24) with an average of two per cell. Mitotic rate ranged from 0 

to 107 per high power field with an average of 22.1.  
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3.4.2 Validation of optimization of CD3, Pax5, and MUM-1 immunohistochemistry 

Immunoreactivity for CD3, Pax5, and MUM-1 were consistent with the expected patterns 

of reactivity (cytoplasmic, nuclear, and nuclear, respectively); however, in some cases, non-B-

cell reactivity for Pax5 was observed in epithelial cells lining the thyroid follicles, and some 

Purkinje cells in the brain. Canine lymph node showed the expected patterns or reactivity for all 

three markers, consistent with mammalian immunoreactivity, and reactivity for chicken 

lymphoid tissue was consistent across the TMAs. Patterns of cell-type specific cross-reactivity 

were observed in all psittacine genus controls. Control tissues from the closely related genus Ara 

were used for the genus Primolius due to lack of available congeneric tissues. MUM-1 

immunoreactivity was consistent with the expected nuclear pattern in all controls and cases with 

the exception of concurrent nuclear and cytoplasmic reactivity in 39% (n = 15) of neoplasia 

cases (Appendix 9).  

Histological patterns of reactivity in normal lymphoid tissues were used to verify cell-

type specific reactivity for all three markers and were similar across all psittacine genera; 

Figures 3.1-3.3 shows these patterns in three normal lymphoid tissues from chicken. 

Specifically, CD3 specificity for T-cells was confirmed by cytoplasmic reactivity in the majority 

of lymphocytes comprising thymic tissue, 20-60% of cells scattered throughout the spleen, and 

variable numbers of cells scattered primarily in the interfollicular spaces of the cloacal bursa 

(Figures 3.1a; 3.2a; 3.3a). Pax5 specificity for B-cells was confirmed by nuclear 

immunoreactivity of lymphocytes in the follicles of the cloacal bursa, follicles, and cells 

surrounding the penicilliform arteries in the spleen, and rare cells in the medulla of the thymus 

(Figures 3.1b; 3.2b; 3.3b). MUM-1 reactivity for plasma cells was confirmed by nuclear 

reactivity in scattered cells, often with plasmacytoid morphology in variable numbers throughout 
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the spleen, in the medulla of the thymus, and the medulla of the bursal follicles (Figures 3.1c; 

3.2c; 3.3c).  

3.4.3 Immunophenotypes of lymphoid neoplasia 

A total of three TMAs were constructed for immunohistochemical assessment, each of 

which included its own technical and genus controls. For all genera, a minimum of one core from 

two of the three normal lymphoid tissues were assessed with the exception of Psittacula and 

Bolborhynchus for which only spleen was assessed. Patterns of specific immunoreactivity were 

observed in all psittacine genera. A total of seventeen neoplasia cases were assessed by whole 

mount due to ambiguity or core loss. Relative proportions of cells immunoreactive for CD3, 

Pax5, and MUM-1 were used to categorize tumours into immunophenotypes (Figure 3.4-3.9; 

Appendix 9). Immunophenotypes were defined based on the proportion of immunoreactive cells 

for each marker in the tumour area, as outlined in Figure 3.4. If immunoreactivity for a specific 

B or T-cell marker was observed in > 70% of cells within the neoplastic population, then the 

corresponding immunophenotype was assigned. In cases where > 50% of cells were 

immunoreactive for B and T-cell markers simultaneously, these cases were re-examined in more 

detail and by whole mount to confirm double reactivity in the neoplastic cells. Double reactivity 

of both Pax5 and MUM-1 were considered to represent normal expression of MUM-1 in Pax5-

positive B-cells and indicated an overall B-cell immunophenotype.  

The most common immunophenotype was consistent with a diagnosis of B-cell 

lymphoma (n = 19), based on a high proportion of Pax5 immunoreactive cells (Figure 3.5). 

These tumours were also immunoreactive for MUM-1 in approximately 20% of neoplastic cells 

on average, with 12 cases displaying reactivity for MUM-1 in > 5% of neoplastic cells. Cases 

diagnosed as B-cell lymphoma were all multicentric (median, five organs) and all affected the 
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gastrointestinal system (Table 3.3), and 90% (n = 17) of these cases affected the intestine (e.g., 

Figure 3.10) among other gastrointestinal organs. B-cell lymphomas were composed of 

homogenous populations of round cells that showed mostly (95%, n = 18) an infiltrative and 

rarely (21%, n = 4) an expansile growth pattern.  

Six cases were consistent with a diagnosis of T-cell lymphoma based on > 70% of 

neoplastic round cells showing immunoreactivity for CD3 (Figure 3.6). These neoplasms also 

contained a few cells (< 10%) that were immunoreactive for Pax5 and/or MUM-1, likely 

representing reactive inflammatory infiltrates, with the exception of three cases that showed 

additional reactivity for MUM-1 in > 50% of the neoplastic cells, suggesting double reactivity 

(Figure 4.7). One of these three cases contained large, karyomegalic, often multinucleated cells, 

which were immunoreactive for both CD3 and MUM-1 (Figure 3.11).  

Three cases were consistent with a diagnosis of plasma cell tumour based on the majority 

of neoplastic round cells showing immunoreactivity for MUM-1 with little to no Pax5 or CD3 

reactivity (Figures 3.8), albeit, internal reactivity for Pax5 could not be assessed in two of these 

cases presumably due to fixation artifact or autolysis. These presumptive plasma cell tumours 

were composed of large, round cells with low nucleus:cytoplasm volume ratio (i.e., relatively 

higher volume of cytoplasm). One case showed marked cellular atypia, with up to 3-fold 

anisokaryosis and anisocytosis among the neoplastic cells.  

Three cases were classified as “double reactive lymphoma”, since they showed 

immunoreactivity for both CD3 and Pax5 in > 70% of neoplastic cells as well as MUM-1 

reactivity in approximately 30% of neoplastic cells (Figure 3.9). Aside from the diagnosis of 

double reactive lymphoma, the homogeneity and infiltrative nature of the tumours in these three 
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cases were the only features common to all of these cases. All other demographic and 

histological features were variable (Tables 3.2-3.4). 

Neoplastic cells in four cases were negative for all three markers, indicating that these 

cases were potentially non-B, non-T round cell neoplasia of unknown cell type. Technical, 

genus-specific, and internal controls all reacted normally which confirmed the negative reactivity 

in the neoplastic cells. One of these cases had the highest mitotic index of all cases, with 107 

mitoses per high power (40X) field. All four cases were diagnosed in cockatiels, and represented 

two of the five cases with localized involvement (i.e., liver and skin). Finally, three cases were 

not immunoreactive even in non-neoplastic normal lymphocytes (internal controls), likely due to 

autolysis or over-fixation, and therefore immunophenotype could not be determined.  

3.4.4 Statistical analysis 

For all 38 cases considered together regardless of immunophenotype, linear regression 

showed that tumours with an increasing percentage of cells determined to have B or T-cell 

immunophenotype had increasing predilection for specific body systems or organs (Table 3.5) 

based on the Pax5 or CD3 immunoreactivity in tumour tissue. None of the regression 

coefficients from models using the percentage of MUM-1 immunoreactive cells were significant, 

so no further statistical exploration was performed for MUM-1. 

As the percentage of Pax5 immunoreactive cells within a tumour increased (consistent 

with a diagnosis of B-cell lymphoma) tumours showed an increasing predilection for the 

gastrointestinal and urogenital systems. Within the gastrointestinal tract, the highest likelihood 

was observed in the intestine, pancreas, and mesentery, in decreasing order. Within the 
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urogenital system, with increasing percentage of Pax5 immunoreactive cells, kidney was the 

more likely and oviduct was the less likely tissue to be affected.  

Linear regression also showed that tumours with increasing percentage of CD3 

immunoreactive cells (consistent with T-cell lymphoma) had increasing predilection for the 

respiratory system compared to all other systems. More specifically, this predilection was 

significantly higher for the air sac tissue compared to all other systems. 

3.5 Discussion  

According to the results, the majority of RCN cases included in this study were consistent 

with lymphoma of B-cell origin, and these neoplasms had a predilection for the gastrointestinal 

tract. In addition, T-cell and plasma cell neoplasia were also diagnosed. Novel 

immunophenotypic presentations (i.e., double reactive lymphoma and T-cell lymphoma with 

MUM-1 reactivity) of lymphoid neoplasia were also identified, and this is the first report of such 

neoplastic entities in psittacine birds, which increases the list of differential diagnoses for 

psittacine birds with lymphoma. 

In addition to confirming the cross-reactivity of a polyclonal CD3 antiserum as a T-

lymphocyte marker in psittacines, which has been reported (Zehnder et al., 2016), we also 

described the cross-reactivity of other round cell markers in 14 psittacine species from 13 genera: 

Pax5, a B-cell marker, and MUM-1, a plasma cell marker. Many IHC markers are routinely used 

in mammalian species for the diagnosis of various diseases, however verification of cross-

reactivity in species for which the antibodies were not raised against, requires multiple trials and 

appropriate control tissue. This is the first report characterizing immunoreactivity of these three 
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markers in a cohort of psittacine birds utilizing lymphoid tissues as positive controls to confirm 

specific reactivity for both B and T-lymphocytes.  

The CD3 marker facilitated the identification of six cases of T-cell lymphoma in 

psittacines in the present study. Despite the reactivity of MUM-1 in three of these cases, a T-cell 

diagnosis is still most likely, since CD3 is very rarely ectopically expressed in other (i.e., non-T-

lymphocyte) cell types, as described in the human literature (Oliveira et al., 2012). Therefore, the 

double reactivity of CD3 and Pax5 and or MUM-1 likely represent ectopic expression of the B-

cell markers in T-cells; however, further testing to confirm the T-cell origin of these neoplasms 

is necessary, which would require the validation of new T-cell markers for use in psittacine 

tissues. T-cell lymphoma expressing MUM-1 protein has been reported in humans, as well as in 

non-neoplastic activated T-cells (Falini et al., 2000), indicating the possibility of MUM-1 

expression in psittacine T-cell lymphoma. Cytoplasmic reactivity was often observed in cases of 

lymphoma in addition to the expected nuclear expression of the MUM-1 protein; however, since 

this marker was raised against mammalian antigens, it is not possible to tell if this additional 

reactivity represents true ectopic expression of the protein in cells of psittacine birds or non-

specific binding of the antibody. Patterns of MUM-1 reactivity in congeneric control birds were 

consistent with the location and morphology of terminally differentiated B-cells or plasma cells, 

thereby increasing our confidence that expression in neoplastic cells represented specific 

reactivity of MUM-1. 

Three cases in the experimental cohort showed no reactivity for all three markers, despite 

appropriate reactivity of the internal, congeneric and technical controls, suggesting that the 

neoplasia was of non-lymphoid cell origin. Differential diagnoses in these cases include non-B, 

non-T cell lymphoma, poorly granulated mast cell tumour, amelanotic melanoma, and histiocytic 
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sarcoma, none of which have been reported in psittacine birds, with only the latter being 

presumptively diagnosed in a great horned owl (Bubo virginianus; Sacré et al., 2014). One case 

report described an anaplastic, poorly pigmented melanoma in an umbrella cockatoo (Cacatua 

alba), which was confirmed by Fontana Masson stain (Stern and Lamm, 2009). The paucity of 

reports documenting other RCN diagnoses in psittacine birds is, at least in part, due to the lack of 

validated immunohistochemical markers that limit the characterisation of these tumours. Non-B, 

non-T-cell lymphomas have been described in humans (Karube et al., 2003), and given the 

lymphoid morphology of the cases in this cohort, this diagnosis cannot be ruled out. 

The anatomic distribution of RCN in the present study was variable; localized 

involvement was observed in six cases, two of which were consistent with T-cell lymphoma 

affecting exclusively the dermis/subcutis. In dogs, cutaneous lymphoma is usually of T-cell 

origin (Dhaliwal et al., 2003), and has also been reported in a double yellow-headed Amazon 

parrot (Amazona ochrocephala oratrix); however, spleen and bone marrow were also affected in 

this latter case. In our cohort, a single cutaneous tumour was consistent with a non-B, non-T-cell 

immunophenotype, as discussed previously. The localized neoplasms, in contrast to the more 

common multicentric presentation observed in the majority of our cases represented a small 

subset of cases (four of which had ambiguous or negative IHC results), suggesting the possibility 

that non-lymphoid RCN in psittacine birds may be associated with localized lesions. 

In psittacine birds, the origins of lymphoma have been speculated to be in primary or 

secondary lymphoid tissues such as the spleen or cloacal bursa (Coleman, 1995). In the present 

study, over half (18 of 33) of the cases with multicentric lymphoma involved the spleen, 

suggesting a possible splenic origin of lymphoma in psittacine birds, but more data and 

additional markers are needed to confirm this claim.  
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The use of TMA technology in the present study allowed for direct comparisons between 

cases since there was negligible variation in procedures between cases and differences in 

reactivity (i.e., neoplastic transformation, fixation artifact, species differences) could be 

attributed to a specific case. Additionally, the use of TMAs facilitated the efficient assessment of 

cross-reactivity for these round cell markers in psittacines. Previous studies suggest that cores 

taken from lymphoid neoplasia can be sufficient to characterize the immunophenotype (Hammer 

et al., 2007), and was true in most cases in the present study. However, further characterization 

was deemed necessary in 17 cases due to unexpected expression patterns or core loss. This was 

achieved through whole mount that encompassed a larger tumour area. 

This study provides a rare look at lymphoid neoplasia in a large cohort of psittacine birds 

and includes detailed morphologic and immunophenotypic characterization. These data will help 

to improve the accuracy and precision of diagnoses as well as provide tools to further assess 

prognosis and eventually treatment options in psittacine patients worldwide.  
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3.6  Figures 

 
Figures 3.1-3.3. Photomicrographs of patterns of immunohistochemical reactivity in three 

different lymphoid tissues from ~4-week-old broiler chickens used to validate the cell-type 

specificity of markers in various psittacine genera for CD3, Pax5, and MUM-1 in columns “a” 

“b” and “c”, respectively. All pictures were captured using a 40X oil immersion objective. 

Chromogens used to visualize the reactivity were alkaline phosphatase for CD3, DAB 

chromogen for Pax5, and NovaRed for MUM-1.  

Figure 3.1. Cloacal bursa showing the distribution of CD3, Pax5, and MUM-1 positive cells 

in follicular epithelium, follicles, and interfollicular space 

Figure 3.2. Spleen showing the distribution of CD3, Pax5, and MUM-1 positive cells in a 

large B-cell secondary lymphoid follicle as well as penicilliform capillaries and the 

surrounding parenchyma 

Figure 3.3. Thymus showing the distribution of CD3, Pax5, and MUM-1 positive cells in the 

cortex and medulla of a section of a lobule 
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Figure 3.4. Average percentage of immunoreactive cells for CD3, Pax5, and MUM-1 in 

different types of round cell neoplasia assessed in a case series of psittacine birds diagnosed 

over the last 19 years from three North American diagnostic institutions (n = 38) 
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Figures 3.5-3.9. Photomicrographs of immunohistochemical reactivity for CD3, Pax5, and 

MUM-1 in columns a” “b” and “c”, respectively. All pictures were captured using a 40X oil 

immersion objective. Chromogens used to visualize the reactivity were alkaline phosphatase for 

CD3, DAB chromogen for Pax5, and NovaRed for MUM-1. 
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Figure 3.5. B-cell lymphoma in the intestine of a 2-year-old male lineolated parakeet 

(Bolborhynchus lineola; case number 1) 

Figure 3.6. Cutaneous T-cell lymphoma in an 11-year-old green-cheeked conure (Pyrrhura 

molinae) of unknown sex (case number 22) 

Figure 3.7. T-cell lymphoma with MUM-1 reactivity in the spleen of a 3-year-old female 

Budgerigar (Melopsittacus undulatus; case number 25) 

Figure 3.8. Plasma cell tumour in the spleen of a 1-year-old female Indian ring-necked 

parakeet (Psittacula krameri; case number 27) 

Figure 3.9. Double reactive lymphoma in the intestine of a 12-year-old Amazon parrot 

(Amazona sp.; case number 29) 
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Figure 3.10. Infiltrative B-cell lymphoma in the gastrointestinal system of a female 

cockatiel (Nymphicus holandicus) of unspecified age (case number 12) diagnosed based on a 

high proportion of Pax5 immunoreactive cells. H&E 10X magnification. Inset shows the 

subgross distribution using a 1.5x objective. 

Figure 3.11. Infiltrative T-cell lymphoma with MUM-1 reactivity in the liver of a male 

cockatiel (Nymphicus hollandicus) of unspecified age with marked anisocytosis and 

anisokaryosis with often multinucleate cells (case number 23). Insets show MUM-1 (left) 

and CD3 (right) immunoreactivity of giant cells using a 100X oil objective.  
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3.7 Tables 

 

Table 3.1. Demographic and histologic features of round cell neoplasia in a case series of 

psittacine birds diagnosed over the last 19 years at three North American veterinary 

diagnostic institutions (n = 38) 

Feature Description 

Species As reported in the history section of the pathology report 

Age 
Categorized as senior, adult, juvenile and chick, according to 

Young et al., 2012.  

Sex As reported in the history section of the pathology report 

 Organs affected All organs with neoplastic cells were recorded 

Type of growth  Categorized as infiltrative or expansile 

Necrosis 
Presence or absence of necrosis (defined as > 20% of tumour 

area)  

Homogeneity 
Consistency in the size of cells and nuclei of the neoplastic 

population  

Nucleus:cytoplasm 

volume ratio 

Estimated size of nucleus as compared to the cytoplasm. 

Categories were defined relative to appearance of normal 

lymphocytes. 

Number of nucleoli  Number of nucleoli within the neoplastic cells 

Size of neoplastic 

cells 

Categories were: small (up to the size of one red blood cell), 

medium (1 to 1.5X the size of a red blood cell), or large (2X or 

more the size of a red blood cell) 

Mitotic rate 
Defined as the average number of mitotic figures per three high 

power fields (40X objective) 
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Table 3.2. Demographic data and immunophenotypic categories in a case series of 

psittacine birds diagnosed with round cell neoplasia over the last 19 years at three North 

American veterinary diagnostic institutions (n = 38). 

ID Genus 

Species  

(common name) 

Age 

(years) 

Age 

category Sex Neoplasia category 

1 Bolborhynchus 
Lineolated 

parakeet 
2 Adult Male B-cell lymphoma 

2 Melopsittacus Budgerigar 1.5 Adult Female B-cell lymphoma 

3 Agapornis Lovebird 2 Juvenile Male B-cell lymphoma 

4 Nymphicus Cockatiel 13.1 Senior Male B-cell lymphoma 

5 Pionus 
Scaly-headed 

parrot 
13.1 Senior Female B-cell lymphoma 

6 Pionus 
Bronze-winged 

pionus 
17.5 Senior Male B-cell lymphoma 

7 Cacatua 
Moluccan 

cockatoo 
26.3 Senior Male B-cell lymphoma 

8 Agapornis Lovebird 15 Senior Male B-cell lymphoma 

9 Nymphicus Cockatiel 10 Senior Male B-cell lymphoma 

10 Melopsittacus Budgerigar N/A N/A Male B-cell lymphoma 

11 Nymphicus Cockatiel N/A N/A Female B-cell lymphoma 

12 Nymphicus Cockatiel N/A N/A Female B-cell lymphoma 

13 Melopsittacus Budgerigar N/A N/A Female B-cell lymphoma 

14 Platycercus Rosella 0.75 Juvenile Female B-cell lymphoma 

15 Nymphicus Cockatiel N/A N/A N/A B-cell lymphoma 

16 Nymphicus Cockatiel 15 Senior N/A B-cell lymphoma 

17 Nymphicus Cockatiel 11 Senior Female B-cell lymphoma 

18 Melopsittacus Budgerigar 1 Juvenile Female B-cell lymphoma 

19 Bolborhynchus 
Lineolated 

parakeet 
3 Adult N/A B-cell lymphoma 

20 Agapornis Lovebird 1.5 Juvenile Female T-cell lymphoma 

21 Nymphicus Cockatiel 21 Senior Male T-cell lymphoma 

22 Pyrrhura Conure 11 Senior N/A T-cell lymphoma 

23 Nymphicus Cockatiel N/A N/A Male 
T-cell lymphoma with MUM-

1  

24 Pyrrhura 
Green-cheeked 

conure 
18.6 Senior Female 

T-cell lymphoma with MUM-

1  

25 Melopsittacus Budgerigar 3 Adult Female 
T-cell lymphoma with MUM-

1  

26 Ara 
Yellow-collared 

macaw 
20.8 Senior Female Plasma cell tumour 

27 Psittacula 
Indian ringneck 

parakeet 
1.17 Juvenile Female Plasma cell tumour 
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28 Nymphicus Cockatiel 4 Adult Male Plasma cell tumour 

29 Amazona Amazon sp. 11.7 Adult Male Double reactive lymphoma 

30 Nymphicus Cockatiel 8 Senior N/A Double reactive lymphoma 

31 Nymphicus Cockatiel 14 Senior Male Double reactive lymphoma 

32 Nymphicus Cockatiel N/A N/A N/A Non-B non-T cell neoplasia 

33 Nymphicus Cockatiel 7 Adult N/A Non-B non-T cell neoplasia 

34 Nymphicus Cockatiel 0.67 Juvenile Female Non-B non-T cell neoplasia 

35 Nymphicus Cockatiel N/A N/A Female Non-B non-T cell neoplasia 

36 Cyanoramphus Kakariki 5 Adult Male Undetermined  

37 Melopsittacus Budgerigar N/A Adult N/A Undetermined  

38 Nymphicus Cockatiel 5 Adult Female Undetermined  
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Table 3.3 Histological features of round cell neoplasia of different immunophenotypes diagnosed in a case series of psittacine 

birds over the last 19 years at three North American veterinary diagnostic institutions (n = 38) 

Neoplasia 

category Case # 

Number  

of organs 

affected Infiltrative Expansile Homogeneous 

Size of 

cells 

Nucleus: 

cytoplasm 

ratio 

Prominent 

nucleoli  

Number 

of 

nucleoli 

Presence 

of 

necrosis 

Mitotic 

rate 

B-cell 

lymphoma 
1 7 yes yes yes Medium Medium yes 2 no 40.7 

2 5 yes no yes Medium Medium yes 3 no 51.3 

 3 4 yes no yes Large Medium no 4 no 17.7 

 4 9 yes no yes Large Low no - no 10 

 5 11 yes no yes Large Medium yes 2 no 9 

 6 5 yes no yes Large Medium yes 2 no 26.3 

 7 8 yes no yes Medium Medium yes 1 no 36 

 8 6 yes no yes Medium Medium yes 3 no 7.3 

 9 3 yes no yes Small High no - yes 6 

 10 7 yes no yes Small High yes 1 yes 16.3 

 11 6 no yes yes Large Medium yes 2 yes 23.7 

 12 3 yes no yes Medium High no 1 no 28.3 

 13 5 yes no yes Small High no 1 no 19.3 

 14 4 yes yes yes Large High yes 1 yes 27 

 15 9 yes no yes Large Medium no 1 yes 19 

 16 4 yes no yes Medium High yes 1 no 50 

 17 2 yes yes yes Large Medium yes 2 yes 23 

 18 5 yes no yes Large High yes 3 no 30 

 19 8 yes no yes Large Medium yes 3 yes 16 

T-cell 

lymphoma 
20 5 yes no yes Medium High yes 2 yes 6 

21 5 yes no yes Small Medium no - no 0 

22 1 yes yes yes Small High yes 1 no 9.3 

T-cell 23 3 yes no no Large Medium yes 2 yes 21.3 



89 
 

lymphoma 

with MUM-1 
24 1 no no yes Large Medium yes 1 no 21 

25 7 yes no yes Medium High no - no 29.3 

Plasma cell 

tumour 
26 9 yes no yes Large Low yes 1 yes 2.7 

27 4 yes no yes Large Medium yes 1 no 10.7 

28 4 yes no no Large Low no - yes 3.3 

Double 

reactive 

lymphoma 

29 4 yes no yes Large Medium yes 2 no 9.3 

30 7 yes no yes Medium Medium yes 2 yes 4 

31 3 yes yes yes Medium High no - no 33 

Non-B non-T 

cell neoplasia 
32 5 yes - - - - - - - - 

33 1 yes no yes Large High yes 2 yes 107.3 

34 4 yes no no Small High no - yes 13.7 

35 1 yes no yes Small High no 1 no 28.3 

Undetermined 36 1 yes yes yes Large Low yes 3 no 16 

37 1 yes - - - - - - - - 

38 6 yes no yes Large Medium yes 2 yes 2.3 

  



90 
 

Table 3.4 Body system distribution of round cell neoplasia, divided by immunophenotype, in a case series of psittacine birds 

diagnosed over the last 19 years from three North American veterinary diagnostic institutions (n = 38) 

 

Body system affected 

Type of Neoplasia Hepatic Gastrointestinal Urogenital Lymphoid Respiratory Musculoskeletal Nervous Other 

B-cell lymphoma (n = 19) 15 19 16 9 3 2 1 4 

T-cell lymphoma (n = 3) 2 1 1 1 1 0 0 2 

T-cell lymphoma with 

MUM-1 (n = 3) 
2 1 2 2 1 0 0 1 

Plasma cell (n = 3) 2 2 2 3 0 0 0 1 

Double reactive lymphoma 

(n = 3) 
3 3 1 2 3 0 0 1 

Non-B non-T neoplasia       

(n = 4) 
3 2 0 2 0 0 0 1 

Unknown (n = 3) 2 1 1 1 0 0 1 0 

Total 29 29 23 20 8 2 2 10 
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Table 3.5. Associations between anatomic location of round cell neoplasia and percent of 

immunoreactive cells in a case series of psittacine birds diagnosed over the last 19 years 

from three North American veterinary diagnostic institutions (n = 38), as determined by 

nine different linear regression models. 

