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Parrots are susceptible to the viral infection known as Beak and Feather Disease of the
Psittacine (PBFD). The causative virus belongs to the Circoviridae family under taxonomic
genus Circovirus. In the province of Nineveh, no previous research has found Circovirus in
parrots. Therefore, the purpose of this investigation was to ascertain whether the virus is
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blade shattering from its follicles, and the cytological and histological diagnosis showed the

presence mixed cell inflammation and cytoplasmic inclusion bodies with atrophy of the
Correspondence: feather follicles with necrosis and degeneration in the liver cells. Circovirus was detected
AA. Alhially by PCR with 717 bp. Targeting VP1 capsid genes from 20 positive samples were sequenced

and documented in the GenBank-NCBI under accession numbers of 0Q925390 and
0Q925391. The phylogenetic tree diagram reveals that the sequences of the VP1 capsid
gene has identical to 100% genetic match with the strains utilized Poland and Brazil fixed
in the Gen Bank.
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Introduction

Psittacine beak and feather disease (PBFD), a viral
disease, affects all parrots from the Old World and the New
World (1). Etiological agent, is a taxonomic member of the
Circoviridae family that affects chicken, pigeons, and other
birds in addition to poultry (2). which causes PBFD has a
genomic size of between 1992 and 2018 nucleotides. It has a
diameter of 14-16 nm and is a circular or icosahedral single-
stranded DNA virus (3,4). The BFDV is currently assumed
relating to the Circoviridae family. Identical to circoviruses
The BFDV virus is protected by an icosahedral, spherical,
non-enveloped virion with a tiny, circular single-stranded
DNA (ssDNA) genome that is approximately 2.0 kb in size
(5-7). In order to access the host cell's transcriptional
machinery, BFDV targets the nucleus (8,9). There are
numerous tissues known to be BFDV replication sites,
including the epidermis, liver, gastrointestinal tract, and
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bursa of Fabricius (10,11). Despite the fact that the BFDV
capsid antigen is present in the spleen, thymus, thyroid,
parathyroid, and bone marrow (12). Since Circo virus has
existed in Australasia for at least 10 million years, it is the
major viral infection of Psittaciformes there (13), and
Australia has a reputation for being the virus's most likely
source (14). Currently, the BFDV has been identified in over
78 psittacine bird species throughout the world, including
around 25 non-psittacine bird species, as well as no less than
38 of the 50 native parrot species of Australia, within
captivity and in the wild (15,16). BFDV is unlikely to be
transmitted vertically, despite the fact that the importance of
the vertical spread of the avian circovirus has been debatably
discussed in the literature, as viral DNA may be found in
chicken embryos from infected birds (17). The illness
manifests as an immunological syndrome with symmetrical,
permanent both beak and claw loss and feather loss
malformations, ultimately resulting in death (18). Per
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acutely, varying from rapid mortality, especially in newborns
(19), refers to a short-lived stage in nestlings and fledglings
marked by feather dystrophy, diarrhea, weakness, and
despair that ultimately results in death within 1-2 weeks (20).
The lack of immunity brought on by a PBFD viral infection
typically results in secondary viral, fungal, bacterial, or
parasitic diseases (21,22). The majority of other clinical
signs and symptoms, such as PBFD viral infections are not
necessarily the cause of increased white blood cell counts,
which are caused by secondary infections (23).
Histopathology can be used to examine basophilic
intranuclear and intracytoplasmic inclusion bodies to
diagnose PBFDV infection, however viral DNA detection is
required for a definitive diagnosis (24).

This study aimed to determine the disease prevalence,
symptoms, cytological, histopathological changes and to
identify the genetic makeup and pattern of the virus that
causes the circus infection in parrot birds in the Iraqi city of
Mosul.

Materials and methods

Ethical approve

The study was conducted in accordance with the
Declaration of Helsinki, and the protocol was approved by
the Ethics Committee of College of Veterinary Medicine at
University of Mosul in ethical approval code
UM.VET.2021.068 in 3/10/2021.

Study birds of parrot

A forty-two psittacine transferred to a laboratory for
poultry diseases in the Veterinary Teaching Hospital belong
to College of Veterinary Medicine, University of Mosul.
This study was conducted between November 2021 and
November 2022 with a variety of clinical manifestation
based on parrot health condition.

Clinical examination

The parrot birds were clinically examined and the
morbidity rate has been determined according to the
following formula
Morbidity rate = infected parrot/total*100.

Sample collection

After euthanasia of infected Parrot, the swab was been
taken from root of feather, skin, bursa of Fabricia and liver,
in order to prepare for histopathology examined (25), then
swabs were taken from the roots of the feathers and prints

from the liver, and they were prepared for staining with May-
Grunwald Giemsa stain (26). Finally partial pulp of feather
kept samples were immediately frozen at -20°C for further
molecular assessment.

