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in tumor-like lesions in a white-faced whistling duck (Dendrocygna viduata). Pesquisa
Veterindria Brasileira 40(10):818-823. Laboratério de Patologia Animal, Universidade Federal
do Piaui, Campus Ministro Petronio Portella, Bairro Ininga, Teresina, P 64049-550, Brazil.
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Avipoxvirus is the etiological agent of the avian pox, a well-known disease of captive
and wild birds, and it has been associated with tumor-like lesions in some avian species.
A white-faced whistling duck (Dendrocygna viduata) raised in captivity was referred to
a Veterinary Teaching Hospital in Northeast due to cutaneous nodules present in both
wings. A few days after the clinical examination, the animal died naturally. Once submitted
to necropsy, histopathological evaluation of the lesions revealed clusters of proliferating
epithelial cells expanding toward the dermis. Some of these cells had round, well-defined,
intracytoplasmic eosinophilic material suggestive of poxvirus inclusion (Bollinger bodies).
PCR performed on the DNA extracted from tissue samples amplified a fragment of the 4b
core protein gene (fpv 167), which was purified and sequenced. This fragment of Avipoxvirus
DNA present in these tumor-like lesions showed high genetic homology (100.0%) with
other poxviruses detected in different avian species in several countries, but none of them
were related to tumor-like lesions or squamous cell carcinoma. This is the first report of
Avipoxvirus detected in tumor-like lesions of a white-faced whistling duck with phylogenetic
analysis of the virus.

INDEX TERMS: Avipoxvirus, tumor-like lesions, white-faced whistling duck, Dendrocygna viduata, skin

diseases, viral diseases, phylogenetic analysis, Anatidae.

RESUMO.- [Avipoxvirus detectado em lesdes tipo tumorais
em uma marreca-ireré (Dendrocygna viduata).] Avipoxvirus
é o0 agente etioldgico da variola (bouba) aviaria, uma doenga
bem descrita em aves de cativeiro e selvagens, tendo sido
associada a lesoes semelhantes a tumores em algumas dessas
espécies. Uma marreca piadeira (Dendrocygna viduata),
criada em cativeiro, foi atendida em um Hospital Veterinario
na regido nordeste devido a presenca de néddulos cutaneos
em ambas as asas. Alguns dias ap6s o exame clinico, o animal
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veio a 6bito naturalmente. A ave foi submetida a necropsia e
coletados fragmentos das lesdes para analise histopatolégica,
que revelou proliferacdo de células epiteliais expandindo
para a derme. Algumas dessas células possuiam material
eosinofilico intracitoplasmatico e bem definido, sugestivo
de inclusdo de poxvirus (corpusculos de Bollinger). A PCR
realizada a partir do DNA extraido de amostras das lesdes
amplificou um fragmento do gene da proteina do nucleo 4b
(fpv 167), que foi purificado e sequenciado. Esse fragmento
de DNA de Avipoxvirus presente nas lesdes relevou alta
homologia genética (100,0%) com outros poxvirus detectados
em diferentes espécies de aves em varios paises, mas nenhum
deles estava relacionado a lesdes tumorais ou carcinoma
espinocelular. Este é o primeiro relato de Avipoxvirus detectado
em lesoes semelhantes a tumores em uma marreca piadeira
com caracterizacdo molecular do virus.

TERMOS DE INDEXAGAO: Avipoxvirus, lesdes tumorais, marreca-
ireré, Dendrocygna viduata, dermatopatias, doengas virais, andlise
filogenética, Anatidae.
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INTRODUCTION

Members of the family Poxviridae are double-stranded DNA
viruses that infect and cause disease in many vertebrates.
The genus Avipoxvirus is responsible for causing Avian pox,
a well-known disease of captive and wild birds that affects
a wide range of species worldwide (McFerran & McNulty
1993, Friend & Franson 1999, van Riper & Forrester 2007).
Many species of domestic, pet and free-living birds can
present various disease manifestations. The clinical signs
in naturally infected birds vary depending on the virulence
of the virus, susceptibility of the host, distribution and type
of lesions and other complicating factors (Tripathy & Reed
2008). The most common forms of the disease are cutaneous,
characterized by nodular lesions on feather-free regions of
the body (Bolte et al. 1999), and/or diphtheritic form, with
lesions in the digestive and upper-respiratory tracts mucosa
(Gerlach 1994).

Poxviridae members have oncogenic properties characterized
by the expression of factors that are homologous to growth
factors. These molecules can disturb the cell cycle and induce
mitoses (Schafer 1998, Bolte et al. 1999) and tumor-like
lesions, which have been reported in domestic and wild birds
(Araietal. 1991, Ritchie & Carter 1995, Tsai etal. 1997, Bolte
et al. 1999, Mete et al. 2001, Fallavena et al. 2002, Pesaro
et al. 2009). Although Avipoxvirus has also been associated
with a dermal squamous cell carcinoma (SCC), (Fallavena
etal. 1993, Back et al. 1995, Fallavena et al., 1997, Hafner &
Goodwin 1997), the etiology of naturally occurring cases of
dermal SCC is still unknown.

