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ARTICLE INFO ABSTRACT

Keywords: A 15-year-old female cockatiel (Nymphicus hollandicus) undergoing long term management for hepatopathy
Chronic hepatopathy died and underwent necropsy. Microscopic findings were consistent with chronic liver disease characterized
AdenoYirus by distorted hepatic architecture, fibrosis and biliary proliferation. The additional finding of large intra-
Cockatiel nuclear inclusion bodies within hepatocytes and renal tubular epithelium prompted diagnostic next gen-
Psittacine siadenoviruses . . . . . .

Patholo eration sequencing. The assembled sequences isolated from pooled kidney and liver were related to siade-
PsA dV»sg Y noviruses. The genus Siadenovirus, within the family Adenoviridae, includes several species of viruses that

pathogenically infect avian species including hemorrhagic enteritis virus of turkeys and marble spleen virus
of pheasants. Siadenoviruses have previously been reported in seven psittacine species: a plum-headed
parakeet (Psittacula cyanocephala), an umbrella cockatoo (Cacatua alba) budgerigars (Melopsittacus un-
dulates), an eastern rosella (Platycercus eximius), a scarlet chested parrot (Neophema splendida), a cockatiel
(Nymphicus hollandicus), and a red-crowned parakeet (Cyanoramphus novaezelandiae). This report describes a
novel siadenovirus in a cockatiel that is highly identical to budgerigar adenovirus 1 and distinct from PsAdV-
2 in cockatiels. We report the clinical pathologic, gross, and histopathologic findings in a cockatiel with
chronic hepatitis and a novel siadenovirus, PsAdV-5. The sequencing data is presented with a phylogenetic

analysis.

Adenoviruses are non-enveloped dsDNA viruses and belong in the
family Adenoviridae. There are three genera within Adenoviridae that
contain virus species known to infect birds: Atadenovirus,
Aviadenovirus and Siadenovirus (Harrach et al., 2011). Formerly iden-
tified as Group II aviadenoviruses, the genus Siadenovirus includes
several viruses historically recognized for their pathologic impact;
these include hemorrhagic enteritis virus (HEV) of turkeys and marble
spleen disease virus of pheasants (Dhama et al., 2017; Fitzgerald and
Reed, 1989). These viruses were classified and named as siadeno-
viruses due to the presence of sialidase genes distinguishing them from
the other genera.

Recognized species of adenoviruses affecting psittacines belong to
the genera Atadenovirus and Aviadenovirus (Das et al., 2017; Liischow
et al., 2007; Raue et al., 2005; To et al., 2014). To date, only partial
genomic sequences of siadenoviruses have been reported in psitta-
cines, precluding recognition of a new species within the genus Sia-
denovirus (Harrach et al., 2011). Case reports of psittacine siadeno-
virus infections include a plum-headed parakeet (Psittacula
cyanocephala), an umbrella cockatoo (Cacatua alba), budgerigars
(Melopsittacus undulates), an eastern rosella (Platycercus eximius), a
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scarlet chested parrot (Neophema splendida), a cockatiel (Nymphicus
hollandicus), and a red-crowned parakeet (Cyanoramphus novaeze-
landiae) (Ballmann and Vidovszky, 2013; Katoh et al., 2009; Wellehan
et al., 2009). Herein we describe a novel siadenovirus in a cockatiel,
and refer to the virus exemplar as psittacine adenovirus 5 (PsAdv-5)
isolate IA17-frag.

A 15-year-old female cockatiel weighing 109 g presented to the
Iowa State University Exotic Service for a 24-h period of lethargy,
inappetence, refusing to drink water, and sitting fluffed on bottom of
the cage. She was fed a diet of commercial pellets and seeds as a snack.
She shared a house with five other birds, two cockatiels, two bud-
gerigars (Melopsittacus undulates), and a sun conure (Aratinga sol-
stitialis), in the same room.

Initial laboratory testing consisted of a complete blood count (CBC),
serum biochemical profile, full body radiographs, ultrasound of the
coelomic cavity, and a crop/fecal gram stain. Abnormalities on the CBC
included leukocytosis, heterophilia, and a slight monocytosis. Chemical
alterations included an elevated AST, elevated bile acid (fasting), ele-
vated creatine kinase, and hypoproteinemia. Radiography and sono-
graphy indicated severe generalized hepatomegaly. Oral/fecal gram
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stain revealed numerous budding yeasts. Empirical supportive treat-
ment was commenced with injectable doxycycline hyclate', tube
feeding?, itraconazole® and hospitalization.