Viral DNA extraction

Viral DNA was extracted using Add Bio's (Korea)
AddPrep Viral Nucleic Acid Extraction Kit in accordance
with the manufacturer's instructions.to take samples of
feathers and extract the DNA of the beak and feather disease
virus. Affected feather samples weighing 20 mg were broken
up into little pieces and put in a 1.5 ml microcentrifuge tube.
Next, 250 pl of nuclease-free water was added, ground using
a special pestle for 15 seconds, and then the tube was
centrifuged at 13,000 rpm for 30 seconds. After that, 350 ul
of Lysis Solution and 200 ul of the supernatant were
combined, and 3.5 pl of -mercaptoethanol was added. The
mixture was then thoroughly mixed by pulse vortexing for
15 seconds. The lysate was then mixed well by pulse
vortexing for 15 seconds with 150 ul of isopropanol added.
The flow-through was once more discarded, and 500 pl of
Washing 2 Solution was added to the spin column before
centrifuging it for 1 minute at 13,000 rpm. The spin column
was thereafter transferred to the fresh 1.5 ml micro-
centrifuge tube, 100 pl of Elution Solution was then added,
and the mixture was allowed to sit for at least one minute.
Centrifugation at 13,000 rpm for one minute was employed
to elute the viral nucleic acid, which was then kept at -20°C
until use.

Polymerase chain reaction

Polymerase chain reaction was performed using specific
primers as in table 1 (27). The primers were obtained from
(Macrogen Co, Korea). The VVP1 capsid gene was amplified
using PCR. Amplification was performed under the
following circumstances utilizing a Bio-Rad thermocycler
(Bio-Rad, USA): one cycle lasting 10 minutes at 95°C,
followed by 35 cycles at 95°C for 45 seconds, 60°C for 45
seconds, and 72°C for 45 seconds. A 20- pl PCR reaction
containing 2 pl of DNA and 10 | of master mix (2x conc.,
AddBio Inc., South Korea) were used in the reaction. The
last extension was then programmed for a cycle at 72°C for
7 minutes. Before The processes were cooled to 4°C before
gel electrophoresis could start. The amplified products were
verified in a 1.5% agarose gel prepared with 1x Tris-borate-
EDTA buffer and colored with a secure red DNA coloring
solution (GeNetBio, South Korea).

Table 1: Primer sequences utilized for amplification of beak and feather disease virus

Primer Name Primer Sequence 5° - 3’ Size (bp) Reference
BFDV-F AACCCTACAGACGGCGAG 717 97
BFDV-R GTCACAGTCCTCCTTGTACC

174
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The PCR reaction mixtures were prepared using HS
Prime Tag Premix (2X) (AddBio, Korea). The PCR was
carried out using a thermal cycler (T100 BioRad, USA). The
PCR cocktail mixes were made in 20 | comprising a final
concentration of 1X Taq Master Mix, 1 M of each primer,
and 2 | of DNA template (2 ng/l). The cycling conditions
including temperature and time required 35 cycles of
polymerase activation for 10 minutes at 95°C, followed by
45 seconds of denature at 60°C, one minute of extension at
72°C, and a final five minutes of extension at 72°C.

Electrophoresis of agarose gels and documentation

Electrophoresis in divide the amplified products, 1.5%
agarose gel electrophoresis was used and assess the quality
of the recovered DNA. Each PCR result was placed into the
agarose gel's well in a volume of 5 I. The electrophoresis was
performed using an electrophoresis tank from BioRad in the
United States that contained 1X TBE buffer and a power
source from MP 300V for 1 hour at 80 V. The standard
molecular weight marker was a 5 pl (AddBio, Korea) 100 bp
DNA marker.

Results

Clinical examination

The clinical examination show only 20 from 42 psittacine
infected at morbidity rate 47% exhibit clinical signs which
are PBFD loss of appetite, dehydration, depression,
cachexia, dystrophic of primary and secondary feather,
infected psittacine bird revealed zonal red discoloration
contour feather in African grey parrot (Figure 1), parrot of
budgerigar bird showed diffuse abnormal feather
development with abnormal development and delamination
of beak as well as loss of feather in wing, breast and flank
(Figure 2). The main pathological lesions of diseases were
classified according to the age and descriptions in (Table 2).

Cytological assay

Cytological examination of feather pulp revealed
presence of mixed cell inflammation, aseptic cell
inflammation  with inclusion bodies of botryoid

Intracytoplasmic inclusion body (Figures 3 and 4) from liver
impression the cytological examination shows presence of
mixed inflammation, heterophilic inflammation with
inclusion bodies (Figures 5 and 6).

