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The Newecastle disease, caused by avian avulavirus type 1 strains (APMV-1) is an
important avian disease involved into high rates of mortality and economic losses. Several
outbreaks have been reported over the last 30 years in Columbiformes in different parts
of the world, caused by a adapted variant strain of AAvV-1, called pigeon paramyxovirus
type 1 (PPMV-1). A high mortality associated with an outbreak was analyzed in free-living
pigeons (Columba livia) in a public square in Porto Alegre in Southern Brazil. A total of
24 pigeons moribund or freshly dead, within five weeks interval were submitted to necropsy,
histopathological, immunohistochemical (anti-Newcastle), and RT-PCR followed by sequencing
of the amplification products analysis. They presented neurological signs, non-suppurative
encephalitis and encephalomyelitis, and mononuclear inflammatory infiltrate in different
organs. Immunohistochemical analysis in nine pigeons tissue showed that anti-Newcastle
was expressed in brain, kidney, liver and pancreas. The RT-PCR test for the M protein of
Newcastle disease virus was positive in six pigeons. The differential diagnosis of Influenza,
West Nile, Mycoplasma gallisepticum and Mycoplasma synoviae in all pigeons presented
negative results. The sequence of amino acids in the cleavage site region of the F protein
was "?RRQKRF! classifying the strain as virulent. The phylogenetic analysis classified this
virus strain into Class Il and VI genotype.

INDEX TERMS: Molecular findings, avulavirus type 1, Columba livia, pigeons, PPMV-1, Newcastle disease,
encephalomyelitis, columbiformes, immunohistochemistry, pathology.

RESUMO.- [Achados patoldgicos e moleculares da infeccao
por avulavirus aviario tipo 1 em pombos (Columba livia)
do sul do Brasil.] A doenca de Newcastle, causada por
cepas de avulavirus avidrio tipo 1 (AAvV-1), é uma doenca
de aves importante por causar altos indices de mortalidade
e perdas econOmicas. Varios surtos tém sido relatados ao
longo de 30 anos em aves da ordem Columbiformes, em
diferentes partes do mundo, causados por uma cepa variante
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especifica de AAvV-1, denominada Pigeon paramyxovirus
tipo 1 (PPMV-1). Foi analisado um surto de mortalidade
em pombos domésticos (Columba livia), provenientes de
uma praca publica em Porto Alegre, no Sul do Brasil. Vinte
e quatro aves moribundas ou mortas foram submetidas, no
intervalo de cinco semanas, ao exame de necropsia, exame
histopatoldgico, imuno-histoquimico anti-Newcastle, RT-PCR e
sequenciamento. Apresentaram sinais neuroldgicos, encefalite e
encefalomielite ndo supurativas, além de infiltrado inflamatério
mononuclear em diversos drgdos. Nove aves demonstraram
exame imuno-histoquimico positivo em 6rgaos como cérebro,
rim, figado e pancreas. Seis aves foram positivas no exame de
RT-PCR para a proteina M do virus da Doenca de Newcastle.
Nos exames de diagndésticos diferenciais de Influenza, West
Nile, Mycoplasma gallisepticum e Mycoplasma synoviae,
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todas as aves testadas foram negativas. A sequéncia dos
aminodcidos na regido do sitio de clivagem da proteina foi
H2RRQKRF'Y, classificando a cepa como virulenta. De acordo
com a analise filogenética o virus identificado foi classificado
como pertencente a classe Il e ao genotipo VI.

TERMOS DE INDEXACAO: Avulavirus aviario tipo 1, Columba
livia, pombos, PPMV-1, Doenca de Newcastle, encefalomielite,
Columbiformes, patologia.