IHC 

marker* Category† Coefficient‡  CI t statistic p value R
2
 

CD3 Respiratory 33.9 (7.5 - 60.4) 2.6 0.013 0.16 

 

Air sac 64.9 (17.1 - 112.8) 2.75 0.009 0.17 

       Pax5 Gastrointestinal 65.6 (40.6 - 90.6) 5.32 <0.001 0.44 

 

Intestine 41.5 (14.4 - 68.7) 3.1 0.004 0.21 

 

Pancreas 51 (24.9 - 77.2) 3.96 <0.001 0.3 

 

Mesentery 41.2 (1.5 - 80.8) 2.11 0.042 0.11 

       

 
Urogenital 35 (8.4 - 61.5) 2.67 0.011 0.17 

 

Kidney 31.2 (4.7 - 57.6) 2.39 0.022 0.14 

  Oviduct -54.5 (-103.8 - -5.1) -2.24 0.031 0.12 

*Linear variable describing the percent of cells that are positive for a given marker (outcome 

variable). 

†Binary variable denoting presence or absence of involvement of anatomical category. 

‡ Regression coefficient represents the change in the response variable with one unit change in 

the explanatory variable.  
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Chapter 4. Development and use of a triplex real-time 

PCR assay for detection of three DNA viruses in psittacine 

birds 
 

(This chapter corresponds to the following manuscript:  

Gibson DJ, Nemeth NM, Beaufrère H, Varga C, Ojkic D, Marom A, Susta L. Development and use of a 

triplex real-time PCR assay for detection of three DNA viruses in psittacine birds. Journal of Veterinary Diagnostic 

investigation 2019; In Press) 
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4.1 Summary 

Aves polyomavirus-1, psittacine beak-and-feather disease virus, and psittacid 

herpesvirus-1 are important pathogens of psittacine birds with the potential to cause substantial 

morbidity and mortality. Using publically available nucleotide sequences, we developed and 

validated a triplex real-time PCR (rtPCR) assay to rapidly detect these three viruses. The assay 

had high analytical sensitivity, detecting <6 copies of viral DNA per reaction, and 100% 

analytical specificity, showing no cross-reactivity with 59 other animal pathogens. Archived 

formalin-fixed, paraffin-embedded tissues from psittacine birds diagnosed at postmortem as 

infected with each of the viruses as well as virus-negative birds were used to validate the utility 

of the assay. Birds were selected for the positive cohort if they showed histologic evidence of 

infection (i.e., characteristic inclusion bodies in tissues); birds in the negative cohort had final 

diagnoses unrelated to the pathogens of interest. The triplex rtPCR assay confirmed 98% of 

histopathology-positive cases, and also identified subclinical infections that were not observed by 

histologic examination, including coinfections. Birds that tested positive only by rtPCR had 

significantly higher cycle threshold values compared to those with histologic evidence of 

infection. Positive, negative, and overall percentage agreements as well as the kappa statistic 

between the results of the assay and histopathology were high, demonstrating the usefulness of 

the assay as a tool to confirm disease diagnoses, and to improve detection of subclinical 

infections. 

 

Key words: aves polyomavirus-1; beak-and-feather disease virus; psittacid herpesvirus-1. 
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4.2 Introduction 

Psittacine birds (order Psittaciformes) include many species that are commonly kept as 

pets in North America and other countries. Given that these species are popular domestic 

companions, efficient laboratory methods are necessary to prevent and manage diseases. Rapid 

diagnoses are especially important for infectious diseases to reduce bird-to-bird transmission. 

Three DNA viruses are known to cause serious morbidity and mortality in psittacine birds: aves 

polyomavirus-1 (APV; agent of budgerigar fledgling disease); beak-and-feather disease virus 

(BFDV; agent of psittacine beak-and-feather disease); and psittacid herpesvirus-1 (PsHV-1; 

agent of Pacheco’s disease and internal papillomatosis; Gaskin, 1989; Greenacre, 2005). 

Species Aves polyomavirus-1 (genus Gammapolyomavirus genus, family 

Polyomaviridae; Moens et al., 2017) causes severe disease in young psittacine birds, 

characterized by systemic virus dissemination, necrosis, and the presence of large intranuclear 

inclusion bodies in multiple parenchymatous tissues (Kingston, 1992). BFDV (genus Circovirus, 

family Circoviridae; Breitbart et al., 2017) replicates in lymphocytes and macrophages, causing 

necrosis and atrophy of lymphoid organs, leading to severe immunosuppression and often results 

in coinfection with other viruses or pathogens (Schoemaker et al., 2000; Todd, 2000). 

Histologically, the virus produces intracytoplasmic and intranuclear botryoid, basophilic 

inclusions, mainly in the thymus and cloacal bursa (Todd, 2000). Chronic infections can produce 

feather dystrophy as a result of replication of the virus in feather follicles (Pass and Perry, 1984). 

PsHV-1 (genus Iltovirus, family Herpesviridae; Lefkowitz et al., 2018) can become latent with 

reactivation at times of stress, causing tissue necrosis and high mortality (Gaskin, 1989). 

Histologically, the virus produces eosinophilic, intranuclear inclusions bodies (Cowdry type A), 

primarily in the liver (Hirai et al., 1993).  
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Although multiplex PCR tests are increasingly utilized in veterinary laboratories, to date 

the only multiplex assay that has been reported in the literature for psittacine birds is a duplex 

conventional PCR assay for APV and BFDV(Ogawa et al., 2005). Real-time PCR (rtPCR) assays 

using SYBR green or SYTO9 (intercalating fluorescent dyes) have been independently 

developed for BFDV, APV, and PsHV-1(Katoh et al., 2008; Shearer et al., 2009), and 

validations of TaqMan-based rtPCR assays have also been published for BFDV in two reports 

(Hakimuddin et al., 2016; Černíková et al., 2017). Psittacine birds can be infected with multiple 

viruses simultaneously, as documented in numerous reports of coinfection with BFDV, APV, 

and/or PsHV-1 (Latimer et al., 1990, 1993; Dolz et al., 2013; Thongchan et al., 2016). A 

multiplex rtPCR assay that can test for multiple pathogens in a single reaction would reduce the 

cost of processing, providing additional data on presence/absence of pathogens that would 

otherwise not be assessed with individual tests.  

Our objectives were: 1) to develop a triplex rtPCR assay to detect APV, BFDV, and 

PsHV-1 and validate it using formalin-fixed, paraffin-embedded tissues (FFPETs) from captive 

psittacine birds; 2) to assess the agreement between histopathology and the rtPCR assay; 3) to 

determine the extent of subclinical infection and coinfection with these pathogens using 

postmortem samples; and 4) to assess which tissues are most appropriate for pathogen detection. 

4.3 Materials and methods 

4.3.1 Assay development and protocols  

Viral sequences available in GenBank (www.ncbi.nlm.nih.gov/genbank) as of March 28, 

2018 were used to design primers and probes against conserved regions of the genomes from the 

three test viruses and the enterovirus control (Table 4.1). Genome regions targeted were 

conserved regions in the origin of replication region (ORI), the replicase gene (REP), and the 
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UL16 gene (tegument protein) for APV, BFDV, and PsHV-1 respectively. Primer specificity was 

tested using a panel of 59 veterinary agents (Appendix 10) for which testing is routinely 

conducted at the Animal Health Laboratory (AHL), which is an American Association of 

Veterinary Laboratory Diagnosticians-accredited diagnostic facility. Analytical sensitivity of 

each reaction was assessed separately for each virus using 10-fold dilutions of synthetic double-

stranded target gene fragments (gBlocks, Integrated DNA Technologies, Coralville, IA).  

4.3.2 Selection and processing of diagnostic cohorts for test validation  

To validate the utility of the triplex rtPCR assay for viral detection in real tissues, 

FFPETs from psittacine birds, submitted to the University of Guelph for postmortem 

examination, were used to compile positive and negative diagnostic cohorts. Positive birds (i.e., 

histopathology-positive) were selected based on the final diagnosis in the pathology report, and 

histologic identification of viral inclusion bodies (Figures 4.1-4.3) in at least one of the 

following tissues: liver, kidney, spleen, or cloacal bursa. Negative birds (i.e., histopathology-

negative) were selected from birds that did not show evidence of viral infection (i.e., absence of 

extensive necrosis and viral inclusions). For all birds, demographic data, and cause of mortality 

were recorded. Age was delimited into four categories: chick, juvenile, adult, and senior, which 

were defined by cut offs of 3% of average lifespan (Forshaw and Cooper., 1989; Vigo et al., 

2011), age at sexual maturity (Young et al., 2012), and overall average lifespan for each genus 

(Young et al., 2012), respectively. Whenever possible, birds in the negative cohort were selected 

to be conspecific or congeneric and age-matched with those in the positive cohort. Based on the 

inclusion criteria above, we retrieved 40 blocks from 21 birds diagnosed with APV, 43 blocks 

from17 birds with BFDV, and 30 blocks from 16 birds with PsHV-1. These included two birds 

diagnosed by histopathology with coinfections, one with APV and one PsHV-1, each with 
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concurrent BFDV infections. The cohort of histopathology-negative cases included 31 birds, 

resulting in 184 blocks tested with the assay. 

Using a standard microtome set at 20 µm, scrolls (shavings of wax and tissue) were taken 

from paraffin blocks that contained liver, kidney, and spleen for each bird. Cloacal bursa was 

included for histopathology-positive BFDV cases, and nine histopathology-negative birds. 

Therefore, each bird could have a maximum of four scrolls (in the case that each tissue was in a 

separate block). New microtome blades were used for scroll sampling of each paraffin block, to 

prevent cross-contamination. Other tissues (besides liver, kidney, spleen, and cloacal bursa) were 

inconsistently included in blocks and were not included in downstream analysis with the 

exception of thymus, which was considered lymphoid tissue along with cloacal bursa.  

4.3.3 Nucleic acid extraction and testing 

Extraction of total nucleic acids from FFPETs, and rtPCR were conducted at the 

University of Guelph AHL. Tissue scrolls from paraffin blocks were transferred to a safe-lock 

1.5 mL tube, and 200 μL of the ATL Buffer (cat # 939011; Qiagen, Hilden, Germany) was 

added. Twenty μL of proteinase K (> 600 mAU / mL, cat # 19131; Qiagen) and 160 μL of 

deparaffinization solution (cat # 19093; Qiagen) was then added and mixed by vortexing. Tubes 

were incubated in a shaking heat block, first at 60°C for 45 min, 300 rpm and then at 80°C for 30 

min, 300 rpm. Once samples cooled down to room temperature, 50 μL of the bottom phase was 

collected and used for extraction (MagMax Viral RNA Isolation Kit, cat # AM1836; Thermo 

Fisher Scientific, Waltham, MA) in a magnetic particle processor (MagMAX Express-96; 

Thermo Fisher). Armored RNA enterovirus-like particles (cat # 42050; Asuragen, Austin, TX) 

were added to the extraction kit lysis solution as an internal control. Eight µL of total nucleic 

acid was tested by rtPCR in 25 µL reactions (Light Cycler 480; Roche, Basel, Switzerland), 
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using Ag Path-ID One-Step RT-PCR Kit (Thermo Fisher) under conditions described in Table 

4.2. Samples with cycle threshold (Ct) values < 37 were considered rtPCR-positive, and ≥ 37 

were considered inconclusive. Samples that returned no Ct value were considered negative.  

4.3.4 Analyses 

For each bird, the scroll with the lowest Ct value for each virus was used to define the 

infection status, resulting in a maximum of one Ct value per virus per bird. The numbers of 

histopathology-positive cases that were also identified by rtPCR for each virus were tallied. No 

true gold standard test could be defined in this situation, given that disease or infection status 

could not be absolutely confirmed in all diagnostic cases, and therefore terminology such as 

sensitivity and specificity were avoided; percentage agreements were calculated in lieu of these. 

Percentage agreements between both test methods were calculated using rtPCR as the gold 

standard to represent infection (Cicchetti and Feinstein, 1990). Specifically, positive percentage 

agreement (PPA) is the total number of histopathology-positive birds of the total rtPCR-positive 

birds, and similarly, negative percentage agreement (NPA) is the total number of histopathology-

negative birds of the total rtPCR-negative birds. Overall percentage agreement (OPA) is the sum 

of PPA and NPA, which gives an overall measure of the performance of the test. Percentage 

agreements were also calculated using histopathology as the gold standard, and these numbers 

were used in overall characterization of agreement. Further, the Cohen kappa statistic was 

calculated for each virus to measure the statistical agreement between the two test methods 

(Cohen, 1960). Average Ct values from histopathology-positive birds and birds without 

histologic lesions for each virus separately, were compared using 2-tailed t-tests for all rtPCR-

positive cases. Given that many infections were clinically silent, the proportion of birds co-

infected with multiple viruses was also calculated. Lastly, considering all birds that were positive 
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by rtPCR for each virus, the Ct values yielded by each scroll containing liver, kidney, spleen, or 

cloacal bursa/thymus separately were recorded. This analysis was carried out to evaluate if 

specific tissues in the paraffin block provided any diagnostic advantage.  

4.4 Results 

4.4.1 Analytical sensitivity and specificity  

The triplex rtPCR assay detected just <6 copies per reaction of synthetic target 

oligonucleotide for each of the three viruses evaluated (Ct values range, 34.9-36.7). The triplex 

assay did not cross-react with any of the panel of 59 other agents, indicating 100% specificity of 

the primers/probe sets (data not shown).  

4.4.2 Positive and negative diagnostic cohorts  

Psittacine species sampled represented 16 genera, of all age classes, including chicks 

(34%), juveniles (28%), adults (13%), seniors (7%), and unspecified age (18%). All birds in the 

histopathology-positive cohort for APV and PsHV-1 died of the associated viral disease except 

for a macaw (Ara sp.) chick diagnosed with APV infection, whose proximate cause of mortality 

was aspiration. Histopathology of birds diagnosed with APV and PsHV-1 infection was 

characterized by multifocal necrosis in multiple organs and typical viral inclusions bodies 

(Figures 4.1, 4.2). For BFDV-positive birds, bacterial or fungal (n = 4) and psittacine bornavirus 

(n = 1) infections were the proximate cause of mortality, and BFDV for the remaining 12 birds. 

Lesions caused by BFDV consisted primarily of lymphoid depletion in cloacal bursa and thymus 

with typical botryoid inclusion bodies (Figure 4.3). Causes of mortality in the histopathology-

negative cohort included: neoplasia (n = 10), inflammation with no identified cause (n = 4), 

bacterial or fungal infection (n = 4), aspiration or asphyxiation (n = 3), idiopathic hemorrhage (n 

= 2), and one case each of congenital disease, squamous metaplasia, egg binding, exocrine 
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pancreatic insufficiency, myodegeneration, and trauma. The cause of mortality was 

undetermined in two cases.  

4.4.3 Diagnostic agreement between the triplex assay and histopathology  

The majority of cases (98%) in the histopathology-positive cohort were also positive by 

the triplex rtPCR assay. Inclusion bodies consistent with PsHV-1 and APV were histologically 

detected separately in two birds that were rtPCR negative for the suspected virus; however, both 

birds were rtPCR-positive for BFDV (Appendix 11). Ct values in the histopathology-positive 

cohorts were on average 20.7, 15.3, and 24.7 for APV, BFDV, and PsHV-1, respectively. All Ct 

values in the negative cohort were above 22 with an average of 33.6. Twenty-four (65%) birds in 

the histopathology-negative cohort were confirmed as virus-negative or inconclusive by triplex 

rtPCR, and seven (23%) birds tested positive for at least one virus. 

Agreement between tests (Table 4.3) showed that histologic assessment was able to 

identify 71%, 41%, and 83% of birds infected with APV, BFDV, and PsHV-1 as determined by 

triplex rtPCR, respectively (PPA). NPAs were ≥ 98% for all three viruses, indicating that almost 

all cases that were negative by multiplex rtPCR were also negative by histopathology. The OPA 

indicated that 89%, 68%, and 95% of all results for APV, BFDV, and PsHV-1, respectively, 

were in agreement, as confirmed by the kappa statistics (Table 4.3). Percentage agreements 

using histopathology as a gold standard were also calculated (Appendix 12), highlighting the 

ability of rtPCR assay to confirm infection in 98% of histopathology-positive cases.  

Coinfections were common, especially between BFDV and the other two viruses (Figure 

4.4). Overall, 57%, 24%, and 69% of birds that were histopathology-positive for APV, BFDV, or 

PsHV-1, respectively, also tested positive for at least one other virus by rtPCR. Of the two birds 

originally diagnosed with coinfections by histopathology, the BFDV:APV coinfection was 
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confirmed by rtPCR, but the BFDV:PsHV-1 coinfection was only positive for PsHV-1. In total, 

the multiplex rtPCR identified coinfections with two or more viruses in 29 birds (Figure 4.4). 

Two of these 29 birds were positive by rtPCR for all three viruses; the histopathology diagnosis 

identified only APV infections in these two cases. 

Given the presence of many silent infections detected by rtPCR, the Ct values of birds 

diagnosed by histopathology and rtPCR were compared with those identified by rtPCR alone. 

For each virus, the average Ct values were significantly higher for birds that did not have 

inclusion bodies evident microscopically (i.e., histopathology-negative) compared to those that 

did (Figure 4.5). 

4.4.4 Utility of tissues for rtPCR testing 

For the 61 birds that were diagnosed by rtPCR with one or more infections, 28, 22, 25, 

and five blocks contained separately kidney, liver, spleen, and cloacal bursa or thymus, 

respectively. Evaluation of the Ct value yielded by these blocks showed that spleen, cloacal 

bursa or thymus, and kidney and liver were consistently (100%) useful for detection of APV, 

BFVD, and PsHV-1, respectively (Table 4.4). Spleen was positive in only 73% of birds, and was 

hence the least useful tissue for identification of BFDV infection.  

4.5 Discussion 

Our multiplex assay demonstrated high analytical sensitivity and specificity for three 

important avian viral pathogens. Less than six copies of DNA per reaction were detected by 

rtPCR, indicating that viral infections may be detected in samples with very low viral loads, and 

the assay did not cross-react with a variety of veterinary viral and bacterial agents, suggesting 

high target specificity. One major advantage of our assay is the ability to simultaneously detect 

multiple pathogens in a single sample, allowing for more efficient testing in addition to gaining 
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information on subclinical coinfections in birds representing natural or spontaneous disease in a 

given population.  

We tested the utility of this assay on tissues from a cohort of psittacine birds submitted 

for postmortem examination at the University of Guelph. Results showed that the overall 

diagnostic agreement was high between histopathology-based diagnoses of viral disease and 

virus detection by rtPCR. However, although most of the birds that were negative by rtPCR were 

also negative by histopathology, many birds that had no histologic lesions of viral infection were 

positive by rtPCR. This was particularly true for BFDV, which was detected by histopathology 

in only 41% of infected birds, as indicated by rtPCR. These data highlight the lower diagnostic 

sensitivity of detecting infection by histopathology compared to molecular methods, and reflect 

the substantial difference between disease diagnosis and infection status. Similarly, the average 

Ct values from birds with histologic evidence of infection was significantly lower than those 

without, suggesting that the viral load is higher in tissues that have evidence of virus infection. 

The identification of rtPCR-positive birds without histologic evidence of infection may 

be attributable to latent or low-level chronic infections, which have been shown to occur with 

APV (Dolz et al., 2013), BFDV (Bert et al., 2005), and PsHV-1 (Tomaszewski et al., 2006). 

Alternatively, acute infections might also result in the lack of histologic lesions, especially for 

birds that died of other (e.g., non-viral) causes. In cases of low level infection, birds may 

represent sources of virus with the potential to lead to outbreaks, representing a threat to 

cohabiting birds or overall populations. For example, BFDV subclinical infections in adult birds 

used for breeding can be transmitted to offspring or other young birds in the flock, resulting in 

significant mortality (Rahaus et al., 2008). Most coinfections in our cohort were identified by the 

multiplex rtPCR assay, with only one confirmed coinfection identified by light microscopy. This 

suggests that a bird can have non-clinical infections with more than one pathogen, and further 
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highlights the importance of adequate screening protocols when introducing new birds to a 

population. Therefore, use of molecular testing would improve detection of viruses to help define 

the infection status of an aviary or breeding colony, and to complement quarantine protocols. 

Microscopic findings (e.g., viral inclusion bodies) can be used to confirm the etiology of 

lesions and thus, can be helpful in disease diagnosis caused by some viruses. However, 

considering that inclusions can be rare or similar in appearance (i.e., non-specific) among some 

viruses, this ambiguity presents a challenge in making definitive diagnoses by histopathology 

alone. Additionally, non-viral inclusions or pseudoinclusions (e.g., invaginations of nuclear 

membranes) can occur and are often impossible to differentiate from viral inclusions by light 

microscopy (Ip et al., 2010). Therefore, detection of pathogen genetic material through molecular 

testing can be used to confirm a diagnostic suspicion or to identify more accurately the etiology 

of ambiguous lesions.  

Based on our results, the tissues that most often yielded positive results for viral testing 

were: spleen for APV, cloacal bursa or thymus for BFVD, and kidney or liver for PsHV-1. 

