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Abstract

This case reports an outbreak of psittacine beak and feather disease in imported budgerigars (Melopsittacus
undulatus) in a breeding site in Mexico. Feather abnormalities occurred in 3-month-old budgerigars and the percentage of
affected birds was 40 of 100 birds (40%). The disease begins with varying degrees of bare skin on the back, the ventral
region of the body, and the thoracic and pelvic regions without clinical signs or mortality offspring. Thirty-tree budgerigars
were referred to the laboratory for diagnostics work-up. The hemogram showed different stages of inflammation in all
studied birds, where 66% had relative erythrocytosis, leukocytosis due to heterophilia and monocytosis associated with
chronic inflammation. The biochemical analysis showed mainly hypoproteinemia and hypouricemia in 5/8 and 4/9 birds,
respectively. The absence of feathers with some tiny calamus of the pectoral region was the most significant feature and no
other significant pathologic changes were observed. Histopathologic findings were apoptosis and a moderate amount of
spherical intracytoplasmic basophilic inclusion bodies in clusters in some epithelial cells of feather follicles (12/14 sections
examined) and bursa of Fabricius (8/10 sections examined). End-point PCR of bursa of Fabricius, genome sequencing and
phylogenetic analysis, confirmed circovirus identification of the psittacine beak and feather disease virus species and
belonging to the group 2 previously found in budgerigars. This is the first description of the psittacine beak and feather
disease in budgerigars in Mexico showing the need of monitoring health status of companion and free-ranging endemic and
endangered psittacine birds in Mexico in order to collaborate with the trade regulation of these bird species.
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Introduction

The psittacine beak and feather disease virus
(PBFDV) in psittacine birds belongs to the family
Circoviridae, genus Circovirus. It is 14 to 17 nm in
diameter, not enveloped, icosahedral, and its genome is
composed of a single circular DNA of 1.7 to 2 kb. The
virus causes an acute infection in neonates and chronic
infection in juveniles and adults, mainly affecting the skin
and lymphoid tissue (15). The virus is transmitted between
birds horizontally, and vertical transmission has also been

suggested (18). The first case of this disease occurred in
southern Australia in red-rumped parakeets (Psephotus
haematonotus) in 1888 (1, 10). As of 2016, the disease had
been reported in more than 60 species of psittacine birds
around the world (8), and have also been reports of the
virus in non-parrot species (2) such as the Gouldian finch
(Chloebia gouldiae), powerful owl (Ninox strenua) and
Australian rainbow bee-eater (Merops ornatus) (5, 22, 23).
In 2016, the worldwide distribution of the disease from
1984 to 2015 was reported and showed the largest number
of reported cases in captive birds in the United States and
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South Africa and wild birds in Australia and New Zealand
(7). In Latin America, the presence of the virus and disease
has been reported in captive psittacine of the genus
Amazona spp., Aratinga spp. and Agapornis spp. in Costa
Rica (6).

Mexico has 21 species of wild and captive
psittacine birds with an endangered status (3) as well as
exotic kept for ornamental and companion purposes. The
objective of this work is to report for the first time case a
psittacine beak and feather disease outbreak in captive
budgerigars (Melopsittacus undulatus) in Mexico, and to
highlight the importance of health surveillance of captive
birds entered to Mexican territories, reducing the risk of
potential infectious agents threatening survival conditions
of resident bird species in Mexico.

Case Report

In the fall of 2015, a breeding site for budgerigars
in Mexico City observed that 40% of offspring had varying
degrees of bare skin on the back, the ventral region of the
body, and the thoracic and pelvic regions. Some of the
feathers were deformed, with an embedded calamus. The
condition started few months after the imported
budgerigars from Europe were housed near the rest of the
birds. None of the birds imported showed clinical signs
when they arrived.

Thirty-three  3-month-old  budgerigars  were
referred to the laboratory for diagnostic work-up at the
Facultad de Medicina Veterinaria y Zootecnia de la
Universidad Nacional Autdnoma de México. From 9 of
the 33 birds, two samples of 0.5 mL of blood was taken
from the occipital and jugular veins prior to euthanasia and
necropsy. Necropsy was performed on all 33 birds,
samples of skin, thymus, bursa of Fabricius, spleen, bone
marrow, beak, esophagus, liver, heart, kidney, brain and
lung, were collected and fixed in 10% formaldehyde,
embedded in paraffin and stained with hematoxylin and
eosin. The bursal of Fabricius were randomly selected,
frozen for PCR and nucleotide sequencing and
phylogenetic analysis.