INTRODUCTION

Avian avulavirus can be divided into nineteen species: AAvV-1
to AAvV-19 (ICTV 2015, 2017), and several avian species,
including domestic and wild, can be affected (Alexander 20003,
Clavijo etal. 2000). Virulent strains of avian avulavirus type 1
(AAvVV-1) causes Newcastle disease (ND), which is considered
one of the most important avian diseases involved in high
rates of mortality and economic losses, making the disease
a notifiable condition to the World Organization for Animal
Health (OIE 2012). In the past, Newcastle disease virus (NDV)
was classified into at least three major pathotypes (lentogen,
mesogen and velogen) based on the severity of the disease
in chickens. Tests such as the mean time of death in eggs, the
intravenous pathogenicity test and variations of these tests
were used (Alexander & Senne 2008), but, by international
agreement, a definitive evaluation of virus virulence is based
on the intracerebral test pathogenicity (ICPI). The current
OIE definition also recognizes advances in understanding the
molecular basis of pathogenicity and allows confirmation of
virus virulence, but not the lack of virulence, by in vitro tests
that determine the amino acid sequence at the cleavage site
of the FO protein (OIE 2012).

Several outbreaks in Columbiformes have been reported
over the past 30 years in many parts of the world caused by an
adapted variant AAvV-1 denominated pigeon paramyxovirus
1 (PPMV-1) (Alexander 2011), which have been described in
countries of the South America (Zanetti et al. 2001). These
panzootic strains belong to genotype VI, which presents
9 subgenotypes (Dimitrov et al. 2016), and has been
previously described in high mortality outbreaks worldwide
in different species of birds (Alexander et al. 1985, 1997).
Pigeons must be considered seriously as a potential source
of NDV infection and disease for commercial poultry flocks
(Kommers et al. 2002), and may be subclinically infected,
spreading the virus for a considerable period of time without
clinical signs (Carrasco et al. 2008, Catroxo etal. 2011). These
may consist of apathy, anorexia, weight loss, prostration,
diarrhea, polyuria, conjunctivitis, periocular edema, ruffled
feathers, sneezing, dyspnea, incoordination, lack of balance,
tremors, dehydration, proventricular dilatation, crop emptying
problems, leukopenia and death. Some other symptomatic
and asymptomatic birds had sudden death (Clavijo et al. 2000,
Catroxo et al. 2012). Brazil has the status of free of pathogenic
NDV in commercial poultry, and in the suspect of the disease
the notification to the official veterinary service in the country
is mandatory (Brasil 2007, Orsi et al. 2010).

In this paper, we describe the clinical signs, pathological
and molecular findings of the first reported outbreak of
an avian avulavirus type 1 infection in free-living pigeons
(Columba livia) in Southern Brazil in the summer of 2014.
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MATERIALS AND METHODS

Samples. The mortality losses of free-living pigeons (Columba livia)
from a town square in the center of the city of Porto Alegre (30°1°59"S,
51°13'48”"W) Rio Grande do Sul State, Brazil, were analyzed and
evaluated. Necropsies were performed on 24 freshly dead pigeons
that had exhibited neurological signs. Gross examinations were
performed over five weeks (one pigeon in the first week, six pigeons
in the following week, one pigeon in the third week, six pigeons in
the fourth week, and ten pigeons in the fifth week). Tissue samples
from all birds, but with the exception of spinal cord that was collected
only from 17 birds, were collected for histological analyses, fixed in
10% neutral-buffered formalin, processed in a routine manner and
stained with hematoxylin and eosin (HE) for histological examination.
Dry cloacal and oropharyngeal swabs were collected, added with
1mL of Phosphate Buffer Saline (PBS) pH 7.2 was added, mixed and
stored at -80°C until use. Tissue samples of 5.0g (trachea, kidney,
lung and brain) were grounded with 2.0g autoclaved white sand
in 5mL of PBS (pH 7.4), centrifuged at 10,000 rpm for 10 min and
100uL of the supernatant was store at -80°C for RNA extraction.
Both tissue samples and swabs were analysed by PCR. For each
bird, a full diagnostic assay was performed, such as histology,
immunohistochemistry and PCR.

