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ARTICLE INFO ABSTRACT

Keywords: To assess the prevalence of adenoviruses in psittacine birds kept in Slovenia, 258 cloacal swabs were collected
Af?de"""i’}‘-‘ from different psittacine species and screened by a nested PCR with degenerate, consensus primers targeting the
Aviadenovirus adenoviral DNA polymerase gene. Forty-two samples were found to be positive. By sequencing, 28 samples from
:iggeei?:mm 10 different parrot species were identified as the formerly described siadenovirus, psittacine adenovirus 2
Psittacines (PsAdV-2). A second siadenovirus, a variant of PSAdV-5 (described earlier from Pacific parrotlet, sun parakeet,

cockatiel and budgerigar) was found in seven budgerigars, two cockatiels and an amazon parrot species. A
variant of Meyer’s parrot adenovirus (aviadenovirus, proposed PsAdV-8) was identified in an African grey parrot
and a cockatiel. Two novel atadenoviruses were revealed in cockatiel (PsAdV-9) and rose-ringed parakeet
(PsAdV-10). These results support the earlier finding that many PsAdVs can cross the species barrier among
psittacines, especially effectively in the case of PsAdV-2.

1. Introduction

Adenoviruses (AdVs) are classified into six genera within the family
Adenoviridae [1]. Members of some genera are vertebrate class specific:
genus Mastadenovirus contains only mammalian AdVs, Aviadenovirus
contains avian AdVs, Ichtadenovirus has the single known fish AdV,
genus Testadenovirus includes testudinoid (turtle) AdVs. Contrary,
genera Siadenovirus and Atadenovirus contain AdVs infecting members of
different vertebrate classes: frog, tortoise, bird and squamate siadeno-
viruses, and tortoise, bird, marsupial and ruminant atadenoviruses [1].
Birds can be infected by aviadenoviruses, atadenoviruses and
siadenoviruses.

AdVs or adenovirus-like particles have been reported from many
psittacine species including budgerigar (Melopsittacus undulatus), cock-
atiels (Nymphicus hollandicus), lovebirds (Agapornis spp.), rose-ringed
parakeet (Psittacula krameri), amazon parrots (Amazona spp.), eclectus
parrot (Eclectus roratus), African grey parrot (Psittacus erithacus), Cape
parrots (Poicephalus robustus) and lorikeets (Trichoglossus spp.) [2-8].
Intranuclear inclusion bodies (IIB), typical of AdVs, have been seen in
different parrot species in different internal organs, most often liver or
kidney. IIB in the liver (inclusion body hepatitis) was first described by

* Correspondence to: 674076.

Scott et al. [2] in a cockatiel and is the predominant pathological finding
in most psittacine species [9]. In budgerigars, however, IIBs were most
often observed in the kidneys and rarely in other internal organs [10,
11].

Formerly, AdV infections were diagnosed based on the typical his-
tological lesions and/or electron microscopic findings, but classification
was out of reach. Serology has also limited value in psittacines since the
degree of cross-reactivity of antibodies among PsAdVs is not known.
Nowadays, PCR seems to be the method of choice in PsAdV detection
and classification, especially in search for novel ones. Hexon or DNA-
dependent DNA polymerase gene (pol) targeting PCRs have been
developed and are the most applied techniques in AdV screening [12,
13]. The first psittacine adenoviral pol sequence was gained from a
Meyer’s parrot (Poicephalus meyeri), whereas the first partial hexon
sequence from Senegal parrots (Poicephalus senegalus) [12,13].

A PCR survey was conducted for AdVs in cloacal swabs collected
from living psittacines in Slovenia. Clinical records of the AdV positive
birds were examined and correlations between AdV type, bird’s age,
origin of host species and clinical signs were investigated.
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2. Materials and methods
2.1. Sample collection

At the Clinic for Birds, Small Mammals and Reptiles of the Veterinary
Faculty, University of Ljubljana, 258 psittacine birds from 23 species
were sampled using cloacal swabs (Table 1). Birds were brought to the
clinic as patients or for routine clinical examination. The samples were
stored at —20 °C until processing.