The bird responded to treatment, but re-presented nine months later
for lethargy, abnormal behavior, and weight loss (109 g down to 101 g).
At this time the bile acids were over measurable limits, and the bird was
hypocalcaemic and hyperphosphatemic. Multiple blood chemistries
were unable to be reported on the analyser® presumptively due to li-
pemia. Radiographs yielded static severe hepatomegaly, displacing the
proventriculus dorsally. The bird was hospitalized and cochicine® and
ursodiol® were administered to palliate unspecified hepatic disease.
Four days later the bird died.

A necropsy was performed following consent from the owners. The
body condition was judged to be adequate. Two focal 5 mm diameter
hemorrhages were detected in the subcutis of the left axillary area of
the caudolateral breast. The liver was slightly enlarged, somewhat
nodular and mottled green/brown. There were also several adhesions of
the abdominal air sac to the liver capsule.

Microscopically, there were multiple bands of fibrous tissue cour-
sing throughout the parenchyma, which were associated with multiple
foci of biliary proliferation and distorted the lobular architecture of the
liver (Fig. 1). There were several aggregates of enlarged hepatocytes
with large vacuoles and numerous individual necrotic hepatocytes
scattered throughout. In addition, multiple hepatocytes contained large
intranuclear homogeneous basophilic to amphophilic inclusion bodies
that effaced nuclear architecture (Fig. 1). In addition to the microscopic
changes in the liver, there were intranuclear inclusion bodies and
scattered epithelial cell necrosis in renal tubular epithelium.

Frozen samples of liver and kidney were submitted for Next
Generation Sequencing (NGS) analysis to detect any viral pathogens,
especially those that would produce the intranuclear inclusions ob-
served in the hepatocytes and renal tubular epithelium.

For NGS analysis, the nucleic acids (DNA /RNA) were extracted and
purified as follows. The liver and kidney were homogenized together
into a 10% (wt/vol) solution with Earle’s balanced salt solution,” and
total DNA/RNA was extracted in duplex from the tissue homogenate®
(Chen et al., 2018). For RNA sequencing library preparation, compli-
mentary (c) DNA libraries were constructed as previously described
with one of the duplex DNA/RNA extractions (Zhang et al., 2017).
Ribosomal RNA was depleted using a commercial kit® followed by
fragmentation. First strand cDNA was synthesized with random primers
and reverse transcriptase. After removal of the RNA template, double
stranded cDNA was synthesized with a replacement strand. Next, the 3’
ends were adenylated and adapters were ligated. The DNA was cleaned
two more times with a commercial kit.'"® The DNA fragments with
adapter molecules at both ends were enriched by PCR amplification.
The other DNA/RNA extract from the duplex extraction was used di-
rectly for DNA sequencing library preparation using a commercial kit.*

The DNA and RNA sequencing libraries were normalized and then
were sequenced on MiSeq® (Illumina, San Diego, CA) with a 300 cycle
MiSeq® Reagent Micro Kit V2 (Illumina, San Diego, CA) and 150-bp end
reads. The resulting raw data were pre-filtered by removing adaptors,
trimming low quality ends, deleting sequences shorter than 36
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Fig. 1. Photomicrograph of liver. An intranuclear inclusion body within a he-
patocyte is indicated by the arrowhead. The inclusion disrupts the normal nu-
clear architecture by peripheralizing chromatin and the nucleolus. Biliary
proliferation (arrow) is seen within a prominent band of fibrosis. Hematoxylin
and eosin. Bar, 20 pm.

nucleotides, and finally, performing a FastQC sequence quality analysis
(Bolger et al., 2014). The clean nucleotide sequences were classified
with Kraken v0.15.5-beta (Wood and Salzberg, 2014). The sequences
were organized taxonomically, and candidate reads were identified
based on their relevance to the case (capable of producing the observed
lesions). These candidate reads were algorithmically assembled by
SPAdes (v3.5.0) yielding contiguous de novo sequences. The three
longest and non-overlapping contiguous segments assembled were
composed of 4823, 1543 and 916 nucleotides. The 4823 nucleotide
segment (GenBank MH507070) was the cleanest read following bioin-
formatics analysis, and it was subjected to BLASTn analysis (Morgulis
et al., 2008; Zhang et al., 2000). This segment contained the complete
hexon gene as well as complete pVI, pVII, pX genes and partial se-
quences of the penton and protease genes.

Comparative sequence analysis of the 4823-nt contiguous segment
using BLASTn revealed 99% identity and 10% query coverage with a
partial coding sequence of the hexon gene (528-nt) isolated from a
budgerigar, budgerigar adenovirus 1 (AB485763). The 4823-nt con-
tiguous sequence also had 76% and 75% homology and 95% and 93%
query coverage with the South Polar skua adenovirus 1 (HM585353)
and raptor adenovirus 1 (EU715130.4), both siadenoviruses.