Immunohistochemistry. Imnmunohistochemistry (IHC) assay
was performed in paraffin-embedded tissues of all birds, namely
brain, liver, kidney and pancreas using the peroxidase method and
using the primary antibody directly conjugated to alabel. The tissues
tested were chosen because they presented histological changes in
mostbirds. The endogenous peroxidase activity was unmasked with
hydrogen peroxide and methanol (1:9) for 20 minutes. To block
the nonspecific sites the slides were incubated in 3% fat-free dry
milk (Molico, Nestle , Brazil) for 30 minutes. For antigen retrieval,
the sections were heated in 10 mM citrate buffer (pH 6.0) for
5 min at 100°C using a microwave oven. After antigen retrieval,
the sections were incubated overnight in a humidified chamber at
room temperature with a primary antibody (Rabbit anti-Newcastle,
BIOSS®, bs-4814R-HRP/ Polyclonal antibody, HRP conjugated) used
at 1:500 dilution in phosphate-buffered saline (PBS). The sections
were revealed by 3-amino-9-ethylcarbazole (AEC, DakoCytomation®,
Inc. North America, Carpinteria, California, USA) counterstained
with Mayer’s hematoxylin for approximately 10 sec, coverslips
were mounted using an aqueous mounting medium (S1964,
DakoCytomation®), and slides were examined using light microscopy.
Positive (brain and liver tissues from a pigeon RT-PCR positive for
NDV) and negative controls were incubated with antibody diluent
(catalogue no. S3022, DakoCytomation®).

RNA extraction and reverse transcription PCR (RT-PCR).
RNA was extracted from 250uL of each sample using TRIzol® LS
Reagent (Life Technologies, Carlsbad, CA, USA) according to the
manufacturer’s instructions and eluted in 50uL of ultrapure water.
The freeze-dried attenuated live vaccine Avinew® (Merial Animal
Health Limited, Lyon, France) was used as a positive control and
ultrapure water was used as a negative control. In order to detect
NCDV, a previously described RT-PCR based on M protein gene
amplified 231 bp (Seal etal. 1995). The cDNA was synthesized with
SuperScript® III Reverse Transcriptase Kit (Life Technologies) in a
total volume of 20pL, following the manufacturer’s recommendations.
The PCR was conducted in a total volume of 25uL. The amplification
products were separated by gel electrophoresis in 2.0% agarose
using 0,1 pg/mL of Blue Green Loading Dye I (LGC Biotecnologia,
Cotia/SP, Brazil) in Tris-acetate buffer-EDTA (1x concentrated)
(Sambrook et al. 1989). Visualization was done under UV light which
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was compared with amplification products with molecular weight
standards scale of 100 bp (Fermentas, USA).

Primer design for complete fusion protein (F) gene amplification.
Twenty seven APMV-1 complete genome sequences were selected
in GenBank® (http://www.ncbi.nlm.nih.gov/genbank/) in order to
design primers for sequencing of complete F gene. The sequences
were aligned using Molecular Evolutionary Genetics Analysis version
6 (MEGA6) (Tamura et al. 2013). The complete genome sequence of
the strain AV 3224/96 (GenBank accession number GQ.429292.1)
were selected for primer design due to the high identity with our
samples and align using MEGA 6 with a complete fusion protein
sequence of the isolate Amazon/Missouri/31378/1996 (GenBank
acession number JN.942032.1). The primers were based on the fusion
protein region of this sequence. Specific primers were selected to
amplify the complete sequence of 1855 base pairs (bp) using Vector
NTI Advance® Software (Life Technologies).

Amplification of the F protein gene by RT-PCR. The complete
F protein gene was amplified using the 4 primers pairs (Table 1).
The cDNA was synthesized with SuperScript® Il ReverseTranscriptase
Kit (Life Technologies) using Exo-Resistant Random Primer (Life
Technologies), following the manufacturer’s recommendations.
Each primer pair was performed in a single PCR reaction and was
conducted in a total volume of 25uL containing: 1x PCR buffer,
1mM of MgCl,, 0.5mM of dNTP mix, 0.24mM of each forward and
reverse primer and 1 unit of Platinum® Taq DNA Polymerase (Life
Technologies), under the following conditions: an initial denaturation
at 94°C for 3 min, 35 cycles of 45s for denaturation at 94°C, 45s of
primer annealing at 52°C, 45s for extension at 72°C and a 7 min
final extension at 72°C. The amplification products were separated
by gel electrophoresis in 2.0% agarose using 0,1ug/mL of Blue
Green Loading Dye I (LGC Biotecnologia, Cotia, SP, Brazil) in Tris-
acetate buffer-EDTA (1x concentrated) (Sambrook et al. 1989).
Visualization was done under UV light which was compared with
amplification products with molecular weight standards scale of
100bp (Fermentas, USA).

