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Abstract

Introduction: Avian poxvirus infections are widespread in the domestic poultry population but are also reported in wild
birds. In poultry, these infections cause significant economic losses, while wild birds may be a reservoir for poxvirus which
affects breeding poultry. However, wild birds may also exhibit characteristic anatomopathological changes. This study concerns
the infection of wild-living great tits (Parus major) with the avian poxvirus in Poland. Material and Methods: Samples of
internal organs and skin collected from great tits were homogenised and total cellular DNA was isolated. In PCR, the primers
complementary to gene encoding the core protein 4b of the HP44 strain of fowl poxvirus (FPV) were used. Results: After
electrophoresis in 2% agarose gel, the PCR product of 578 bp characteristic for FPV was obtained in DNA samples isolated from
skin lesions and the heart. The analysis of the nucleotide sequence of the virus strain showed 99% similarity to many poxviruses
previously isolated from great tits and other free birds at various sites in the world. Conclusions: This paper is the first clinically
documented evidence obtained in laboratory conditions of avian poxvirus cases in great tits in Poland.
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Introduction

Avian pox is caused by a virus belonging to
the genus Avipoxvirus, within the subfamily
Chordopoxviridae. This virus is very common in the
breeding poultry population (2, 12), but has also been
reported in 278 species of wild birds from 70 families
and 20 orders (3, 6, 10, 15), both in North America (4)
and in Europe (5, 8, 11, 14).

The first cases of viral infection in Europe
were recorded in the early 1970s in wild birds in
Norway (15). However, the virus was found in
Central European countries in 2005. In the years 2005—

2009, infections with the virus were recorded
in great tits in Austria, Hungary, the Czech
Republic, Slovakia, Germany, and Hungary, as

well as beyond the continental mainland, i.e. in the
UK (9, 13).

Although symptoms of a probable pox case in
a great tit were reported in 2009 in Poland (data not
published), our report is the first evidence, documented
clinically and provided in laboratory conditions, of
avian pox cases in great tits (Parus major) in Poland.

Material and Methods

Bird samples. The study material was composed
of the bodies of 10 great tits, obtained in the winter
(December 2015—February 2016) in Inowroctaw and
Grodztwo (near Kruszwica), North-Central Poland.
Dead birds were provided for diagnostic tests to the
Department of Poultry Diseases, National Veterinary
Research Institute, Putawy, Poland.

Sample preparation. During the necropsy,
samples of skin lesions, heart, trachea, lung, stomach,
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and intestines were taken for laboratory examination.
These samples were homogenised and then total
cellular DNA was isolated by commercial kit (MiniKit
DNA, Qiagen, Germany).

PCR. Primers complementary to the gene
encoding the core protein 4b of the HP44 strain
previously described in the literature were used to
detect the genetic material of avian poxvirus (7). The
negative control was the total cellular DNA isolated
from non-infected chicken embryo fibroblast (CEF)
culture. As a positive control, DNA of the modified
DCEP25 strain of avian poxvirus isolated from
Diftosec CT (Merial, France) was used. The PCR was
carried out in a gradient thermocycler (Biometra,
Germany) in a 25 pl volume containing: 2.5 pl of PCR
buffer (Eurx, Poland), 1 pl of 25 mM magnesium
chloride, 1 pl of ANTP mixture (0.2 mM), 0.5 pl of
each of the primers, 0.5 pul of DNA polymerase (2.5 U),
2 ul of DNA, and 17 pl of deionised water.
Amplification conditions were as follows: 95°C for 5
min, 35 cycles at 94°C for 1 min, 61°C for 1 min, and
72°C for 1 min, and final extension at 72°C for 10 min.
PCR products were separated in 2% agarose gel with
GelRed (Biotium, USA) for 50 min at 120 V. After
electrophoretic separation, the amplification product
was compared to the mass standard (Thermo-Scientific,
USA). The results were visualised using a UV
transilluminator and photographed.

