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RESUMO.- [Primeira análise filogenética de Avipoxvirus 
(APV) no Brasil.] Este trabalho representa a primeira aná-
lise filogenética de Poxvirus aviário detectado em perus no 

Brasil. Os distúrbios clínicos relacionados com bouba aviá-
ria aqui descritos ocorreram em um sistema de alojamento 
de perus. As aves apresentaram lesões características de 
varíola observadas no pescoço, pálpebras e bico das aves. 
Quatro perus com sinais característicos foram escolhi-
dos aleatoriamente, sacrificados e submetidos à autópsia. 
Amostras de tecido foram submetidas à análise histopato-
lógica e o DNA total foi extraído, amplificado por PCR con-
vencional e os amplicons foram sequenciados e analisados ​​
filogeneticamente. A PCR específica para Poxvírus aviário 
foi realizada com base na seqüência do gene da proteína 
do núcleo P4b. A análise histológica revelou um processo 
inflamatório dérmico, tecido de granulação, hiperplasia de 
células epiteliais e corpúsculos de inclusão. O gene P4b foi 
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detectado em todas as amostras. O sequenciamento reve-
lou uma identidade entre nucleotídeos e aminoácido de 
100% entre as amostras e as sequências foram deposita-
das no GenBank®. Os quatro fragmentos de poxvírus aviá-
rio sequenciado neste estudo foram agrupados no clado 
A1 de avipoxvirus e foram classificados como Avipoxvirus 
(APV). Estudos adicionais, como isolamento viral, PCR e se-
quenciamento, incluindo um grande número de perus da 
produção brasileira devem ser conduzidos devido ao grave 
risco que a infecção por poxvírus pode causar ao cenário de 
produção avícola brasileira, tendo em vista que a produção 
brasileira de perus atrai atenção devido a sua importância 
mundial. Nossos resultados apontam para a necessidade de 
identificar a prevalência da APV na produção de peru no 
Brasil, para realizar estudos de avaliação de risco e conti-
nuada monitoração de infecções por APV nas espécies de 
aves comerciais e silvestres.
TERMOS DE INDEXAÇÃO: Peru, Poxviridae, Avipoxvirus, APV, PCR, 
análise filogenética.

INTRODUCTION
Avian poxviruses cause a common viral disease in bird spe-
cies. It is worldwide distributed, affecting at least 3% of 
232 species of birds (Bolte et al. 1999, Tripathy et al. 2000, 
Kim et al. 2003, Godoy et al. 2013). APV may manifest in 
two different ways: lesions on the skin, commonly named 
as cutaneous form, and lesions in the mouth, pharynx, la-
rynx, esophagus and trachea, called diphtheritic form. 
These two forms may occur simultaneously (Biswas et al. 
2011). When Avipoxvirus (APV) affects poultry production, 
it can lead to decreased egg production, reduced growth, 
and increased mortality. In canaries, APV causes severe 
pulmonary damage, leading to extremely high mortality ra-
tes (Manarolla et al. 2010).

Viruses belonging to the APV family are large, oval, bri-
ck-shaped, and enveloped. Double-stranded DNA ranging 
from 130 to 375 kb in linear configuration is the main cha-
racteristic of the members of this family (Bolte et al. 1999, 
Manarolla et al. 2010). APV DNA usually presents a low 
(about 30 to 40%) GC-content (Bolte et al. 1999), encoding 
about 150 genes (Lefkowitz et al. 2006). Avian cell tissue 
cultures (e.g., chicken embryo fibroblasts, chicken embryo 
dermis and kidney cells, and duck embryo fibroblast) and 
chorioallantoic membrane (CAM) of embryonated eggs are 
the tissues of choice for APV isolation, due to its easily re-
plication. Nonetheless, turkeys isolates may fail to grow in 
these cell lines, even after repeated passages (Tripathy & 
Reed 2013). According to Jarmin et al. (2006), APV repli-
cates within the cytoplasm of the cells that they infect, cau-
sing type A cytoplasmic inclusions (Tripathy & Reed 2013).