2.2. DNA extraction

Two mL of PBS was added to each sample and vortexed vigorously.
DNA was purified from 200 pL of the suspension with the QIAamp®
DNA Mini kit (Qiagen) according to the manufacturer’s
recommendation.

2.3. PCR and sequencing

A nested PCR with degenerate, consensus primers targeting the
adenoviral pol was used according to the original description [13]. The
following PCR primers were used. For the first amplification, forward

Table 1
List of the studied psittacine samples.
Species sampled Sampled AdV positives positivity
birds (%)

African grey parrot (Psittacus 13 1 (avi) 7.7
erithacus)

Alexandrine parakeet (Psittacula 2 1 (si) 50
eupatria)

amazon parrot (Amazona spp.) 9 3 (2 +1si) 333

Macaw (Ara spp.) 7 0 0

Australian king parrot (Alisterus 1 1 (si) 100
scapularis)

Barraband’s parrot (superb parrot, 4 0 0
Polytelis swainsonii)

black-headed parrot (Pionites 3 0 0
melanocephalus)

budgerigar (Melopsittacus 113 11 (7 +4 si) 9.7
undulatus)

burrowing parrot (Cyanoliseus 1 0 0
patagonus)

cockatiel® (Nymphicus hollandicus) 52 17 (1 at, 1 avi, 32.7

13 +2si)

cockatoo spp. 7 3 (si) 42.9

crimson rosella (Platycercus 1 0 0
elegans)

eastern rosellas (Platycercus 2 1 (si) 50
eximius)

eclectus parrot (Eclectus roratus) 1 0 0

lovebird (Agapornis spp.) 18 0 0

nanday parakeet (Aratinga nenday) 2 0 0

Neophema spp. 3 1 (si) 33.3

rainbow lorikeet (Trichoglossus 1 0 0
moluccanus)

red-crowned parakeet (kakariki, 2 0 0
Cyanoramphus novaezelandiae)

red-winged parrot (Aprosmictus 1 1 (si) 100
erythropterus)

rose-ringed parakeet (Psittacula 12 2 (1 at, 1 si) 16.7
krameri)

Senegal parrot (Poicephalus 1 0 0
senegalus)

sun parakeet (Aratinga solstitialis) 2 0 0

n=23 n = 258 n =42 16.3

Bold letters show the birds found positive for AdV. The genera of the identified
AdVs are abbreviated: avi, aviadenovirus; si, siadenovirus, at, atadenovirus.

@ Cockatiel have been found most commonly positive for AdV (32.7%) among
birds with more than eight samples taken per species. There were five different
AdV sequences (two siadenoviruses, two atadenoviruses and one aviadenovirus)
and only cockatiel was found hosting four of them.
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primer polFouter (5-TNMGNGGNGGNMGNTGYTAYCC-3’, where Y = C
or T, N=A,C, G, or T, and M = A or C); reverse primer, polRouter
(5’-GTDGCRAANSHNCCRTABARNGMRTT-3', where R=Aor G,M = A
orC,D=A,G,orT,S=GorC,H=A, T,orC,and B=G, T, or C). For the
second round, forward primer polFinner (5-GTNTWYGAYATHT
GYGGHATGTAYGC-3', where W = A or T) and reverse primer polRinner
(5'-CCANCCBCDRTTRTGNARNGTRA-3'). After electrophoresis, the
PCR products were excised from the gel, purified with the Wizard PCR
Preps DNA Purification System (Promega) and sent for sequencing to
Macrogen DNA Sequencing Service.