Sequencing and phylogenetic analysis. The PCR products
generated by M and F protein were purified using the NucleoSpin
Extract Il Kit (Macherey-Nagel, Diiren, Germany), and both DNA
strands were sequenced with an ABI PRISM 3100 Genetic Analyzer
(Applied Biosystems) using a BigDye Terminator v.3.1 cycle sequencing
kit (Applied Biosystems). The gene sequences of the present study
were assembled using SeqMan (DNASTAR Lasergene® 11, Madison,
USA). Nucleotide sequence editing, analysis, prediction of amino acid
sequences and alignments were performed by using the software
MEGA 6. For construction of F protein phylogenetic tree, reference
sequences representing reconized genotypes in class Il and [ were
retrieved from Kim etal. (2008) and GenBank® (http://www.ncbi.nlm.
nih.gov/ genbank/) and aligned with BioEdit version 7.1.3 software

Table 1. Primers selected to sequence the F protein gene

Primer Sequence (5°-3’) Target

NC Fusion-1F 5'CTATCTAATTAGAAAAAACACGGGTAGAAG3’ F

NC Fusion-1R 5'TGAGTTAGGGCAGGGGAAGT3’ F
NC Fusion-2F 5’GCAACAGTTTGTCAATGACCAA3’ F
NC Fusion-2R 5'TGTATTGCCGCTCAGACAAGA3’ F
NC Fusion-3F 5’AGGTAGTGACACAAGTCGGCTCTG3’ F
NC Fusion-3R 5’AACGATATAGGTAATGAGAGCAGATGT3’ F
NC Fusion-4F ~ 5’ATCGTGACAGGCAACCTTGATATATC3’ F
NC Fusion-4R 5’CCGTTCTACCCGTGTATTGCT3’ F
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using CLUSTAL W. Molecular Evolutionary Genetics Analysis version
6 (MEGAG6) (Tamura et al. 2013) was used for phylogeny inference
according to the Maximum Likelihood criterion and the General
Time Reversible model. The robustness of the hypothesis was tested
with 1000 non-parametric bootstrap analyses.

Additional exams. Out of 24 pigeons examined for NDV, six
were also tested, using PCR, for Influenza virus, West Nile virus,
Mycoplasma gallisepticum, and Mycoplasma synoviae. PCR tests for
Mycoplasma gallisepticum and Mycoplasma synoviae were performed
with NewGene MGAmp and NewGene MSAmp, respectively.

RESULTS

Clinical and epidemiological features

A mortality surge in free-living pigeons (Columba livia) from
a public square in the city of Porto Alegre in Southern Brazil
in November of 2014 was analyzed. The death of these birds
was notified to the official Brazilian veterinary service. Clinical
signs observed included tremors of the head, stiff neck, lack
of balance, incoordination, paresis, paralysis, drooped wings,
and regurgitation (Fig.1A). The approximate number of dead
pigeons observed was 120. However, the exact number of birds
involved was not obtainable as the birds are free-living and the
authors only had access to a limited portion of their habitat.
The data provide epidemiological information including the
time between the onset of clinical signs and death (an average
of 24-48h). There were no reports that other bird species
had died in this square. Only adult free-living pigeons were
affected, all of them have a regular body condition and both
males and females were analyzed. The birds had access to a
fountain and fed on what they found on the ground.

Gross findings

Gross findings included multifocal to coalescing subdural
hemorrhages in all segments in the spinal cord (8/24)
(Fig.1B). The proventriculus and small intestine serous
showed marked hyperemia. Both the spleen and liver were
markedly enlarged, and hyperemic. The pancreas showed
a mildly increase in size and a multifocal whitish color. In a
focally extensive area of the dorsal cervical region, bright
areas of hemorrhage extended into the subcutis. No other
significant gross abnormalities were noted.