Although most studied birds showed good body
condition, most of the primary and secondary feathers, and
coverts of the pectoral region were absent (bare areas), and
some feather follicles had a calamus ranging from 0.1 to
0.5 cm in length (Fig. 1). The vane of some covert feathers
was fused. No other significant macroscopic changes were
observed.

On the other hand, microscopically, skin sections
showed swollen and slightly eosinophilic epithelial cells of
the feather follicle and epidermal collar, with apoptotic
bodies in some areas; in certain epithelial cells and
macrophages, there was a moderate amount of botryoid,
spherical, intracytoplasmic basophilic inclusion bodies
(IBIB) (Fig. 2). In some areas, the dermal papillae and the
feather pulp exhibited IBIB and moderate aggregates of
inflammatory cells composed of macrophages and

heterophils. The thymus had a cortex with a moderate
number of lymphocytes and multifocal areas of apoptosis.
The bursa of Fabricius had lymphoid follicles severely
atrophied, with a proliferation of cortico-medullary
epithelial cells, and abundant amounts of botryoidal,
spherical IBIB in the cytoplasm of some affected cells.
Finally, the bone marrow had a moderate decrease in the
erythrocyte and myeloid populations in several studied
sections. No significant microscopic lesions were found in
the rest of the organs examined.

Figure 1. Budgerigar (Melopsittacus undulatus) with
psittacine beak and feather disease. Bilateral and severe
dystrophy of the wing, breast and flank feathers is
observed.

Figure 2. Budgerigar (Melopsittacus undulatus) with
psittacine beak and feather disease. Some epithelial cells of
the epidermis of the feather follicle contain botryoid,
spherical basophilic intracytoplasmic inclusion bodies.
Hematoxylin-eosin staining. Bar = 20um.
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The hematocrit findings showed that 4/9 birds
(44%) had values 3-7% above the maximum normal level,
while 5/9 birds (56%) had normal values. Relative
erythrocytosis associated with hemoconcentration was
observed in 6/9 birds (66%), with an increase of 2.5-26%,
while 3/9 (34%) birds had normal values. Leukocytosis
was present in 3/9 birds (55%), with an increase of 41-
50%; leukopenia was present in 2/9 birds (22%) with an
increase of 26%; and 4/9 birds (22%) had normal values.
Heterophilia was present in 3/9 birds (33%), with an
increase of 50-60%; heteropenia was present in 1/9 birds

(11%), with a 26% decrease; and 5/9 birds had normal
values. Lymphopenia was observed in 1/9 birds, with a
decrease of 55%, while 8/9 birds had normal values.
Monocytosis was also observed in 6/9 birds (66%), with an
increase of 72-94%, while 3/9 birds (34%) had normal
values (Table 1).

The biochemical analysis findings showed
changes in 7/9 birds (77%): hypoproteinemia in 5/9 birds
(55%), hypouricemia in 4/9 birds (44%), elevated aspartate
aminotransferase (AST) in 3/9 birds (33%) and
hyperglycemia in 1/9 birds (11%) (Table 2).

Table 1. Hemogram values for 3-month-old budgerigars (Melopsittacus undulatus) with psittacine beak and feather disease.

Reference

Mea

Parameter value 1 2 3 4 5 6 7 8 9 n +SD
Hematocrit (L/L) 0.44-058 057 056 058 055 062 052 065 060 061 0.58 0.039
(Exfly(gﬁgff)ytes 2.3-3.9 23 41 39 44 48 40 53 46 33 1407 088
VGM (fL) 90-190 248 137 149 125 129 130 123 130 189 151.1 41.65
g(hlrg{/”gocytes ] 14 13 15 Clusters 17 24 Clusters 12 13 1154 411
Total proteins (g/L)  25-45 42 32 32 36 32 32 34 30 40 348 4.9
Leucocytes (x10%L) 3.0-8.0 22 73 136 160 22 152 4.8 37 35 76 572
geltgg;’f)h"s 1252 0gg 445 1047 1312 165 1231 288 234 255 156 4.8
'(‘X)’lrggllc)’cytes 0.6-3.6 103 117 163 160 033 198 115 08l 077 11 05
Monocytes (x10%L) 0.0-0.08 0.1 124 136 096 002 0 024 0.07 018 10.46 0.55
Eosinophils 0.0-0.08

(x10°L) 0 0 0 0 0 0 0 0 0 0 0
Basophils (x10%L)  0.0-0.08  0.18 044 014 032 020 091 053 048 0 1035 0.27
H:L ratio 0.9-3.3 085 3.8 6.4 8.2 50 6.2 25 285 331 1434 2.29
* B1 to B9 are the numbers assigned to each bird.