However, in most cases, combinations of these tissues (i.e., liver, kidney, spleen, and cloacal 

bursa/thymus) were all useful for consistently detecting infections with all three viruses. Because 

APV and PsHV-1 cause lesions in multiple parenchymatous organs, liver and/or spleen are often 

selected for testing to confirm these viral infections (Phalen et al., 2000; Tomaszewski et al., 

2006). For BFDV, primary lymphoid organs (cloacal bursa /thymus) are often suggested for 

testing given that BFDV replicates primarily in lymphocytes; however, specific tissues (e.g., 

liver) have been identified that contained sufficient levels of BFDV DNA for molecular 

detection (Rahaus et al., 2008). Fecal swabs from herpesvirus-positive birds with latent 

infections can test negative, and viral shedding can resume subsequently, making some clinical 

samples inconsistent for detection (Tomaszewski et al., 2006). However, testing parenchymatous 
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tissue (e.g., biopsy samples) from these same birds accurately detected infection in non-shedding 

birds (Tomaszewski et al., 2006). 

In addition to FFPETs, clinical samples, including blood, and oral or fecal swabs, are 

often submitted for viral testing in psittacine birds (Katoh et al., 2008). We have not validated 

our rtPCR assay on fresh tissue or other clinically relevant samples, such as blood or feces. The 

psittacine species included in the diagnostic cohorts were restricted to cases submitted for 

postmortem examination, and therefore our multiplex assay was not validated against the full 

range of potential species in the target population. Divergent genotypes are known for several of 

the target viruses in our study. For example psittacine herpesviruses (Tomaszewski et al., 2003), 

for which we included all four genotypes in the primer design to maximize the range of PsHV-1 

variants that our assay will detect. Since our inclusion criteria for selecting cases for the 

diagnostic cohorts required the microscopic detection of inclusion bodies in affected tissue, 

selection bias may have resulted in psittacine species or viral genotypes with more severe 

disease, thereby potentially biasing the validation step of the assay; the assay may have 

performed differently on samples from less severe disease. Results of the assay are also 

semiquantitative, which allows for the inference of viral load; however, true quantitative 

methods are required to accurately compare Ct values with viral genetic material or virus titer. 
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4.6 Figures  
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Figures 4.1-4.3. photomicrographs of examples of viral inclusion bodies seen with infection of 

avian polymavirus (APV), beak-and-feather disease virus (BFDV), and psittacid herpesvirus-1 

(PsHV-1), using a 100X oil immersion objective. H&E. Bars = 10µm.  

Figure 4.1. Aves polyomavirus-1 inclusion bodies in the spleen of a blue and gold macaw 

chick (Ara ararauna) of unknown sex showing the nuclei of macrophages in the splenic 

ellipsoids expanded (karyomegaly) by clear to glassy amphophilic inclusions that 

marginate the chromatin 

Figure 4.2. Beak-and-feather disease virus inclusion bodies in the cloacal bursa of a 12-

week-old Timneh African grey (Psittacus erithacus timneh) of unknown sex showing cells 

within the medulla of a follicle with variably sized clusters (botryoid) of globular and 

basophilic intracytoplasmic inclusions 

Figure 4.3. Psittacid herpesvirus-1 inclusion bodies in the liver of an adult, male, bronze-

winged parrot (Pionus chalcopterus) showing hepatocytes with intranuclear, brightly 

eosinophilic, inclusion bodies that marginate the chromatin 
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Figure 4.4. Non-proportional Venn diagram showing the numbers of birds infected with 

aves polyomavirus-1, beak-and-feather disease virus, and/or psittacid herpesvirus-1 as 

determined by a multiplex rtPCR in a cohort of psittacine birds (n = 85). Asterisk indicates 

one bird that was diagnosed with an APV:BDFV coinfection by histopathology. 
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Figure 4.5. Average cycle threshold (Ct) values for samples from birds with and without 

histological lesions (viral inclusion bodies) in psittacine birds diagnosed by rtPCR (n = 61) 

with aves polyomavirus-1, beak-and-feather disease virus, and psittacid herpesvirus-1. For 

each virus, different letters indicate significant differences using two-tailed T-tests. 
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4.7 Tables  

 

Table 4.1. Primers and probes, the genes targeted, and the concentrations used in the 

reactions of a multiplex rtPCR assay developed for the detection of aves polyomavirus-1, 

beak-and-feather disease virus, and psittacid herpesvirus-1 in psittacine birds 

Virus Target 

Oligonucleotide 

Sequence 5′-3’ 

Concentr

ation 

 ORI TGCCAGAGCGCGATTTAT (FWD) 0.5 µM 

APV ORI TCCGCATTCCCTTATTTGGA (REV) 0.5 µM 

 ORI FAM-ACAAGGGAAGTGCTGAGCAATCGT (PROBE) 0.25 µM 

 REP ATACTTACYCTGGGCATTGTG (FWD) 0.5 µM 

BFDV REP CGCGCGACKTCCTTCAT (REV) 0.5 µM 

 REP HEX-ATCACGGCAGCAACAGCTCS (PROBE) 0.25 µM 

 UL16 TCAACGACGTCAACGTCTG (FWD) 0.5 µM 

PsHV-1 UL16 GGTACAGGTATATYCTCAGYGA (REV) 0.5 µM 

 UL16 TexRd-AGTCCGYAACGAYYCKCTWKTGACCATC (PROBE) 0.25 µM 

Entero-

virus* 

5' UTR ATGCGGCTAATCCCAACCT (FWD) 0.2 µM 

5' UTR CGTTACGACAGGCCAATCACT (REV) 0.2 µM 

5' UTR Cy5-CA+G+GTGGTCA+C+AAAC (PROBE) 0.06 µM 

APV = aves polyomavirus-1, BFDV = beak-and-feather disease virus, FWD = forward, ORI = 

origin of replication region, PsHV-1 = psittacid herpesvirus-1, REP = replicase gene, REV = 

reverse, UL16 = tegument protein gene, UTR = 5’ untranslated regions. 

*used as an internal template control.  
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Table 4.2. Cycling parameters used in a multiplex rtPCR assay for the detection of aves 

polyomavirus-1, beak-and-feather disease virus, and psittacid herpesvirus-1 

Step Temperature Hold (mm:ss) Ramp* Number of Cycles 

Reverse transcription 45°C 10:00 4.4°C/s 1 

Activation 95°C 10:00 4.4°C/s 1 

Denaturation 94°C 0:05 2.2°C/s 
45 

Annealing/extension 60°C 1:00 2.2°C/s 

Cool 40°C 10:00 2.2°C/s 1 

*Speed of the change in temperature to reach the target temperature for each step.  
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Table 4.3. Percentage agreements between pathological diagnoses and rtPCR results 

defining rtPCR as the gold standard for identification of infection with aves polyomavirus-

1, beak-and-feather disease virus, and psittacid herpesvirus-1 in psittacine birds 

Virus PPA NPA OPA Cohen’s kappa p-value* 

APV 71.4 (20/28)† 98.2 (56/57) 89.4 (76/85) 0.7129 <0.001 

BFDV 41.3 (19/46) 100 (39/39) 68.2 (58/85) 0.3878 <0.001 

PsHV-1 83.3 (15/18) 98.5 (66/67) 95.3 (81/85) 0.8036 <0.001 

APV = aves polyomavirus-1, BFDV = beak-and-feather disease virus, NPA = negative 

percentage agreement, OPA = overall percentage agreement, PPA = positive percentage 

agreement, PsHV-1 = psittacid herpesvirus-1. 

*Indicates the significance level of the Cohen’s kappa statistic between the results of rtPCR and 

histopathology. 

†All values in parentheses indicate the number of birds diagnosed by histopathology out of the 

number of birds diagnosed by rtPCR. See methods for descriptions of PPA, NPA, and OPA.   
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Table 4.4. Tissue-specific utility defined by the percent of positive samples (paraffin block 

scrolls) that contained specific tissues from psittacine birds that tested positive by rtPCR 

for aves polyomavirus-1, beak-and-feather disease virus, and psittacid herpesvirus-1 

    Tissue*     

Virus Kidney Liver Spleen Cloacal bursa/Thymus† 

APV 100 (9/10)‡ 88 (7/8) 100 (8/8) - 

BFDV 92 (12/13) 92 (11/12) 73 (8/11) 100 (5/5) 

PsHV-1 100 (5/5) 100 (2/2) 83 (5/6) - 

APV = aves polyomavirus-1, BFDV = beak-and-feather disease virus, PsHV-1 = psittacid 

herpesvirus-1. 

*For each analysis, only scrolls from blocks that separately contained kidney, liver, spleen, and 

cloacal bursa/thymus were included. All scrolls from rtPCR-positive birds were included.  

†Cloacal bursa/thymus represent lymphoid tissue and were only considered in fractions for 

BFDV analyses. 

‡Fractions in parentheses indicate the number of positive blocks out of the total number of 

blocks that contained that organ. 
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Chapter 5. General discussion: Applications and 

limitations of the present research  
 

Veterinary research conducted in exotic species is often challenging for a variety of 

reasons: previous research on which to base hypotheses and form research questions is often 

scarce or difficult to find; the investigated species are often rare or endangered, which prohibits 

experimental research; and finally funding is often difficult to obtain given the relatively niche 

market of exotic species diagnostics, which has a relatively lower economic impact compared to 

commercial or more common pet species. These challenges are all present in psittacine 

diagnostic research.  

Although experimental trials have been conducted with certain psittacine species, such as 

budgerigars (Melopsittacus undulatus), Quaker parakeets (Myiopsitta monachus), Hispaniolan 

Amazon parrots (Amazona ventralis) and cockatiels (Nymphicus hollandicus; Piepenbring et al., 

2012; Beaufrère et al., 2013b; Ledwoń et al., 2014), results must then be extrapolated to other 

psittacine species, often basing research assumptions on the homogeneity of psittacine birds as a 

group, although this is likely not true. Diagnostic extrapolation from experimental trials is 

common in mammalian species, but often applicability of results is postulated only among 

breeds (e.g., in dogs or cats), rather than among species, genera or higher taxa. For much of our 

knowledge of psittacine disease, retrospective studies were the first to suggest trends, which 

were then followed up by other methods of research, not unlike studies in mammalian species; 

however, in many situations follow up experimental research is often not done, due to the 

reasons described above. As a result, extrapolation and inference from observational studies is 

common in medicine of exotic veterinary species.  
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Several challenges were encountered in the process of the research described in this 

thesis. For example, gathering sufficient numbers of cases of round cell neoplasia to accurately 

represent the disease in psittacine species was challenging and required collaborations with other 

North American institutions, and yet for most diseases this goal was not achieved. Some reasons 

for this were the tertiary nature of the diagnostic institutions from which cases were collected, 

and the CITES (Convention on International Trade in Endangered Species) status of many of the 

species of interest. Permission along with research proposals were often required to include a 

case in our cohort, especially for cases derived from zoological institutions. In the end, our 

sample size of 38 used in Chapter 3 provided a good sample size to characterize round cell 

neoplasia in psittacines, when compared to the sample sizes in other studies of uncommon 

diseases in exotic species (Hammer et al., 2007; Ritter et al., 2009; Palmieri et al., 2013; 

Rodriguez-Ramos Fernandez and Dubielzig, 2015). However, low sample size for each 

identified immunophenotype, restricted our ability to confidently describe generalizations of 

disease-specific presentation or suggest species-specific diseases, which would improve 

diagnostics of these tumours in the future. The availability of validated markers for 

immunohistochemistry in formalin-fixed paraffin-embedded tissues (FFPETs) also presented a 

challenge for characterization of lymphoma. For CD3 and to a more limited extent, MUM-1, 

examples of publications suggesting specific cross-reactivity in psittacine tissues were available 

and tests offered through the AHL were already available; however, reactivity of Pax5 in avian 

tissues has been published in only two reports, both describing limited methodology, and 

therefore Pax5 immunohistochemistry was fully validated in-house and optimized de novo for 

the present research. Besides CD3, Pax-5, and MUM-1, other round cell markers were also 

evaluated and we observed a complete lack of specific reactivity for CD79, CD20, CD117, 

lysozyme, vimentin, MAC 387, IBA-1, and KUL01 on formalin-fixed paraffin-embedded tissue 
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derived from normal bursa, thymus, and spleen of chickens (data not shown). Extensive 

laboratory trials were done with the KUL01 marker, which confirmed lack of reactivity using 

multiple IHC protocols. The other markers were tested using IHC methods validated for 

mammals; given that rare published reports suggest specific reactivity for some of these markers, 

additional trials and optimization should be done before considering them unsuitable for use in 

avian FFPETs. 

Working with retrospective data, and the associated archived tissues resulted in 

limitations in both the characterization of lymphoid neoplasia as well as the diagnostic validation 

of the multiplex PCR assay. Consistency in postmortem procedures, tissue collection, and 

processing could not be controlled for, and despite all postmortem examinations being conducted 

following SOPs governed by the AAVLD (American Association of Veterinary Laboratory 

Diagnosticians), with the exception of cases of lymphoma from other North American 

institutions, differences in personnel leading to differences in tissue collection and processing 

could not be quantified or controlled. The wide span of time over which cases were assimilated 

may also have introduced wider variation in disease presentations which were ultimately grouped 

together as a single disease and thereby missing potential important differences resulting from 

changes in etiology or manifestation of disease. A similar temporal limitation is present in the 

representativity of cases of a specific disease, since postmortem analysis necessitates a single 

snapshot in time regardless of the disease progression, and may not be representative of the 

disease as a whole. Examples include reactive inflammation associated with lymphoid neoplasia, 

which may lead to inaccurate assessment of immunophenotype, or viral titers may differ over the 

course of disease progression leading to discrepancies in Ct values. Finally, a major limitation 

encountered in this research was the lack of reporting of complete information (i.e., missing 
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data), which prevented more complete research in to other potentially important risk factors and 

associations. 

Despite the inherent limitations and challenges of research in exotic species, the present 

research has numerous current and future applications. The database developed for the 

retrospective review of psittacine diseases can be used by researchers in many different fields of 

study. For example, the database and incorporated coding can help to identify appropriate cases 

to compile experimental cohorts as exemplified with the viral and neoplastic disease groups 

studied here. Similar studies could be conducted for other diseases, or research focusing on 

specific organ systems. Many institutions have similar data archiving protocols or software; 

however, the nature of this database, being fully vetted against the original diagnostic reports, 

contained in one file, and searchable using consistent coding, allows for quick and efficient 

identification of the desired case cohorts. In addition to the demonstrated use of our database, the 

coding system and model of retrospective research can be replicated in other institutions or in 

other species groups to facilitate research in exotic or uncommon species by making cases 

accessible to be identified and included in scientific research.  

The diagnostic tools developed and validated here, can be applied in a variety of contexts 

to answer various types of questions. The multiplex assay described in Chapter 4 can be used in 

both routine pre- and postmortem diagnostics for the confirmation of disease etiology, but can 

also be used in birds without clinical signs to identify subclinical infections. Screening new 

arrivals (i.e. local, international, wild-caught birds) to prevent introduction of these viral diseases 

into collections is a very important future application of this assay and other similar assays to 

improve overall management of psittacine disease. Validation using various fresh samples (such 

as blood, feces, or even biopsy samples) would be also needed, which would allow for the better 
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characterization of the epidemiology of these diseases in psittacines and better define the 

necessary actions needed if infection is detected by PCR (i.e., length/extent of quarantine).  

Validated markers for FFPETs used in the characterization of round cell neoplasia in this 

study may also prove useful in the characterization of inflammation associated with other 

diseases that may incite lymphocytic or plasmacytic inflammation, such as parasitic (Maslin and 

Latimer, 2009; Cushing et al., 2011) or viral (Bröjer et al., 2012; Gamino et al., 2016) infections. 

Numerous examples of positive reactivity, outlined in the literature review (Chapter 1), helped to 

bolster our confidence in the specificity of immunoreactivity, since markers have not been 

formally validated in psittacine species by more accurate methods such as western blot to assess 

the true protein expression. With validated round cell markers, inflammation associated with 

congenital, infectious, or even dietary conditions can be more accurately characterized, 

potentially leading to improved knowledge of the pathogenesis and etiology of specific diseases, 

and may even lead to identification of more effective treatments.  

This thesis presents examples of methods and results of conducting diagnostic-related 

research in psittacines. Broadly, the next steps of this research in the arenas of pathology and 

diagnostics should include similar studies in different geographical locations to compare and 

contrast disease prevalence and presentation. Additionally, further validation of molecular tests 

is necessary to confirm their proposed utility in different contexts; these might include assessing 

the multiplex PCR assay on fresh tissues or evaluating the cross-reactivity of the 

immunohistochemical markers in other psittacine/avian species. The present research, as well as 

continued studies building on our conclusions, all contribute to the field of psittacine diagnostics 

and the development of disease management strategies to improve the overall health of captive 

psittacine birds.  



118 
 

References  

Abdul-Aziz T, Barnes HJ. (2018) Gross Pathology of Avian Diseases. The American 

Association of Avian Pathologists, Jacksonville, Florida, USA. 

Alexander AB, Griffin L, Johnston MS. (2017) Radiation Therapy of Periorbital Lymphoma in a 

Blue-and-Gold Macaw (Ara ararauna). Journal of Avian Medicine and Surgery, 31, 39–46. 

Alley MR, Rasiah I, Lee EA, Howe L, Gartrell BD. (2013) Avian polyomavirus identified in a 

nestling Gouldian finch (Erythrura gouldiae) in New Zealand. New Zealand Veterinary 

Journal, 61, 359–361. 

Amery-Gale J, Marenda MS, Owens J, Eden PA, Browning GF et al. (2017) A high prevalence 

of beak and feather disease virus in non-psittacine Australian birds. Journal of Medical 

Microbiology, 66, 1005–1013. 

Annangi VK. (2015) Pathomorphological, immunohistochemical and molecular studies on avian 

tumors.Sri Venkateswara Veterninary University, Tirupati – 517 502, A.P. 

Baron HR, Howe L, Varsani A, Doneley RJT. (2014) Disease Screening of Three Breeding 

Populations of Adult Exhibition Budgerigars (Melopsittacus undulatus) in New Zealand 

Reveals a High Prevalence of a Novel Polyomavirus and Avian Malaria Infection. Avian 

Diseases, 58, 111–117. 

Beaufrère H, Nevarez JG, Holder K, Pariaut R, Tully TN et al. (2011) Characterization and 

classification of psittacine atherosclerotic lesions by histopathology, digital image analysis, 

transmission and scanning electron microscopy. Avian Pathology, 40, 531–544. 

Beaufrère H, Ammersbach M, Reavill DR, Garner MM, Heatley JJ et al. (2013a) Prevalence of 

and risk factors associated with atherosclerosis in psittacine birds. Journal of American 

Veterinary Medical Association, 242, 1696–1704. 

Beaufrère H, Nevarez JG, Wakamatsu N, Clubb S, Cray C et al. (2013b) Experimental Diet-

Induced Atherosclerosis in Quaker Parrots (Myiopsitta monachus). Veterinary Pathology, 

50, 1116–1126. 

Beaufrère H, Cray C, Ammersbach M, Tully TN, Ere H. (2014) Association of plasma lipid 

levels with atherosclerosis prevalence in Psittaciformes. Journal of Avian Medicine and 

Surgery, 28, 225–231. 

Beckmann KM, Borel N, Pocknell AM, Dagleish MP, Sachse K et al. (2014) Chlamydiosis in 

British garden birds (2005–2011): retrospective diagnosis and Chlamydia psittaci genotype 

determination. EcoHealth, 11, 544–563. 

Beernaert LA, Pasmans F, van Waeyenberghe L, Haesebrouck F, Martel A. (2010) Aspergillus 

infections in birds: a review. Avian Pathology, 39, 325–331. 

Bello A, Frei S, Peters M, Balkema-Buschmann A, Baumgärtner W et al. (2017) Spontaneous 

diseases in captive ratites (Struthioniformes) in northwestern Germany: a retrospective 

study. PLoS ONE, 12, e0173873. 



119 
 

Bernier G, Morin M, Marsolais G. (1981) A generalized inclusion body disease in the budgerigar 

(Melopsittacus undulatus) caused by a papovavirus-like agent. Avian diseases, 25, 1083–

1092. 

Bert E, Tomassone L, Peccati C, Navarrete MG, Sola SC. (2005) Detection of beak and feather 

disease virus (BFDV) and avian polyomavirus (APV) DNA in psittacine birds in Italy. 

Journal of Veterinary Medicine, 52, 64–68. 

Bertram EM, Wilkinson RG, Lee BA, Jilbert AR, Kotlarski I. (1996) Identification of duck T 

lymphocytes using an anti-human T cell (CD3) antiserum. Veterinary Immunology and 

Immunopathology, 51, 353–363. 

Breitbart M, Delwart E, Rosario K, Segales J, Varsani A et al. (2017) ICTV virus taxonomy 

profile: Circoviridae. Journal of General Virology, 98, 1997–1998. 

Bröjer C, Ågren EO, Uhlhorn H, Bernodt K, Jansson DS et al. (2012) Characterization of 

Encephalitis in Wild Birds Naturally Infected by Highly Pathogenic Avian Influenza H5N1. 

Avian Diseases, 56, 144–152. 

Burgdorf WHC, Duray P, Rosai J. (1980) Immunohistochemical Identification of Lysozyme in 

Cutaneous Lesions of Alleged Histiocytic Nature. American Society of Clinical 

Pathologists, 75, 162–167. 

Burgos-Rodríguez AG, Garner M, Ritzman TK, Orcutt CJ. (2007) Cutaneous Lymphosarcoma in 

a Double Yellow-headed Amazon Parrot (Amazona ochrocephala oratrix). Journal of Avian 

Medicine and Surgery, 21, 283–289. 

Butler CJ. (2005) Feral parrots in the continental United States and United Kingdom: past, 

present, and future. Journal of Avian Medicine and Surgery, 19, 142–149. 

Calnek BW. (2001) Pathogenesis of Marek’s Disease Virus Infection. In: Marek’s disease, 

Springer-Verlag Berlin Heidelberg, pp. 25–55. 

Capitelli R, Crosta L. (2013) Overview of Psittacine Blood Analysis and Comparative 

Retrospective Study of Clinical Diagnosis, Hematology and Blood Chemistry in Selected 

Psittacine Species. Veterinary Clinics of North America - Exotic Animal Practice, 16, 71–

120. 

Cardoso JFR, Levy MGB. (2014) Pathological and immunohistochemical diagnosis of an 

intestinal leiomyosarcoma in a Zebra Finch. Brazilian Journal of Veterinary Pathology, 7, 

89–92. 

Carioto LM, Kruth SA, Betts DH, King WA. (2001) Telomerase activity in clinically normal 

dogs and dogs with malignant lymphoma. American Journal of Veterinary Research, 62, 9–

13. 

Castro PF, Fantoni DT, Miranda BC, Matera JM. (2016) Prevalence of Neoplastic Diseases in 

Pet Birds Referred for Surgical Procedures. Veterinary Medicine International, 

2016:4096801. 

Caswell JL, Bassel LL, Rothenburger JL, Gröne A, Sargeant JM et al. (2018) Observational 



120 
 

study design in veterinary pathology, part 1: study design. Veterinary Pathology, 55, 607–

621. 

Černíková L, Vitásková E, Nagy A. (2017) Development and evaluation of TaqMan real-time 

PCR assay for detection of beak and feather disease virus. Journal of Virological Methods, 

244, 55–60. 

Chen J, Yanuck RRI, Abbondanzo SL, Chu W-S, Aguilera NSI. (2001) c-Kit (CD117) 

Reactivity in Extramedullary Myeloid Tumor/Granulocytic Sarcoma. Arch Pathol Lab Med, 

125, 1448–1452. 

Cicchetti D V, Feinstein AR. (1990) High agreement but low Kappa: II. resolving the paradoxes. 

