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Abstract

This report describes a case of proventricular rupture associated with Psittaciforme 1 Bornavirus in a 10-year old
Major Mitchell Cockatoo (Lophochroa leadbeateri) who presented with a 2-day history of weakness and weight loss. On
necropsy, a fibrinonecrotizing coelomitis and an enlarged proventriculus with a 0.5 cm in diameter transmural perforation
characterized the main findings. Histology confirmed the locally extensive, transmural necrotizing proventriculitis with
coelomitis. Additionally, lymphoplasmacytic ganglioneuritis in the proventriculus, heart, small intestine, and adrenal gland,
as well as lymphoplasmacytic encephalitis, hallmarks of proventricular dilatation disease. Psittaciform 1 bornavirus RNA
was confirmed in the brain, proventriculus and ventriculus by RT-PCR. Avian Bornavirus antigen was identified by

immunohistochemistry in the brain and heart.
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Introduction

Psittaciforme 1 Bornavirus (PaBV) is a single-
stranded RNA virus of the Bornaviridae family. Since
2008, has been recognized as the etiological agent of a
fatal and important disease of psittacine birds known as
proventricular dilatation disease (PDD) (18, 26). Avian
Bornaviruses were recently taxonomic rearranged in 4
major species: Psittaciform 1 bornavirus, Passeriform 1
bornavirus, Passeriform 2 bornavirus and Waterbird 1
bornavirus (18). PDD affects several psittacine birds,
including amazon and grey parrots, macaws, cockatiels
and cockatoos (14, 22, 33). PDD has been reported in
various countries, including the United States, Canada,
Australia, Japan, South Africa, several European countries
(3,4, 11, 19, 28, 31, 33), and recently in Brazil (5, 7, 25).

Neurotropism is a remarkable feature of PaBV
reflected in the histopathological presentation observed in
affected birds, characterized by a lymphoplasmacytic
encephalomyelitis and  ganglioneuritis, particularly
prominent in the enteric nervous system (27, 30, 31).
PaBV  infection can cause neurologic  and/or
gastrointestinal ~ signs, including lethargy, ataxia,
regurgitation, emaciation, and undigested seeds in the
feces before finally culminating in death (2, 17, 24).

As the name suggests, the dilation of the
proventriculus is the hallmark of PDD, and when present
can be observed radiographically (8, 16, 27). Although
rare, in some cases the proventricular wall can distend until
it ruptures, causing the extravasation of food material into
the coelomic cavity (27, 30).

This report describes the clinical, pathological,
immunohistochemical and molecular biological findings
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from an uncommon case of proventricular rupture
associated with natural PaBV infection in a Major Mitchell
Cockatoo (Lophochroa leadbeateri).

Case report

A 10-year old female Major Mitchell Cockatoo
(Lophochroa leadbeateri) was presented to the Texas
A&M Zoologic Medicine Service for a 2 day history of
weight loss and weakness. The patient was a breeding
female, who previously had laid approximately 12 eggs per
year but for the last 3-4 months had not produced any eggs.

On clinical evaluation, the patient presented with
depression and ataxia, and was not able to appropriately
grip the perch in her cage. Signs of dehydration, including
sunken eyes, were observed and fecal staining was noted
around the vent, indicating diarrhea.

Clinical pathology results indicated a moderate
leukocytosis, monocytosis and lymphopenia, and increased
enzymatic activity of aspartate aminotransferase (AST)
and creatine kinase (CK).

Radiograph showed poor serosal detail and
distention of the caudal coelomic cavity. Additionally,
small intestine loops were distended by gas and an
apparent mass effect displaced the intestine dorsally,
rightward and cranially, with compression of the air sacs.

The patient was sent home; however, clinical
condition worsened and she was presented to the referring
veterinarian with respiratory distress, subsequently died,
and was referred to Texas A&M pathology service for
necropsy.

On necropsy, the proventriculus was markedly
dilated with a proventricular to ventricular ratio of 1.5-2:1.
On the ventral surface of the proventriculus was a 0.5 cm
diameter, transmural perforation with locally extensive
hemorrhage and necrosis. Proventricular contents and
seeds were adhered to the serosa of intestinal organs and
mixed with blood (Fig. 1). Caudal portion of the lungs
were covered by proventricular contents and fibrin. A
fibrinonecrotizing coelomitis, most severely affecting the
proventriculus  and  liver, airsacculitis of the
cervicocephalic, cranial thoracic, caudal thoracic, and
abdominal air sacs, were also observed. No significant
lesions were observed in the remaining organs.

Histologic examination revealed a severe, locally
extensive, subacute, transmural necrotizing proventriculitis
and a fibrinohemorrhagic coelomitis (Fig. 2A) that
involved the proventriculus, liver, heart, great vessels and
adrenal glands. Locally extensive, acute, hepatic
coagulative necrosis with hemorrhage, intralesional foreign
material (seeds) and bacterial colonies obliterated the
hepatic parenchyma adjacent to the proventriculus.
Multifocal, subacute, lymphoplasmacytic ganglioneuritis
was observed, severely affecting the proventricular and
ventricular ganglia (Fig. 2), and mild to moderately
affecting the ganglia of the heart (Fig. 3A), adrenal gland
and small intestine. Within the brainstem was a mild,

multifocal, subacute lymphoplasmacytic encephalitis (Fig.
3B). Additionally, there was a lymphoplasmacytic
airsacculitis and parabronchial hemorrhage and presumed
secondary to the coelomitis.