Table 2. Biochemical values of 3-month-old budgerigars (Melopsittacus undulatus) with psittacine beak and feather
disease.

Parameter Reference value 1 2 3 4 5 6 7 8 9 mean +SD
Glucose (mmol/L)  11.1-22.2 205 195 153 150 183 165 181 182 233 183 2.6
Uric acid (mmol/L)  238-833 263 200 203 348 200 272 310 200 400 266.22 73.9
Total proteins (g/L) 20-30 20 18 21 21 19 19 20 17 15 188 1.96
Albumin (g/L) - 7 6 8 6 6 7 8 7 6 6.7 0.83
AST (U/L) 150-350 274 293 336 802 410 247 328 399 330 1379.8 166.95
GLH (U/L) - 5 5 4 7 4 5 4 5 6 5 1

* B1 to B9 are the numbers assigned to each bird.

The bursa of Fabricius samples stored at -80 °C
were used to perform DNA extraction and purification for
the detection of this viral agent using a PureLink Viral
RNA/DNA Mini Kit (Invitrogen, USA). Subsequently,
different fragments of the PBFDV genome were amplified
from an end-point PCR using previously reported primers
and amplification conditions (14,17,26,27). The previously
amplified fragments were purified with the QIAquick Gel
Extraction Kit QIAGEN (Qiagen, Germany) for
sequencing using the BigDye™ Terminator v3.1 Cycle
Sequencing Kit (Applied Biosystems, USA). The

sequences were read in an ABI PRISM 3130 xIt Genetic
Analyzer (Applied Biosystems, USA), and
electropherograms were obtained that were subsequently
edited and aligned to obtain a consensus sequence of 2007
nt using MEGA version 7 (12). The 2007 nt fragment
(029-16) was compared with the available public
sequences on the GenBank using basic local alignment
search tool (BLASTN) to identify similar sequences. The
sequence obtained in this study had the greatest similarity
(94%) to two sequences, AB277750 and KP677584,
clustered with two isolates from budgerigars in Japan and
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Taiwan, respectively. A total of 42 and 31 sequences of
complete genomes of different circovirus species affecting
birds and are available in GenBank were collected (Tables
3 and 4 respectively). An alignment was made using 42
and 31 sequences and the 029-16 sequence in ClustalW;
subsequently, a phylogenetic tree was constructed using
Kimura’s 2-parameter model to calculate the genetic
distances. The phylogenetic tree was constructed using the
neighbor-joining method, bootstrap values were calculated
with 1000 replicates, using MEGA 7 software (12). From
the phylogenetic tree (Fig. 3), it was identified that
sequence 029-16 obtained in this work was most closely
related to the circovirus belonging to the PBFDV species
and specifically to sequences of circovirus strains of
budgerigars within the group 2 of PBFDV (Fig. 4).

Discussion

The dystrophy of primaries and secondaries
feathers, and coverts, as well as the detection of apoptosis
in the epithelial cells of feather follicles and lymphoid
organs with the presence of IBIB, were consistent with the
macroscopic and microscopic lesions described in the
literature related to psittacine beak and feather disease (10,
16, 24). The absence of subcutaneous hemorrhages and, in
other organs, karyomegaly, with slightly basophilic
intranuclear inclusion bodies in the spleen and liver,
differentiate this disease from avian polyomavirus (11, 24).
No lesions were found in the beak in this case, but it has
been previously reported that beak lesions are less
common than feather lesions representing a characteristic
feature of psittacine beak and feather disease in yellow-
crested cockatoos (Cacatua sulphurea), salmon-crested
cockatoos (Cacatua moluccensis) and white cockatoos
(Cacatua alba) (19). The absence of morbidity and
mortality noted in this case suggests that viral infection
developed in affected chicks after the primary lymphoid
organs matured and before they reached the full feathered
age (16, 20, 21).

Hematological changes as erythrocytosis is
frequently associated with hemoconcentration and not
necessarily related to this viral infection (4). Ninety
percent of the studied birds presented basophilia, which
has been associated with acute or chronic inflammation
(13). The results showed that slightly more than half of the
studied birds remitted to the laboratory had relative
erythrocytosis due to hemoconcentration, leukocytosis due
to heterophilia and monocytosis associated with chronic
inflammation, while leukopenia due to heteropenia and
normal values occurred in less than half of the birds. The
hemogram results in this study showed different stages of
inflammation in budgerigars with PBFDV, while a
previous study of African gray parrot (Psittacus erithacus)
chicks infected with psittacine circovirus showed
leukopenia and severe anemia (25), and irregular leukocyte
values were observed in cockatoos (9).