2.4. Phylogenetic analysis

The virus sequences were identified using BLAST homology search at
the NCBI portal. Multiple alignments were prepared using the MultAlin
program. Phylogenetic calculations were conducted with the PHYLIP
package using ProtDist with Categories model, then Fitch (Fitch-Mar-
goliash method with global rearrangements); trees visualized by
MEGA?7. The mitochondrially encoded cytochrome c oxidase I (COX1)
proteins of the discussed psittacine hosts were collected from the data-
bank of NCBI. When they were not available from the adenovirus
hosting psittacine species, we applied the COX1 from another host of the
same genus. After multiple alignment using MultAlin, maximum-
likelihood (PhyML) calculation was performed on the Galaxy server of
the Pasteur Institute by applying evolutionary model LG and finally SH-
like statistical test for branch support (https://galaxy.pasteur.fr).

3. Results

AdV was revealed from 42 samples from 258 living psittacines
gained randomly by cloacal swabbing (16.3%, Table 1). Five AdV types
were identified; two novel atadenoviruses, two known siadenoviruses

Table 2
Psittacine adenoviruses found in the study (42 AdV sequences).

Identified virus (GenBank Host, virus Infected birds Percentage in
accession number) strain / number of all AdV positive
birds with this ~ samples
Adv
psittacine AdV-2 (PsAdV- 13 cockatiels 13/28 = 28/42 = 66.7%
2; known siadenovirus, 46.4%

28 seqs) 4 budgerigars 4/28 = 14.3%
3 Cacatua sp. 3/28 =10.7%
2 amazon 2/28 =7.1%
parrots
1 Alexandrine 1/28 = 3.6%
parakeet
1 Australian 1/28 = 3.6%
king parrot
1 eastern rosella 1/28 = 3.6%
1 Neophema sp. 1/28 = 3.6%
1 red-winged 1/28 = 3.6%
parrot
1 rose-ringed 1/28 = 3.6%
parakeet
PsAdV-5 strain 129AM 7 budgerigars, 7/10 = 70% 10/42 = 23.8%
(variant of known strain 129AM
siadenovirus type, 10 2 cockatiels 2/10 = 20%
seqs; OK058275) 1 amazon parrot ~ 1/10 = 10%
PsAdV-8 strain AL32 1 African grey 1/2 = 50% 2/42 = 4.8%
(Meyer’s parrot AdV- parrot, AL32
like virus; variant of 1 cockatiel 1/2 = 50%
known aviadenovirus
type, 2 seqs; OK058272)
PsAdV-9 (novel 1 cockatiel AL87  1/1 =100% 1/42 = 2.4%
atadenovirus, 1 seq;
OK058273)
PsAdV-10 (novel 1 rose-ringed 1/1 = 100% 1/42 = 2.4%

atadenovirus, 1 seq; parakeet, strain
0K058274) 22AM
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and a variant of an earlier described aviadenovirus (Table 2). One of the
new atadenoviruses (2.4% of the total number of positive samples) was
obtained from a rose-ringed parakeet, the second from a cockatiel.
Regarding siadenoviruses, a variant of PsAdV-5 was detected ten times
(23.8%): in 7 budgerigars, 2 cockatiels and an amazon parrot species.
Siadenovirus PsAdV-2 was the most predominant detected in 28 cloacal
swabs taken from 13 cockatiels, 4 budgerigars, 3 cockatoos (Cacatua
sp.), 2 amazon parrot species, an Alexandrine parakeet (Psittacula
eupatria), an Australian king parrot (Alisterus scapularis), an eastern
rosella (Platycercus eximius), a Neophema sp., a red-winged parrot
(Aprosmictus erythropterus) and a rose-ringed parakeet (66.7% of all the
positive samples). The nucleotide (nt) sequences of the two identified
aviadenoviruses revealed from African grey parrot and cockatiel were
identical with each other and had 84% identity with the nt sequence of
the Meyer’s parrot AdV while their amino acid sequences showed 99%
identity (89/90 aa). In case of three positive samples, from budgerigar,
lovebird and red-winged parrot, the exact sequence of the amplicons
could not be determined, as the electrophoretogram contained double or
multiple peaks.