The results from sequencing underwent phylogenetic analysis. Nine
other adenoviruses with coverage of the hexon gene were selected from
the GenBank database and aligned with the calculated hexon protein
from the 4823-nt contiguous segment of PsAdV-5 isolate IA17-frag
(Morgulis et al., 2008). One of the sequences in the analysis did not
include coverage of the entire gene (budgerigar adenovirus 1), and
therefore, it was not equal in length to the other analyzed sequences.
Alignment was carried out in MEGA7 using the ClustalW method
(Thompson et al., 1994). The Neighbor-Joining method was used to
infer the evolutionary history of selected amino acid sequences (Saitou
and Nei, 1987). The bootstrap method was applied (5000 replicates) to
determine the percentage of consensus taxa clustering together
(Felsenstein, 1985). The p-distance method was used to compute the
evolutionary distances for the phylogenetic tree (Nei and Kumar, 2000).
Overall, the analysis involved 10 amino acid sequences. All ambiguous
positions were removed for each sequence pair. Evolutionary analyses
were conducted in MEGA7 (Kumar et al., 2016).

The evolutionary relationships of the hexon proteins from selected
adenoviruses are displayed in a phylogenetic tree (Fig. 2). The final
dataset for the phylogenetic analysis contained 798 amino acid posi-
tions. In 5000 bootstrap replicates, the budgerigar adenovirus 1 and
PsAdV-5 isolate IA17-frag clustered together 100% of the time. Bud-
gerigar adenovirus 1 has 0.12 amino acid differences per site compared
to our PsAdV-5 cockatiel isolate.

Other reported psittacine adenoviruses and their available sequen-
cing data are listed in Table 1. In order to compare PsAdV-5 to the DNA
polymerase gene of these other psittacine siadenoviruses, we performed
Sanger sequencing on amplicons derived from a DNA polymerase spe-
cific PCR probe. Briefly, four 10-micron thick formalin-fixed paraffin-
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100 psittacine adenovirus 5 isolate 1A17-frag (MH507070)

budgerigar adenovirus 1 (AB485763)

10 South Polar skua adenovirus 1 (HM585353)

raptor adenovirus 1 (EU715130)

87 great it adenovirus 1 (FJ849795)

100
51 Penguin siadenovirus Aisolate CSPAdV 2 (KP144329)

turkey hemorrhagic enteritis virus (AF074946)

psittacine adenovirus 3 (KJ675568)

psittacine adenovirus 1 isolate GB 818-3 (EF442329)

010

embedded (FFPE) tissue scrolls were submitted for tissue extraction
using a commercial extraction kit'* . A nested primer protocol for the
DNA polymerase gene of adenoviruses was used to amplify the ex-
tracted DNA (Wellehan et al., 2009, 2004). Samples were processed in
duplicate. The outside and inside forward and reverse PCR amplicons
were all submitted for Sanger sequencing. The longest resulting se-
quence had clean and discernible base calls. The overlapping segments
of the sequences were highly identical. The final consensus sequence
contained 441 nucleotides.

The 441-nt sequence had partial coverage of the adenovirus DNA-
polymerase gene. BLASTn alignment analysis (Altschul et al., 1997)
revealed 85-99% query coverage and 68-71% identity with raptor
adenovirus 1 (EU715130), hemorrhagic enteritis virus (AF074946),
great tit adenovirus 1 (FJ849795), and a penguin siadenovirus
(KP144329). Approximately 50% of our sequence overlapped with the
entire published 269-nt sequences of psittacine adenovirus 2 isolates
(KC248187, KC248188, KC248189, KC248190, KC248191, KC248192,
EU056825). Throughout this area of overlap (269-nt), these sequences
were approximately 70% identical to PsAdV-5 isolate IA17-frag. The
corresponding budgerigar adenovirus 1 DNA polymerase gene sequence
is not available in Genbank.