Table 3. Sequences obtained from GenBank and used to
construct Figure 3. The host and accession numbers of
each of the sequences used in the phylogenetic analysis
from which Figure 3 was obtained are shown.

GenBank
Host Number
Sulphur-crested cockatoo (Cacatua galerita)  AF311301
Sulphur-crested cockatoo (Cacatua galerita) KY189054
Sulphur-crested cockatoo (Cacatua galerita)  KY189055
Budgerigar (Melopsittacus undulatus) AB277748
Budgerigar (Melopsittacus undulatus) AB277749
Budgerigar (Melopsittacus undulatus) AB277750
Budgerigar (Melopsittacus undulatus) AB277751
Budgerigar (Melopsittacus undulatus) GQ386944
Budgerigar (Melopsittacus undulatus) KP677584
Cockatiel (Nymphicus hollandicus) AB514568
Cockatiel (Nymphicus hollandicus) EF457974
Cockatiel (Nymphicus hollandicus) EF457975
Coconut lorikeet (Trichoglossus ~ AF311299
haematodus)
Coconut lorikeet (Trichoglossus ~ KP795105
haematodus)
Coconut lorikeet (Trichoglossus ~ KP795106
haematodus)
Canary (Serinus canaria) AJ301633
Canary (Serinus canaria) NC_003410
Duck (undetermined species) GQ423747
Duck (undetermined species) MF627687
Duck (undetermined species) MF627690
Finch (undetermined species) DQ845075
Finch (undetermined species) NC_008522
Goose (undetermined species) AF536940
Goose (undetermined species) AF536941
Goose (Anser sp.) AJ304456
Gull (undetermined species) DQ845074
Lesser black-backed gull (Larus fuscus) KT454925
Lesser black-backed gull (Larus fuscus) KT454927
Pigeon (undetermined species) KX108827
Pigeon (Columba livia) LC035390
Pigeon (undetermined species) MG518478
Australian raven (Corvus coronoides) DQ146997
Australian raven (Corvus coronoides) NC_008375
Starling (undetermined species) KC846095
Starling (undetermined species) KC846096
Starling (Sturnus vulgaris) NC_008033
Mute swan (Cygnus olor) EU056309
Mute swan (Cygnus olor) EU056310
Mute swan (Cygnus olor) NC_025247
Zebra finch (Taeniopygia guttata) KU641384
Zebra finch (Taeniopygia guttata) KU641385
Zebra finch (Taeniopygia guttata) NC_026945
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Table 4. BFDV sequences affecting budgerigars from the
GenBank and used to construct Figure 4. The country and
accession number of each of the sequences used in the
phylogenetic analysis from which Figure 4 was obtained
are indicated.

Country GenBank Number
Australia KM887947
Australia KM887948
Australia KM887949
Australia KM887950
Australia KM887951
China GQ386944
Japan AB277746
Japan AB277747
Japan AB277748
Japan AB277749
Japan AB277750
Japan AB277751
Poland JX221004
Poland JX221005
Poland JX221009
Poland JX221012
Poland JX221014
Poland JX221026
Poland JX221027
Poland JX221028
Poland JX221034
South Africa GQ165756
South Africa GQ165757
South Africa GQ165758
Taiwan KP677578
Taiwan KP677579
Taiwan KP677581
Taiwan KP677584
Taiwan KP677585
Taiwan KP677592
Taiwan KP677593

Also, hypoproteinemia has been observed in
cockatoos infected with this viral agent (9), so we
concluded this could be a characteristic of the pathogenesis
of psittacine beak and feather disease in this case.

The nucleotide sequence and phylogenetic
analysis of PBFDV in this case could not allow identifying
the geographic origin, but it was clear that it is closely
related to group 2 of the PBFDV that affects budgerigars.

This is the first description of the psittacine beak
and feather disease in budgerigars in Mexico and
highlighted the need to monitor health status of resident
psittacine species in Mexico and to regulate trade bird
species.
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Figure 3. Phylogenetic relationships of 029-16 sequence.
The common name and scientific name of the birds
indicate the origin of each PBFDV used in the tree. The
bootstrap values are indicated in each branch. Each triangle
represents groups of closely related sequences.
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