J Clin Epidemiol, 43, 551–558. 

Circella E, Legretto M, Pugliese N, Caroli A, Bozzo G et al. (2014) Psittacine Beak and Feather 

Disease–like Illness in Gouldian Finches (Chloebia gouldiae). Avian Diseases, 58, 482–

487. 

Cohen JDA. (1960) A coefficient of agreement for nominal scales. Educational and 

Psychological Measurement, 20, 37–46. 

Cole GA, Garner MM, Carpenter JW, Kuroki K, Bowlus RA et al. (2008) Three Cases of 

Systemic Atypical Granulomatous Disease in Moluccan Cockatoos (Cacatua Moluccensis): 

A New Syndrome. Journal of Avian Medicine and Surgery, 22, 127–137. 

Coleman C. (1995) Lymphoid neoplasia in pet birds: a review. Journal of Avian Medicine and 

Surgery, 9, 3–7. 

Della Croce DR, Imam A, Brynes RK, Nathwani BN, Taylor CR. (1991) Anti-BLA.36 

monoclonal antibody shows reactivity with hodgkin’s cells and B lymphocytes in frozen 

and paraffin-embedded tissues. Hematological oncology, 9, 103–114. 

Cushing TLL, Schat KAA, States SLL, Grodio JLL, O’Connell PHH et al. (2011) 

Characterization of the host response in systemic isosporosis (atoxoplasmosis) in a colony 

of captive american goldfinches (Spinus tristis) and house sparrows (passer domesticus). 

Veterinary Pathology, 48, 985–992. 

Dallwig RK, Whittington JK, Terio K, Barger A. (2012) Cutaneous Mast Cell Tumor and 

Mastocytosis in a Black-masked Lovebird (Agapornis personata). Journal of Avian 

Medicine and Surgery, 26, 29–35. 

Das S, Sarker S, Peters A, Ghorashi SA, Phalen D et al. (2016) Evolution of circoviruses in 

lorikeets lags behind its hosts. Molecular Phylogenetics and Evolution, 100, 281–291. 

Deb A, Foldenauer U, Borjal RJ, Streich WJ, Lüken C et al. (2010) A longitudinal study on 

avian polyomavirus-specific antibodies in captive Spix’s macaws (Cyanopsitta spixii). 

Journal of avian medicine and surgery, 24, 192–198. 

Derakhshanfar A, Oloumi MM. (2008) Malignant Fibrous Histiocytoma in a Pigeon. Iranian 

Journal of Veterinary Surgery, 3, 91–96. 



121 
 

Devriese LA, Herdt PD, Uyttebroek E, Lepoudre C, Ducatelle R et al. (1994) Streptococcal and 

enterococcal infections in birds. Vlaams Diergeneeskundig Tijdschrift (Belgium), 63, 109–

111. 

Devriese LA, Chiers K, De Herdt P, Vanrompay D, Desmidt M et al. (1995) Enterococcus hirae 

infections in psittacine birds: epidemiological, pathological and bacteriological 

observations. Avian Pathology, 24, 523–531. 

Dezfoulian O, Razmyar J, Peighambari SM, Rajabi Z, Sadeghi MR et al. (2012) Mixed 

cutaneous round cells tumor in a cock (Gallus domesticus): A case report. Iranian Journal 

of Veterinary Medicine, 6, 123–128. 

Dhaliwal RS, Kitchell BE, Messick JB. (2003) Canine lymphosarcoma: Clinical features. 

Compendium on Continuing Education for the Practicing Veterinarian, 25, 572–582. 

Dohoo IR, Martin SW, Stryhn H. (2009) Veterinary epidemiologic research. VER, Inc., 

Charlotte, PEI. 

Dolz G, Sheleby-Elías J, Romero-Zuñiga JJ, Vargas-Leitón B, Gutiérrez-Espeleta G et al. (2013) 

Prevalence of psittacine beak and feather disease virus and avian polyomavirus in captivity 

psittacines from Costa Rica. Open Journal of Veterinary Medicine, 3, 240–245. 

Doneley RJT. (2003) Acute Beak and Feather Disease in juvenile African Grey parrots - An 

uncommon presentation of a common disease. Australian Veterinary Journal, 81, 206–207. 

Doneley RJT. (2009) Bacterial and parasitic diseases of parrots. Veterinary Clinics of North 

America - Exotic Animal Practice, 12, 417–432. 

Doneley RJT, Miller RI, Fanning TE. (2007) Proventricular dilatation disease: An emerging 

exotic disease of parrots in Australia. Australian Veterinary Journal, 85, 119–123. 

Eastwood JR, Berg ML, Spolding B, Buchanan KL, Bennett ATD et al. (2015) Prevalence of 

beak and feather disease virus in wild Platycercus elegans: Comparison of three tissue types 

using a probe-based real-time qPCR test. Australian Journal of Zoology, 63, 1–8. 

Enders F, Gravendyck M, Gerlach H, Kaleta EF. (1997) Fatal avian polyomavirus infection 

during quarantine in adult wild-caught red-faced lovebirds (Agapornis pullaria). Avian 

Diseases, 41, 496–498. 

Falini B, Fizzotti M, Pucciarini A, Bigerna B, Marafioti T et al. (2000) A monoclonal antibody 

(MUM1p) detects expression of the MUM1/IRF4 protein in a subset of germinal center B 

cells, plasma cells, and activated T cells. Blood, 95, 2084–92. 

Felgar RE, Macon WR, Kinney MC, Roberts S, Pasha T et al. (1997) TIA-1 expression in 

lymphoid neoplasms. Identification of subsets with cytotoxic T lymphocyte or natural killer 

cell differentiation. The American journal of pathology, 150, 1893–900. 

Forshaw JM, Cooper. WT. (1989) Parrots of the world. London: Blandford. 

Fris C. (1995) A retrospective case-control study of risk factors associated with Salmonella 

enterica subsp. enterica serovar Enteritidis infections on Dutch broiler breeder farms. Avian 



122 
 

Pathology, 24, 255–272. 

Fumian TM, Leite JPG, Castello AA, Gaggero A, de Caillou MSL et al. (2010) Detection of 

rotavirus A in sewage samples using multiplex qPCR and an evaluation of the 

ultracentrifugation and adsorption-elution methods for virus concentration. Journal of 

Virological Methods, 170, 42–46. 

Gabor M, Gabor LJ, Peacock L, Srivastava M, Rosenwax A et al. (2013) Psittacid Herpesvirus 3 

Infection in the Eclectus Parrot (Eclectus roratus) in Australia. Veterinary Pathology, 50, 

1053–1057. 

Gamino V, Escribano-Romero E, Blázquez A-B, Gutiérrez-Guzmán A-V, Martín-Acebes M-Á et 

al. (2016) Experimental North American West Nile Virus Infection in the Red-legged 

Partridge (Alectoris rufa ). Veterinary Pathology, 53, 585–593. 

Garner MM. (2013) A Retrospective Study of Disease in Elasmobranchs. Veterinary Pathology, 

50, 377–389. 

Garner MM, Latimer KS, Mickley KA, Ritzman TK, Nordhausen RW. (2009) Histologic, 

Immunohistochemical, and Electron Microscopic Features of a Unique Pulmonary Tumor 

in Cockatiels (Nymphicus hollandicus): Six Cases. Veterinary Pathology, 46, 1100–1108. 

Gaskin JM. (1989) Psittacine Viral Diseases: A Perspective. Journal of Zoo and Wildlife 

Medicine, 20, 249–264. 

Geneletti S, Richardson S, Best N. (2009) Adjusting for selection bias in retrospective, case-

control studies. Biostatistics, 10, 17–31. 

Gómez-Villamandos JC, Martín de las Mulas JM, Hervás J, Chancón-m de Lara F, Pérez J et al. 

(1995) Avian pathology spleno-enteritis caused by adenovirus in psittacine birds: a 

pathological study. Avian Pathology, 24, 553–563. 

Grabarević Ž, Tišljar M, Džaja P, Artuković B, Seiwerth S et al. (1993) Stress induced gizzard 

erosion in chicks. Journal of Veterinary Medicine, 40, 265–270. 

Graham DL. (1987) Characterization of a reo-like virus and its isolation from and pathogenicity 

for parrots. Avian Diseases, 31, 411–419. 

Greenacre CB. (2005) Viral diseases of companion birds. Veterinary Clinics of North America - 

Exotic Animal Practice, 8, 85–105. 

Greenlee PG, Filippa DA, Quimby FW, Patnaik AK, Calvano SE et al. (1990) Lymphomas in 

dogs a morphologic, immunologic, and clinical study. Cancer, 66, 480–490. 

Haesendonck R, Garmyn A, Dorrestein GM, Hellebuyck T, Antonissen G et al. (2015) Marek’s 

disease virus associated ocular lymphoma in Roulroul partridges (Rollulus rouloul). Avian 

Pathology, 44, 347–351. 

Hakimuddin F, Abidi F, Jafer O, Li C, Wernery U et al. (2016) Incidence and detection of beak 

and feather disease virus in psittacine birds in the UAE. Biomolecular Detection and 

Quantification, 6, 27–32. 



123 
 

Hammer AS, Williams B, Dietz HH, Hamilton-Dutoit SJ. (2007) High-throughput 

Immunophenotyping of 43 Ferret Lymphomas Using Tissue Microarray Technology. 

veterinary pathology, 44, 196–203. 

Hammond EE, Guzman DS-M, Garner MM, Mauldin G, Martinez-Jimenez D et al. (2010) Long-

term treatment of chronic lymphocytic leukemia in a green-winged macaw (Ara 

chloroptera). Journal of avian medicine and surgery, 24, 330–338. 

Hausmann JC, Mans C, Gosling A, Miller JL, Chamberlin T et al. (2016) Bilateral Uveitis and 

Hyphema in a Catalina Macaw (Ara ararauna × Ara macao) With Multicentric Lymphoma. 

Journal of Avian Medicine and Surgery, 30, 172–178. 

Heath L, Martin DP, Warburton L, Perrin M, Horsfield W et al. (2004) Evidence of unique 

genotypes of beak and feather disease virus in southern Africa. Journal of virology, 78, 

9277–9284. 

Hedvat C V, Hegde A, Chaganti RSK, Chen B, Qin J et al. (2002) Application of tissue 

microarray technology to the study of non-Hodgkin’s and Hodgkin’s lymphoma. Human 

Pathology, 33, 968–974. 

Heidner GL, Kornegay JN, Page RL, Dodge RK, Thrall DE. (1991) Analysis of Survival in a 

Retrospective Study of 86 Dogs with Brain Tumors. Journal of Veterinary Internal 

Medicine, 5, 219–226. 

Hernández V, Carrera E, Méndez A, Morales JC, Morales E et al. (2012) Histopathologic, 

immunohistochemical and ultrastructural features of a granular cell tumour in an Australian 

parakeet (Melopsittacus undulatus). Avian Pathology, 41, 437–440. 

Hess DR. (2004) Retrospective studies and chart reviews. Respiratory care, 49, 1171–1174. 

Hirai K, Park JH, Itakura C. (1993) Herpesvirus infections in psittacine birds in Japan. Avian 

Pathology, 22, 141–156. 

Honkavuori KS, Shivaprasad HL, Williams BL, Quan PL, Hornig M et al. (2008) Novel Borna 

virus in psittacine birds with proventricular dilatation disease. Emerging Infectious 

Diseases, 14, 1883–1886. 

del Hoyo J, Elliott A, Sargatal J, Christie DA, de Juana E. (2018) Handbook of the birds of the 

world alive. Lynx Edicions, Barcelona. 

Huan Yu P, Hwa Chi C. (2015) Long-term Management of Thymic Lymphoma in a Java 

Sparrow (Lonchura oryzivora). Journal of Avian Medicine and Surgery, 29, 51–54. 

Huang C, Hung JJ, Wu CY, Chien MS. (2004) Multiplex PCR for rapid detection of 

pseudorabies virus, porcine parvovirus and porcine circoviruses. Veterinary Microbiology, 

101, 209–214. 

Hulbert CL, Chamings A, Hewson KA, Steer PA, Gosbell M et al. (2015) Survey of captive 

parrot populations around Port Phillip Bay, Victoria, Australia, for psittacine beak and 

feather disease virus, avian polyomavirus and psittacine adenovirus. Australian Veterinary 

Journal, 93, 287–292. 



124 
 

Hvenegaard AP, Safatle AMV, Guimarães MB, Ferreira AJP, Barros PSM. (2009) Retrospective 

study of ocular disorders in Amazon parrots. Pesquisa Veterinária Brasileira, 29, 979–984. 

Ip YT, Dias Filho MA, Chan JKC. (2010) Nuclear inclusions and pseudoinclusions: Friends or 

foes of the surgical pathologist? International Journal of Surgical Pathology, 18, 465–481. 

Jacobson ER, Mladinich CR, Clubb S, Sundberg JP, Lancaster WD. (1983) Papilloma-like virus 

infection in an African gray parrot. Journal of the American Veterinary Medical 

Association, 183, 1307–1308. 

Johne R, Müller H. (1998) Avian polyomavirus in wild birds: Genome analysis of isolates from 

Falconiformes and Psittaciformes. Archives of Virology, 143, 1501–1512. 

Johne R, Konrath A, Krautwald-Junghanns ME, Kaleta EF, Gerlach H et al. (2002) Herpesviral, 

but no papovaviral sequences, are detected in cloacal papillomas of parrots. Archives of 

Virology, 147, 1869–1880. 

Jones KL, Field CL, Stedman NL, MacLean RA. (2014) Cloacolithiasis and intestinal 

lymphosarcoma in an African black-footed penguin (Spheniscus demersus). Journal of Zoo 

and Wildlife Medicine, 45, 446–449. 

Jubala CM, Wojcieszyn JW, Valli VEO, Getzy DM, Fosmire SP et al. (2005) CD20 Expression 

in Normal Canine B Cells and in Canine nob-Hodgkin Lymphoma. Veterinary Pathology, 

42, 468–476. 

Julian L, Lorenzo A, Chenuet JP, Bonzon M, Marchal C et al. (2012) Evidence of multiple 

introductions of beak and feather disease virus into the Pacific islands of Nouvelle-

Calédonie (New Caledonia). Journal of General Virology, 93, 2466–2472. 

Karube K, Ohshima K, Tsuchiya T, Yamaguchi T, Suefuji H et al. (2003) Non-B, non-T 

neoplasms with lymphoblast morphology: further clarification and classification. The 

American journal of surgical pathology, 27, 1366–74. 

Katoh H, Ohya K, Fukushi H. (2008) Development of novel real-time PCR assays for detecting 

DNA virus infections in psittaciform birds. Journal of Virological Methods, 154, 92–98. 

Katoh H, Ogawa H, Ohya K, Fukushi H. (2010) A review of DNA viral infections in psittacine 

birds. J. Vet. Med. Sci, 72, 1099–1106. 

Katoh H, Yamada S, Hagino T, Ohya K, Sakai H et al. (2011) Molecular Genetic and Pathogenic 

Characterization of Psittacid Herpesvirus Type 1 Isolated from a Captive Galah (Eolophus 

roseicapillus) in Japan. Journal of Veterinary Medical Science, 73, 1341–1345. 

Kingston RS. (1992) Budgerigar fledgling disease (papovavirus) in pet birds. Journal of 

Veterinary Diagnostic Investigation, 4, 455–458. 

Kommers GD, King DJ, Seal BS, Carmichael KP, Brown CC. (2002) Pathogenesis of Six 

Pigeon-Origin Isolates of Newcastle Disease Virus for Domestic Chickens. Vet Pathol, 39, 

353–362. 

Komori S, Nakamura S, Takahashi K, Tagawa M. (2005) Use of lomustine to treat cutaneous 



125 
 

nonepitheliotropic lymphoma in a cat. Journal of the American Veterinary Medical 

Association, 226, 237–239. 

Kononen J, Bubendorf L, Kallioniemi A, Bärlund M, Schraml P et al. (1998) Tissue microarrays 

for high-throughput molecular profiling of tumor specimens. Nature Medicine, 4, 844–847. 

Kuhns MS, Davis MM, Garcia KC. (2006) Deconstructing the form and function of the 

TCR/CD3 complex. Immunity, 24, 133–139. 

Latimer KS, Rakich PM, Kircher IM, Ritchie BW, Niagro FD et al. (1990) Extracutaneous viral 

inclusions in psittacine beak and feather disease. 

Latimer KS, Niagro FD, Campagnoli RP, Ritchie BW, Pesti DA et al. (1993) Diagnosis of 

concurrent avian polyomavirus and psittacine beak and feather disease virus infections 

using DNA probes. Journal of the Association of Avian Veterinarians, 7, 141–146. 

Le K, Beaufrère H, Brouwer E, Bland SK, Wills S et al. (2017) Retro-orbital and disseminated 

B-cell lymphoma in a yellow-collared macaw (Primolius auricollis). Canadian Veterinary 

Journal, 58, 707–712. 

Ledwoń A, Sapierzyński R, Augustynowicz-Kopeć E, Szeleszczuk P, Kozak M. (2014) 

Experimental inoculation of BFDV-positive budgerigars (Melopsittacus undulatus) with 

two Mycobacterium avium subsp. avium isolates. BioMed Research International, 2014. 

Lefkowitz EJ, Dempsey DM, Hendrickson RC, Orton RJ, Siddell SG et al. (2018) Virus 

taxonomy: The database of the International Committee on Taxonomy of Viruses (ICTV). 

Nucleic Acids Research, 46, D708–D717. 

Lennox A, Clubb S, Romagnano A, Altman NH, Cray C et al. (2014) Monoclonal 

Hyperglobulinemia in Lymphosarcoma in a Cockatiel (Nymphicus hollandicus) and a Blue 

and Gold Macaw (Ara ararauna). Avian Diseases, 58, 326–329. 

Lennox AM. (2007) Mycobacteriosis in companion psittacine birds: a review. Journal of Avian 

Medicine and Surgery, 21, 181–187. 

Liman N, Bayram GK. (2011) Structure of the quail (Coturnix coturnix japonica) spleen during 

pre-and post-hatching periods. Revue de Médecine Vétérinaire, 162, 25–33. 

Loukopoulos P, Okuni JB, Micco T, Garcia JP, Uzal FA et al. (2014) Air Sac Adenocarcinoma 

of the Sternum in a Quaker Parrot (Myiopsitta monacus). Journal of Zoo and Wildlife 

Medicine, 45, 961–965. 

Malka S, Crabbs T, Mitchell EB, Zehnder A, Kent MS et al. (2008) Disseminated Lymphoma of 

Presumptive T-cell Origin in a Great Horned Owl (Bubo virginianus). Journal of Avian 

Medicine and Surgery, 22, 226–233. 

Mann CJ. (2003) Observational research methods . Research design II : The Emergency 

Medicine Journal, 20, 54–61. 

Mannoji H, Yeger H, Becker LE. (1986) A specific histochemical marker (lectin ricinus 

communis agglutinin-1) for normal human microglia, and application to routine 



126 
 

histopathology. Acta Neuropathologica, 71, 341–343. 

Mantel N, Haenszel W. (1959) Statistical aspects of the analysis of data from retrospective 

studies. Journal of the National Cancer Institute, 22, 719–748. 

Maslin WR, Latimer KS. (2009) Atoxoplasmosis in Canary Fledglings: Severe Lymphocytic 

Enteritis with Preferential Parasitism of B Lymphocytes. Avian Diseases, 53, 473–476. 

Mellgren M, Bergvall K. (2008) Treatment of rabbit cheyletiellosis with selamectin or 

ivermectin: A retrospective case study. Acta Veterinaria Scandinavica, 50. 

Mendelsohn G, Eggleston JC. (1980) Relationship of Lysozyme (Muramidase) to Histiocytic 

Differentiation in Malignant Histiocytosis. Cancer, 45, 273–279. 

Miller TD, Millar DL, Naqi SA. (1979) Pacheco’s Disease Herpesvirus in Texas. Avian 

Diseases, 23, 753–756. 

Moens U, Calvignac-Spencer S, Lauber C, Ramqvist T, Feltkamp MCW et al. (2017) ICTV 

virus taxonomy profile: Polyomaviridae. Journal of General Virology, 98, 1159–1160. 

Moore PF. (1986) Characterization of cytoplasmic lysozyme immunoreactivity as a histiocytic 

marker in normal canine tissues. Veterinary pathology, 23, 763–769. 

Natkunam Y, Warnke RA, Montgomery K, Falini B, van De Rijn M. (2001) Analysis of 

MUM1/IRF4 protein expression using tissue microarrays and immunohistochemistry. 

Modern pathology : an official journal of the United States and Canadian Academy of 

Pathology, Inc, 14, 686–694. 

Neagari Y, Nagamine T, Nakaya Y, Onuma M, Murata K et al. (2011) T-cell lymphoma in a 

wild Okinawa rail (Gallirallus okinawae). J Vet Med Sci, 73, 413–417. 

Nemeth NM, Gonzalez-Astudillo V, Oesterle PT, Howerth EW. (2016) A 5-year retrospective 

review of avian diseases diagnosed at the department of pathology, University of Georgia. 

Journal of Comparative Pathology, 155, 105–120. 

Neumann U, Kummerfeld N. (1983) Neoplasms in budgerigars (Melopsittacus undulatus): 

Clinical, pathomorphological and serological findings with special consideration of kidney 

tumours. Avian Pathology, 12, 353–362. 

Ogawa H, Yamaguchi T, Fukushi H. (2005) Duplex shuttle PCR for differential diagnosis of 

budgerigar fledgling disease and psittacine beak and feather disease. Microbiology and 

Immunology, 49, 227–237. 

Oglesbee BL, Oglesbee MJ. (1998) Results of postmortem examination of psittacine birds with 

cardiac disease: 26 cases (1991-1995). Journal of the American Veterinary Medical 

Association, 212, 1737–1742. 

Oliveira JL, Grogg KL, MacOn WR, Dogan A, Feldman AL. (2012) Clinicopathologic features 

of B-cell lineage neoplasms with aberrant expression of CD3: A study of 21 cases. 

American Journal of Surgical Pathology, 36, 1364–1370. 



127 
 

Osofsky A, Hawkins MG, Foreman O, Kent MS, Vernau W et al. (2011) T-Cell Chronic 

Lymphocytic Leukemia in a Double Yellow-headed Amazon Parrot (Amazona 

ochrocephala oratrix). Journal of Avian Medicine and Surgery, 25, 286–294. 

Palmieri C, Roy P, Dhillon AS, Shivaprasad HL. (2013) Avian mycobacteriosis in psittacines: a 

retrospective study of 123 cases. Journal of Comparative Pathology, 148, 126–138. 

Panigrahy B, Harmon BG. (1985) Bacterial septicemias in two psittacine birds. Journal of the 

American Veterinary Medical Association, 186, 983–984. 

Parmentier S, Fischer D, Wüst E, Kershaw O, Lierz M. (2017) Generalized lymphoma with a 

displacing mass in the orbital cavity of a Pacific parrotlet (Forpus coelestis). Comparative 

Clinical Pathology, 26, 1389–1394. 

Pass DA. (1985) A papova-like virus infection of Lovebirds. Australian Veterinary Journal, 62, 

318–319. 

Pass DA, Perry RA. (1984) The pathology of psittacine beak and feather disease. Australian 

Veterinary Journal, 61, 69–74. 

Payne CL, Dark MJ, Conway JA, Farina LL. (2017) A retrospective study of the prevalence of 

calcium oxalate crystals in veterinary Aspergillus cases. Journal of Veterinary Diagnostic 

Investigation, 29, 51–58. 