The microscopic examination of cytological responses
can classify as depending on posture in noted that most of
the samples collected from parrot birds were found in a state
of condition mixed cell inflammation ten cases, four cases of
inflammation of lymphoplasmocytic inflammation, also
aseptic inflammation (Table 3).
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Figure 1: African grey parrot (Psittacus erithacus) zonal red
discoloration contour feather that is typically of PBFD (red
arrow).

Figure 2: Budgriger bird (Melopsittacus undalatus) showed
symmetric feather dystrophy and loss in wing, breast and
flank feather (black arrow).
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Table 2: Categories of pathological lesions of feather and ages of parrot

Age Number infected Types of lesion description in feather Morbidity
3 months 5 Annular constriction base of feather dysplasia with hemorrhage, pulpitis 25%
6 months 3 Severe dystrophy of wing, flank feather 15%
9 months 10 Pulpitis with feather destructive, hyperkeratotic sheaths 50%
1-1.5 year 2 Thick black pin feather on pectoral area, pulp hemorrhage 10%
3 ! 5 2 | histopathological changes occurred from infection PBFD
., 7 < especially of skin revealed intracytoplasmic botryoid
y = L, inclusion bodies, epidermal collar necrosis (Figures 8 and 9)
" K = o the liver showed necrosis, acute hemolysis with presence of
. g - intracytoplasmic botryoid inclusion bodies (Figure 10).
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Figure 3: Feather pulp swap of budgriger bird (Melopsittacus &> ¢
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Figure 4: Feather pulp swap of budgriger bird (Melopsittacus

undalatus) showed mixed cell inflammation (red arrow) with
inclusion bodies (black arrow). (MGG,1000X).
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Histopathology

The histopathological examination of PBFD samples in
Budgerigar birds revealed small follicles with severe
lymphocyte depletion and cluster of cell contain large
botryoid inclusion bodies in bursa of Fabricia (Figure 7), the
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Figure 5: Liver impression of budgriger bird (Melopsittacus
undalatus) showed mixed cell inflammation (red arrow) with
inclusion bodies (black arrow). (MGG,1000X).
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Figure 6: Liver impression of budgriger bird (Melopsittacus
undalatus) showed aseptic cell inflammation (black arrow)
with inclusion bodies (red arrow). (MGG,1000X).
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Table 3: Categories of cytological responses

Sample no. Inflammatory posture Cytological diagnosis
50 =heterophil with degenerative Septic inflammation
4 Phagocyte by leukocyte with most bacteria called Variable amount of keratinous debris
phagosomes . L
. Lymphoid hematopoietic tissue
Squamous cell hyperplasia
Mixed cell inflammation
. Intracytoplasmic inclusion bodies
0,
10 S ua5n30/t); ::)éwahogtelai?g ;r?éerrr?gtzlllasia Keratinous debris
a yperp P Large number of uniform squamous epithelial cell
Keratinized squamous epithelium
>80% phagocytosis cellular with degenerative of Heterophilic inflammation
2 heterophil Intracytoplasmic inclusion bodies
Squamous cell hyperplasia Keratinized squamous epithelium
. Lymphoplasmacytic inflammation
0,
50%> multinucleated cell, macr(_)phage, lymphocyte Intracytoplasmic inclusion bodies
4 and heterophil

Squamous cell hyperplasia and metaplasia

Hyperplastic squamous epithelial cell
Variable number of granulocytes

Figure 7: Bursa of Fabricia of budgerigar bird (Melopsittacus
undalatus) with PBFD showed small follicle atrophied and
lymphocyte depletion (red arrow), a cluster of cells contain
large batryoid inclusion with macrophage (black arrow) (H&
E.,10X).

Molecular analysis of PBFDv

PCR analysis reveal only 10 samples from 20 parrot
forms are positive result for virus in 2 cases of African grey,
one case of parakeet and seven of budgerigar bird for
detection of viral nucleic acid in feather and blood. The
diagnosed positive cases derived from psittacine forms to
diagnosed PBFDv. The analysis of the gel revealed the
presence of amplicons with a size of 717 bp (Figure 11).

DNA sequencing and sequencing of PBFDV
Phylogenic analysis of 2 positive samples based on VP1
capsid gene showed that the local under the accession
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numbers of 0Q925390 and 0Q925391 reported a close-
relationship to NCBI-BLAST by 100 % in strain VVP1 capsid
gene MW917239, ON502956, OL362209, MN175611 and
MW174168 of Brazil strains, other close-relationship by
99% in strain MW917240 and by 97 % in strain ON502953
of Brazil strain. Which are in Poland also reported a close-
relationship to NCBI-BLAST by 100 % in strain VVP1 capsid
gene JX221023, JX221022, JX221005, JX221017 and
JX221020 strains (Figure 12).