The clinical records revealed that all parrots infected with the newly
described atadenoviruses or PsSAdV-5 were clinically healthy (Table 3).
Similarly, the cockatiel infected with the Meyer’s parrot AdV-like virus
was clinically healthy, too, however, the African grey parrot died shortly
after presentation with signs of acute hepatic disease. Among 28 parrots
infected with PsAdV-2, 10 were clinically healthy, 15 had clinical signs
and in 3 cases clinical data were not available. Six of the cockatiels with
PsAdV-2 had feather damaging behaviour.

To gain insight in the evolutionary origin of parrot AdVs, sampled
species were grouped based on their continental origin (Table 4). Parrots
from Africa had the lowest percentage of positivity with only one Afri-
can grey parrot (1/32; 3.1%). Samples from hosts of South American (3/
24; 12.5%), Australian (35/188; 18.6%) as well as Asian origin (3/14;
21.4%) had higher level of positivity. The highest diversity of hosts was
revealed among Australian species: 7 species and 35 samples were
positive for AdVs. The cockatiel was the species most infected with AdVs
(17/52; 32.7%) and the only species infected with AdVs from all three
genera (Table 2).

4. Discussion

AdVs have been characterized by sequencing from Senegal parrot,
plum-headed parakeet (Psittacula cyanocephala), umbrella cockatoo
(Cacatua alba), budgerigar, cockatiel, eastern rosella, red-crowned par-
akeet (Cyanoramphus novaezelandiae), scarlet-chested parrot (Neophema
splendida), red-bellied parrot (Poicephalus rufiventris), blue-crowned
conure (Aratinga acuticaudata), mealy parrot (Amazona farinosa),
orange-bellied parrots (N. chrysogaster) and Bourke’s parrot (Neo-
psephotus bourkii) [14-16] (GenBank acc. MN687905). In the present
study, the presence of five AdVs was confirmed. An AdV prevalence rate
of 16.3% was observed among the Slovenian parrots, whereas a survey
of captive parrots in Australia (fresh droppings from 109 clinically
normal parrots and 9 with feather abnormalities) from 11 aviaries has
detected only 4 positives (3.4%, all in clinically normal parrots) [17].
The difference is most probably in the methodology: Hulbert et al. [17]
applied a hexon-gene-targeting PCR, with primers based on fowl AdVs
[12]. Thus, its target range is only the members of the genus Aviade-
novirus, most probably not even all of them.

PsAdV-2 was detected in 28 samples. This siadenovirus has been
described from plum-headed parakeet, umbrella (white) cockatoo,
budgerigar, cockatiel, eastern rosella and red-crowned parakeets,
orange-bellied, Bourke and scarlet-chested parrots, and recently from a
moribund African grey parrot [15,18-23]. We detected PsAdV-2 in 10
species (Alexandrine and rose-ringed parakeets; amazon, Australian
king and red-winged parrots; budgerigar, cockatiel, Cacatua sp., eastern
rosella, Neophema sp.) thus increasing the number of known hosts by five
new species (Alexandrine and rose-ringed parakeets; amazon, Australian
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Table 3
Description of the AdV positive birds.