Pejović N, Velhner M, Polaček V, Aleksić-Kovačević S, Marinković D et al. (2007) 

Morphological and immunohistochemical examination of tumor cells in Marek’s disease. 

Acta Veterinaria, 57, 27–35. 

Phalen DN, Wilson VG, Graham DL. (1991) Polymerase chain reaction assay for avian 

polyomavirus. J.Clin.Microbiol., 29, 1030–1037. 

Phalen DN, Wilson VG, Graham DL. (1993) Organ distribution of avian polyomavirus DNA and 

virus-neutralizing antibody titers in healthy adult budgerigars. American Journal of 

Veterinary Research, 54, 2040–2047. 

Phalen DN, Wilson BG, Graham DL. (1995) Production of avian polyomavirus seronegative 

budgerigars (Melopsittacus undulatus) from seropositive adults. Avian Diseases, 39, 897–

899. 

Phalen DN, Wilson VG, Graham DL. (1997) Prevalence of Neutralizing Antibody and Virus 

Shedding in Psittacine Birds Infected with Avian Polyomavirus. Journal of Avian Medicine 

and Surgery, 11, 98–104. 

Phalen DN, Radabaugh CS, Dahlhausen RD, Styles DK. (2000) Viremia, virus shedding, and 

antibody response during natural avian polyomavirus infection in parrots. Journal of the 

American Veterinary Medical Association, 217, 32–36. 

Phalen DN, Tomaszewski EK, Styles. DK. (2004) Epizootiology, diversity, and pathogenicity of 

psittacid herpesviruses. Proceedings of Association of Avian Veterinarians. 

Piepenbring AK, Enderlein D, Herzog S, Kaleta EF, Heffels-Redmann U et al. (2012) 



128 
 

Pathogenesis of avian bornavirus in experimentally infected Cockatiels. Emerging 

Infectious Diseases, 18, 234–241. 

Pierezan F, Mansell J, Ambrus A, Hoffmann AR. (2014) Immunohistochemical expression of 

ionized calcium binding adapter molecule 1 in cutaneous histiocytic proliferative, neoplastic 

and inflammatory disorders of dogs and cats. Journal of Comparative Pathology, 151, 347–

351. 

Pilny AA, Quesenberry KE, Bartick-Sedrish TE, Latimer KS, Berghaus RD. (2012) Evaluation 

of Chlamydophila psittaci infection and other risk factors for atherosclerosis in pet 

psittacine birds. Journal of the American Veterinary Medical Association, 240, 1474–1480. 

Portas T, Jackson B, Das S, Shamsi S, Raidal SR. (2017) Beak and feather disease virus carriage 

by Knemidocoptes pilae in a sulphur-crested cockatoo (Cacatua galerita). Australian 

Veterinary Journal, 95, 486–489. 

Rahaus M, Wolff MH. (2003) Psittacine Beak and Feather Disease: A First Survey of the 

Distribution of Beak and Feather Disease Virus Inside the Population of Captive Psittacine 

Birds in Germany. Journal of Veterinary Medicine, 50, 368–371. 

Rahaus M, Desloges N, Probst S, Loebbert B, Lantermann W et al. (2008) Detection of beak and 

feather disease virus DNA in embryonated eggs of psittacine birds. Veterinarni Medicina, 

53, 53–58. 

Raidal SR, McElnea CL, Cross GM. (1993) Seroprevalence of psittacine beak and feather 

disease in wild psittacine birds in New South Wales. Australian veterinary journal, 70, 

137–139. 

Raidal SR, Sarker S, Peters A. (2015) Review of psittacine beak and feather disease and its effect 

on Australian endangered species. Australian Veterinary Journal, 93, 466–470. 

Ramis A, Latimer KS, Niagro FD, Campagnoli RP, Ritchie BW et al. (1994) 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 Pathology, 23, 643–657. 

Ramos-Vara JA, Miller MA. (2014) When Tissue Antigens and Antibodies Get Along: 

Revisiting the Technical Aspects of Immunohistochemistry—The Red, Brown, and Blue 

Technique. veterinary pathology, 51, 42–87. 

Ramos-Vara JA, Millar MA, Valli VEO. (2007) Immunohistochemical Detection of Multiple 

Myeloma 1 / Interferon Regulatory Factor 4 ( MUM1 / IRF-4 ) in Canine Plasmacytoma : 

Comparison with CD79a and CD20. Vet Pathol, 44, 875–884. 

Reavill DR. (2004) Tumors of pet birds. Veterinary Clinics of North America - Exotic Animal 

Practice, 7, 537–560. 

Reavill DR, Dorrestein GM. (2010) Pathology of aging psittacines. Veterinary Clinics of North 

America - Exotic Animal Practice, 13, 135–150. 

Regnard GL, Rutledge BS, Martin RO, Hitzeroth II, Rybicki EP. (2015) Beak and feather 



129 
 

disease virus: correlation between viral load and clinical signs in wild Cape parrots 

(Poicepahlus robustus) in South Africa. Archives of virology, 160, 339–344. 

Ricklefs RE. (2000) Intrinsic aging-related mortality in birds. Journal of Avian Biology, 31, 103–

111. 

Ritchie BW, Niagro FD, Lukert PD, Steffens WL, Latimer KS. (1989) Characterization of a new 

virus from cockatoos with psittacine beak and feather disease. Virology, 171, 83–88. 

Ritchie BW, Niagro FD, Latimer KS, Steffens WL, Pesti D et al. (1991) Routes and prevalence 

of shedding of psittacine beak and feather disease virus. American Journal of Veterinary 

Research, 52, 1804–1809. 

Ritchie PA, Anderson IL, Lambert DM. (2003) Evidence for specificity of psittacine beak and 

feather disease viruses among avian hosts. Virology, 306, 109–115. 

Ritter JM, Garner MM, Chilton JA, Jacobson ER, Kiupel M. (2009) Gastric neuroendocrine 

carcinomas in bearded dragons (Pogona vitticeps). Veterinary Pathology, 46, 1109–1116. 

Rivera S, McClearen JR, Reavill DR. (2009) Treatment of nonepitheliotropic cutaneous B-cell 

lymphoma in an umbrella cockatoo (Cacatua alba). Journal of avian medicine and surgery, 

23, 294–302. 

Robat CS, Ammersbach M, Mans C. (2017) Avian oncology. Veterinary Clinics of North 

America: Exotic Animal Practice, 20, 57–86. 

Robinson D, Liu JL, Jones D, Brunovskis P, Qian Z et al. (1997) Avian leukemias and 

lymphomas: interplay between retroviruses and herpesviruses. Leukemia, 11 Suppl 3, 176–

178. 

Rodriguez-Ramos Fernandez J, Dubielzig RR. (2015) Ocular and eyelid neoplasia in birds: 15 

cases (1982-2011). Veterinary Ophthalmology, 18, 113–118. 

Sacré BJ, Oppenheim YC, Steinberg H, Gould WJ. (2014) Presumptive histiocytic sarcoma in a 

great horned owl (Bubo virginianus). J Zoo Wild Med, 23, 113–121. 

Sakaguchi K, Iima H, Matsuda K, Okamoto M, Hirayama K et al. (2013) Intestinal 

undifferentiated carcinoma in a red-crowned crane (Grus japonensis). The Journal of 

veterinary medical science, 75, 827–830. 

Sarker S, Ghorashi SA, Forwood JK, Bent SJ, Peters A et al. (2014) Phylogeny of beak and 

feather disease virus in cockatoos demonstrates host generalism and multiple-variant 

infections within Psittaciformes. Virology, 460–461, 72–82. 

Schenker OA, Hoop RK. (2007) Chlamydiae and Atherosclerosis: Can Psittacine Cases Support 

the Link? Avian Diseases, 51, 8–13. 

Schmidt V, Philipp H-C, Thielebein J, Troll S, Hebel C et al. (2012) Malignant Lymphoma of T-

cell Origin in a Humboldt Penguin (Spheniscus humboldti) and a Pink-backed Pelican 

(Pelecanus rufescens). Journal of Avian Medicine and Surgery, 26, 101–106. 



130 
 

Schoemaker NJ, Dorrestein GM, Latimer KS, Lumeij JT, L Kik MJ et al. (2000) Severe 

leukopenia and liver necrosis in young African grey parrots (Psittacus erithacus erithacus) 

infected with psittacine circovirus. Avian Diseases, 44, 470–478. 

Schrenzel M, Oaks JL, Rotstein D, Maalouf G, Snook E et al. (2005) Characterization of a new 

species of adenovirus in falcons. Journal of Clinical Microbiology, 43, 3402–3413. 

Shearer PL, Bonne N, Clark P, Sharp M, Raidal SR. (2008) Beak and feather disease virus 

infection in cockatiels (Nymphicus hollandicus). Avian Pathology, 37, 75–81. 

Shearer PL, Sharp M, Bonne N, Clark P, Raidal SR. (2009) A quantitative, real-time polymerase 

chain reaction assay for beak and feather disease virus. Journal of Virological Methods, 

159, 98–104. 

Shivaprasad HL, Phalen DN. (2012) A novel herpesvirus associated with respiratory disease in 

Bourke’s parrots (Neopsephotus bourkii). Avian Pathology, 41, 531–539. 

Simpson CF, Hanley JE, Gaskin JM. (1975) Psittacine Herpesvirus Infection Resembling 

Pacheco’s Parrot Disease. The Journal of Infectious Diseases, 131, 390–396. 

Sinclair KM, Hawkins MG, Wright L, Chin RP, Owens SD et al. (2015) Chronic T-cell 

Lymphocytic Leukemia in a Black Swan (Cygnus atratus): Diagnosis, Treatment, and 

Pathology. Journal of Avian Medicine and Surgery, 29, 326–335. 

Smith KA, Campbell GD, Pearl DL, Jardine CM, Salgado-Bierman F et al. (2017) A 

Retrospective Summary of Raptor Mortality in Ontario, Canada (1991–2014), Including the 

Effects of West Nile Virus. Journal of Wildlife Diseases, 54, 2017-07–157. 

Souza MJ, Newman SJ, Greenacre CB, Avenell JS, Wall JS et al. (2008) Diffuse intestinal T-cell 

lymphosarcoma in a yellow-naped Amazon parrot (Amazona ochrocephala auropalliata). 

Journal of veterinary diagnostic investigation, 20, 656–660. 

Stern AW, Lamm CG. (2009) Malignant melanoma of the subcutaneous tissues in an umbrella 

cockatoo (Cacatua alba). Journal of Avian Medicine and Surgery, 23, 303–306. 

Stoll R, Luo D, Kouwenhoven B, Hobom G, Muller H. (1993) Molecular and biological 

characteristics of avian polyomaviruses: Isolates from different species of birds indicate that 

avian polyomaviruses form a distinct subgenus within the polyomavirus genus. Journal of 

General Virology, 74, 229–237. 

Strunk A, Imai DM, Osofsky A, Tell LA. (2011) Dysgerminoma in an eastern rosella 

(Platycercus eximius eximius). Avian diseases, 55, 133–138. 

Styles DK, Tomaszewski EK, Jaeger LA, Phalen DN. (2004) Psittacid herpesviruses associated 

with mucosal papillomas in neotropical parrots. Virology, 325, 24–35. 

Styles DK, Tomaszewski EK, Phalen DN. (2005) A novel psittacid herpesvirus found in African 

grey parrots (Psittacus erithacus erithacus). Avian Pathology, 34, 150–154. 

Thongchan D, Huang Y-L, Khatri-Chhetri R, Tsai S-S, Wu H-Y. (2016) Prevalence and 

pathology of avian polyomavirus (APV) and psittacine beak and feather disease virus 



131 
 

(PBFDV) infections in Taiwan: A retrospective study from 2010 to 2014. RMUTI Journal, 

9. 

Thureen DR, Keeler CL. (2006) Psittacid Herpesvirus 1 and Infectious Laryngotracheitis Virus: 

Comparative Genome Sequence Analysis of Two Avian Alphaherpesviruses. Journal of 

Virology, 80, 7863–7872. 

Todd D. (2000) Circoviruses: Immunosuppressive threats to avian species: A review. Avian 

pathology, 29, 373–394. 

Tolnay AE, Baskin CR, Tumpey TM, Sabourin PJ, Sabourin CL et al. (2010) Extrapulmonary 

tissue responses in cynomolgus macaques (Macaca fascicularis) infected with highly 

pathogenic avian influenza A (H5N1) virus. Arch Virol, 155, 905–914. 

Tomaszewski E, Wilson VG, Wigle WL, Phalen DN, Wilson VANG. (2001) Detection and 

Heterogeneity of Herpesviruses Causing Pacheco’s Disease in Parrots. Journal of clinical 

microbiology, 39, 533–538. 

Tomaszewski EK, Kaleta EF, David N, Phalen DN. (2003) Molecular phylogeny of the psittacid 

herpesviruses causing Pacheco’s disease: correlation of genotype with phenotypic 

expression. Journal of virology, 77, 11260–11267. 

Tomaszewski EK, Wigle W, Phalen DN. (2006) Tissue distribution of psittacid herpesviruses in 

latently infected parrots, repeated sampling of latently infected parrots and prevalence of 

latency in parrots submitted for necropsy. Journal of veterinary diagnostic investigation, 18, 

536–544. 

Torlakovic E, Torlakovic G, Nguyen PL, Brunning RD, Delabie J. (2002) The value of anti-pax-

5 immunostaining in routinely fixed and paraffin-embedded sections: a novel pan pre-B and 

B-cell marker. The American journal of surgical pathology, 26, 1343–1350. 

Ushio N, Watanabe KI, Chambers JK, Shibato T, Nakayama H et al. (2015) Sarcocystis calchasi 

encephalitis in a rock pigeon. Journal of Veterinary Medical Science, 77, 1523–1526. 

Vanrompay D, Ducatelle R, Haesebrouck F. (1995) Chlamydia psittaci infections: a review with 

emphasis on avian chlamydiosis. Veterinary Microbiology, 45, 93–119. 

Vigo G, Williams M, Brightsmith DJ. (2011) Growth of Scarlet macaw (Ara macao) chicks in 

southeastern Peru. Ornitología Neotropical, 22, 143–153. 

Ward MP, Ramer JC, Proudfoot J, Garner MM, Juan-Sallés C et al. (2003) Outbreak of 

salmonellosis in a zoologic collection of lorikeets and lories (Trichoglossus, Lorius, and Eos 

spp.). Avian diseases, 47, 493–498. 

Watson VE, Murdock JH, Cazzini P, Schnellbacher R, Divers SJ et al. (2013) Retrobulbar 

adenocarcinoma in an Amazon parrot (Amazona autumnalis). Journal of Veterinary 

Diagnostic Investigation, 25, 273–276. 

Westerhof I. (1995) Treatment of tracheal obstruction in psittacine birds using a suction 

technique: a retrospective study of 19 birds. J Avian Med Surg, 9, 45–49. 



132 
 

Williams SM, Williams RJ, Gogal RM. (2017) Acute Lameness in a Roller Pigeon (Columba 

livia) with Multicentric Lymphosarcoma. Avian Diseases, 61, 267–270. 

Willmann M, Müllauer L, Guija de Arespacochaga A, Reifinger M, Mosberger I et al. (2009) 

Pax5 immunostaining in paraffin-embedded sections of canine non-Hodgkin lymphoma: A 

novel canine pan pre-B- and B-cell marker. Veterinary Immunology and Immunopathology, 

128, 359–365. 

de Wit M, Schoemaker NJ, Kik MJL, Westerhof I. (2003) Hypercalcemia in two Amazon parrots 

with malignant lymphoma. Avian diseases, 47, 223–228. 

Woodhouse SJ, Rose M, Desjardins DR, Agnew DW. (2015) Diagnosis of Retrobulbar Round 

Cell Neoplasia in a Macaroni Penguin (Eudyptes chrysolophus) Through Use of Computed 

Tomography. Journal of Avian Medicine and Surgery, 29, 40–45. 

Woods LW, Latimer KS, Niagro FD, Riddell C, Crowley AM et al. (1994) A retrospective study 

of circovirus infection in pigeons: nine cases (1986-1993). Journal of Veterinary Diagnostic 

Investigation, 6, 156–164. 

Yildirim F, Haktanir D, Gurel A, Demirutku A, Ozsoy S et al. (2013) Cutaneous Lymphoma in a 

Peafowl. Journal of the faculty of veterinary medicine, istanbul university, 39, 272–276. 

Young AM, Hobson EA, Lackey LB, Wright TF. (2012) Survival on the ark: life-history trends 

in captive parrots. Animal Conservation, 15, 28–43. 

Zehnder A, Graham J, Reavill D, McLaughlin A. (2016) Neoplastic diseases in avian species. 

Elsevier Inc., Amsterdam, Netherlands. 



133 
 

Appendices 

Appendix 1. Immunohistochemical reactivity for cell markers used on formalin-fixed paraffin-embedded tissues of various avian 

species reported in the veterinary literature 

Marker 

(target cell) 

Clone, 

vendor 

Species Control 

tissue 

n = * Positive 

IHC** 

Antigen 

retrieval 

Context Reference 

CD3 

(T-cell) 

N/A Green-winged macaw 

(Ara chloropterus) 

None 1 Yes NS Chronic 

lymphocytic 

leukemia 

(Hammond et al., 

2010) 

CD3  

(T-cell) 

Dako, 

A0452 

Blue-fronted Amazon 

(Amazona aestival) 

None 

 

1 Yes NS Malignant 

lymphoma with 

hypercalcemia 

(de Wit et al., 

2003) 

CD3 

(T-cell) 

Dako, 

A0452 

Orange-winged amazon 

(Amazona amazonica) 

None 

 

1 Yes NS Malignant 

lymphoma with 

hypercalcemia 

(de Wit et al., 

2003) 

CD3 

(T-cell) 

N/A Yellow-naped Amazon 

(Amazona auropalliata) 

Spleen 1 Yes NS Intestinal T-cell 

lymphosarcoma 

(Souza et al., 

2008) 

CD3 

(T-cell) 

Polyclonal 

rabbit 

Umbrella cockatoo 

(Cacatua alba) 

Spleen 1 Yes NS B-cell lymphoma (Rivera et al., 

2009) 

CD3 

(T-cell) 

Dako, A 

0452 

Domestic chicken  

(Gallus gallus) 

Yes, NS 20 Yes HIER  

pH 6 

Marek’s disease (Pejović et al., 

2007) 

CD3 

(T-cell) 

N/A (Dako 

probably) 

Canary  

(Serinus canaria) 

Yes, NS NS Yes HIER  

pH 6 

Atoxoplasmosis (Maslin and 

Latimer, 2009) 

CD3 

(T-cell) 

N/A Roller pigeon  

(Columba livia domestica) 

None 1 Yes NS Lameness caused 

by lymphoma 

(Williams et al., 

2017) 

CD3 

(T-cell) 

N/A Poultry NS NS Yes NS NS (Annangi, 2015) 

CD3 

(T-cell) 

A 0452, 

Dako 

Humboldt penguin 

(Spheniscus humboldti) 

Gut, spleen 1 Yes ED Lymphoma (Schmidt et al., 

2012) 
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CD3 

(T-cell) 

A 0452, 

Dako 

Pink-backed pelican 

(Pelecanus rufescens) 

Gut, spleen 1 Yes ED Lymphoma (Schmidt et al., 

2012) 

CD3 

(T-cell) 

Polyclonal, 

Dako 

Domestic chicken 

(Gallus gallus) 

NS 60 Yes HIER  

pH 6 

Pigeon 

paramyxovirus 

trial 

(Kommers et al., 

2002) 

CD3a  

(T-cell) 

N/A Macaroni penguin 

(Eudyptes chrysolophus) 

Internal 1 Yes NS Round cell 

neoplasia 

(Woodhouse et 

al., 2015) 

CD3 

(T-cell) 

Polyclonal, 

Biocare 

Black swan 

(Cygnus atratus) 

Chicken 1 Yes HIER  

pH 6 

Lymphocytic 

leukemia 

(Sinclair et al., 

2015) 

CD3 

(T-cell) 

Polyoclonal, 

Biocare 

Domestic chicken  

(Gallus gallus) 

Chicken 1 Yes HIER 

pH 6 

Control for 

lymphocytic 

leukemia in black 

swan 

(Sinclair et al., 

2015) 

CD3 

(T-cell) 

N/A American goldfinch 

(Spinus tristis) 

Spleen 5 Yes ED Atoxoplasmosis (Cushing et al., 

2011) 

CD3 

(T-cell) 

N/A House sparrow 

(Passer domesticus) 

Spleen 4 Yes ED Atoxoplasmosis (Cushing et al., 

2011) 

CD3 

(T-cell) 

N1580, 

Dako 

Red-crowned crane 

(Grus japonensis) 

Yes, NS 1 Yes NS Intestinal 

undifferentiated 

carcinoma 

(Sakaguchi et al., 

2013) 

CD3 

(T-cell) 

Polyclonal, 

Dako 

Rock pigeon 

(Columba livia) 

None 1 Yes HIER 

pH 9 

Sarcocystis 

encephalitis 

(Ushio et al., 

2015) 

CD3 

(T-cell) 

N1580, 

Dako 

Okinawa rail 

(Gallirallus okinawae) 

Rail Spleens 

and bursas 

and chicken 

lymphomas 

1 Yes HIER 

pH 9 

T-cell lymphoma (Neagari et al., 

2011) 

CD3 

(T-cell) 

BioGenex Domestic chicken  

(Gallus gallus) 

Controls for 

lymphoma 

2 Yes HIER 

pH 9 

Control for T-cell 

lymphoma in a 

(Neagari et al., 

2011) 
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in rail wild Okinawa rail 

CD3 

(T-cell) 

Dako Red-legged partridge 

(Alectoris rufa) 

Spleen and 

bursa 

13 Yes NS Experimental west 

Nile virus infection  

(Gamino et al., 

2016) 

CD3 

(T-cell) 

Dako Black-footed penguin 

(Spheniscus demersus) 

Yes, NS 1 Yes NS Cloacolithiasis and 

intestinal 

lymphosarcoma 

(Jones et al., 

2014) 

CD3 

(T-cell) 

Polyclonal 

rabbit, Dako  

Yellow-collared macaw 

(Primolius auricollis) 

Yes, NS 1 Yes NS B-cell lymphoma (Le et al., 2017) 

CD3 

(T-cell) 

Polyclonal 

rabbit, Dako 

Macaw  

(Ara sp.) 