Chordopoxvirinae (ChPV) and Entomopoxvirinae (EnPV) 
are two subfamilies within Poxviridae family. The first one 
infects vertebrates, and the second one infects insects (Hu-
ghes et al. 2010, Manarolla et al. 2010). The subfamily ChPV 
comprises eight genera: Avipoxvirus, Molluscipoxvirus, Or-
thopoxvirus, Capripoxvirus, Suipoxvirus, Leporipoxvirus, 
Yatapoxvirus and Parapoxvirus; whereas four genera are 
found in EnPV subfamily: Alphaentomopoxvirus, Betaento-

mopoxvirus, Gammaentomopoxvirus and a not assingned 
one (www.ictvonline.org/virusTaxonomy.asp). Avipoxvirus 
is the only genus capable of infecting birds (Gubser et al. 
2004).

To date, ten species have been described as belonging 
to the genus Avipoxvirus: Canarypox virus, Fowlpox virus, 
Juncopox virus, Mynahpox virus, Pigeonpox virus, Psittaci-
nepox virus, Quailpox virus, Sparrowpox virus, Starlingpox 
virus and Turkeypox virus. There are three other species as 
additional attempt by the International Commitee on Taxo-
nomy of Viruses: Peacockpox virus, Penguinpox virus, Cro-
wpox virus (www.ictvonline.org/virusTaxonomy.asp). The 
prototype of the APV family is Fowlpox virus (FWPV), whi-
ch causes lesions on the skin and in the upper respiratory 
tract (Tadese et al. 2008).

Poxvirus infections cause cutaneous and internal le-
sions and may affect chickens and turkeys (Tripathy & Reed 
2013). Microscopically, the skin lesions are characterized 
by severe hypertrophy and hyperplasia of epidermal cell, 
many of which undergoing ballooning degeneration and of-
ten containing intracytoplasmic eosinophilic inclusion bo-
dies called Bollinger bodies. These inclusion bodies are pa-
thognomonic for Avian poxvirus infection (Fletcher 2008).

Histopathological examination is considered the major 
method for APV diagnosis, but other techniques, such as 
cell tissue cultures, virus isolation in CAM of embryonated 
chicken eggs, serologic methods and electron microscopy 
(Tripathy & Reed 2013) are available to isolate or detect 
the virus. To date, the most sensitive techniques include se-
veral molecular approaches (Manarolla et al. 2010). Hence, 
the amplification of a 578-base pair (bp) region of P4b, a 
highly conserved gene of APV, is commonly used to diag-
nose APV infections, which is highly conserved amongst all 
poxviruses (Binns et al. 1989). The P4b gene has already 
been reported in other phylogenetic studies of APV to dis-
tinguish between clades A, B, C, A1-4 and B1-2 (Lüschow et 
al. 2004, Weli et al. 2004, Jarmin et al. 2006).  In addition, 
conventional and real time PCR techniques provide results 
more rapidly than virus isolation.

The aim was to characterize Avian poxvirus isolates 
from turkeys in Southern Brazil. For this purpose we used 
histopathological analysis, PCR, and phylogenetic analysis.

MATERIALS AND METHODS
Sample collection. In this survey, about 80 out of 120 

140-days-old turkeys (Meleagris gallopavo) housed in the Insti-
tuto de Pesquisas Veterinárias Desidério Finamor (IPVDF), Eldo-
rado do Sul, Rio Grande do Sul State, Brazil, demonstrated clinical 
signs consistent with Pox. The characteristic lesions were obser-
ved on the neck, eyelids and beak of the turkeys (Fig.1). The appa-
rently diseased birds displayed roughened feathers and stunted 
growth. Most affected turkeys died suddenly, and four animals, 
displaying the symptoms described above were randomly chosen 
and necropsied for tissue collection in order to carry out histo-
pathology and molecular diagnosis. All animals were housed and 
fed in accordance with procedures required by animal welfare 
and registered under protocol number 11/2011 from IPVDF. The 
turkeys were euthanized according to established procedures.