In birds, the neoplastic changes induced by poxviruses are
seen mainly in the skin of Passeriformes and Columbiformes
(Gerlach 1994, Ritchie & Carter 1995). Tumor-like lesions were
also reported in the skin of young Chilean flamingos (Arai
etal. 1991), in the cornea, bursa of Fabricius, in the lungs of
Galapagos doves (Mete et al. 2001) and canaries (Ritchie &
Carter 1995), and head bones of rosy-faced lovebirds (Tsai et
al. 1997). In Anseriformes, poxvirus infection was reported to
be associated (Pereira etal. 2014) and not associated (Morton
& Dieterich 1979) with cutaneous tumor-like lesions.

Although, there are a few reports of tumor-like lesions
and their possible association with Avipoxvirus, there is no
description of the molecular characteristics of the viruses
detected in these lesions. This paper describes the first report
of tumor-like lesion in white-faced whistling duck (Dendrocygna
viduata) and the phylogenetic analysis of Avipoxvirus present
in the lesion of this bird.

MATERIALS AND METHODS

Case history. A white-faced whistling duck (Dendrocygna viduata,
family Anatidae, order Anseriformes), male, 15 years-old, 1.15kg,
raised in captivity was admitted to Veterinary Teaching Hospital in
Northeast Brazil, due to the presence of cutaneous nodules in the
humerus-radio-ulnar joint region of both wings. These nodules were
painful and the bird was restless and reluctant to allow physical
examination. During the clinical examination, the bird presented
lethargy and anorexia, but the cloacal temperature was normal (41°C).

The bird was sedated with tiletamine-zolazepam (18mg/kg,
IM), and referred for radiographic examination, in dorsoventral
and laterolateral positions. The radiographic exam showed areas of
radiolucency in the femuro-tibiotarsal joint suggestive of neoplasia.

No treatment was recommended and a few days after the consultation
the animal died naturally and necropsy was performed.

Necropsy and histopathology. After death, the bird was
necropsied and samples from the cutaneous nodules, lungs,
liver, kidney, gastrointestinal tract and brain were fixed in a 10%
formalin-buffered solution for 48 hours. Then, the tissue samples
were dehydrated in increasing ethanol concentrations, diaphanised
in xylene and embedded in paraffin wax to obtain 4pum thick serial
sections, which were stained with haematoxylin-eosin (HE) for
analysis under a light microscope (Luna 1968).

DNA extraction and Polymerase Chain Reaction (PCR).
DNA extraction was performed from formalin-fixed and paraffin-
embedded (FFPE) tumor-like lesion samples using a commercial
DNA extraction kit (QIAamp DNA FFPE Tissue Kit, Qiagen), according
to recommendations of the manufacturer with some adaptations.
Briefly, sections (5pum) were cut from each paraffin block and placed
in a sterile microcentrifuge tube. The paraffin was removed by
extraction with 1.0mL of xylene and, after centrifugation, residual
xylene was removed from the tissue pellet by using 1.0mL of absolute
ethanol twice. The sample was centrifuged, the ethanol was carefully
removed and the DNA was eluted. The quantity and purity of the
DNA extracted was assessed using Nanodrop spectrophotometer
(Thermo Scientific®), and the DNA was stored at -20°C.

The DNA extracted from the tissue samples were submitted to PCR
to amplify a 500 bp fragment of the 4b core protein gene (fpv 167) using
previously published primers (P1: 5’-CAGCAGGTGCTAAACAACAA-3’;
and P2: 5'-CGGTAGCTTAACGCCGAATA-3’) (Lee & Lee 1997). PCR
reactions were performed in a final volume of 25uL. (PCR Master
Mix Promega®), with 10umol of each primer and using 250ng of
DNA sample. The amplification program was performed according
to Lawson et al. (2012), as follows: initial denaturation at 94°C for
5 min, followed by 45 cycles of 94°C for 1 min, 60°C for 1 min, and
72°C for 1 min, and then a final extension at 72°C for 7 min. The PCR
products were subjected to 1.5% agarose gel electrophoresis, stained
with ethidium bromide, and visualized using a UV transilluminator.
The LowRanger 100 bp DNA Ladder (Norgen Biotek Corp.) was used
to estimate the molecular size of the PCR products.