Yes, NS 1 Yes NS Control for B-cell 

lymphoma in a 

yellow-collared 

macaw 

(Le et al., 2017) 

CD3 

(T-cell) 

Polyclonal 

rabbit, Dako 

African grey parrot 

(Psittacus erithracus) 

Yes, NS 1 Yes NS Control for B-cell 

lymphoma in a 

yellow-collared 

macaw 

(Le et al., 2017) 

CD3 

(T-cell) 

N/A Cockatiel 

(Nymphicus hollandicus) 

Yes, NS 6 Yes HIER 

pH 6  

A unique 

pulmonary tumour  

(Garner et al., 

2009) 

CD3 

(T-cell) 

CD-3 

epsilon 

clone CD-3-

12, Serotec 

Great horned owl 

(Bubo virginianus) 

None 1 Yes HIER 

pH 6 

Lymphoma (Malka et al., 

2008) 

CD3 

(T-cell) 

CD3, Dako Java sparrow 

(Lonchura oryzivora) 

None 1 Yes NS Thymic lymphoma  (Huan Yu and 

Hwa Chi, 2015) 

CD3 

(T-cell) 

N/A Catalina macaw 

(Ara macao X Ara ararauna) 

None 1 Yes NS Multicentric 

lymphoma with 

uveitis and 

hyphema 

(Hausmann et 

al., 2016) 



136 
 

CD3 

(T-cell) 

CD-3 

epsilon 

clone CD-3-

12, Serotec 

Double yellow-headed 

Amazon 

(Amazona oratrix) 

None 1 Yes NS Chronic 

lymphocytic 

leukemia 

(Osofsky et al., 

2011) 

CD3 

(T-cell) 

N/A Double yellow-headed 

Amazon 

(Amazona oratrix) 

None 1 Yes NS Cutaneous 

lymphosarcoma 

(Burgos-

Rodríguez et al., 

2007) 

CD3 

(T-cell) 

Dako Peafowl 

(Pavo cristatus) 

None 1 Yes NS Cutaneous 

lymphoma 

(Yildirim et al., 

2013) 

CD3 

(T-cell) 

N/A Falcons (Falco spp.) Yes, NS 68 Yes HIER 

pH 6 

Characterization of 

a new adenovirus 

(Schrenzel et al., 

2005) 

CD3 

(T-cell) 

Polyclonal Duck domestic 

(Anas platyrhynchos) 

Yes, NS NS Yes HIER 

pH 6 

Anatomic 

characterisation of 

CD3 cells 

(Bertram et al., 

1996) 

CD3 

(T-cell) 

Polyclonal 

rabbit anti-

human, 

Dako 

RoulRoul partridge 

(Rollulus rouloul) 

None 2 Yes NS Newcastle’s 

disease causing 

ocular lesions 

(Haesendonck et 

al., 2015) 

CD3 

(T-cell) 

Polyclonal 

rabbit anti-

human 

Pacific parrotlet 

(Forpus coelestis) 

None 1 Yes NS Orbital B-cell 

lymphoma 

(Parmentier et 

al., 2017) 

CD3 

(T-cell) 

Polyclonal 

rabbit anti-

human, 

Dako 

A00452 

Wild birds  

(mostly anseriformes) 

Yes 58 Yes HIER 

(pH not 

specified) 

Avian influenza (Bröjer et al., 

2012) 

CD3  

(T-cell) 

CD3-12 Quaker parakeet 

(Myiopsitta monachus) 

None 1 NS HIER 

pH 6 

Air sac 

adenocarcinoma 

(Loukopoulos et 

al., 2014) 

TIA-1 TIA-1 Black swan Chicken 1 Yes HIER  Lymphocytic (Sinclair et al., 
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(T-cell) (Cygnus atratus) pH 6 leukemia 2015) 

TIA-1 

(T-cell) 

TIA-1 Domestic chicken  

(Gallus gallus) 

Chicken 1 Yes HIER 

pH 6 

Control for 

lymphocytic 

leukemia in black 

swan  

(Sinclair et al., 

2015) 

Pax5 

(B-cell) 

BC-24 

 

Domestic chicken  

(Gallus gallus) 

Bursa 1 Yes HIER  

pH 9.5–

9.7 

Control for 

lymphocytic 

leukemia in black 

swan  

(Sinclair et al., 

2015) 

Pax5 

(B-cell) 

BC-24 Black swan 

(Cygnus atratus) 

Chicken 1 No HIER  

pH 9.5–

9.7 

Lymphocytic 

leukemia 

(Sinclair et al., 

2015) 

Pax5 

(B-cell) 

N/A American goldfinch  

(Spinus tristis) 

Spleen 9 Yes ED Atoxoplasmosis (Cushing et al., 

2011) 

Pax5 

(B-cell) 

Polyclonal, 

Thermo 

scientific 

Rock pigeon 

(Columba livia) 

None 1 Yes HIER 

pH 6 

Sarcocystis 

encephalitis 

(Ushio et al., 

2015) 

Pax5 

(B-cell) 

Monoclonal 

mouse 

Pacific parrotlet 

(Forpus coelestis) 

None 1 Yes NS Orbital B-cell 

lymphoma 

(Parmentier et 

al., 2017) 

MUM-1 

(B-cell) 

MUM1p, 

Dako 

Yellow-collared macaw 

(Primolius auricollis) 

Bursa, 

spleen and 

thymus 

1 Yes NS B-cell lymphoma (Le et al., 2017) 

MUM-1 

(B-cell) 

MUM1p, 

Dako 

Macaw  

(Ara sp.) 

Bursa, 

spleen and 

thymus 

1 Yes NS Control for B-cell 

lymphoma in a 

yellow-collared 

macaw 

(Le et al., 2017) 

MUM-1 

(B-cell) 

MUM1p, 

Dako 

African grey parrot 

(Psittacus erithracus) 

Bursa, 

spleen and 

thymus 

1 Yes NS Control for B-cell 

lymphoma in a 

yellow-collared 

(Le et al., 2017) 
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macaw 

CD79 

(B-cell) 

M 7051, 

Dako 

Humboldt 

penguin 

(Spheniscus humboldti) 

Gut, spleen 1 No HIER 

pH 6.9 

Lymphoma (Schmidt et al., 

2012) 

CD79 

(B-cell) 

M 7051, 

Dako 

Pink-backed pelican 

(Pelecanus rufescens) 

Gut, spleen 1 No HIER 

pH 6.9 

Lymphoma (Schmidt et al., 

2012) 

CD79a 

(B-cell) 

N/A Yellow-naped Amazon 

(Amazona auropalliata) 

NS 1 No NS Intestinal T-cell 

lymphosarcoma  

(Souza et al., 

2008) 

CD79a 

(B-cell) 

N/A Poultry NS NS Yes NS NS (Annangi, 2015) 

CD79 

(B-cell) 

M7051, 

Dako 

Domestic chicken  

(Gallus gallus) 

Yes, NS 20 Yes HIER 

pH 6 

Marek’s disease (Pejović et al., 

2007) 

CD79 

(B-cell) 

N/A (Dako 

probably) 

Canary  

(Serinus canaria) 

Yes, NS NS Yes HIER  

pH 6 

Atoxoplasmosis (Maslin and 

Latimer, 2009) 

CD79 

(B-cell) 

N/A Roller pigeon 

(Columba livia domestica) 

None 1 No NS Lameness caused 

by lymphoma 

(Williams et al., 

2017) 

CD79α 

(B-cell) 

N/A American goldfinch  

(Spinus tristis) 

Spleen 9 No ED Atoxoplasmosis (Cushing et al., 

2011) 

CD79αcy 

(B-cell) 

N/A (Dako 

probably) 

Red-legged partridge 

(Alectoris rufa) 

Spleen and 

bursa 

13 Yes NS Experimental west 

Nile virus infection 

in the red-legged 

partridge 

(Gamino et al., 

2016) 

CD79α 

(B-cell) 

Dako Black-footed penguin 

(Spheniscus demersus) 

Yes, NS 1 No NS Cloacolithiasis and 

intestinal 

lymphosarcoma 

(Jones et al., 

2014) 

CD79 

(B-cell) 

N/A Cockatiel 

(Nymphicus hollandicus) 

Yes, NS 6 Yes 

maybe 

in 

HIER 

pH 6 

A unique 

pulmonary tumour 

(Garner et al., 

2009) 
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controls 

CD79 

(B-cell) 

Polyclonal 

CD79a, 

Dako 

Java sparrow 

(Lonchura oryzivora) 

 

None 1 No NS Thymic lymphoma (Huan Yu and 

Hwa Chi, 2015) 

CD79 

(B-cell) 

N/A Catalina macaw 

(Ara macao X Ara ararauna) 

None 1 No NS Multicentric 

lymphoma with 

uveitis and 

hyphema 

(Hausmann et 

al., 2016) 

CD79 

(B-cell) 

CD79a 

HM57, 

Dako 

Double yellow-headed 

Amazon 

(Amazona oratrix) 

None 1 No NS 

 

T-cell chronic 

lymphocytic 

leukemia 

(Osofsky et al., 

2011) 

CD79 

(B-cell) 

N/A Double yellow-headed 

Amazon 

(Amazona oratrix) 

None 1 No NS Cutaneous 

lymphosarcoma 

(Burgos-

Rodríguez et al., 

2007) 

CD79 

(B-cell) 

N/A Falcon (Falco spp.) Yes, NS 68 NA None Characterization of 

a new adenovirus 

(Schrenzel et al., 

2005) 

CD79 

(B-cell) 

HM47/A9, Japanese quail 

(Coturnix coturnix japonica) 

Human 

intestine and 

lymph node 

 No None Normal structure 

of quail spleens 

(Liman and 

Bayram, 2011) 

CD79 

(B-cell) 

Monoclonal 

rabbit anti-

human 

CD79a 

Thermo 

Scientific 

RM-9118 

Wild birds  

(mostly anseriformes) 

Yes, NS 58 Yes HIER 

(pH not 

specified)  

Avian influenza (Bröjer et al., 

2012) 

CD79 

(B-cell) 

HM57 Quaker parakeet 

(Myiopsitta monachus) 

None 1 NS HIER 

pH 6 

Air sac 

adenocarcinoma 

(Loukopoulos et 

al., 2014) 

CD20  N/A Roller pigeon None 1 No NS Lameness caused (Williams et al., 
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(B-cell) (Columba livia domestica) by lymphoma 2017) 

CD20  

(B-cell) 

N/A Domestic chicken  

(Gallus gallus) 

Bursa 1 Yes NS Mixed cutaneous 

round cell tumour 

(Dezfoulian et 

al., 2012) 

CD20  

(B-cell) 

Dako Peafowl 

(Pavo cristatus) 

None 1 Yes NS Cutaneous 

lymphoma 

(Yildirim et al., 

2013) 

CD20 

(B-cell) 

Polyclonal 

rabbit anti-

human 

RoulRoul partridge 

(Rollulus rouloul) 

None 2 No NS Newcastle’s 

disease causing 

ocular lesions 

(Haesendonck et 

al., 2015) 

BLA.36 

(B-cell) 

N/A Green-winged macaw 

(Ara chloropterus) 

Internal 

controls 

1 Yes NS Chronic 

lymphocytic 

leukemia 

(Hammond et al., 

2010) 

BLA.36 

(B-cell) 

MU231-UC Blue-fronted Amazon 

(Amazona aestival) 

None 1 No NS Hypercalcemia in 

malignant 

lymphoma 

(de Wit et al., 

2003) 

BLA.36 

(B-cell) 

MU231-UC Orange-winged Amazon 

(Amazona amazonica) 

None 1 No NS Hypercalcemia in 

malignant 

lymphoma 

(de Wit et al., 

2003) 

BLA.36 

(B-cell) 

Dako Yellow-naped Amazon 

(Amazona auropalliata) 

Spleen 1 No NS Intestinal T-cell 

lymphosarcoma 

(Souza et al., 

2008) 

BLA.36 

(B-cell) 

Monoclonal 

rabbit 

Umbrella cockatoo 

(Cacatua alba) 

Avian 

spleen 

1 Yes NS B-cell lymphoma (Rivera et al., 

2009) 

BLA.36 

(B-cell) 

Mab 

(Biogenex) 

Domestic chicken  

(Gallus gallus) 

NS 60 Yes HIER  

pH 6 

Pigeon 

paramyxovirus 

trial 

(Kommers et al., 

2002) 

BLA.36 

(B-cell) 

N/A Macaroni penguin 

(Eudyptes chrysolophus) 

Stroma 1 Yes NS Round cell 

neoplasia 

(Woodhouse et 

al., 2015) 

BLA.36 

(B-cell) 

N/A American goldfinch  

(Spinus tristis) 

Spleen 5 Yes ED Atoxoplasmosis (Cushing et al., 

2011) 
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BLA.36 

(B-cell) 

BioGenex Okinawa rail 

(Gallirallus okinawae) 

Rail spleen 

and bursa, 

chicken 

lymphomas 

1 Yes HIER 

pH 6 

T-cell lymphoma (Neagari et al., 

2011) 

BLA.36 

(B-cell) 

BioGenex Domestic chicken 

(Gallus gallus) 

Controls for 

lymphoma 

in rail 

2 Yes HIER 

pH 6 

Control for T-cell 

lymphoma in a 

wild Okinawa rail 

(Neagari et al., 

2011) 

BLA.36 

(B-cell) 

Dako Black-footed penguin 

(Spheniscus demersus) 

Yes, NS 1 Yes NS Cloacolithiasis and 

intestinal 

lymphosarcoma 

(Jones et al., 

2014) 

CD20 

(B-cell) 

Biocare 

Medical 

Black-footed penguin 

(Spheniscus demersus) 

Yes, NS 1 No NS Cloacolithiasis and 

intestinal 

lymphosarcoma 

(Jones et al., 

2014) 

Vimentin 

(mesenchyme) 

N/A Cockatiel 

(Nymphicus hollandicus) 

Yes 6 Yes HIER 

pH 6 

A unique 

pulmonary tumour  

(Garner et al., 

2009) 

Vimentin 

(mesenchyme) 

N/A Eastern rosella 

(Platycercus eximius) 

None 1 Yes NS Dysgerminoma (Strunk et al., 

2011) 

Vimentin 

(mesenchyme) 

3B4 Quaker parakeet 

(Myiopsitta monachus) 

Internal 1 Yes ED 7 min Air sac 

adenocarcinoma 

(Loukopoulos et 

al., 2014) 

Vimentin 

(mesenchyme) 

m0725, 

Dako 

Zebra finch 

(Taeniopygia guttata) 

NS 1 Yes 

weak 

HIER 

pH 6 

Intestinal 

leiomyosarcoma 

(Cardoso and 

Levy, 2014) 

Vimentin 

(mesenchyme) 

BioGenex Red-lored Amazon 

(Amazona autumnalis) 

Yes, NS 1 Yes 

weak 

NS Retrobulbar 

adenocarcinoma 

(Watson et al., 

2013) 

Vimentin 

(mesenchyme) 

N/A Macaroni penguin 

(Eudyptes chrysolophus) 

Internal 1 Yes NS Round cell 

neoplasia 

(Woodhouse et 

al., 2015) 

Lysozyme  

(macrophage) 

V9, Dako Domestic chicken  

(Gallus gallus) 

Bursa 1 Yes NS Mixed cutaneous 

round cell tumour 

(Dezfoulian et 

al., 2012) 

Lysozyme  N/A Cockatiel Yes 6 Yes HIER A unique (Garner et al., 
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(macrophage) (Nymphicus hollandicus) pH 6 pulmonary tumour  2009) 

CD68 

(macrophage) 

N/A Budgerigar  

(Melopsittacus undulatus) 

NS 1 No pH, 

HIER 

Granular cell 

tumour 

(Hernández et 

al., 2012) 

CD68 

(macrophage) 

Ab-3 Clone 

KP1, 

Thermo 

Fisher 

Scientific 

Japanese quail 

(Coturnix coturnix japonica) 

Human 

intestine and 

lymph node 

 No None Normal structure 

of quail spleens 

(Liman and 

Bayram, 2011) 

 IBA1 

(macrophage) 

Wako Japan Rock pigeon 

(Columba livia) 

None 1 Yes HIER 

pH 6 

Sarcocystis 

encephalitis 

(Ushio et al., 

2015) 

Lectin RCA-1 

(macrophage) 

N/A Red-legged partridge 

(Alectoris rufa) 

Yes 13 Yes None Experimental west 

Nile infection 

(Gamino et al., 

2016) 

Lectin RCA-1 

(macrophage) 

B-1085, 

Vector Labs 

Wild birds  

(mostly anseriformes) 

Yes 58 Yes None Avian influenza (Bröjer et al., 

2012) 

c-Kit  

(mast cell) 

N/A Eastern rosella 

(Platycercus eximius) 

None 1 Yes 

diffusely 

NS Dysgerminoma (Strunk et al., 

2011) 

Mac 387 N/A American goldfinch  

(Spinus tristis) 

Spleen 5 Yes ED Atoxoplasmosis (Cushing et al., 

2011) 

Mac 387 N/A Cockatiel 

(Nymphicus hollandicus) 

Mammalian 

and internal 

6 NS HIER 

pH 6 

A unique 

pulmonary tumour  

(Garner et al., 

2009) 

MHC II TAL.1B5, 

Dako 

Yellow-collared macaw 

(Primolius auricollis) 

Bursa, 

spleen and 

thymus 

1 No NS B-cell lymphoma (Le et al., 2017) 

MHC II TAL.1B5, 

Dako 

Macaw  

(Ara sp.) 

Bursa, 

spleen and 

thymus 

1 No NS Control for B-cell 

lymphoma in a 

yellow-collared 

macaw 

(Le et al., 2017) 

MHC II TAL.1B, African grey parrot Bursa, 1 No NS Control for B-cell (Le et al., 2017) 
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5Dako (Psittacus erithracus) spleen and 

thymus 

lymphoma in a 

yellow-collared 

macaw 

HIER = heat-induced epitope retrieval, NS = not specified, N/A = not available, ED = enzymatic digestion. 

*Number of birds in which positive or negative reactivity was observed for a particular species. 

**Positive reactivity is highlighted in green for clarity. 
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Appendix 2. Descriptions of Immunohistochemical markers 

T-lymphocyte markers 

CD3 (or cluster of differentiation 3) is a cell surface protein found on most T-

lymphocytes, it is part of the T-cell receptor, and regulates signal transduction (Kuhns et al., 

2006). T-cell lymphoma in many avian taxa has been documented to have positive reactivity to 

CD3 (Table 1.3), indicating that this cell marker may be useful in identifying T-cells. 

Additionally, other T-cell markers can also be used for differentiation among stages of 

development and subtypes of T-cells, although very few have been validated for use with FFPE 

tissues in psittacines. TIA-1 (Cytotoxic granule associated RNA binding protein), for example, is 

a protein used by mature T-cells to induce apoptosis and has been used in as an 

immunohistochemical marker in humans to identify NK and cytotoxic T-cells (Felgar et al., 

1997). Sinclair et al. (2015) tested TIA-1 in a black swan (Cygnus atratus) with chronic T-cell 

lymphocytic leukemia and observed cross-reactivity. In dogs, T-cell lymphoma has generally not 

responded well to treatment (Dhaliwal et al., 2003; Komori et al., 2005), and there is evidence 

that the prognosis may be similar in psittacines. Therefore, markers such as CD3 and TIA-1 

should be assessed and their use validated in psittacines. 

B-lymphocyte markers 

CD79 (cluster of differentiation 79), a B-cell-surface receptor, is the most commonly 

used marker in cats and dogs to identify B-cells; however, very little cross-reactivity has been 

documented in psittacines or other avian species. Since CD79 has not been tested systematically 

across psittacine species, using different antigen retrieval techniques, diagnosticians will 

probably continue to use this marker without a verified reference to describe and establish 

immunophenotype patterns. For example, in three cases of T-cell lymphoma in Amazon parrots 

(Amazona spp.), B-cell identification was attempted through use of CD79, for which reactivity 
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was not identified in either neoplastic nor positive control tissues, indicating that B-cell 

involvement in the neoplastic disease may have been underestimated (Burgos-Rodríguez et al., 

2007; Souza et al., 2008; Osofsky et al., 2011). Positive reactivity for CD79 in FFPETs has been 

seen in several non-psittacine birds, including galliformes (Pejović et al., 2007; Annangi, 2015; 

Gamino et al., 2016), a black-footed penguin (Jones et al., 2014) and canaries (Maslin and 

Latimer, 2009). Bröjer et al. (2012) noted CD79 positive lymphoid cells in nervous tissue in a 

study of avian influenza in wild birds, but did not specify the bird species studied. In cockatiels 

(Nymphicus hollandicus), Garner et al. (2009) observed weak CD79 staining in a study of unique 

pulmonary tumours in cockatiels. Therefore, further study of the cross-reactivity of antibodies 

raised against CD79 in various psittacine species is warranted.  

BLA.36 (B lymphocyte antigen) is an antigen with demonstrated specificity to immature 

and mature B-cells (Della Croce et al., 1991). This antigen was developed for use in cases of 

Hodgkin’s lymphoma and is thought to have a narrower range of reactivity within B-cell lineages 

compared to CD79 and in some contexts only reacts with neoplastic cells (Carioto et al., 2001). 

Neoplastic cells in a cutaneous B-cell lymphoma in an umbrella cockatoo (Cacatua alba) reacted 

with BLA.36 (Rivera et al., 2009). However, contrary to what is observed in mammalian tissues, 

reactivity was also seen non-neoplastic control tissue. Control tissue from chickens, two penguin 

species and a goldfinch (Spinus tristis) cross-reacted with BLA.36 (Kommers et al., 2002; 

Cushing et al., 2011; Neagari et al., 2011; Jones et al., 2014; Woodhouse et al., 2015). Therefore, 

BLA.36 may be a suitable marker in psittacine species regardless of the potential lack of 

differentiation between neoplastic and non-neoplastic cells. 

MUM-1 (Interferon regulatory factor 4) has been used to diagnose canine plasmacytoma, 

and was superior in the identification of these tumours compared to other B-cell markers such as 
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CD79 and CD20 (Ramos-Vara et al., 2007). In addition to MUM-1 expression in B-cells, this 

antigen is expressed in a wide range of cell types, including activated T-cells, macrophages, and 

dendritic cells (Ramos-Vara et al., 2007). Le et al. (2017) used MUM-1 in the identification 

neoplastic cells in a B-cell lymphoma of a yellow-collared macaw (Primolius auricollis), and 

assessed its reactivity with normal tissues from two other species [an African grey parrot 

(Psittacus erithacus) and a macaw (Ara sp.)]. Although this cell marker has rarely been used in 

psittacines or other avian species, further investigation is warranted to delineate its potential use 

and cross-reactivity among a variety of avian species and disease states (e.g., neoplasia).  

Pax5 (paired box 5) is a B-cell specific transcription factor that is required for cell 

differentiation and is expressed in most intermediate stages of B-cell development, making it a 

useful pan-B-cell marker (Torlakovic et al., 2002). Pax5 has been tested in a limited number of 

avian species; however, initial results are promising. In 2017, Parmentier et al. (2017) observed 

reactivity in a B-cell lymphoma in a Pacific parrotlet (Forpus coelestis). Additionally, reports in 

a domestic chicken (Sinclair et al., 2015), nine American goldfinches (Spinus tristis; Cushing et 

al., 2011), and a rock dove (Ushio et al., 2015). All of these reports described positive reactivity 

for Pax5 in presumptive B-cells. Thus, Pax5 has potential utility as a B-cell marker in avian 

species for both neoplastic and normal tissues in diagnostic algorithms.  

CD20 (cluster of differentiation 20) is a transmembrane protein mostly expressed in B-

cell precursors and mature B-cells although it can be expressed in a small subset of human T-

cells (Jubala et al., 2005). In dogs, it is also expressed in most B-cell neoplasms (Jubala et al., 

2005). Although this marker has no reported use in psittacines, two gallinaceous birds with round 

cell neoplasms [a chicken and a peafowl (Pavo cristatus)] showed positive staining with this 

marker, although the methods in these two case reports were not well described (Dezfoulian et 
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al., 2012; Yildirim et al., 2013). In contrast, tissues from a roulroul partridge (Rollulus rouloul) 

with non-neoplastic disease (Newcastle’s disease) and from a domestic pigeon with T-cell 

lymphoma did not react with CD20 (Haesendonck et al., 2015; Williams et al., 2017). 

Collectively, these results suggest that, similar to mammals, CD20 may preferentially react with 

neoplastic B-cells in avian species (Jubala et al., 2005). 

Macrophages 

IBA-1 (Ionized calcium-binding adapter molecule 1) is an adaptor molecule that has 

mostly been used in the identification of microglial cells in neural tissue. However, recently it 

has been used as a pan-macrophage marker (Pierezan et al., 2014). Tolnay et al. (2010) used 

IBA-1 in macaques (Macaca fascicularis) to visualize microglial cells in the context of avian 

influenza virus infection. Currently, no published literature exists on cross-reactivity of this 

antigen among psittacines. One case report documents positive reactivity in a domestic pigeon 

with parasitic encephalitis (Ushio et al., 2015). 