Histopathology. Tissue samples from necropsied turkeys 
were fixed with 10% buffered formalin and taken to the Histopa-
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thology Laboratory for processing and histological analysis accor-
ding to the technique of Luna (1968). Tissue sections were cut, 
dehydrated, cleared, embedded with paraffin, laminated at 5 μm 
and stained with haematoxylin and eosin for histological exami-
nation by optical microscopy.

DNA extraction, PCR amplification and sequencing. The 
DNA extraction was carried out using 25 mg of the skin, trachea 
and pulmonary lesions from individuals showing clinical signs, as 
well as from 1 mL of the lyophilized vaccine using phenol (Amres-
co®) used as a positive control according to Sambrook & Russel 
(2001). Tissues were submitted to digestion by proteinase K at 56 
°C for 1 hour. The DNA was quantified fluorometrically, and DNA 
samples were stored at -80 °C until analysis.

 APV-specific and FPV140 PCRs were performed according 
to Manarolla et al. (2010). The APV specific PCR was performed 
using a primer pair described by Huw Lee & Hwa Lee (1997) 
based on P4b sequence of FPV virus strain HP444. FPV specific 
PCR was performed using a primer pair described by Jarmin et al. 
(2006), with a forward primer with slight modifications descri-
bed by Manarolla et al. (2010). APV and FPV amplifications were 
performed as described by Manarolla et al. (2010), except that the 
final extension of APV specific PCR was 10 min at 72°C.

PCR products were separated by 2% (for P4b) and 1.2% (for 
FPV140) agarose gel electrophoresis, and stained with ethidium 
bromide. PCR products of P4b gene with the specific size were 
submitted to Sanger sequencing. The sequences were deposited 
in GenBank® database under accession numbers: KM396387, 
KM396388, KM396389 and KM396390.

To assess the phylogenetic clustering and relationship among 
the different APV, the P4b sequences were aligned with APV se-
quences available in GenBank® (clustalW, Thompson et al. 1994), 
using the neighbour-joining method according to the Jukes & Can-
tor model. The out-group used for P4b gene was Molluscum conta-
giosum virus (MOCV). Bootstrap values were determined by 1,000 
replicates to assess the confidence level of each branch pattern. All 
phylogenetic analyzes were run by MEGA 6.0.6 (Tamura et al. 2013).

RESULTS
Histopathology.

The histological analysis of the cutaneous lesions reve-
aled inflammatory process in the dermis, granulation tis-
sue, and hyperplasia of epithelial cells. In some fragments, 
it was possible to detect the pathognomonic lesions of APV 
infection (Fig.2).

PCR and sequencing.
All four clinical cases sampled were positive for the 

APV-specific PCR (Fig.3). The size of the amplicon of P4b 
gene (about 580 bp, including primers) was in agreement 
with the size of the published nucleotide sequences (Fig.4).

A phylogenetic tree was constructed (Fig.5) and the 
sequences showed a 100% nucleotide and amino acid se-
quence identity, clustering along clade A1. The identity 
between these sequences and known APV viruses ranged 

Fig.1. Lesions and scabs on the skin of affected turkeys of this 
study. The cutaneous form is characterized by the presence 
of nodular proliferative lesion in the featherless parts of the 
body (comb, wattles, ear lobes, eyes, and sometimes the feet).

Fig.2. Epidermal cells associated with intracytoplasmic inclusions 
of poxvirus. The arrows indicate the presence of intracyto-
plasmic eosinophilic inclusion bodies named Bollinger bodies.