Phylogenetic analysis. The Avipoxvirus DNA amplified from
tumor-like lesions by PCR was purified and sequenced by the Sanger
method using the BigDye Terminator v3.1 Cycle Sequencing Kit
(Applied Biosystems, Inc., Foster City/CA) on ABI 3130 XL Genetic
Analyzer automated sequencer (Applied Biosystems) and the
sequence obtained was deposited in the GenBank database (NCBI)
under the accession number MH286510. The sequence was aligned
with sequences of reference strains from the GenBank database
in BioEdit using CLUSTAL W (Thompson et al. 1994). Then, the
phylogenetic tree was generated using the neighbor-joining distance
method (Saitou & Nei 1987) coupled with the Kimura 2-parameter
model (Kimura 1980) with bootstrap analysis of 1000 replicates in
Mega6 (Tamura et al. 2013).

RESULTS

Gross and histopathology

In the skin of the left wing, on the medial surface, there
was a 4.5 x 3.0 x 2.0cm neoformation. The nodule was round
to oval, and firm, with an irregular and locally extensive
ulcerated surface (Fig.1A). On the skin of the medial surface
of the right wing there was also a 2.5x 1.5 x 1.0cm red nodule
with a dry surface. Both nodules were diffusively pinkish and
soft on the cut surface. In addition to this, the lungs had diffuse
hyperemia and multifocal areas of hemorrhage.
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Histopathological examination of the cutaneous nodules
revealed marked thickening of epidermis due to proliferating
clusters of epithelial cells arranged in islands and expanding
toward the dermis. These cells had abundant cytoplasm with
eosinophilic fibrillar material (keratin), which occasionally
accumulated in the center of the cell clusters forming keratin
“pearl”-like structures (Fig.1B and 1C). In both nodules, some
cells had round, well-defined, intracytoplasmic eosinophilic
material compatible with poxvirus inclusion (Bollinger
bodies) (Fig.1D). The superficial skin had ulceration with
heterophils infiltration into the epidermis and dermis. At the
histopathological examination of the lung, kidney, gastrointestinal
tract and brain, no relevant lesions were found.

Molecular characterization of Avipoxvirus

The phylogenetic analysis revealed that the Avipoxvirus
DNA (4b core protein gene, fpv 167) present in the tumor-
like lesions of the white-faced whistling duck showed high
genetic homology (100.0%) with other poxvirus detected
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in different avian species in several countries (Fig.2), which
were grouped in Cluster A. The viruses belonging to Cluster
A were found to be mainly present in domestic avian species
and none of them were previously associated with tumor-like
lesions. The sequences grouped in Cluster B shared 95.0% of
genetic homology with Cluster A. Major genetic differences
were observed between our strain and those obtained from
some pigeon species, eagle own, great bustard and a Harris’s
hawk which grouped in Cluster B.

DISCUSSION AND CONCLUSION

This is the first report of Avipoxvirus detected in tumor-like
lesions in white-faced whistling duck (Dendrocygna viduata).
The site, gross and histological features revealed tumor-like
lesions. Moreover, histopathology revealed microscopic
evidence of poxvirus infection in some hyperplastic epithelial
cells, which was represented by eosinophilic intracytoplasmic
inclusion bodies in these cells. These inclusion bodies in the

Fig.1. Tumor-like lesion in a white-faced whistling duck (Dendrocygna viduata). (A) Ulcerated nodule (—) in the skin of humerus-radio-

ulnar jointregion on the medial surface of the left wing. (B-D) Histopathology of the tumor-like lesions. (B) Proliferating cells arranged
in islands (arrow) with keratin production and accumulation (*), (C) occasionally forming keratin “pearl”-like structures (*). (B) HE,
bar = 100um. (C) HE, bar = 25um. (D) Intracytoplasmic eosinophilic inclusion bodies compatible with poxvirus inclusion (Bollinger

bodies) in epithelial cell (arrow). HE, bar = 25um.
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KP987214.1/Fowlpox virus chicken Nigeria 2013

KMI74727 1/Avipoxvirus chicken Portugal 2013

KT003289.1/Fowlpox virus Iran 2013

KF722865.1/Fowlpox virus chicken Tanzania 2011

KC017961.1/Avipoxvirus turkey USA 2005

KC017960.1/Avipoxvirus domestic fowl Hungary 2003

— JQ665838.1/Fowlpox virus chicken Egypt 2011 A

FR852586.1/Fowlpox virus chicken Austria

KU522210.1/Fowlpox virus turkey Iran 2015

KM396387.1/Fowlpox virus turkey1 Brazil 2012

KR534326.1/Turkeypox virus turkey Egypt 2013

KM396388.1/Fowlpox virus turkey2 Brazil 2012

KM396390.1/Fowlpox virus turkey4 Brazil 2012

KC017963. 1/Avipoxvirus superb parrot Chile 2004
KC693506.1/Avipoxvirus Harris s hawk Peru 2011
KJ913659.1/Pigeonpox virus pigeon Tanzania 2013