Figure 8: Feather follicle budgerigar bird (Melopsittacus
undalatus) with PBFD showed epidermal collar necrosis
leading to constriction of feather shaft severe of intra
cytoplasmic botryoid inclusion (red arrow) (H& E.,40X).
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Figure 9: Feather follicle budgerigar bird (Melopsittacus
undalatus) with PBFD showed epidermal collar necrosis of
pulp cavity with numerous Basophilic globular severe of
intra cytoplasmic botryoid inclusion bodies (red arrow) (H&
E.,40X).

Figure 10: Liver from budgerigar bird (Melopsittacus
undalatus) with PBFD showed small focal area of
hepatocyte degeneration and necrosis, acute hemolysis, with
presence of intracytoplasmic botryoid inclusion bodies (red
arrow) (H& E.,40X).
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Figure 11: Beak and feather sickness viral polymerase chain
reaction. DNA ladder of 100 bp, Lane M. The samples in
lanes 1 through 10 are good. Positive control in lane 11.
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Figure 12: Phylogenetic tree of virus of beak and feather
disease in Iragq (*). In MEGA11 software, the maximum
likelihood technique based on the Tamura-Nei model and
bootstrap analysis with 1000 resampling were used to create
the phylogenic tree. As input data, incomplete fusion protein
gene sequences with concatenated ends were employed,
Gene bank accession numbers 0Q925390 and 0Q925391,
host of Budgerigar in Iraq and world.

Discussion

The circovirus is most common viral disease in chicken,
pigeon (28,29) and also very dangerous in other species of
bird specially parrot (30,31). In this study infected of
circovirus in parrot reveal of high morbidity in age of 9
month of age and 6-month age than in 3 month and one year
which was observed from pests on the wings zonal red
discoloration, symmetric feather dystrophy, pulpitis with
feather destructive hyperkeratonics heaths (32-34).

Where found from this study in the cytological diagnosis
of circovirus of the presence and observation of having a lot
of samples mixes cell inflammation It is one of the
indications of chronic infection from the virus with the
distinctive sign of presence of intracytoplasmic inclusion
bodies with keratinized squamous epithelium, This is in
addition to being of lymphoplasmacytic inflammation which
reveal Which indicates chronic infection of old age with the
circovirus and it's all related to research (35,36). In this
study, the pathological characteristics of the circovirus in
microscopic diagnosis were found marked follicle atrophied
of bursa of Fabricia, cluster of inclusion bodies with
hepatocyte degeneration and necrosis, in addition to severe
necrosis of epidermal to constriction of feather, pulp cavity
and presence of large botryoid inclusion bodies, this was
confirmed by Al-Noayme and Vucicevic (37,38).

There must be focus when founding of intracytoplasmic
botryoid inclusions bodies suggest of PBFDv which
epitheliotropic infections and follicles as well as with bursa
of Fabricia and hepatocyte, that is reported as authors
Vucicevic and Cunningham (38,39). In addition to cytology
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and histopathology, the PCR technique was used to obtain
DNA from 20 positive samples of feather pulp for the
investigation of the nucleotide sequence and phylogeny of
PBFDv. in which indicated in other authors Cunningham and
Julian (39,40). That is the first description in this study
isolated of circovirus in parrot in Iraq from budgerigar with
sequencing tree and recorded in Gen bank accession number
of two strain 0Q925390 and 0Q925391, these two strains
are similar to countries such as Brazil and Poland (40,41).
Absence of regulation the mandatory quarantine on import
of parrot from countries that are not free from circovirus in
parrot (42) because the dissemination and accelerated
genetic diversification playing role in the pathological spread
of strains among the countries of the world (43). There were
specific bands may be due to binding of universal primer set
targeting in Poland and Brazil (41,44). There are many
factors that influence of circovirus diseases in parrot and
mutation such as severe breeding of parrot, wild birds and
trade international in exotic parrot (45).

Another interesting in this research not only for
investigation or present of PBFDv but also indicated The
effect of trade markets and interfaces of PBFDv spreading in
Mosul between population city (46,47),therefore we need
further studies with large number of psittacine forms in other
species in different geographical regions to elaborate hosts
and the incidence risk infections of PBFDv in Iraq because
absence of regulate quarantine for import and exchange of
pet birds all species from nearly countries that are present of
PBFDv (48,49).

Conclusion

The disease was identified in this study for the first time
in Nineveh, Iraq, by the characteristic pathological changes
in the histological section and the signs that appear in the
feathers. Several bodily organs, in particular the Fabricia
bursa and the roots of the feathers, include botryoid inclusion
bodies. Two novel strains were discovered for the first time
in Nineveh, Iraqg, and a strong correlation was found between
them and strains from Poland and Brazil. Budgerigar parrot
infection rates were also high, and other parrot species were
widely affected.

Acknowledgment

Mosul University's College of Veterinary Medicine and
Veterinary Teaching Hospital are gratefully acknowledged
by the author for their assistance in enhancing the caliber of
this research.