Fig.3. PCR amplicons of the P4b gene of turkey avianpoxvirus 
from this study. Lane M, DNA ladder 100 bp (Ludwig Bio-
tec®); 1, Ave 5 (KM396387); 2, Ave 5M (KM396388); 3, Ave 
10 (KM396389); 4 and 5, Positive control (Vaccine); 6, Ave 20 
(KM396390) and C-, Negative control.
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from 91% to 99% in clade A2, 76% to 78% in clade B, and 
75% in clade C. The Quail strain, not allocated in any clus-
ter, displayed 75% identity with our samples. The MOCV 
subtype 1 (NC001731) was included as an out-group.

PCR for amplification of FPV140 was also carried out, 
and FPV140 genome was detected in all four samples. Am-
plicons from samples KM396387, KM396388, KM396389 
and KM396390 had 2400 bp length whereas amplicons from 
fowlpox vaccine were 1800 bp in size (data not shown).

DISCUSSION
Brazil is the second largest exporter and the third largest 
producer of turkeys in the world and its production at-
tracts attention due to its economic importance. Many ad-
vances have been made concerning sanitary management, 
promoting a high health status to the turkey production.

Avian poxviruses can be isolated from many others 
avian species besides turkeys, such as wild birds, pet birds, 
poultry and laying hens. Both broilers and laying hens are 
usually vaccinated against fowlpox in the summer, because 
of the proliferation of the major vector of APV, Culex spp, 
increasing during this season.

In this study, turkeys that displayed symptoms were 
not vaccinated for fowlpox. This suggests that some APV 
strains might have been introduced in the flock and spread 
among the turkeys causing the classical signs of fowlpox. 
These findings demonstrate that the turkeys can be infec-

ted by poxviruses, and the molecular techniques offer op-
portunities for the detection of this DNA virus.

Molecular techniques, such as PCR and sequencing, 
enabled us to classify the samples as Avipoxvirus. It must 
be highlighted the importance of this phylogenetic study 
as it is the first phylogenetic study of APV from turkeys in 
Brazil. Other studies conducted in Brazil were based on cli-
nical diagnosis, histopathology, virus isolation and an op-
timized nested PCR for APV diagnosis. Regarding turkeys, 
there is only one report about the presence of pox virus in 
this species referring the treatment of animals using di-(4-
-amidinophenyl)-triazine-(N-1,3)-diaceturate (Lamounier 
et al. 1966). Back et al. (1995) reports an outbreak of Fo-
wlpox in broiler chickens and the diagnostic was perfor-
med by histopathology and virus isolation. Fallavena et al. 
(2002) reports the presence of FWPV in Dermal Squamous 
Cell Carcinoma (DSCC) also in broiler chickens using a nes-
ted PCR. Silva et al. (2009) reports the presence of Fowlpox 
in backyard chickens by clinical signs and confirming the 
diagnosis by histopathology. Vargas et al. (2011) reported 
an infection by Avian poxvirus in barn owl, and Pereira et 
al. (2014) reported a cutaneous tumor-like lesions asso-
ciated with infection by APV in a Dendrocygna autumnalis. 
Both studies confirmed the diagnosis by clinical signs as 
well as by histopathology. To our knowledge this is the first 
phylogenetic analysis of APV in turkeys in Brazil.

All four APV fragments sequenced in this work belonged 

Fig.4. Alignment of the P4b gene of turkey avianpoxvirus from Southern Brazil, and P4b published nucleotide sequences indicating 
that the nucleotides are similar to those isolated in this study. Ave 10 (KM396389) Turkey (this study). AY530304 a Turkey from 
Germany. GQ180207 a Pheasant from Italy. AY530305 an Ostrich, probably from United Kingdom. AM050375 a Canary, probably 
from the United Kingdom. AM050382 a Macaw from United Kingdom. GQ180200 a Quail from Italy. NC_001731 Molluscum con-
tagiosum virus subtype 1.
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to the A1 clade of avipoxviruses and were identical to each 
other, being classified as Avipoxvirus. The identity among 
our sequences obtained in this study may be due to the fact 
that they originated from the same outbreak. Our isolates 
also presented high similarity (100%) in comparison to 
other previously characterized strains belonging to A1 cla-
de (strains AY530304 and GQ180212 (turkeys), AY530303 
(FWPV HP-B vaccine), AM050380 and AM050378 (chi-
ckens), and GQ180207 (pheasant), and with the attenua-
ted fowlpox vaccine (Difotvax® MERIAL® - sequencing not 
shown) used by the Brazilian poultry industry. The clo-
sest turkeys avipoxvirus 4b virion core protein sequences 
found in GenBank®, in the subclade A1, were from Italy 
(GQ180212) and Germany (AY530304), which were iden-
tical to our samples on the level of nucleotide and amino 
acid sequence.