Lysozyme (also known as muramidase) is a protein enzyme expressed in intracellular 

granules of histiocytes and granulocytes (Burgdorf et al., 1980). Several studies have used it to 

identify histiocytes in mammals (Burgdorf et al., 1980; Mendelsohn and Eggleston, 1980; 

Moore, 1986). In dogs, lysozyme was expressed in most but not all cutaneous histiocytomas, 

suggesting that it may not be useful in the identification of all macrophage lineages (Moore, 

1986). Neoplastic cells in tissue from a chicken also cross-reacted with lysozyme. The variability 

in cell type staining of lysozyme suggests that it may not be a useful marker in macrophage 

identification.  

CD68 (cluster of differentiation 68) is a marker used in mammalian macrophage 

identification; however, FFPE tissues from a variety of avian species, including quail (Liman and 
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Bayram, 2011), budgerigars (Melopsittacus undulatus; Hernández et al., 2012), and a variety of 

wild bird species (Bröjer et al., 2012) lacked immunoreactive cells, indicating that this marker 

may not be suitable for avian species. 

Lectin RCA-1 (Lectin ricinus communis agglutinin-1) is an antigen expressed in 

macrophages and some endothelial and blood cells in humans (Mannoji et al., 1986). Positive 

labeling has been seen in several avian species including the red-legged partridge (Alectoris rufa; 

Gamino et al., 2016) and a variety of wild bird species (Bröjer et al., 2012).  

MAC 387 (or S100A9) is a calcium-binding protein receptor expressed in 

macrophage/monocyte lineages. Its efficacy in identifying cells of monocytic lineage has been 

verified in mammals (Tolnay et al., 2010; Pierezan et al., 2014). Bröjer et al. (2012) tested 

MAC387 in tissue of wild bird species (reactivity data not published) but concluded that lectin 

RCA-1 exhibited superior reactivity. Similarly, Garner et al. (2009) assessed MAC 387 reactivity 

in cockatiels with a newly described pulmonary tumour, but did not publish results, suggesting 

that MAC 387 may not be suitable for use in psittacine species.  

Mast cell markers 

C-kit (or cluster of differentiation 117) is a transmembrane protein kinase, and although 

it is expressed in most myeloid cells in humans, it is considered a mast cell marker (Chen et al., 

2001). Tissue from an eastern rosella with dysgerminoma exhibited c-kit positive 

immunoreactivity (Strunk et al., 2011), indicating its potential utility in identifying mast cells in 

psittacine species.  
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Appendix 3. Ages in years used to define age categories by genus for psittacine birds 

submitted for postmortem examination to the Ontario Veterinary College and Animal 

Health Laboratory from 1998-2017 

  Age categories† 

Genus* Chick‡ Juvenile Adult Senior 

Agapornis < 0.4 0.4 - 8.3 8.4 - 12.5 > 12.5 

Alisterus < 0.4 0.4 - 4.3 4.4 - 11.8 > 11.8 

Amazona < 0.3 0.3 - 6.2 6.3 - 9.7 > 9.7 

Anodorhynchus < 0.3 0.3 - 9.1 9.2 - 11.1 > 11.1 

Ara < 0.2 0.2 - 3.9 4.0 - 8.0 > 8.0 

Aratinga < 0.3 0.3 - 4.9 5.0 - 9.3 > 9.3 

Bolborhynchus§ < 0.3 0.3 - 5.4 5.5 - 8.5 > 8.5 

Cacatua < 0.2 0.2 - 3.5 3.6 - 6.9 > 6.9 

Callocephalon < 0.2 0.2 - 3.8 3.9 - 8.1 > 8.1 

Chalcopsitta < 0.3 0.3 - 4.5 4.6 - 9.2 > 9.2 

Coracopsis < 0.3 0.3 - 4.3 4.4 - 9.5 > 9.5 

Cyanoliseus < 0.3 0.3 - 4.2 4.3 - 9.1 > 9.1 

Cyanoramphus < 0.2 0.2 - 4.2 4.3 - 8.1 > 8.1 

Deroptyus < 0.2 0.2 - 3.0 3.1 - 6.9 > 6.9 

Diopsittaca < 0.3 0.3 - 5.1 5.2 - 8.8 > 8.8 

Eclectus < 0.2 0.2 - 4.2 4.3 - 7.2 > 7.2 

Eolophus < 0.2 0.2 - 4.4 4.5 - 6.7 > 6.7 

Eos < 0.2 0.2 - 2.8 2.9 - 8.2 > 8.2 

Forpus < 0.2 0.2 - 3.0 3.1 - 6.4 > 6.4 

Guaruba < 0.2 0.2 - 2.7 2.8 - 7.8 > 7.8 

Lorius < 0.2 0.2 - 2.3 2.4 - 6.9 > 6.9 

Melopsittacus < 0.2 0.2 - 3.7 3.8 - 6.3 > 6.3 

Myiopsitta < 0.2 0.2 - 1.3 1.4 - 5.4 > 5.4 

Neophema < 0.3 0.3 - 9.5 9.6 - 10.0 > 10.0 

Neopsephotus < 0.3 0.3 - 7.6 7.7 - 8.5 > 8.5 

Northiella < 0.2 0.2 - 5.8 5.9 - 7.7 > 7.7 

Nymphicus < 0.6 0.6 - 12.8 12.9 - 18.9 > 18.9 

Pionites < 0.5 0.5 - 9.3 9.4 - 17.7 > 17.7 

Pionus < 0.4 0.4 - 8.9 9.0 - 14.7 > 14.7 

Platycercus < 0.5 0.5 - 2.8 2.9 - 15.3 > 15.3 

Poicephalus < 0.5 0.5 - 5.9 6.0 - 17.9 > 17.9 

Polytelis < 0.4 0.4 - 6.4 6.5 - 12.9 > 12.9 

Primolius < 0.4 0.4 - 5.3 5.4 - 14.9 > 14.9 

Probosciger < 0.4 0.4 - 5.4 5.5 - 14.4 > 14.4 

Psephotus < 0.3 0.3 - 3.8 3.9 - 10.8 > 10.8 

Psittacula < 0.2 0.2 - 0.7 0.8 - 6.8 > 6.8 
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Psittacus < 0.3 0.3 - 0.7 0.8 - 10.0 > 10.0 

Psitteuteles < 0.5 0.5 - 7.8 7.9 - 15.0 > 15.0 

Pyrrhura < 0.3 0.3 - 4.5 4.6 - 11.0 > 11.0 

Tanygnathus < 0.5 0.5 - 7.3 7.4 - 16.0 > 16.0 

Trichoglossus < 0.5 0.5 - 8.0 8.1 - 17.4 > 17.4 

*Ages for each genus are based on the average ages of all species outlined by Young et al., 

(2012). 

†Chicks were defined as birds under 3% of the average life span for each genus described by 

Young et al. (2012), which approximates time at fledging (Forshaw and Cooper., 1989; Vigo et 

al., 2011). 

‡Age at sexual maturity and average life span are outlined in Young et al. (2012). 

§Data from the genus Forpus were used as the closest relative with available age data (Young et 

al., 2012). 
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Appendix 4. Body systems and subcategories affected by disease processes in a cohort of 

psittacine birds submitted for postmortem examination to the Ontario Veterinary College 

and Animal Health Laboratory from 1998-2017 (n = 1,850) 

Body system Organ Diagnoses  

 Birds (% of 

total) 

Primary diagnoses  

(% of birds) 

Alimentary Intestines 157 150 (8.1) 88 (58.7) 

 Proventriculus 81 79 (4.3) 31 (39.2) 

 Multiple tissues 68 66 (3.6) 40 (60.6) 

 Pancreas 62 62 (3.4) 19 (30.6) 

 Crop 59 56 (3) 25 (44.6) 

 Ventriculus 50 48 (2.6) 24 (50) 

 Cloaca 38 35 (1.9) 17 (48.6) 

 Esophagus 21 19 (1) 8 (42.1) 

 Oral cavity 18 18 (1) 9 (50) 

 Yolk sac 8 8 (0.4) 4 (50) 

 Colon 5 4 (0.2) 3 (75) 

 Unspecified 4 4 (0.2) 2 (50) 

 Total 571 459 (24.8) 270 

Systemic Unspecified 516 459 (24.8) 319 (69.5) 

 Total 516 459 (24.8) 319 

Respiratory Lungs 248 236 (12.8) 121 (51.3) 

 Air sacs 97 95 (5.1) 26 (27.4) 

 Trachea 29 28 (1.5) 19 (67.9) 

 Nasal cavity 5 4 (0.2) 3 (75) 

 Sinus 3 3 (0.2) 1 (33.3) 

 Choana 1 1 (0.1) -  

 Unspecified 70 66 (3.6) 37 (56.1) 

 Total 453 381 (20.6) 207 

Hepatobiliary Bile ducts 14 14 (0.8) 9 (64.3) 

 Unspecified 419 389 (21) 164 (42.2) 

 Total 433 402 (21.7) 173 

Nervous CNS* 134 118 (6.4) 75 (63.6) 

 PNS† 119 119 (6.4) 108 (90.8) 

 PNS/Proventriculus 65 65 (3.5) 55 (84.6) 

 PNS/Ventriculus 3 3 (0.2) 2 (66.7) 

 PNS/Heart 1 1 (0.1) - 

 PNS/Intestines 1 1 (0.1) - 

 Unspecified 40 39 (2.1) 32 (82.1) 

 Total 363 325 (17.6) 272 

Cardiovascular Heart 125 119 (6.4) 57 (47.9) 

 Unspecified 234 217 (11.7) 102 (47) 

 Total 359 316 (17.1) 159 

Urogenital Kidney 240 219 (11.8) 105 (47.9) 
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 Oviduct 24 23 (1.2) 13 (56.5) 

 Testicle 13 11 (0.6) 3 (27.3) 

 Ovary 12 12 (0.6) 6 (50) 

 Ureter 2 2 (0.1) 1 (50) 

 Unspecified 6 5 (0.3) 2 (40) 

 Total 297 262 (14.2) 130 

Lymphoid Spleen 108 106 (5.7) 18 (17) 

 Cloacal bursa 62 60 (3.2) 21 (35) 

 Multiple tissues 26 25 (1.4) 7 (28) 

 Thymus 7 7 (0.4) 2 (28.6) 

 Total 203 183 (9.9) 48 

Musculoskeletal Bone 4 4 (0.2) 2 (50) 

 Wing 4 4 (0.2) 1 (25) 

 Hock 2 2 (0.1) 1 (50) 

 Leg 2 1 (0.1)  - 

 Spine 2 2 (0.1) 2 (100) 

 Cranium 1 1 (0.1) 1 (100) 

 Neck 1 1 (0.1)  - 

 Right wing  1 1 (0.1) 1 (100) 

  Unspecified 132 114 (6.2) 33 (28.9) 

 Total 149 128 (6.9) 41 

Integumentary Uropygial gland 6 6 (0.3) 1 (16.7) 

 Feather follicle 4 4 (0.2)  - 

 Wing 3 3 (0.2)  - 

 Beak 2 2 (0.1) 1 (50) 

 Cere 1 1 (0.1)  - 

 Feet 1 1 (0.1)  - 

 Unspecified 103 99 (5.4) 38 (38.4) 

 Total 120 109 (5.9) 40 

Body Cavity Intestines 1 1 (0.1)  - 

 Proventriculus 1 1 (0.1)  - 

 Yolk sac 1 1 (0.1) 1 (100) 

 Unspecified 104 100 (5.4) 30 (30) 

 Total 107 103 (5.6) 31 

Endocrine Thyroid gland 44 44 (2.4) 10 (22.7) 

 Adrenal gland 26 26 (1.4) 5 (19.2) 

 Parathyroid gland 12 12 (0.6) 1 (8.3) 

 Total 82 80 (4.3) 16 

Hematopoietic Bone marrow 5 5 (0.3)  - 

 Total 5 5 (0.3)  - 

Special Senses Eye 13 13 (0.7) 3 (23.1) 

 Ear 1 1 (0.1) 1 (100) 

 Total 14 14 (0.8) 4 



153 
 

Undetermined Unspecified 140 140 (7.6) 140 (100) 

 Total 141 140 (7.6) 140 

Grand Total   3,813 1,850 1,850 

Note: For each body system and specific organ, the total numbers of final diagnoses, birds 

affected, and primary final diagnoses are included. See Table 2.2 for all disease processes 

included in the database. The percentages are calculated over the total number of birds. Body 

systems and specific organs are organized from top to bottom by most to least prevalent. 

*Central nervous system. 

†Peripheral nervous system. 
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Appendix 5. Numbers of each species organized by taxonomic classification submitted for 

postmortem examination to the Ontario Veterinary College and Animal Health Laboratory 

from 1998-2017 (n = 1,850) 

Family Number Genus Number Species, common name Number 

Cacatuidae 333 Nymphicus 230 Cockatiel 230 

  

Cacatua 92 Umbrella cockatoo 24 

    

Moluccan cockatoo 19 

    

Goffin's cockatoo 12 

    

Greater sulphur-crested 

cockatoo 
3 

    

Lesser sulphur-crested 

cockatoo 
3 

    

Bare-eyed cockatoo 1 

    

Cacatua sp. 30 

  

Eolophus 3 Galah/Rose-breasted 

cockatoo 
3 

    

Leadbeater/Major 

Mitchell's cockatoo 
3 

    

Palm cockatoo 3 

  

Callocephalon 2 Gang-gang cockatoo 2 

Psittacidae 1452 Psittacus 221 African grey parrot congo 63 

    

African grey parrot timneh 25 

    

Psittacus sp. 133 

  

Melopsittacus 214 Budgerigar 214 

  

Ara 171 Blue and gold macaw 55 

    

Green-winged macaw 27 

    

Scarlet macaw 22 

    

Military macaw 7 

    

Severe macaw 6 

    

Buffon's macaw 3 

    

Hybrid macaw 2 

    

Ara sp. 48 

  

Amazona 127 Blue-fronted Amazon 30 

    

Double yellow-headed 

Amazon 
21 

    

Orange-winged Amazon 8 

    

Yellow-naped Amazon 8 

    

Green-cheeked Amazon 5 

    

Cuban Amazon 3 

    

Red-lored/Yellow-cheeked 

Amazon 
3 

    

Yellow-fronted Amazon 3 

    

Hispaniolan Amazon 2 
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Tucuman Amazon 2 

    

Blue-cheeked Amazon 1 

    

Festive Amazon 1 

    

Lilac-crowned/Finsch 

Amazon 
1 

    

Mealy Amazon 1 

    

White-fronted/Spectacled 

Amazon 
1 

    

Amazona sp. 37 

  

Poicephalus 99 Senegal parrot 48 

    

Jardine's parrot 22 

    

Meyer's parrot 17 

    

Red-bellied parrot 8 

    

Brown-headed parrot 3 

    

Poicephalus sp. 1 

  

Agapornis 93 Peach-faced lovebird 13 

    

Black-masked lovebird 4 

    

Fischer's lovebird 2 

    

Lovebird sp. yellow 1 

    

Lovebird sp. 73 

  

Aratinga 66 Sun conure 44 

    

Jendaya conure 7 

    

Nanday/Black-headed 

conure 
7 

    

Dusky-headed conure 5 

    

Golden-capped conure 3 

  

Pionus 58 Blue-headed pionus 12 

    

White-capped pionus 10 

    

Bronze-winged pionus 7 

    

Scaly-headed/Maximilian 

parrot 
3 

    

Dusky pionus 2 

    

Pionus sp. 24 

  

Pyrrhura 54 Green-cheeked conure 40 

    

Red/Maroon-bellied 

conure 
6 

    

Painted conure 2 

    

Rose-crowned conure 2 

    

Black capped conure 1 

    

Blue-throated conure 1 

    

Fiery-shouldered conure 1 

    

Pearly conure 1 

  

Forpus 46 Pacific parrotlet 40 
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Parrotlet sp. 6 

  

Eclectus 38 Eclectus parrot 38 

  

Trichoglossus 33 Rainbow lorikeet 15 

    

Black-capped lory 1 

    

Ornate lorikeet 1 

    

Ruppell's parrot 1 

    

Varied lorikeet 1 

    

Trichoglossus sp. 14 

  

Myiopsitta 20 Monk/Quaker parakeet 20 

  

Pionites 17 Black-headed caique 5 

    

White-bellied caique 3 

    

Pionites sp. 9 

  

Bolborhynchus 14 Lineolated parakeet 14 

  

Cyanoramphus 14 Kakariki 14 

  

Psittacara 12 Blue-crowned conure 7 

    

Mitred conure 4 

    

Red-masked conure 1 

  

Platycercus 10 Eastern rosella 3 

    

Green rosella 2 

    

Pennant's/Crimson rosella 2 

    

Pale-headed rosella 1 

    

Platycercus sp. 2 

  

Deroptyus 8 Hawk-headed parrot 8 

  

Eupsittula 8 Peach-fronted conure 6 

    

Brown-throated parakeet 1 

    

Eupsittula sp. 1 

  

Diopsittaca 7 Hahn's macaw 7 

  

Psittacula 7 Indian ringneck parakeet 5 

  

  

 

Lord Derby's parakeet 1 

    

Psittacula sp. 1 

  

Anodorhynchus 6 Hyacinth macaw 6 

  

Neopsephotus 6 Bourke's parakeet 6 

  

Primolius 6 

Yellow-collared/Cassin's 

macaw 
6 

  

Chalcopsitta 5 Black lory 4 

    

Cardinal lory 1 

  

Neophema 4 Splendid grass parakeet 4 

  

Cyanoliseus 3 Patagonian conure 3 

  

Psitteuteles 3 Goldie's lorikeet 3 

  

Alisterus 2 Australian king parakeet 2 

  

Coracopsis 2 Vasa parrot 2 

  

Enicognathus 2 Austral conure 2 

  

Eos 2 Blue-streaked lory 2 
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Pseudeos  2 Dusky lory 2 

  

Polytelis 2 Princess of Wales parakeet 1 

    

superb parrot 1 

  

Orthopsittaca 1 Red-bellied macaw 1 

  

Guaruba 1 Queen's/Golden conure 1 

  

Lorius 1 Chattering lory 1 

  

Northiella 1 Bluebonnet parrot 1 

  

Psephotus 1 Red-rumped parrot 1 

  

Tanygnathus 1 Great-billed parrot 1 

Undetermined 65 Undetermined 65 Conure sp. 65 

    

Parrot sp. 42 

    

Parakeet sp. 23 

Grand Total 1,850 Grand Total 1,850 Grand Total 1,850 
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Appendix 6. Body systems affected by each disease process diagnosed in psittacine birds 

submitted for postmortem examination to the Ontario Veterinary College and Animal 

Health Laboratory from 1998-2017 (n = 1,850) 

Overall 

disease 

process Disease process 

Body system 

affected Diagnoses 

Diagnoses per 

disease process 

Infectious Viral Nervous 275 275/557 (49.4) 

  

Systemic 117 117/557 (21) 

  

Hepatic 36 36/557 (6.5) 

  

Lymphoid 36 36/557 (6.5) 

  

Alimentary 24 24/557 (4.3) 

  

Urogenital 20 20/557 (3.6) 

  

Cardiovascular 16 16/557 (2.9) 

  

Endocrine 8 8/557 (1.4) 

  

Respiratory 8 8/557 (1.4) 

  

Body Cavity 6 6/557 (1.1) 

  

Musculoskeletal 5 5/557 (0.9) 

  

Integumentary 3 3/557 (0.5) 

  

Special Senses 2 2/557 (0.4) 

  

Hematopoietic 1 1/557 (0.2) 

  
Total 557 - 

 

Bacterial Systemic 143 143/412 (34.7) 

  

Respiratory 62 62/412 (15) 

  

Alimentary 59 59/412 (14.3) 

  

Hepatic 38 38/412 (9.2) 

  

Body Cavity 20 20/412 (4.9) 

  

Integumentary 20 20/412 (4.9) 

  

Lymphoid 20 20/412 (4.9) 

  

Cardiovascular 17 17/412 (4.1) 

  

Nervous 10 10/412 (2.4) 

  

Urogenital 10 10/412 (2.4) 

  

Musculoskeletal 8 8/412 (1.9) 

  

Endocrine 2 2/412 (0.5) 

  

Special Senses 2 2/412 (0.5) 

  

Hematopoietic 1 1/412 (0.2) 

  
Total 412  - 

 

Fungal Alimentary 84 84/204 (41.2) 

  

Respiratory 79 79/204 (38.7) 

  

Systemic 16 16/204 (7.8) 

  

Integumentary 5 5/204 (2.5) 

  

Cardiovascular 4 4/204 (2) 

  

Hepatic 4 4/204 (2) 

  

Lymphoid 4 4/204 (2) 

  

Urogenital 3 3/204 (1.5) 

  

Musculoskeletal 2 2/204 (1) 

  

Body Cavity 1 1/204 (0.5) 



159 
 

  

Endocrine 1 1/204 (0.5) 

  

Special Senses 1 1/204 (0.5) 

  
Total 204  - 

 

Parasitic Alimentary 20 20/40 (50) 

  

Nervous 14 14/40 (35) 

  

Body Cavity 1 1/40 (2.5) 

  

Hepatic 1 1/40 (2.5) 

  

Musculoskeletal 1 1/40 (2.5) 

  

Respiratory 1 1/40 (2.5) 

  

Systemic 1 1/40 (2.5) 

  

Urogenital 1 1/40 (2.5) 

  
Total 40  - 

Non-infectious Degenerative Hepatic 174 174/636 (27.4) 

  

Lymphoid 94 94/636 (14.8) 

  

Cardiovascular 92 92/636 (14.5) 

  

Alimentary 72 72/636 (11.3) 

  

Urogenital 59 59/636 (9.3) 

  

Musculoskeletal 56 56/636 (8.8) 

  

Systemic 32 32/636 (5) 

  

Nervous 20 20/636 (3.1) 

  

Respiratory 11 11/636 (1.7) 

  

Endocrine 10 10/636 (1.6) 

  

Integumentary 10 10/636 (1.6) 

  

Special Senses 3 3/636 (0.5) 

  

Body Cavity 1 1/636 (0.2) 

  

Hematopoietic 1 1/636 (0.2) 

  

Undetermined 1 1/636 (0.2) 

  
Total 636  - 

 

Metabolic Cardiovascular 177 177/477 (37.1) 

  

Systemic 109 109/477 (22.9) 

  

Urogenital 80 80/477 (16.8) 

  

Hepatic 70 70/477 (14.7) 

  

Body Cavity 15 15/477 (3.1) 

  

Musculoskeletal 10 10/477 (2.1) 

  

Lymphoid 8 8/477 (1.7) 

  

Alimentary 5 5/477 (1) 

  

Respiratory 2 2/477 (0.4) 

  

Nervous 1 1/477 (0.2) 

  
Total 477  - 

 

Hemodynamic Alimentary 123 123/302 (40.7) 

  

Respiratory 82 82/302 (27.2) 

  

Systemic 34 34/302 (11.3) 

  

Nervous 15 15/302 (5) 

  

Body Cavity 10 10/302 (3.3) 

  

Cardiovascular 10 10/302 (3.3) 

  

Musculoskeletal 10 10/302 (3.3) 
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Hepatic 7 7/302 (2.3) 

  

Integumentary 4 4/302 (1.3) 

  

Urogenital 4 4/302 (1.3) 

  

Lymphoid 3 3/302 (1) 

  
Total 302  - 

 