Conflict of interest
The content of this research study was not improperly

influenced by the author's personal or financial relationships
with any individuals or organizations.

179

References

10.

11.

12.

13.

14.

15.

16.

17.

Raidal SR, Sarker S, Peters A. Review of psittacine beak and feather
disease and its effect on Australian endangered species. Aust Vet J.
2015;93(12):466-70. DOI: 10.1111/avj.12388

Al-Baroodi SY, Al-Attar MY. Isolation and identification of Circovirus
in pigeon. Iragi J Vet Sci. 2021;35(1):207-10. DOI:
10.33899/ijvs.2020.126706.1364

Fogell DJ, Martin RO, Groombridge JJ. Beak and feather disease virus
in wild and captive parrots: an analysis of geographic and taxonomic
distribution and methodological trends. Arch Virol. 2016;161:2059-74.
DOI: 10.1007/s00705-016-2871-2

Raidal SR, Peters A. Psittacine beak and feather disease: Ecology and
implications for conservation. Emu-Austral Ornithol. 2018;118(1):80-
93. DOI: 10.1080/01584197.2017.1387029

Raidal SR, Sarker S, Peters A. Review of psittacine beak and feather
disease and its effect on Australian endangered species. Aust Vet J.
2015;93(12):466-70. DOI: 10.1111/avj.12388

Martens JM, Stokes HS, Berg ML, Walder K, Bennett AT. Seasonal
fluctuation of beak and feather disease virus (BFDV) infection in wild
Crimson Rosellas (Platycercus elegans). Sci Rep. 2020;10(1):7894.
DOI: 10.1038/s41598-020-64631-y

Martens JM, Stokes HS, Eastwood JR, Raidal SR, Peters A, Berg ML,
Walder K, Magrath MJ, Bennett AT. Persistence of beak and feather
disease virus (BFDV) infection in wild Crimson Rosellas (Platycercus
elegans). Emu-Austral ~ Ornithol.  2019;119(4):402-6.  DOI:
10.1080/01584197.2019.1640069

Sarker S, Lloyd C, Forwood J, Raidal SR. Forensic genetic evidence of
beak and feather disease virus infection in a powerful Owl, Ninox
strenua. Emu-Austral ~ Ornithol.  2015;116(1):71-4. DOl:
10.1071/MU15063

Amery-Gale J, Marenda MS, Owens J, Eden PA, Browning GF, Devlin
JM. A high prevalence of beak and feather disease virus in non-
psittacine Australian birds. J Med Microbiol. 2017;66(7):1005-13.
DOI: 10.1099/jmm.0.000516

Raidal SR, Peters A. Psittacine beak and feather disease: Ecology and
implications for conservation. Emu-Austral Ornithol. 2018;118(1):80-
93. DOI: 10.1080/01584197.2017.1387029

Das S, Sarker S, Ghorashi SA, Forwood JK, Raidal SR. A comparison
of PCR assays for beak and feather disease virus and high resolution
melt (HRM) curve analysis of replicase associated protein and capsid
genes. J Virol Methods. 2016;1;237:47-57. DOl:
10.1016/j.jviromet.2016.08.015

Sarker S, Forwood JK, Raidal SR. Beak and feather disease virus:
Biology and resultant disease. Wiki J Sci. 2020;3(1):1-5. DOI:
10.15347/wjs/2020.007

Eastwood JR, Berg ML, Ribot RF, Raidal SR, Buchanan KL, Walder
KR, Bennett AT. Phylogenetic analysis of beak and feather disease
virus across a host ring-species complex. Proc Nat Acad Sci.
2014;111(39):14153-8. DOI: 10.1073/pnas.1403255111

Fogell DJ, Martin RO, Groombridge JJ. Beak and feather disease virus
in wild and captive parrots: An analysis of geographic and taxonomic
distribution and methodological trends. Arch Virol. 2016;161(8):2059-
74. DOI: 10.1007/s00705-016-2871-2

Sarker S, Ghorashi SA, Forwood JK, Bent SJ, Peters A, Raidal SR.
Phylogeny of beak and feather disease virus in cockatoos demonstrates
host generalism and multiple-variant infections within Psittaciformes.
Virol. 2014;1;460:72-82. DOI: 10.1016/j.virol.2014.04.021

Sarker S, Ghorashi SA, Forwood JK, Raidal SR. Rapid genotyping of
beak and feather disease virus using high-resolution DNA melt curve
analysis. J Virol Methods. 2014;208:47-55. DOl:
10.1016/j.virol.2014.04.021