The turkey APV DNA sequenced here appears to be clo-
sely related to a falcon APV (AM050376) isolate from United 
Arab Emirates (Jarmin et al. 2006), a turkey (AM050387) 
isolate from United Kingdon (Jarmin et al. 2006) and an 
ostrich (AY530305) without any isolation location defined 
(Lüschow et al. 2004), and all of them belonging to A2 cla-
de. The closest turkey APV sequence found in A2 clade was 

from Italy (GQ180212), and varied 9% on the amino acid 
level.

The sequences within cluster B, AM050386, AM050375, 
AM050384, AY530309, share nucleotide and amino acid 
identities of 76 %, 78%, 76% and 76%, respectively. In the 
cluster C, samples AM050382 and AM050383 share 76% 
of identity. All these samples are from United Kingdom. The 
small difference between the sequences recovered here 
and those from Europe and United Arab Emirates may be 
due to the high conservation of APV DNA. This suggests 
that some APV strains might have been introduced to Bra-
zil from Europe by the importation of European/American 
poultry lineages to improve the genetic quality of poultry in 
Brazil. This also suggests the possible introduction of APV 
strains from overseas with the introduction of exotic bird 
species such as passerines (Ha et al. 2011). Previous work 
showed that an APV isolate from a free-ranging bird pre-
sented a genetic similarity with FWPV and turkeypox virus 
(Lüschow et al. 2004; Ha et al. 2011).

The results of this work confirm that turkeys of Brazil 
are susceptible to APV infection. The diseased specimens 
analyzed in this work were positive for APV DNA. Avipo-
xvirus infection is not considered a concerning disease in 
Brazilian poultry industry because fowlpox vaccination 
is carried out in the whole poultry production during the 
summer.

It must be highlighted that the amplified gene fragment 
used in the phylogenetic analyses is short, about 580 base 
pairs, allowing only a preliminary classification of the vi-
rus. More consistent sequence data from additional geno-
mic regions would be required for an elucidative taxonomic 
classification of the virus detected here. Further studies 
should be carried out to assess the potential pathogenic 
role of APV to other species, providing new insights into 
the ecology and evolution of APV in different avian species.

CONCLUSIONS
To our knowledge, this study shows the first phylogene-

tic analysis of APV in turkeys in Brazil. Other avian species 
(e.g. poultry, laying hens, wild birds, pet birds) may proba-
bly be infected by APV and leading to severe economic los-
ses in the Brazilian poultry industry.

Additional studies with larger numbers of turkeys and 
other avian species, as well as the continued vigilance on 
the occurrence of viral infections in poultry, laying hens 
and turkey production is necessary to follow the evolution 
of APV and its interactions with the different avian host 
species.

The detection of APV in Brazilian turkey production ne-
arby to another poultry production or laying hens may be 
a hazardous risk to the Brazilian poultry production sce-
nario.

Our findings point to the need to identify the prevalence 
of APV in Brazilian turkeys, poultry and laying hens, to per-
form risk assessment studies and continued surveillance of 
APV infections in both wild and commercial avian species.
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to perform the phylogenetic tree, and calculated according 
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were determined by 1,000 resampling to assess the confiden-
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clades A-C are highlighted. 
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