Microscopic findings

The histopathological alterations in organs were as follows,
kidney (22/24), liver (20/24), pancreas (19/24), brain
(18/24), spleen (13/24), spinal cord (8/17), testis (5/11),
and oviduct (2/13) (Table 2). A histopathologic examination
revealed non-suppurative encephalitis and encephalomyelitis
involving all compartments of the central nervous system,
with prominent perivascular lymphoplasmacytic cuffing
(14/24), microgliosis (12/24) (Fig.2A), neuronophagia
(8/24), neuropil vacuolization (4/24), lymphoplasmacytic
meningitis (4/24) and Gitter cells (3/24). In the spinal cord
perivascular lymphoplasmacytic cuffing (7/17), microgliosis
(5/17)(Fig.2B), neuronophagia (3/17), vascular proliferation
(3/17), hyperemia in the dura mater (3/17), Gitter cells (2/17),
lymphoplasmacytic meningitis (1/17), gliosis (1/17), and
neuropil vacuolization (1/17) were observed. One pigeon had
eosinophilic intracytoplasmic inclusions measuring 3-5 pm in
neurons in the gray matter of the spinal cord. In the kidneys,
multifocal lymphoplasmacytic and rare macrophages were
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Fig.1. Clinical-pathologicavl characterization of Paramyxovirus infection in Columbiformes. (A) Pigeon. Note the impaired locomotion causing

it to stand on its wings. (B) Pigeon, spinal cord. Cross section, areas of subdural hemorrhage.

Table 2. List of animal outbreaks and the period in which
they were assessed, affected organs and the results of RT-PCR
and immunohistochemistry analyses

. Week of Affected RT-PCR M . .
Bird no. . . Immunohistochemistry
receipt organs protein
1 12 B,Li, P K S ND +B
2 22 B,P K, S + +P +B +K
3 22 P K -
4 22 PK S + -
5 22 B - +B
6 22 B,Li S, P K - -
7 22 B + +B
8 32 B, SC, S, Li, -
KT
9 42 B, SC, Li, S, - +B
K, P
10 42 SC, S, K, L, + +Li
PT
11 42 B,P K, LiB -
12 42 B,P K Li,B - -
13 42 B,P K Li,B + +Li
14 42 B,SC, P K, +Li +B
Li, S
15 52 B,SC P K -
Li, S
16 52 B, Li, SC, P, - +Li
K, 0
17 52 S,BLi,K -
18 52 B,P K LiST -
19 52 B, Li, K -
20 52 K Li P T -
21 52 B,SC P K, -
Li, S
22 52 B,P K. Lj S -
23 52 B,SC Li, K, T -
24 52 P K, Li -

- Negative, + positive; B = brain, P = pancreas, Li = liver, K = kidney,
S = spleen, SC = spinal cord, O = oviduct, T = testicles, ND = not done.

observed in the interstitial nephritis (22/24) (Fig.2C), as well
as necrosis of tubular epithelial cells (3/24) and hemorrhage
(2/24). In the spleen, hemosiderosis (14/24), lymphoid
necrosis associated with fibrin deposition (10/24), lymphoid
depletion (6/24), macrophage infiltration, and hemorrhage
(2/24) were observed. In the liver, periportal lymphocytes,
plasma cells, macrophage, and heterophil infiltration (20/24)
were observed (Fig.2D). In the pancreas, lymphocytic infiltrate
(17/24) was found and was occasionally associated with
extensive necrosis (6/24) (Fig.2E). Lymphocytic infiltration
was observed in two female oviducts, and five males had
testicles with tubular degeneration that was occasionally
associated with lymphocytic infiltration.

Immunohistochemistry

ND virus antigens were detected multifocally and were
characterized by a granular immunostaining in the cytoplasm
of neurons (6/24) (Fig.2F), macrophages in the liver (4/24),
epithelial cells in the exocrine pancreas (1/24), and in epithelial
cells in the kidney (1/24)(Table 2).