Sequencing and phylogenetic analysis. The
amplicon obtained for the DNA sample isolated from
skin lesions was sequenced twice by Genomed,
(Poland) using an FLX/Titanium sequencer (Roche,
USA). The forward and reverse starter sequences were
matched and manually edited in the freely distributed
computer programme Bioedit 7.0.9.0 (Tom Hall, USA).
The resulting consensus sequence was compared with
other sequences available in the GenBank NCBI
database, using BLAST software. The phylogenetic
tree was constructed using the MEGA programme in
version 6 (Koichiro Tamura, Joel Dudley, Masatoshi
Nei, and Sudhir Kumar, USA).

Results

During necropsy, brown lesions were found
located in the scalp area around the eyes, bow cavity,
and neck, and deeply rooted in the underlying
structures (Fig.1). The lesions spotted in the corners of
the beak as well as those in the mucous membrane of
the beak cavity presented themselves as greyish yellow
diphtheroid-like deposits strongly integrated into the
underlying structures. Removal of the diphtheroid-like
membranes from the surface of the mucous membrane
revealed erosion and ulceration. No pathological
lesions were found in internal organs.

Fig. 1. Pox-like lesions on the scalp area of the beak, bow cavity, and neck of great tits (phot. P. Indykiewicz)
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Fig. 2. Phylogenetic relationships between nucleotide sequences of the 4b gene of APV detected in great tits sampled in
Poland (red square) and other APV isolates from the GenBank database. The evolutionary history was inferred using the
neighbour-joining method. The percentage of replicate trees in which the associated taxa clustered together in the bootstrap test

(2,000 replicates) are shown next to the branches

The PCR product of 578 bp characteristic for
avian poxvirus was obtained in a DNA sample isolated
from skin lesions and the heart.

The sequence of Polish strain AP/1/2016 was
placed in the GenBank database under the accession
number KY569404. The analysis of the nucleotide
sequence showed 99% similarity to many poxviruses
previously isolated from great tits and other free birds
in the world. The nucleotide sequences of isolates used
to construct the phylogenetic tree fell within two major
genetic groups. The Polish isolate AP/2016 belongs to
group 1 together with six more European strains
isolated from tits. Comparison of the nucleotide
sequence of the region encoding core protein 4b
revealed that it was most akin to the Czech strain ER-
2009 and the Norwegian strain GTV-A311 isolated
from tits (Fig. 2).

Discussion

Infection with avian poxvirus has been confirmed
at least in 278 species of wild birds from 70 families
and 20 orders (3, 6, 10, 15), both in North America (4)
and in Europe (5, 11, 14).

Although symptoms of a probable case of pox in
a great tit were reported in 2009 in Poland (Krzysztof

Ostrowski, in information conveyed verbally and
photo), our report is the first laboratory-gleaned
evidence of avian pox cases in great tits in Poland
documented clinically.

A total of 1,819 great tits were investigated in
2007 in the Pilis Mountains in Hungary (11). In some
birds, nodular proliferative lesions on the head and eyes
were observed. Avian poxvirus infection was
confirmed by histopathology, electron microscopy
(EM), and PCR. The phylogenetic analysis revealed
100% identity between Hungarian and Norwegian
isolates of avian poxvirus. These results were
practically convergent with the results of our research.

Six avian poxvirus isolates obtained from various
bird species in Egypt were investigated (1). Viral
strains were propagated on the chorioallantoic
membrane of embryonated chicken eggs and the
presence of avian poxvirus genetic material was
subsequently confirmed in PCR. Phylogenetic studies
have confirmed that avian poxvirus circulates
constantly in the bird population of Egypt.

All of the results presented above are indicative of
the persistent occurrence of avian poxvirus in the
environment. The confirmed case of avian poxvirus
infection in great tits in our country suggests the risk of
virus transmission to other species of free-living birds,
granted its very high resistance to unfavourable
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environmental conditions. In a contaminated
environment, dried scabs containing poxvirus particles
may be a source of infection for other susceptible
species of birds.
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