AdV type Bird species Age at Clinical signs”
sampling
PsAdV-2 (siadenovirus) budgerigar 1 year cnemidocoptes
budgerigar 1 year none
2 budgerigars juvenile none
cockatiel 20 years apatia, cahexio,
tracheitis
cockatiel 19 years tumor gl. uropigealis
cockatiel 18 years vomiting, candidiasis
cockatiel 11 years limping,
hepatomegalia
cockatiel 10 years feather-picker
cockatiel 7 years egg overproduction
cockatiel 3 years feather-picker
2 cockatiels 1 year feather-pickers
2 cockatiels adult - feather-pickers
unknown
2 cockatiels adult - none
unknown
Alexandrine 1 year apatia, cahexio,
parakeet mites
red-winged 1 year none
parrot
Neophema sp. 1 year none
eastern rosella adult - none
unknown
Cacatua sp. 11 years feather-picker
2 Cacatua sp. adult - unknown
unknown
rose-ringed adult - none
parakeet unknown
amazon parrot 5 years sinusitis
amazon parrot 2 years unknown
Australian king ~ adult - none
parrot unknown
PsAdV-5 (siadenovirus) budgerigar 10 years none, lipoma
budgerigar 2 years none
(cnemidocoptes)
4 budgerigars 1 year none
budgerigar 1 year abn. feather growth
cockatiel 3 years none
cockatiel 1 year none
amazon parrot 11 years none, obesitas, beak
overgrowth
PsAdV-8 (Meyer’s parrot  African grey adult - sudden death
AdV-like parrot unknown (hepatitis)
aviadenovirus) cockatiel 3 years none
PsAdV-9 (atadenovirus) cockatiel adult - none
unknown
PsAdV-10 rose-ringed adult - none
(atadenovirus) parakeet unknown

# None — clinically healthy

king and red-winged parrots). PsAdV-2 was the predominant type in
Slovenia. It was detected in 10.8% of sampled parrots (28/258) and
represented 2/3 (66.7%) of the detected AdVs. The highest number of
PsAdV-2 detection was among cockatiels (13/52) despite more than
twice as many budgerigars (4/113) screened. Ballmann and Vidovszky
[15] had detected PsAdV-2 in 7/124 random samples (5.6%) of 21
species in Hungary neighbouring Slovenia (detected in 5 species: 3
budgerigars, a cockatiel, an eastern rosella, a scarlet-chested parrot and
a red-crowned parakeet). The higher prevalence in our study could be
due to differences in the sampling method. Ballmann and Vidovszky had
sampled living and dead animals (cloaca, internal organs), while only
cloacal swabs of living birds were studied by us and only from birds
presented for clinical examination. Some of those samples originated
from healthy breeder flocks just to widen the scale of the studied species.

PsAdV-5 (siadenovirus) was detected in budgerigars, cockatiels and
an amazon parrot species. The same type (99% nt identity on the partial
pol) has been detected already in Pacific parrotlet (Forpus coelestis) and
sun parakeet (syn. sun conure; Aratinga solstitialis) [24] (GenBank
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Table 4
The continental origin of parrots and the distribution of their AdV
contamination.

Continent of Bird species Number of positive/ No Detected AdV
origin of examined birds
Africa African grey 1/13 1/32 (3.1%)
parrot ¥ 1/258 (0.4%)
lovebird 0/18 T AdV 1/42
Senegal parrot 0/1 (2.4%)
Asia rose-ringed 2/12 3/14 (21.4%)
parakeet T 3/258 (1.2%)
Alexandrine 1/2 3 AdV 3/42
parakeet (7.1%)
Australia cockatiel 17/52 35/188
budgerigar 11/113 (18.6%)
cockatoo spp. 3/7 X 35/258
Australian king 1/1 (13.56%)
parrot T AdV 35/42
red-winged 1/1 (83.33%)
parrot
eastern rosella 1/2
Neophema spp. 1/3
Barraband’s 0/4
parrot
red-crown 0/2
parakeet
crimson rosella 0/1
eclectus parrot 0/1
rainbow lorikeet 0/1
South amazon parrot 3/9 3/24 (12.5%)
America Ara sp. 0/7 X 3/258
black-headed 0/3 (1.16%)
parrot 3 AdV 3/42
nanday parakeet 0/2 (7.14%)
sun parakeet 0/2

burrowing parrot  0/1

MK695679), but also from a cockatiel and budgerigars [11,25,26]. In
the latter cases, no sequence was obtained from the pol the typing was
hexon based. PsAdV-5, together with PsAdV-6 (from budgerigar and
rainbow lorikeet; Trichoglossus moluccanus), belong to the recently
established species Psittacine siadenovirus D [1] (https://ictv.global/-
filebrowser/download/7674). PsAdV-5 s were revealed from young to a
10-year-old budgerigar, kept alone without contact with other parrots. It
may have a low virulence to parrots since all the birds were clinically
healthy.