RT-PCR and phylogenetic analysis

Six out of the 23 pigeons analyzed were positive for
NDV by RT-PCR for the matrix (M) protein gene (Table 2).
The complete gene and the coding sequence of the fusion
(F) gene, according to the unified NDV classification system,
indicated that the strain had a cleavage site, 12 RRQKRF!?’,
which was characteristic of velogenic strains. Phylogenetic
analysis of protein F showed that this strain could be classified
into class Il and genotype VI (Fig.3).

Additional exams

Atotal of six pigeons tested negative for Influenza virus A,
West Nile virus, Mycoplasma gallisepticum, and Mycoplasma
synoviae by PCR assay.

Pesq. Vet. Bras. 38(12):2254-2261, dezembro 2018
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Fig.2. Histopathologic and immunohistochemical characterization of Paramyxovirus infection in Columbiformes. (A) Brain. Perivascular
lymphoplasmacytic cuffing and mild microgliosis. HE, obj.20x. (B) Spinal cord. Mild nodular microgliosis. HE, obj.40x. (C) Kidney.
Lymphoplasmacytic multifocal interstitial infiltrate associated with rares macrophages and necrosis of tubular epithelial cells. HE,
0bj.40x. (D) Liver. Focal area of mild periportal inflammatory infiltrate constituted by lymphocytes, plasma cells, macrophages, and
heterophils, in addition to mild bile duct proliferation. HE, obj.40x. (E) Pancreas. Focal area of necrosis of pancreatic acini. HE, obj.40x.
(F) Brain. Positive immunostaining in the cytoplasm of neurons for Newcastle Disease virus. AEC, obj.40x.
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Fig.3. Molecular phylogenetic analysis of paramyxovirus type I F protein by Maximum Likelihood method. Phylogenetic analysis showed
that this strain could be classified into class Il and genotype VI clade, which includes the strain described in the present study and the

reference strain AY734536.1/Pigeon-Argentina.

DISCUSSION

The diagnosis of paramyxovirus infection was confirmed
through histological, immunohistochemical, and molecular
analyses. The pigeons in this study presented neurological signs
thatincluded ataxia, imbalance, head tremors, incoordination,
torticollis, and inability to fly, which are the same as those
described as the primary signs of this disease observed in the
order Columbiformes (Barton etal. 1992). The gross findings
were nonspecific. However, most of the pigeons presented a
focally extensive area of hemorrhage in the dorsal cervical
region that extended into the subcutis. Columbiformes are
known to exhibit a prominent vascular plexus in the cervical
region (Werther 2007), which may have been injured in these
birds due to the tremors and head rotation they displayed.
The histological lesions observed in the central nervous
system and organs of the coelomic cavity of these pigeons were
similar to those described in the literature (Bhaiyat et al. 1994,
Brown etal. 1999, Kuiken etal. 1999, Ecco etal. 2011). The large
amount of AAvV-1 found in the brains of experimentally
infected pigeons suggests a high concentration of this viral
strain in the central nervous system (Kommers et al. 2002),
justifying the presence of lesions in the CNS found in the
majority of pigeons analyzed in our study.
Immunohistochemical positive staining was found in nine
pigeons of 24 tested. The absence of staining in the tissue
samples from the other pigeons could be related to the period
of infection; in some cases, there was no association between
injury and the presence of the virus. The absence of positive
staining may also indicate that undetectable amounts of virus

can generate inflammatory lesions (Ecco et al. 2011) due to
the greater sensitivity of nervous tissue (Brown et al. 1999).
Viral replication may not be the only mechanism of neuronal
damage; some damage likely occurs due to vascular
impairment, and direct neuronal necrosis may be caused by
the virus (Ecco etal. 2011). One bird exhibited the deposition
of eosinophilic granular material in neuron bodies in an
experimental infection study (Kommers et al. 2002), and
another showed the same structures in respiratory epithelial
cells and neuroglia cells (Hamid et al. 1991). In our study,
immunohistochemical analysis did not reveal positive staining
in these spinal cord structures. Therefore, it is not possible
to state that these are paramyxovirus particles.