Physical Respiratory 76 76/169 (45) 

  

Alimentary 32 32/169 (18.9) 

  

Musculoskeletal 22 22/169 (13) 

  

Integumentary 15 15/169 (8.9) 

  

Urogenital 10 10/169 (5.9) 

  

Body Cavity 7 7/169 (4.1) 

  

Systemic 3 3/169 (1.8) 

  

Hepatic 2 2/169 (1.2) 

  

Special Senses 2 2/169 (1.2) 

  
Total 169  - 

 

Neoplastic Alimentary 40 40/154 (26) 

  

Urogenital 27 27/154 (17.5) 

  

Systemic 26 26/154 (16.9) 

  

Hepatic 20 20/154 (13) 

  

Integumentary 10 10/154 (6.5) 

  

Lymphoid 9 9/154 (5.8) 

  

Nervous 7 7/154 (4.5) 

  

Musculoskeletal 5 5/154 (3.2) 

  

Respiratory 3 3/154 (1.9) 

  

Body Cavity 2 2/154 (1.3) 

  

Cardiovascular 2 2/154 (1.3) 

  

Endocrine 2 2/154 (1.3) 

  

Undetermined 1 1/154 (0.6) 

  
Total 154  - 

 

Non-neoplastic 

disturbances of 

growth  

Endocrine 47 47/143 (32.9) 

 

Alimentary 30 30/143 (21) 

 

Integumentary 14 14/143 (9.8) 

 

 Respiratory 11 11/143 (7.7) 

  

Musculoskeletal 9 9/143 (6.3) 

  

Urogenital 9 9/143 (6.3) 

  

Hepatic 8 8/143 (5.6) 

  

Cardiovascular 5 5/143 (3.5) 

  

Lymphoid 3 3/143 (2.1) 

  

Body Cavity 2 2/143 (1.4) 

  

Hematopoietic 2 2/143 (1.4) 

  

Systemic 2 2/143 (1.4) 

  

Undetermined 1 1/143 (0.7) 

  
Total 143  - 

 

Toxic Systemic 11 11/23 (47.8) 

  

Respiratory 8 8/23 (34.8) 

  

Integumentary 2 2/23 (8.7) 
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Cardiovascular 1 1/23 (4.3) 

  

Hepatic 1 1/23 (4.3) 

  
Total 23   

 

Iatrogenic Systemic 6 6/8 (75) 

  

Cardiovascular 1 1/8 (12.5) 

  

Integumentary 1 1/8 (12.5) 

  
Total 8  - 

 

Hypersensitivity Respiratory 4 4/5 (80) 

  

Integumentary 1 1/5 (20) 

  
Total 5  - 

Unknown Idiopathic Respiratory 106 106/543 (19.5) 

  

Alimentary 82 82/543 (15.1) 

  

Urogenital 73 73/543 (13.4) 

  

Hepatic 72 72/543 (13.3) 

  

Body Cavity 42 42/543 (7.7) 

  

Integumentary 35 35/543 (6.4) 

  

Cardiovascular 34 34/543 (6.3) 

  

Lymphoid 27 27/543 (5) 

  

Musculoskeletal 21 21/543 (3.9) 

  

Nervous 20 20/543 (3.7) 

  

Systemic 15 15/543 (2.8) 

  

Endocrine 12 12/543 (2.2) 

  

Special Senses 4 4/543 (0.7) 

  
Total 543  - 

 

Undetermined Nervous 1 1/140 (0.7) 

  

Systemic 1 1/140 (0.7) 

  

Undetermined 138 138/140 (98.6) 

    Total 140  - 

Note: See Table 2.2 and Appendix 2 for all disease subprocesses and specific organs, 

respectively that are included in each category. Percentages for each body system are reported 

out of the total number of diagnoses for each disease process. Body systems affected are 

organized from top to bottom by most frequent to least. 
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Appendix 7. Logistic regression models showing risk factors associated with primary lesions in specific body systems for 

psittacines submitted for postmortem examination to the Ontario Veterinary College and Animal Health Laboratory from 1998-

2017 

Outcome 

  

Risk factors 

 

Body 

system*,†  

Disease process‡ 

 

Genus§ 

 

Age categories  

(Chick - Reference Category)¦,# 

  
OR  

(95% CI)¶    
OR  

(95% CI)    OR (95% CI)      p-value**   p-value   p-value 

Nervous  Viral 64.17  

(38.47 - 107.02) 

<0.001  Aratinga 2.64  

(1.01 - 6.89) 

0.048 Juvenile 10.84 (5.10 - 23.03) <0.001 

        Adult 17.25 (7.37 - 40.36) <0.001 

        Senior 12.43 (5.12 - 30.19) <0.001 

Nervous   Viral 66.69  

(39.79 - 111.76) 

<0.001   Ara 2.27  

(1.15 - 4.48) 

0.018 Juvenile 10.28 (4.90 - 21.54) <0.001 

        Adult 16.05 (6.97 - 36.93) <0.001 

                Senior 11.34 (4.76 - 27.01) <0.001 

Urogenital Metabolic 7.42  

(4.34 - 12.68) 

<0.001 Melopsittacus 3.12  

(1.68 - 5.79) 

<0.001 Juvenile 1.13 (0.43 - 2.95) 0.802 

        Adult 1.75 (0.66 - 4.59) 0.258 

        Senior 3.03 (1.20 - 7.63) 0.019 

Systemic Bacterial 4.68  

(3.20 - 6.84) 

<0.001 Amazona 1.88  

(1.08 - 3.28) 

0.025 Juvenile 0.74 (0.50 - 1.10) 0.137 

        Adult 0.45 (0.28 - 0.73) 0.001 

        Senior 0.37 (0.22 - 0.60) <0.001 

Systemic   Viral 1.95  

(1.40 - 2.72) 

<0.001   Amazona 1.82  

(1.06 - 3.14) 

0.03 Juvenile 0.66 (0.45 - 0.97) 0.034 

        Adult 0.43 (0.27 - 0.67) <0.001 

                Senior 0.38 (0.24 - 0.62) <0.001 

Note: Each model compares one disease process or genera to all the others. Only disease processes or genera with > 5% prevalence were 

considered and only variables with significant odds ratios in all three independent variables are reported. 
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*Multivariable logistic regression model, using the Wald test.  

†Dependent variable/binomial variable (yes/no). 

‡Risk factor/binomial variable (yes/no). Only significant disease processes with odds ratios greater than one are reported. 

§Risk factor/binomial variable (yes/no). Only genera with significant p-values are reported from the following genera: Nymphicus, 

Psittacus, Melopsittacus, Ara, Amazona, Poicephalus, Cacatua, and Agapornis. Genera with the highest odds of getting the disease are 

reported first. 

¦Risk factor/categorical variable with four categories: chick, juvenile, adult, and senior.  

#Age categories are assigned according average ages outlined for each genus (Young et al., 2012) by Chicks = hatching to fledging, 

Juveniles = after fledging to sexual maturity, Adults = sexual maturity to average life span, Seniors = older than the average lifespan. 

¶The odds of having lesions of a specific disease process in a given body system compared to all the other disease processes, or the odds 

of a genus being affected by that disease process in the specified body system compared to all the genera, or odds of being affected for a 

genus with a specific disease in a body system for each age category relative to chicks. OR = odds ratio, CI = confidence interval 

**p-value is significant at p < 0.05. 
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Appendix 8. Matrix detailing the body systems affected in a case series of psittacine birds diagnosed with round cell neoplasia 

over the last 19 years from three North American diagnostic institutions (n = 38) 
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1 1 1 1 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

2 1 1 1 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

3 0 1 0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

4 1 1 1 1 1 0 0 0 0 1 0 0 0 1 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

5 1 1 1 0 1 1 1 0 0 1 0 0 0 1 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 1 0 0 0 

6 1 1 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

7 0 1 1 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 1 1 1 0 1 1 0 0 0 0 0 0 0 0 0 

8 1 1 1 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

9 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

10 1 1 1 1 1 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

11 1 1 0 1 1 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

12 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

13 0 1 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 
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14 1 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

15 1 1 1 1 1 1 0 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 

16 0 1 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 

17 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

18 1 0 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

19 1 1 1 0 1 0 0 0 1 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 

20 1 1 0 1 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

21 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 

22 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

23 1 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

24 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

25 1 1 1 1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

26 0 1 0 0 0 1 1 1 0 0 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 

27 1 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

28 1 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

29 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 

30 1 1 1 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

31 1 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

32 1 1 0 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

33 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

34 1 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

35 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

36 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
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37 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

38 1 1 1 1 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

 

 

 



167 
 

Appendix 9. Immunoreactivity for CD3, Pax5, and MUM-1 markers in a case series of 

psittacines diagnosed with round cell neoplasia over the last 19 years from three North 

American diagnostic institutions (n = 38) 

 

CD3 

 

Pax-5 

 

MUM-1 
Additional 

cytoplasmic 

reactivity  
 

Case # % intensity   % intensity   % intensity Diagnosis 

1 10 ++ 

 

90 ++ 

 

10 +++ - B-cell lymphoma 

2 10 + 

 

90 ++ 

 

30 ++ - B-cell lymphoma 

3 10 ++ 

 

90 ++ 

 

10 ++ - B-cell lymphoma 

4 10 +++ 

 

90 ++ 

 

10 ++ Yes B-cell lymphoma 

5 10 ++ 

 

90 ++ 

 

30 ++ Yes B-cell lymphoma 

6 10 +++ 

 

90 +++ 

 

70 ++ - B-cell lymphoma 

7 10 +++ 

 

90 ++ 

 

10 ++ Yes B-cell lymphoma 

8 30 ++ 

 

70 ++ 

 

10 + - B-cell lymphoma 

9 10 +++ 

 

90 ++ 

 

10 +++ Yes B-cell lymphoma 

10 10 +++ 

 

90 ++ 

 

30 +++ - B-cell lymphoma 

11 10 +++ 

 

90 ++ 

 

10 ++ - B-cell lymphoma 

12 10 + 

 

90 + 

 

10 ++ - B-cell lymphoma 

13 10 ++ 

 

90 ++ 

 

10 +++ Yes B-cell lymphoma 

14 10 +++ 

 

90 ++ 

 

30 ++ - B-cell lymphoma 

15 10 +++ 

 

90 ++ 

 

30 ++ - B-cell lymphoma 

16 10 ++ 

 

90 + 

 

30 ++ - B-cell lymphoma 

17 30 +++ 

 

90 + 

 

30 +++ - B-cell lymphoma 

18 10 ++ 

 

90 ++ 

 

10 ++ Yes B-cell lymphoma 

19 10 +++ 

 

90 +++ 

 

10 +++ Yes B-cell lymphoma 

20 90 +++ 

 

10 + 

 

10 ++ Yes T-cell lymphoma 

21 70 + 

 

10 ++ 

 

10 + - T-cell lymphoma 

22 90 +++ 

 

10 ++ 

 

10 ++ Yes T-cell lymphoma 

23 90 ++ 

 

10 + 

 

50 ++ Yes T-cell lymphoma with MUM-1  

24 90 ++ 

 

10 ++ 

 

50 ++ Yes T-cell lymphoma with MUM-1  

25 90 ++ 

 

10 + 

 

90 ++ Yes T-cell lymphoma with MUM-1  

26 10 ++ 

 

0 - 

 

70 + - Plasma cell tumour 

27 10 +++ 

 

10 ++ 

 

70 ++ - Plasma cell tumour 

28 10 ++ 

 

0 - 

 

90 + Yes Plasma cell tumour 

29 70 +++ 

 

70 + 

 

50 +++ - Double reactive lymphoma 

30 90 ++ 

 

70 ++ 

 

50 ++ - Double reactive lymphoma 

31 90 ++ 

 

90 + 

 

30 ++ - Double reactive lymphoma 

32 30 +++ 

 

30 + 

 

10 ++ Yes Non-B non-T cell neoplasia 

33 10 +++ 

 

0 - 

 

10 ++ - Non-B non-T cell neoplasia 

34 10 +++ 

 

10 + 

 

10 ++ - Non-B non-T cell neoplasia 

35 10 +++ 

 

10 + 

 

10 +++ - Non-B non-T cell neoplasia 

36 10 ++ 

 

0 - 

 

10 + Yes Undetermined  

37 10 ++ 

 

0 - 

 

0 - - Undetermined  

38 30 ++   0 -   10 + - Undetermined  

+ = low, ++ = moderate, +++ = high, and - = not applicable 
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Appendix 10. Veterinary agents included in the validation of specificity of primers and 

probes used in a multiplex rtPCR assay for the detection of three DNA viruses in psittacine 

birds. 

Name Host taxon Agent Family 

Aquatic bird bornavirus Avian Bornaviridae 

Parrot bornavirus Avian Bornaviridae 

Avian encephalomyelitis virus Avian Picornaviridae 

Avian metapneumovirus  Avian Pneumoviridae  

Newcastle's disease virus  Avian Paramyxoviridae 

Avian poxvirus  Avian Poxviridae 

Turkey arthritis reovirus  Avian Reoviridae 

Avian nephritis virus  Avian Astroviridae 

Duck adenovirus  Avian Adenoviridae  

Fowl adenovirus Avian Adenoviridae  

Fowl adenovirus (vaccine strain) Avian Adenoviridae  

Fowl adenovirus Avian Adenoviridae  

Infectious bursal disease virus Avian Birnaviridae 

Infectious bronchitis virus Avian Coronaviridae 

Infectious laryngotracheitis virus Avian Herpesviridae 

Avian influenza (H5, H7) Avian Paramyxoviridae 

Bovine astrovirus Bovine Astroviridae 

Infectious bovine rhinotracheitis virus  Bovine Herpesviridae 

Bovine parainfluenza virus 3 Bovine Paramyxoviridae 

Bovine respiratory syncitial virus Bovine Pneumoviridae 

Bovine viral diarrhea Bovine Flaviviridae 

Bovine coronavirus Bovine Coronaviridae 

Ruminant rotavirus A Bovine Reoviridae 

Ruminant rotavirus B Bovine Reoviridae 

Canine astrovirus Canine Astroviridae 

Canine parvovirus Canine Parvoviridae 

Canine adenovirus Canine Adenoviridae  

Canine morbillivirus (distemper) Canine Paramyxoviridae 

Canine herpesvirus Canine Herpesviridae 

Canine adenovirus Canine Adenoviridae  

Canine parainfluenza virus Canine Paramyxoviridae 

Equine arteritis virus  Equine Arteriviridae  

Eastern equine encephalitis virus  Equine Togaviridae 

Equine herpesivirus (non-neurotropic) Equine Herpesviridae 

Equine herpesivirus (neurotropic) Equine Herpesviridae 

Feline parvovirus  Feline Parvoviridae 

Feline cyclovirus Feline Circoviridae  

Feline herpesvirus Feline Herpesviridae 

Porcine cytomegalovirus   Porcine Herpesviridae 
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Porcine epidemic diarrhea virus Porcine Flaviviridae 

Porcine deltacoronavirus Porcine Coronaviridae 

Transmissible gastroenteritis virus Porcine Coronaviridae 

Porcine circovirus Porcine Circoviridae  

Porcine hemagglutinating encephalomyelitis virus Porcine Coronaviridae 

Porcine parvovirus  Porcine Parvoviridae 

Porcine respiratory coronavirus Porcine Coronaviridae 

Porcine reproductive and respiratory virus Porcine Arteriviridae 

Porcine rotavirus A Porcine Reoviridae 

Porcine rotavirus B Porcine Reoviridae 

Porcine rotavirus C Porcine Reoviridae 

Seneca valley virus  Porcine Picornaviridae 

Aleutian mink disease virus Other Parvoviridae 

Elephant herpesvirus  Other Herpesviridae 

Epizootic hemorrhagic disease virus Other Reoviridae 

Leptospirosis  Other Leptospiraceae 

Neospora caninum Other Sarcocystidae 

ORF virus Other Poxviridae 

West Nile virus Other Flaviviridae 

Pasturella multocita toxin Other Pasteurellaceae 
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Appendix 11. Cycle threshold (Ct) values detected in birds used in diagnostic cohorts of psittacine birds used to validate a 

multiplex rtPCR assay for the detection of aves polyomavirus-1, beak-and-feather disease virus, and psittacid herpesvirus-1 in 

psittacine birds 

Virus 

Case 

number Genus Cause of mortality 

 Age 

category* 

Ct value 

for APV 

Ct value 

for BFDV 

Ct value for 

PsHV-1 

Beak-and-

feather disease 

virus 

1 Platycercus Circovirus Chick - 8.51 - 

2 Poicephalus Circovirus Chick - 13.21 - 

3 Poicephalus Circovirus Chick - 7.89 - 

 4 Poicephalus Circovirus Juvenile - 33.35 - 

 5 Poicephalus Circovirus Juvenile - 11.89 - 

 6 Poicephalus Circovirus N/A - 11.16 - 

 7 Psittacus Bacterial Chick 30.54 30.16 - 

 8 Psittacus Circovirus Chick - 8.01 - 

 9 Psittacus Circovirus Chick 30.26 7.11 - 

 10 Psittacus Circovirus Juvenile 30.70 27.86 - 

 11 Psittacus Bacterial Juvenile - 12.86 - 

 12 Psittacus Circovirus Juvenile - 10.65 - 

 13 Psittacus Fungal Juvenile 30.67 29.28 - 

 14 Psittacus Circovirus Juvenile - 13.08 - 

 15 Psittacus Bornavirus Juvenile - 14.64 - 

 16 Psittacus Bacterial Juvenile - 13.15 - 

 17 Psittacus Circovirus Adult - 7.00 - 

Psittacid 

herpesvirus-1 

18 Amazona Herpesvirus Adult - - 22.48 

19 Amazona Herpesvirus Chick - 32.64 22.23 

20 Amazona Herpesvirus Juvenile - - 26.20 

 21 Amazona Herpesvirus Juvenile - 29.56 29.56 

 22 Amazona Herpesvirus N/A - 31.01 21.89 

 23 Ara Herpesvirus N/A - 34.51 24.16 

 24 Ara Herpesvirus N/A - 29.86 25.70 

 25 Ara Herpesvirus N/A - 22.31 24.85 

 26 Ara Herpesvirus N/A - 38.04 23.57 

 27 Cacatua Herpesvirus Juvenile - 35.63 35.56 

 28† Eclectus Herpesvirus Juvenile - 9.64 - 
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 29 Nymphicus Herpesvirus Adult - 34.14 24.63 

 30 Nymphicus Herpesvirus Adult - 23.02 26.87 

 31 Pionus Herpesvirus Adult - 38.80 20.97 

 32 Pionus Herpesvirus N/A - 30.04 19.34 

 33‡ N/A Herpesvirus N/A - 26.85 21.98 

Aves 

polyomavirus-1 

34 Ara Polyomavirus Chick 30.61 21.44 - 

35 Ara Polyomavirus Chick 12.41 25.13 - 

36 Ara Polyomavirus Chick 27.58 34.60 36.20 

 37 Ara Physical Chick 16.06 27.81 29.75 

 38 Ara Polyomavirus Chick 22.45 37.63 - 

 39 Aratinga Polyomavirus Chick 14.89 34.37 - 

 40 Cacatua Polyomavirus Senior - 32.38 - 

 41 Diopsittaca Polyomavirus Chick 19.99 34.46 - 

 42 Eclectus Polyomavirus Chick 13.25 22.03 - 

 43 Eupsittula Polyomavirus Chick 16.66 20.83 - 

 44 Forpus Polyomavirus Adult 29.94 - - 

 45 Forpus Polyomavirus Adult 32.60 28.22 - 

 46 Forpus Polyomavirus Juvenile 31.66 - - 

 47 Nymphicus Polyomavirus Chick 35.29 37.16 - 

 48† Poicephalus Polyomavirus Juvenile 12.07 9.70 - 

 49 Primolius Polyomavirus Chick 25.21 - 40.48 

 50 Primolius Polyomavirus Chick 17.16 - - 

 51 Psittacara Polyomavirus Chick 17.34 29.55 - 

 52 Pyrrhura Polyomavirus Chick 12.75 - - 

 53‡ N/A Polyomavirus Juvenile 11.49 35.84 - 

  54‡ N/A Polyomavirus N/A 14.39 - - 

Negative 55 Amazona Bacterial Adult - - 37.65 

 56 Amazona Neoplasia Juvenile - - - 

 57 Amazona Neoplasia N/A - - - 

 58 Amazona Neoplasia N/A - - 34.73 

 59 Amazona Physical N/A - - - 

 60 Amazona Exocrine pancreatic Senior - 36.05 - 
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insufficiency 

 61 Ara Degenerative Juvenile - - - 

 62 Ara Undetermined N/A - - 38.32 

 63 Ara Neoplasia Senior - 38.81 - 

 64 Aratinga Undetermined Chick 24.11 27.46 - 

 65 Cacatua Undetermined N/A - - - 

 66 Eclectus Physical Chick - - - 

 67 Eclectus Physical Juvenile - - - 

 68 Eupsittula Hemodynamic N/A - - - 

 69 Forpus Idiopathic Adult - - - 

 70 Nymphicus Neoplasia Adult - - - 

 71 Nymphicus Hemodynamic Chick - - - 

 72 Nymphicus Undetermined Senior 32.18 37.53 - 

 73 Pionus Idiopathic Adult - - - 

 74 Poicephalus Idiopathic Chick - - - 

 75 Poicephalus Undetermined Chick - - - 

 76 Poicephalus Idiopathic Juvenile 31.59 30.33 - 

 77 Primolius Undetermined Senior - - - 

 78 Psittacus Physical Chick - - - 

 79 Psittacus Idiopathic Chick - - - 

 80 Psittacus Myodegeneration Chick - - - 

 81 Psittacus Hyperplasia Juvenile - - - 

 82 Psittacus Undetermined Juvenile 22.99 37.90 - 

 83 Psittacus Neoplasia Senior - 36.26 - 

 84 Pyrrhura Fungal Juvenile - 37.49 - 

  85 Pyrrhura Undetermined Juvenile - - - 

APV = aves polyomavirus-1, BFDV = beak-and-feather disease virus, PsHV-1 = psittacid herpesvirus-1. 

*See manuscript text for description of age categories. 

†These two cases were originally diagnosed by histology as coinfected with two viruses which are reflected in the Ct values except for 

case number 28 for which the suspected herpesvirus inclusions were not confirmed by rtPCR.  

‡These three cases were identified as “conures” with no specified genus; genus was likely Pyrrhura, Aratinga, Eupsittula, or Psittacara. 
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Appendix 12. Percentage agreements between pathological diagnoses and rtPCR results 

defining histopathology as the gold standard for identification of infection with aves 

polyomavirus-1, beak-and-feather disease virus, and psittacid herpesvirus-1 in psittacine 

birds 

Virus PPA NPA OPA Cohen’s Kappa p-value* 

APV 95.2 (20/21)† 87.5 (56/64) 89.4 (76/85) 0.7129 <0.001 

BFDV 100 (19/19) 59.1 (39/66) 68.2 (58/85) 0.3878 <0.001 

PsHV-1 93.8 (15/16) 95.7 (66/69) 95.3 (81/85) 0.8036 <0.001 

APV = aves polyomavirus-1, BFDV = beak-and-feather disease virus, NPA = negative 

percentage agreement, OPA = overall percentage agreement, PPA = positive percentage 

agreement, PsHV-1 = psittacid herpesvirus-1. 

*Indicates the significance level of the Cohen’s kappa between the results of rtPCR and 

pathology. 

†All values in parentheses indicate the number of birds diagnosed by rtPCR out of the number of 

birds diagnosed by histopathology. See methods for descriptions of PPA, NPA, and OPA. 

 