Only one aviadenovirus type was identified, the same type from a
cockatiel and an African grey parrot. The obtained nt sequence was
83.7% identical with that of the Meyer’s parrot AdV, while the aa
sequence showed 98.9% identity, i.e., one amino acid difference in the
partial DNA polymerase sequence [13]. Based on the high sequence
identity, these strains were preliminary classified into the same type. As
it was detected in three different psittacine host species already, it seems
to be logical to designate it as “psittacine” instead of referring only to the
first recognized host (proposed PsAdV-8). In the original case, a 23-day--
old Meyer’s parrot died suddenly with severe acute hepatocellular ne-
crosis. In our case, the African grey parrot died shortly after samples
were taken with 2-days lethargy, anorexia, crop stasis and biliverdi-
nuria. Clinical signs were similar to those described in the Meyer’s
parrot and an enlarged, pale liver was seen on necropsy. The PsAdV-8
positive cockatiel was 3-year-old and clinically healthy, purchased as
a young animal and had no contact with other parrots ever since. Based
on clinical examination, the virus had only minor pathogenic impact on
the cockatiel’s health status, if any. Wellehan et al. [13] described the
death of multiple parrots, which was observed 2 weeks after several new
cockatiels had been added to the Meyer’s parrot’s aviary. The African
grey parrot in our study originated also from a private collection of
multiple parrot species, including cockatiels. The cockatiel could serve
as an asymptomatic, healthy carrier of PsAdV-8, causing a spillover to
other birds and a fatal disease in naive parrot populations of other
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species.

We detected two novel atadenoviruses, one in cockatiel (designated
PsAdV-9) and one in rose-ringed parakeet (PsAdV-10) (Fig. 1). PsAdV-9
is very similar to the sulphur-crested cockatoo (Cacatua galerita) AdV
found in Australia [21]. Both Slovenian birds were clinically healthy
adults; but data on exact age was missing. To et al. [27] reported an
atadenovirus in southern mealy amazon (PsAdV-3 strain HKU1), the
viral load of which positively correlated to Chlamydophila psittaci load in
this parrot’s lung. The virus has been identified only in diseased parrots
with concurrent C. psittaci infection leading to speculation that PsAdV-3
may have caused immunosuppression among infected parrots and
consequently heavy infection with C. psittaci and a higher chance of
zoonotic transmission [27]. However, an opposite scenario is that the
C. psittaci caused immunosuppression and this led to the multiplication
of the otherwise not harmful PsAdVs. Further atadenoviruses have been
identified in long-billed corella (Cacatua tenuirostris) and the mentioned
sulphur-crested cockatoo in Australia [21], and white-eyed parakeet
(Psittacara leucophthalmus) in Brazil [28] (Fig. 1).

Prevalence data of AdVs in parrot species depending on their conti-
nental origin showed the lowest percentage of AdV positivity in African
parrots (3.1%; only a single bird, an African grey parrot, was found to be
infected), while higher percentage was detected in South American
(12.5%), Australian (18.6%) and Asian (21.4%) species (Table 4).
However, the last value originates from only three birds (rose-ringed
and Alexandrine parakeets). In South American psittacines, a single
(amazon parrot) species proved positive among six. Diversity of parrots
is the greatest on the Australian continent. Australian species were
represented with the highest number (12), the most individuals sampled
(188) and the highest number of positive species (7). The highest posi-
tivity rate was observed also in an Australian species (cockatiel, 32.7%)
the only species in which representatives from all three genera of avian
AdVs were found. It is hypothesized that siadenoviruses co-evolved with
Australian parrots since some time and switched to hosts originating
from other continents relatively recently. Especially, PsAdV-2 and
PsAdV-5 partial sequences from different bird species are highly similar,
respectively, reflecting a short time for divergence in the new host.
Cockatiels were more often recorded with non-fatal diseases and could
serve as asymptomatic carriers for different types besides PsAdV-8
(Fig. 2).