Sanchez-Godoy F, Estrada-Arzate D, Torres-Torres AA, Chavez-Maya
F, Lima-Melo A, Garcia-Espinosa G. First report of psittacine beak and
feather disease in imported budgerigar (Melopsittacus undulatus)
chicks in Mexico. Braz J Vet Pathol. 2020;13(2):549-54. DOI:
10.24070/bjvp.1983-0246.v13i2p549-554



https://doi.org/10.1111/avj.12388
https://doi.org/10.33899/ijvs.2020.126706.1364
https://doi.org/10.1007/s00705-016-2871-2
https://doi.org/10.1080/01584197.2017.1387029
https://doi.org/10.1111/avj.12388
https://doi.org/10.1038/s41598-020-64631-y
https://doi.org/10.1080/01584197.2019.1640069
https://doi.org/10.1071/mu15063
https://doi.org/10.1099/jmm.0.000516
https://doi.org/10.1080/01584197.2017.1387029
10.1016/j.jviromet.2016.08.015
https://doi.org/10.15347/wjs/2020.007
https://doi.org/10.1073/pnas.1403255111
https://doi.org/10.1007/s00705-016-2871-2
https://doi.org/10.1016/j.virol.2014.04.021
file:///C:/Users/Saevan/Downloads/doi.org/10.1016/j.virol.2014.04.021
https://doi.org/10.24070/bjvp.1983-0246.v13i2p549-554

19.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

Iraqgi Journal of Veterinary Sciences, Vol. 38, No. 1, 2024 (173-181)

Regnard GL, Boyes RS, Martin RO, Hitzeroth Il, Rybicki EP. Beak
and feather disease viruses circulating in Cape parrots (Poicepahlus
robustus) in south Africa. Arch Virol. 2015;160(1):47-54. DOI:
10.1007/s00705-014-2226-9

Raidal SR, McElnea CL, Cross GM. Seroprevalence of psittacine beak
and feather disease in wild psittacine birds in New South Wales. Aust
Vet J. 1993;70(4):137-9. DOI: 10.1111/j.1751-0813.1993.th06105.x
Ritchie BW, Niagro FD, Latimer KS, Lukert PD, Steffens 111 WL,
Rakich PM, Pritchard N. Ultrastructural, protein composition, and
antigenic comparison of psittacine beak and feather disease virus
purified from four genera of psittacine birds. J Wildl Dis.
1990;26(2):196-203. DOI: 10.7589/0090-3558-26.2.196

Padzil F, Mariatulgabtiah AR, Tan WS, Ho KL, Isa NM, Lau HY, Abu
J, Chuang KP. Loop-mediated isothermal amplification (LAMP) as a
promising point-of-care diagnostic strategy in avian virus research.
Animals. 2022;12(1):76. DOI: 10.3390/ani12010076

Bassami MR, Ypelaar I, Berryman D, Wilcox GE, Raidal SR. Genetic
diversity of beak and feather disease virus detected in psittacine species
in Australia. Virol. 2001;279(2):392-400. DOI:
10.1006/vir0.2000.0847

Doneley RJ. Acute beak and feather disease in juvenile African grey
parrots-an uncommon presentation of a common disease. Aust Vet J.
2003;81(4):206-7. DOI: 10.1111/j.1751-0813.2003.tb11472.x
Kondiah K. Establishment of serological and molecular techiques to
investigate diversity of psittacine beak and feather disease virus in
different psittacine birds in south Africa [Ph.D. dissertation]. South
Africa: University of the Free State; 2004. [available at

Al-Mahmood SS, Khalil KW, Edreesi AR. Histopathology and
immunohistochemistry of tumors in animals attending veterinary
teaching hospital. Iragi J Vet Sci. 2022;36(2):309-14. DOI:
10.33899/ijvs.2021.130114.1733

Al-Noayme ZA, Al-Alhially AA. A cytopathological study of the role
of liver impression as a diagnostic tool in pigeons. Iragi J Vet Sci.
2021;35(3):555-60. DOI: 10.33899/ijvs.2020.127170.1477

Ypelaar I, Bassami MR, Wilcox GE, Raidal SR. A universal
polymerase chain reaction for the detection of psittacine beak and
feather disease virus. Vet Microbiol. 1999;68(1-2):141-8. DOI:
10.1016/S0378-1135(99)00070-X

Breitbart M, Delwart E, Rosario K, Segalés J, Varsani A, Consortium
IR. ICTV virus taxonomy profile: Circoviridae. J Gen Virol.
2017;98(8):1997. DOI: 10.1099/jgv.0.000871

Peters A, Patterson El, Baker BG, Holdsworth M, Sarker S, Ghorashi
SA, Raidal SR. Evidence of psittacine beak and feather disease virus
spillover into wild critically endangered orange-bellied parrots
(Neophema chrysogaster). J Wildl Dis. 2014;50(2):288-96. DOI:
10.7589/2013-05-121