KC017984.1/Avipoxvirus eurasian eagle own South Korea B

45| | KC017974 . 1/Avipoxvirus great bustard Spain 2003

98 | EU7T98994.1/Avipoxvirus wood pigeon CZE 2008

NC001731.1/Molluscum contagiosum virus subtype 1

Fig.2. Evolutionary relationships among the sequences of Avipoxvirus detected in tumor-like lesions in white-faced whistling duck
(Dendrocygna viduata) (MH286510) and other avian poxvirus sequences available in the GenBank database (NCBI). The sequences
accession numbers, avian poxviruses, avian hosts, countries and years of viral detection are shown. Construction of Neighbour-joining
tree was performed using Kimura 2-parameter with bootstrap values of 1000 replicates.

cytoplasm of infected cells consist of an aggregation of virus
particles and makes histological examination one of the most
effective tools for the diagnosis of fowlpox, since they can be
detected in smears or tissue sections stained with Wright’s,
Giemsa or other stains (Eaves & Flewett 1955).

Atypical fowlpox lesions and dermal SCC begin and progress
in the feather follicle epithelium (Langheinrich 1991, Fallavena
etal. 1993), and this cell transformation, induced by viruses,
is accompanied by the persistence of at least a part of the
viral genome (Cann 1993). In cases of avian dermal SCC, the
pathogenesis may be related to an error that may occur during
the G1 or S phases of the cell cycle in the feather follicular
epithelium, which could result in dysplastic changes able to
trigger dermal SCC lesions (Langheinrich 1991).

The PCR confirmed the presence of the 4b core protein
gene (p4b) of Avipoxvirus in the tumor-like lesions. This
gene is usually chosen for comparative genetic analysis and
its amplification by PCR has been used as a molecular tool
for the detection of avian poxviruses (Manarolla etal. 2010),
being one of the most sensitive techniques for the etiologic
diagnosis (Nayeri Fasaei et al. 2014).

Some members of Poxviridae family have already been
consistently associated with tumors in other animal species,
such as rabbit fibroma virus (RFV) and Myxoma virus (MYXV),
which have been associated with fibroma and myxoma. In

nonpermissive cells, viral DNA is mostly integrated into the
different sites of cell chromosomes, encoding binding proteins
and inactivating cell growth, regulating proteins such as p53.
This results in cell transformation due to the expression of
proteins that control viral and cellular DNA synthesis (Sevik
2012). Although this is known to be the case for the previously
mentioned Poxviridae family members, there is still a lack of
studies regarding Avipoxvirus.

Sequencing of the Avipoxvirus DNA detected in tumor-like
lesions was performed to study the genetic relationships
among this strain and other avian poxviruses detected in
lesions from diverse avian species. The phylogenetic analysis
showed that our strain was genetically similar to other
Avipoxvirus involved in cutaneous and/or diphtheritic forms
of the disease in domestic and wild avian species, but not in
tumor-like lesions. Molecular analysis also showed that the
Avipoxvirus strain detected in the tumor-like lesions of this
case was more genetically related to domestic bird strains
than to wild bird strains.

This report provides the first molecular characterization of
Avipoxvirus detected in tumor-like lesions in avian species. While
previous reports have described simultaneous occurrences
of SCC or tumor-like lesions and poxvirus detection in lesions
in black-bellied whistling duck (Dendrocygna autumnalis)
(Pereira et al. 2014) and in broilers in Brazil (Fallavena et
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al. 2002), and pink-backed pelican in Italy (Pesaro et al.
2009), there is a lack of molecular characterization of these
viruses. Poxvirus involved in the neoplasm of the white-faced
whistling duck (D. viduata) exhibited high genetic similarity
to other avian poxviruses detected mainly in domestic fowl,
such as chickens and turkeys (Cluster A). Among these highly
similar strains are Brazilian fowlpox virus detected in non-
neoplastic skin lesions in commercial turkeys (Kunert-Filho
et al. 2016). The phylogenetic analysis also showed major
genetic differences between our strain and those obtained
from non-neoplastic lesions in some pigeon species, eagle
own, great bustard and Harris’s hawk.

There is a lack of information regarding diseases and
their frequency in white-faced whistling ducks (D. viduata).
Aretrospective study over a period of 22 years (1974-1996),
in Brazil, described only one case of clinical care for this
species and the bird had an undifferentiated carcinoma in
the coelomic cavity (Werner et al. 1998).

Molecular characterization showed the genetic similarity
of the Avipoxvirus detected in tumor-like lesions of this white-
faced whistling duck (D. viduata) to other avian poxviruses
detected mainly in domestic chicken and turkeys worldwide.
As the information about the association between poxvirus
and the development of neoplasm is scarce, our understanding
is still limited. Therefore, experimental studies are required
to elucidate the possible association between the Avipoxvirus
and tumor-like lesions in avian species.
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