AdV can cause hepatic disorders, haemorrhagic enteritis, yellowish
urine and faeces, weight loss, ruffled feathers, signs of respiratory dis-
eases or sudden death [25,29,30]. Due to the diversity of clinical signs
and AdV types, no exact correlation among types and specific patho-
logical conditions has been determined. At the first detection of PsAdV-2
in diseased plum-headed parakeet and umbrella cockatoo [18], it was
supposed to be the cause of mortality in both. The crossing of species
barrier also suggests an enhanced pathogenicity. In our study, a corre-
lation seems to exist between PsAdV-2 positivity and feather damaging
behaviour in cockatiels. Feather damaging behaviour in parrots is
around 10% [31] and is particularly common in the African grey parrot,
cockatoos and eclectus parrot [32]. Cockatiel seems less affected: 7.6%
in the Italian population [33]. Causes of this behavioural problem
include socio-environmental, neurobiological, genetic and medical ori-
gins. Since liver is one of the organs most affected by AdVs and hepatic
diseases are one of the possible causes of feather damaging behaviour
[32], connection may be presumed. But feather damaging behaviour
also cause immunosuppression with chronically elevated corticosterone
levels [34] enabling PsAdV-2 replication.

A lipometabolic disorder, disseminated xanthogranulomatosis,
appearing simultaneously in several internal organs, has been recently
described in red-crowned parakeet and a possible association with a
concurrent PsAdV-2 infection [35]. AdV infections that trigger lip-
ometabolic diseases (obesity) have been supposed in humans and
chickens thus a similar effect in the PsAdV-2 infected different psitta-
cines should be monitored in the future.

Recently, fulminant hepatitis cases were reported from children
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I: KF031569 Gouldian finch Hungary, USA, Australia
MN380549 zebrafinch-1 Germany

MF 175120 Humboldt penguin 12009 Peru
‘,4j}0(5555531 pigeon-4 Hungary, Australia

EU056825 psittacine-2 (plum-headed parakeet, umbrella cockatoo, budgerigar, cockatiel, >dozen species) USA, Hungary, Slovenia
MN380556 Eurasian blackcap Germany, Hungary
_|: MF175119 Humboldt penguin 12034 Peru
MF175118 Humboldt penguin 12003 Peru
—: MN238632 barn owl Australia
KP144329 chinstrap penguin-2, gentoo penguin-4 Antarctica
KX555532 pigeon-5 Hungary
EU715130 raptor-1 (Harris hawk, Indian eagle-owl, Verreaux's eagle-owl) UK
HM585353 South Polar skua-1 Antarctica
AC_000016 turkey-3 worldwide
MN380549 zebrafinch-2, double-barred finch Germany, long-tailed finch-1 Australia
FJ849795 great tit-1 Hungary, Germany

MK695679 psittacine-5 (Pacific parrotlet, sun parakeet) Australia, (budgerigar 129AM) Slovenia, Ps-6 (budgerigar BrdKdnyDNA) AU
MK227353 psittacine-7 (little corella) Australia

_|——MN238653 spotted pardalote Australia

Siadenovirus

MN238654 superb fairywren Australia
MG736957 chimney swift USA 7

—|:MK413651 long-tailed finch-2 Australia

MN380538 vitelline-masked weaver Germany

MT674683 eastern spinebill (passerine-1) Australia
{ MN238667 white plumed honeyeater-1 Australia
0K058274 psittacine-10 (rose-ringed parakeet 22AM) Slovenia