Sanchez-Godoy F, Estrada-Arzate D, Torres-Torres AA, Chavez-Maya
F, Lima-Melo A, Garcia-Espinosa G. First report of psittacine beak and
feather disease in imported budgerigar (Melopsittacus undulatus)
chicks in Mexico. Braz J Vet Pathol. 2020;13(2):549-54. DOI:
10.24070/bjvp.1983-0246.v13i2p549-554

Amery-Gale J, Marenda MS, Owens J, Eden PA, Browning GF, Devlin
JM. A high prevalence of beak and feather disease virus in non-
psittacine Australian birds. J Med Microbiol. 2017;66(7):1005-13.
DOI: 10.1099/jmm.0.000516

Nath BK, Das S, Roby JA, Sarker S, Lugue D, Raidal SR, Forwood JK.
Structural perspectives of beak and feather disease virus and porcine
circovirus proteins.  Viral Immunol. 2021;34(1):49-59. DOI:
10.1089/vim.2020.0097

Palinski R, Pifieyro P, Shang P, Yuan F, Guo R, Fang Y, Byers E, Hause
BM. A novel porcine circovirus distantly related to known circoviruses
is associated with porcine dermatitis and nephropathy syndrome and
reproductive  failure. J  Virol. 2017;91(1):e01879-16. DOI:
10.1128/JV1.01879-16

Martens JM, Stokes HS, Berg ML, Walder K, Raidal SR, Magrath MJ,
Bennett AT. Beak and feather disease virus (BFDV) prevalence, load
and excretion in seven species of wild caught common Australian
parrots. PloS One. 2020;15(7):e0235406. DOl:
10.1371/journal.pone.0235406

180

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45,

46.

47.

48.

49.

Hussein SA. Study of Staphylococcus aureus isolated from the mouth
of canary. Iragi J Vet Sci. 2020;34(2):301-304. DOI:
10.33899/ijvs.2019.125937.1192

Latimer KS, Rakich PM, Steffens WL, Kircher IM, Ritchie BW, Niagro
FD, Lukert PD. A novel DNA virus associated with feather inclusions
in psittacine beak and feather disease. Vet Pathol. 1991;28(4):300-4.
DOI:10.1177/030098589102800406

Al-Noayme ZA, Al-Alhially AA. A cytopathological study of the role
of liver impression as a diagnostic tool in pigeons. Iragi J Vet Sci.
2021;35(3):555-60. DOI: 10.33899/ijvs.2020.127170.1477

Vucicevic M, Vucicevic I, Davitkov D, Stevanovic J, Resanovic R,
Stanimirovic Z. Detection and analysis of new psittacine beak and
feather disease virus (PBFDv) nucleotide sequences. J Hellenic Vet
Med Soc. 2017;68(4):653-60. DOI: 10.12681/jhvms.16070

Sa RC, Cunningham AA, Dagleish MP, Wheelhouse N, Pocknell A,
Borel N, Peck HL, Lawson B. Psittacine beak and feather disease in a
free-living ring-necked parakeet (Psittacula krameri) in Great Britain.
Eur J Wildl Res. 2014;60:395-8. DOI: 10.1007/s10344-013-0792-x
Julian L, Piasecki T, Chrzastek K, Walters M, Muhire B, Harkins GW,
Martin DP, Varsani A. Extensive recombination detected among beak
and feather disease virus isolates from breeding facilities in Poland. J
Gen Virol. 2013;94(5):1086-95. DOI: 10.1099/vir.0.050179-0

Araljo AV, Andery DA, Ferreira Jr FC, Ortiz MC, Marques MV, Marin
SY, Vilela DA, Resende JS, Resende M, Donatti RV, Martins NR.
Molecular diagnosis of beak and feather disease in native Brazilian
psittacines. Braz J Poult Sci. 2015;17:451-8. DOI: 10.1590/1516-
635X1704451-458

Massaro M, Ortiz-Catedral L, Julian L, Galbraith JA, Kurenbach B,
Kearvell J, Kemp J, van Hal J, Elkington S, Taylor G, Greene T.
Molecular characterisation of beak and feather disease virus (BFDV) in
New Zealand and its implications for managing an infectious disease.
Arch Virol. 2012;157(9):1651-63. DOI: 10.1007/s00705-012-1336-5
Dolatyabi S, Peighambari SM, Razmyar J. Molecular detection and
analysis of beak and feather disease viruses in Iran. Front Vet Sci.
2022;9. DOI: 10.3389/fvets.2022.1053886

Shearer PL, Bonne N, Clark P, Sharp M, Raidal SR. Beak and feather
disease virus infection in cockatiels (Nymphicus hollandicus). Avian
Pathol. 2008;37(1):75-81. DOI: 10.1080/03079450701802206
Haddadmarandi MR, Madani SA, Nili H, Ghorbani A. Molecular
detection and characterization of beak and feather disease virus in
psittacine birds in Tehran, Iran. Iran J Vet Res. 2018;19(1):22.
available at