Figure 1. Gross Findings. Proventricular perforation and
proventricular contents free in the coelomic cavity
(arrowhead). An asterisk indicates the position of the
ventriculus.

Immunohistochemistry was performed on the
heart and brain using a rabbit polyclonal antibody against
the PaBV N protein in a 1:1000 concentration, followed by
incubation with an anti-mouse/rabbit polymer, and with
diaminobenzidine being used as a chromogen. Intranuclear
and intracytoplasmatic neuronal staining was observed in
ganglia of the heart (Fig. 3C) and also in neurons of the
brainstem and cerebrum (Fig. 3D).

Additionally, RT-PCR for PaBV detection in
fresh tissues was performed as previously described (11).
Briefly, viral RNA was extracted from tissues using an
RNeasy mini kit (Qiagen, Valencia, CA, USA), following
manufacturer’s instructions. Viral RNA was reverse
transcribed using high capacity cDNA synthesis kit
(Applied Biosystems, Foster City, CA, USA) and cDNA
was generated using random primers. Finally, PaBV
cDNA was amplified using the following primers targeting
the M (Matrix) protein gene: PaBV M F (5-
GGTAATTGTTCCTGGATGG-3) and PaBV M R (5-
ACACCAATGTTCCGAAGACG-3). Viral RNA was
detected by RT-PCR, in samples from brain,
proventriculus and ventriculus. Duck Embryo fibroblasts
(DEF) infected with PaBV were used as a positive control.

Discussion

Although a well-recognized disease, PDD still
represents an important threat for psittacine birds in
captivity, affects several endangered species (10, 34), and
continues to lack any effective treatment. No commercial
antiviral drugs have proved to be efficient in vivo thus far
(20).
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Figure 2. Histological findings. (A) Proventriculus. The
mucosa, muscularis, and serosa are designated by a, b, and
¢, respectively. Adhered to the serosa is a thick layer of

hemorrhage, necrotic debris, and fibrin (asterisk).
Multifocally, within the lamina propria are foci of
hemorrhage (arrowhead). Lymphocytes and plasma cells
infiltrate a proventricular ganglion (Inset). (H&E stain).
(B) Ventriculus. Lymphocytes and plasma cells diffusely
infiltrate ganglia located in the serosa and within the
muscular  layer = (H&E  stain).Gross  Findings.
Proventricular perforation and proventricular contents free
in the coelomic cavity

Lymphoplamacytic inflammation in the myenteric
ganglia and in the central nervous system (CNS) are the
main lesions seen in PDD cases; however,
lymphoplasmacytic infiltrates can also be observed in the
heart, adrenal gland and spinal cord ganglia as well as in
peripheral nerves such as sciatic and vagus nerves (4, 23,
33). Therefore, the organs that must be collected for PDD
are brain, spinal cord, crop, heart, proventriculus,
ventriculus, intestines, adrenal glands, and peripheral
nerves (10, 23, 24). Crop biopsies are usually applied as an
antemortem diagnostic tool, due to doable accessibility of
this organ, however, the lymphoplasmacytic infiltrates are
not as consistent as observed in the proventriculus and

ventriculus, and the absence of ganglioneuritis in a crop
biopsy cannot rule out PDD (29).

Proventricular dilatation is a classical sign of PDD
but not pathognomonic for PaBV infection. Other
infectious conditions such as clostridiosis, gastric
mycobacteriosis and fungal gastritis, can also cause
proventricular dilatation in psittacine birds and must be
included in the differential diagnoses (29). Proventricular
dilatation is also commonly observed in cases of lead
toxicosis in geese and psittacine birds (21, 27).
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Figure 3. Histological and immunohistochemical findings.
(A) Heart. Lymphoplasmacytic epicardial ganglionitis
(H&E stain). (B) Brain. Perivascular infiltrate of
lymphocytes expand Virchow Robbin’s space in brain.
There is mild spongiosis of the adjacent neuropil (H&E
stain). IHC for PaBV shows intracytoplasmic and
intranuclear staining in an isolated neuron of an epicardial
ganglion (C) and in several neurons of the cerebrum (D).

Proventricular rupture is not a common event in
birds, and when it occurs, it can be caused by physical,
infectious, or parasitic etiologies (6, 9, 12, 15, 29).
Proventricular impaction and subsequent rupture is more
frequently seen in young psittacine birds and usually
associated with foreign body ingestion (29). Mycotic
proventriculitis caused by Macrorhabdus ornitoghaster
has been associated with proventricular rupture in
budgerigars (Melopsittacus undulates) (9) and gray
partridges (Perdix perdix) (15). In poultry, transmissible
viral proventriculitis is implicated to be a major cause of
proventricular rupture, causing economic losses from
carcass condemnation (12). Parasitic infections caused by
spiruids, such as Geopetitia aspiculata can also lead to
perforation of the proventricular wall, especially in
passerines (6).

Ruptured egg yolk material in the coelomic cavity
has been described as a major cause of coelomitis (egg
yolk coelomitis) in psittacine birds and ducks (32), and
must be ruled out as the primary process in female birds
presenting coelomitis.
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Macroscopic and microscopic lesions were highly
of PDD, which was confirmed by

immunohistochemical and molecular methods. Although
PDD has been described in the literature as a possible but
rare cause of proventricular rupture (1, 27, 30), no case
reports have been published so far to the authors’
knowledge. This case represents the first published case of
proventricular perforation and coelomitis associated with
PDD caused by PaBV, and demonstrates the importance of
careful examination of the proventriculus in cases where
coelomitis is the major necropsy finding.
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