Siadenoviruses have been recognized in many avian species in-
cluding turkeys, pheasants, budgerigars, raptors, South Polar skuas,
Antarctic penguins (KP144329), Gouldian finches, great tits, a Harris
hawk, a Bengal eagle owl, a Verreaux’s eagle owl, pigeons, an eastern
rosella, a scarlet chested parrot, a cockatiel, a red-crowned parakeet, a
plum-headed parakeet and an umbrella cockatoo (Ballmann and
Vidovszky, 2013; Ballmann and Harrach, 2016; Dhama et al., 2017;
Joseph et al., 2014; Katoh et al., 2009; Kovécs and Benkd, 2009; Park
et al., 2012; Wellehan et al., 2009; Zsivanovits et al., 2006). Many of
these siadenovirus infections lack a description of histopathologic le-
sions in their respective case report. In the cockatiel of the present case,
the main histologic lesions were in the liver and kidneys. This is similar
to and different from other siadenovirus associated lesions. In turkeys
infected with HEV, the major lesion is acute fibrinonecrotic and he-
morrhagic enteritis which differentiates it from the present case; how-
ever, large intranuclear viral inclusion bodies in hepatocytes and renal
tubular epithelium are sometimes observed in turkeys with HEV
(Dhama et al., 2017). Raptors with siadenovirus infections had severe
necrotizing hepatitis with intranuclear inclusion bodies that were also
found in the kidneys and spleens of some animals (Zsivanovits et al.,
2006). Gouldian finches with siadenovirus infection have lymphocytic
interstitial nephritis and renal tubular necrosis with intranuclear in-
clusion bodies (Joseph et al., 2014). Similar to siadenoviruses in
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Fig. 2. The phylogenetic tree displays the
evolutionary history of ten adenoviruses
aligned to the hexon protein of psittacine
adenovirus 5 (PsAdV-5) isolate IA17-frag.
PsAdV-5 clusters together with other siadeno-
viruses. All viral sequences were trimmed to
the full hexon gene coding sequence of PsAdV-
5. Budgerigar adenovirus 1 was a partial
coding sequence; therefore, the analysis in-
cludes a non-equal length sequence. The nu-
cleotide sequences were translated, and the
relationships of the protein sequences were
inferred with the Neighbor-Joining method.
Numbers next to the branches indicate the
percentage of replicate trees in which taxa
clustered together in 5000 replicate bootstrap
tests. The branches are drawn to scale with the
length representing the number of amino acid
differences per site. Analyses were conducted
in MEGA7.

Siadenovirus

| Atadenovirus

Aviadenovirus

Gouldian finches, we also observed renal tubular necrosis and intra-
nuclear inclusions within renal tubular epithelium; however, lympho-
cytic interstitial nephritis was absent. Interestingly, a study of siade-
novirus infections in pigeons determined that virus was more easily
detectable in the lung and kidneys compared to liver samples (Ballmann
and Harrach, 2016). There appears to be host specific differences in
viral distribution and organ tropism among different siadenoviruses.
Overall, the distribution of lesions indicates multisystemic involvement
with variable tropism for the liver, kidneys, intestines, lungs or spleen.

In the case reports of other psittacines with detectable siadeno-
viruses, lesions are inconsistent between species. Similar to our case,
one budgerigar had hepatocellular necrosis, and three budgerigars had
intranuclear inclusion bodies within renal tubular epithelium (Katoh
et al.,, 2009). Additionally, the budgerigars had foci of inflammatory
cells in their livers and kidneys. Another case of a siadenovirus in a
plum-headed parakeet described concurrent bacterial coelomitis and
sepsis after a biopsy procedure (Wellehan et al., 2009). Renal and he-
patic intranuclear inclusions were not reported in that case. The same
case report also describes identification of siadenovirus PCR products
from an umbrella cockatoo with mononuclear meningoencephalitis.
The association of these findings is unclear; in the present case, brain
was not evaluated.

The finding of chronic liver disease is not typically described in
reported cases of siadenovirus infections. The liver injury in our cock-
atiel was characterized by fibrosis, biliary proliferation, hepatocellular
degeneration and necrosis. Hepatocytes frequently contained intra-
nuclear inclusions. We cannot definitively conclude that siadenovirus
infection was the cause of the chronic changes in the present case; the
cockatiel had clinicopathologic abnormalities indicating hepatopathy
one year prior to its death. It is possible the cockatiel had an unrelated
liver disease prior to contracting a siadenovirus which acutely ex-
acerbated a pre-existing chronic hepatopathy. The owner of the cock-
atiel had several other pet psittacines that could have served as a source
of infection. The fulfilment of Koch’s postulates is required to repudiate
or substantiate a causative association between this siadenovirus and
hepatitis/nephritis in cockatiels. In this case, a live virus could not be
recovered for further investigation. Cockatiels that die after a history of
non-specific hepatopathy or nephropathy that also have epithelial in-
tranuclear inclusion bodies should prompt the pathologist to consider a
siadenoviral infection. Cases identified as such should be further in-
vestigated and reported to establish the wider relevance of siadeno-
viruses in cockatiels.

Next generation sequencing was performed in this case. The longest
non-overlapping contiguous segment assembled was composed of 4823
nucleotides (MH507070). This segment contained a complete sequence
for the hexon gene which had 99% identity to a partial hexon gene from
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