Sarker S, Ghorashi SA, Forwood JK, Bent SJ, Peters A, Raidal SR.
Phylogeny of beak and feather disease virus in cockatoos demonstrates
host generalism and multiple-variant infections within Psittaciformes.
Virol. 2014;460:72-82. DOI: 10.1016/j.virol.2014.04.021

Dolatyabi S, Peighambari SM, Razmyar J. Molecular detection and
analysis of beak and feather disease viruses in Iran. Front Vet Sci.
2022;9. DOI: 10.3389/fvets.2022.1053886

Ritchie PA, Anderson IL, Lambert DM. Evidence for specificity of
psittacine beak and feather disease viruses among avian hosts. Virol.
2003;306(1):109-15. DOI: 10.1016/S0042-6822(02)00048-X
Thongchan D, Huang YL, Khatri-Chhetri R, Tsai SS, Wu HY.
Prevalence and pathology of avian polyomavirus (APV) and psittacine
beak and feather disease virus (PBFDV) infections in Taiwan: A
retrospective study from 2010 to 2014. RMUTI J Sci Technol.

2016;9(2):1-3. [available at



https://doi.org/10.1007/s00705-014-2226-9
10.1111/j.1751-0813.1993.tb06105.x
https://doi.org/10.7589/0090-3558-26.2.196
https://doi.org/10.3390/ani12010076
https://doi.org/10.1006/viro.2000.0847
https://doi.org/10.1111/j.1751-0813.2003.tb11472.x
http://hdl.handle.net/11660/1972
https://doi.org/10.33899/ijvs.2021.130114.1733
https://doi.org/10.33899/ijvs.2020.127170.1477
https://doi.org/10.1016/S0378-1135(99)00070-X
https://doi.org/10.1099/jgv.0.000871
https://doi.org/10.7589/2013-05-121
https://doi.org/10.24070/bjvp.1983-0246.v13i2p549-554
https://doi.org/10.1099/jmm.0.000516
https://doi.org/10.1089/vim.2020.0097
https://doi.org/10.1128/jvi.01879-16
https://doi.org/10.1371/journal.pone.0235406
https://doi.org/10.33899/ijvs.2019.125937.1192
https://doi.org/10.1177%2F030098589102800406
https://doi.org/10.33899/ijvs.2020.127170.1477
https://doi.org/10.12681/jhvms.16070
https://doi.org/10.1007/s10344-013-0792-x
https://doi.org/10.1099/vir.0.050179-0
https://doi.org/10.1590/1516-635X1704451-458
https://doi.org/10.1590/1516-635X1704451-458
https://doi.org/10.1007/s00705-012-1336-5
https://doi.org/10.3389/fvets.2022.1053886
https://doi.org/10.1080/03079450701802206
https://pubmed.ncbi.nlm.nih.gov/29805458
https://doi.org/10.1016/j.virol.2014.04.021
https://doi.org/10.3389/fvets.2022.1053886
https://doi.org/10.1016/S0042-6822(02)00048-X
https://ph01.tci-thaijo.org/index.php/rmutijo/article/view/65753

Iraqgi Journal of Veterinary Sciences, Vol. 38, No. 1, 2024 (173-181)

AN (i Aladlae b gl & AL (gl S Al
PRIl ol il (g8 s il 3 5 5 (g0 N () Al 5l 030 b
Osad sl Jels iy o) ale s (g slal) (al yaY) Hle
Bl Celaly ol N Cllay e uadl dulidll s Juduiall
8 il Aalia jedal Lae oy pally sl il (e 7€V dlial
BY= RN PYP PR Ot il s LeBlas Ll plani s Lo s
@J}M@Mﬁgwemukﬁméjh Gledll agag
ool GLEES) a3 Sl LDIA 8 Sy AT ae (i)l SOy
ol 4k VY Judiiid) ) e sall Jelds <y ddaud 53 5 _yalall
Al e Yo (e VP capsid Oes <alagind (84 61 s Jualid o3
a3 .0Q925391 5 0Q925390 abacaiyl ald ) s Cilinal) iy
YARK éd\.h.AVPl U:\;j\duluﬂu\ J}Lﬂ\} c}ﬁd\a);&kjau

biall @by AA3E 5 o))l s il gy ae G

181

@b slall Gla ol Uil Gajal Je¥1 Jaladl)
) s sl Adablae

Al o diae el
o sall dasdlas (5 sdanll alal) 408 Gl sall Gial yal 5 ial Y g 8
dadal)

e (s je anly A5 rall A g pill (5 50ell Ay il glad)

Clug bl dlle (& sme s Gl Gugodll (i)l elad)
il ) gl atiSial 5 ) g i) Aviatl) Guiad) s 4 yilal