The pigeons examined in the last week of the outbreak were
not RT-PCR positive, possibly because they were close to the
end of the clinical course of the disease. It was not possible
to identify viral material in the cloaca and trachea swabs or
in the organs. Experimental infection studies with AAvV-1
strains have shown that pigeons primarily eliminate the virus
in the first few days after infection (Dortmans etal. 2011). In
tissues, positive PCR results were observed more frequently
until the sixth day after infection (Hamid etal. 1991). RT-PCR
analysis and sequencing were effective for the virus detection
and in the deduction of virulence (Alexander et al. 2012).
These techniques have been widely used because they are
faster and less laborious than in vivo tests (Alexander 2000b),
allowing for phylogenetic studies to determine the source
and possible spread and mutation of a given strain. These
techniques are also a good alternative in outbreaks (Aldous
& Alexander 2001). In this study, they were effective and
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essential diagnostic tools. In the present study, it was possible
to observe that infections with a longer period of evolution
can exhibited histological lesions without the presence of the
virus, considering that the cases observed in the last week
of the outbreak were negative in the immunohistochemical
assay and the PCR.

Currently, ND is defined as a poultry infection caused by
AAvV-1 that either has an ICPI greater than 0.7 or has multiple
basic amino acids in the C-terminus of the F2 protein and the
N-terminus of the F1 protein (OIE 2012). Sequencing enables
the detection of a strain that may be highly pathogenic for
chickens and may cause a Newcastle disease outbreak upon
crossing biosafety barriers and infecting poultry.

Differential diagnoses include Influenza virus A, West Nile
virus, Mycoplasma gallisepticum, and Mycoplasma synoviae,
agents that can cause damage to the central nervous system
(Swayne et al. 2001, Swayne 2008). None of the pigeons
tested was positive for these agents. Therefore, it is extremely
important to use histology in conjunction with other diagnostic
tools. Whereas immunohistochemical analysis enables the
differentiation of ND from other agents, RT-PCR analysis and
sequencing directly determines virulence.

The potential of the carrier pigeon to introduce ND
in certain areas has been reported (Alexander 2000b),
including in South American countries (Zanetti et al. 2001,
Castro etal. 2012). The strain identified in the present study
demonstrated homology with the strain that was identified
in an Argentinian outbreak (Zanetti et al. 2001), relatively
close to the state of Rio Grande do Sul. The mortality outbreak
in this study occurred near the Guaiba River (in the eastern
portion of the Rio Grande do Sul State, at the intersection of
50° and 52° west longitude and 30° and 31° south latitude).
The hypothesis that the infection was acquired from aquatic
and wild birds inhabiting this region (Accordi & Barcellos
2006) cannot be ruled out.

NDV is a pathogen with zoonotic potential, and the most
common sign of infection in humans is conjunctivitis that
develops within 24 hours of NDV exposure to the eye (Swayne
& King 2003). Isolation of a pigeon-like APMV-1 from the lung
tissue, urine, and feces of an immunocompromised patient
who died of pneumonia has been reported (Goebel etal. 2007).
Urban pigeons (Columba livia) may serve as reservoirs,
carriers, and transmitters of various pathogens, and pose a
risk to public health (Werther 2007). The free-living pigeons
(Columba livia) in the present study were transient and living
in the town square in the center of the city where they were
fed, thus, they may be in frequent contact with humans.

After natural transmission from pigeons to chickens,
PPMV-1 strains may become more virulent and lead to major
outbreaks (Meulemans et al. 2002). The specific strain of
PPMV-1 carried by pigeons can cause severe lesions in infected
chickens (Kommers et al. 2002). Commercial poultry may be
susceptible to the identified strain responsible for the outbreak
presented in this study. The identified strain is pathogenic
for pigeons because the clinical signs that are presented
in this study are similar to those reported in the literature
(Brown etal. 1999). The lesions that were found were mostly
presentin the central nervous system and were associated with
the identification of the agent through immunohistochemical
examination, which strongly suggests that the strain involved
in this study is neurotropic. These results indicate the presence
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of an AAvV-1 with the potential to cause Newcastle disease
if it is transmitted to poultry. Biosafety measures and virus
surveillance must be increased to prevent this disease from
causing further infections in this region.
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