MN238656 long-billed corella Australia
4‘_BAN238655 sulphur-crested cockatoo Australia
OK058273 psittacine-9 (cockatiel AL87) Slovenia
|: KJ675568 psittacine-3 (southern mealy amazon) Hong Kong
MN025529 white-eyed parakeet-1 Brazil

MN540447 tropical screech owl-1 Brazil
MN380552 European robin Germany

AC_000004 duck-1 (chicken, waterfowl) worldwide
MN380560 Eurasian siskin Germany
—— LC469780 crane-1 Japan -
MN380547 great tit-4 Germany

MN380554 greenfinch Germany

MN380553 goldfinch Germany, Australia

MN380540 vitelline masked weaver Germany
MN153802 white-eyed parakeet-2 Brazil

MN238650 eastern yellow robin Australia
KX121164 pigeon-2 Hungary, Germany
FN824512 pigeon-1 Austria, Hungary, Australia
KX555530 pigeon-3 Hungary

Atadenovirus

MN540448 smooth-billed ani Brazil
MF175116 Humboldt penguin 13100 Peru
KC309438 gull-1 (European herring gull) Netherlands
MF175115 Humboldt penguin 12044 Peru
LC536616 tropical screech owl-2 Japan
AC_000014 fowl-1 worldwide
KF477313 turkey-5 UK
GU188428 fowl-4 worldwide
KC493646 fowl-5 worldwide
AC_000013 fowl-2, -3, -9, -11 worldwide
KT862808 fowl-6, -7, -8a, -8b worldwide
KF477312 turkey-4 Northern Ireland
GU936707 turkey-1 Hungary
KJ469653 duck-2, -3 (Muscovy duck) France, China
_|——.JF510462 goose-4, -5 Hungary
OKO058272 psittacine-8 (African grey parrot, cockatiel) (AL32) Slovenia
AY644731 psittacine-8 (Meyer's parrot) USA
MH580295 psittacine-1 (Senegal parrot) Italy, Germany
KX577802 psittacine-4 (red-bellied parrot) Australia

Aviadenovirus

0.10
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Fig. 1. Distance matrix analysis of par-
tial DNA polymerase sequences of avian
adenoviruses. ProtDist with Categories
model, Fitch with global rearrange-
ments, non-routed calculation. Psitta-
cine adenoviruses recovered by the
present work from Slovenian samples
are shown by red letters followed by the
strain identifier. Psittacine adenoviruses
described in other countries are shown
by blue letters followed by the country
of origin of the sample. The three genera
containing bird adenoviruses are shown.
Branch lengths measured in the number
of substitutions per site.
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MT920475 white cockatoo ® ® ® ® @
MN481404 yellow-collared lovebird @
KM611470 green-rumped parrotlet @
100 - JQ782214 blue-crowned parakeet @
JX441869 sun-parakeet @
—— MT433093 plum-headed parakeet @
%9 KF444466 white-eyed parakeet @ @
MK343134 Alexandrine parakeet @

100

91 100

o

MK749396 Senegal parrot @

MW?755301 rainbow lorikeet @ @
98 — KM611469 eclectus parrot @
MNO065674 rose-ringed parakeet @

797‘ EF450826 budgerigar ® ® ® ®
92

0.01

under 5 years of age, and an association with human AdV and adeno-
associated virus 2 was hypothesized [36]. It would be useful to study
a similar possibility in psittacine birds, first by recovering psittacine
dependoviruses either by consensus PCR or by phi29 enzyme from the
sick birds.

5. Conclusions

Two novel atadenoviruses were found in psittacine birds kept in
Slovenia, and a variant of Meyer’s parrot adenovirus (an aviadenovirus).
Two earlier described siadenoviruses were found in 13 different psitta-
cine species. Psittacine adenoviruses proved capable of easily crossing
the species barrier, which is an uncommon phenomenon among the
adenoviruses. The psittacine adenoviruses may be responsible for
several diseases in parrots including feather damaging behaviour and
mortality.
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