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A West Nile virus (WNV) lineage 2 strain was molecu-
larly identified and characterised in a Eurasian magpie
hunted in Greece in 2010, during a WNV outbreak in
humans. Phylogenetic analysis revealed the highest
sequence similarity (099%) with other WNV lineage
2 strains derived from birds of prey in Austria and
Hungary (2004-2009). This first molecular detection
of WNV in sedentary wild birds in Greece, which are
possible reservoirs of the virus, is a public health
concern.

Introduction

West Nile virus (WNV) is a mosquito-transmissible
Flavivirus with zoonotic potential. The virus has been
present in Europe for decades; however, only recently
were strains of lineage 2 (L2) identified outside of
Africa: in 2004 and 2005 in goshawks in Hungary, in
2007 in Volgograd, Russia, and in 2008 and 2009 in
goshawks and a falcon in Austria [1-3]. From early July
through October 2010, 261 laboratory-confirmed cases
of WNV infection in humans were reported in northern
Greece as part of an outbreak. Of these, 191 patients
presented with neuro-invasive symptoms, and 34
deaths were reported [4]. Most cases were observed
in central Macedonia, in areas located between four
major rivers (Axios, Loudias, Aliakmon and Gallikos)
which converge into a common delta, a well-known
resting and breeding ground for migratory birds.

Methods and results

The objective of our study was to detect possible infec-
tion of wild birds with WNV during the outbreak in
Greece, and to molecularly characterise and define the
WNV strain geographical origin in positive samples.

Our first focus was on members of the Corvidae fam-
ily. Many corvid species are sedentary and territorial,
having a wide daily dispersal range of up to 20 km,
social, roosting in large colonies and abundant in both
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wetlands and urban areas [5]. Hence, introduction
of the virus in an area (i.e. via migratory birds) may
result in its transmission, circulation and maintenance
in local corvid populations. Samples from hunter-
harvested corvids (Eurasian magpies and carrion
crows, hunted species according to Greek law) were
collected during the hunting season (from 20 August
until 28 February the following year) of 2009/10 and of
2010/11. Sampling was carried out in the municipali-
ties of Thermi and Axios (prefecture of Thessaloniki,
central Macedonia, Greece) by members of the Hunting
Federation of Macedonia and Thrace, locating corvid
roosting sites in nearby wetlands. Hunters were briefed
on signs of encephalitis in birds, and were instructed
to report any such observations. No findings of birds
with signs of encephalitis or dead birds were reported
from any of the hunters.

Of 96 corvids collected, 36 were tested, including 28
Eurasian magpies (Pica pica) and eight carrion crows
(Corvus corone). A pool of selected tissues (kidney,
heart, liver) was created from each bird. RNA was
extracted from each pool, which constituted a single
sample, using the PureLink RNA Mini Kit (Invitrogen).
An -RT-PCR specific for Japanese encephalitis virus
complex was performed for all extracts resulting in a
1,084-bp amplification product covering part of the
nonstructural protein 5 (NSs5) gene, as described ear-
lier [6]. A band of expected size was obtained from one
PCR product derived from a magpie harvested near the
village of Trilofos (40°28’25.57”N, 22°58°28.62”E) in
September 2010 (Figure 1). A serum sample from the
magpie in question was tested for the presence of WNV
IgG antibodies by indirect immunofluorescence test
using a commercial kit (EUROIMMUN) [7]; the serum
sample was positive at a dilution of 1/30.

The positive PCR product was purified using the
PureLink PCR Purification Kit (Invitrogen) and was



bidirectionally sequenced using the fluorescent
BigDye Terminator Cycle sequencing kit v3.1 (Applied
Biosystems), followed by fragment separation with a
3,730xl DNA Analyzer (Applied Biosystems).

Phylogenetic analysis was conducted using MEGA 3.1
[9]. Nucleotide sequences from other WNV strains
were retrieved from Genbank (NCBI). Phylogenetic
analysis of 797 nucleotide-long partial NS5 sequences
was performed. A neighbour-joining phylogenetic tree
using Kimura-2 parameter distance matrix was inferred
from 26 WNV strain sequences (including that derived
from the magpie in our study) and two sequences of
the Japanese Encephalitis virus complex as outgroups
(Figure 2). Node support was assessed with 1,000
bootstrap pseudo-replicates.

FIGURE 1

The WNV sequence derived from the Greek magpie
clustered with WNV L2 strain sequences and pre-
sented highest (99.9%) sequence similarity to L2
strain sequences derived from birds of prey in Austria
obtained in 2008 and 2009 [2]. A 99.6% similarity
was also observed with the corresponding region of
an L2 strain derived from a dead goshawk in Hungary
in 2004 [1]. No amino acid changes were observed in
the genomic region of the magpie derived WNV strain
compared to Austrian and Hungarian strains. According
to our analysis, all these strains as well as two strains
from South Africa belong to the same sub-cluster. A
lower sequence similarity (96.8%) was observed with a
WNV L2 strain isolated during an outbreak in Russia in
2007. The Russian strain sequence groups with other
African strains (including other South African strains) in

Bird sampling area for West Nile Virus, Central Macedonia, Northern Greece, 2009-2011
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The study area corresponds to the areas where most human cases occurred during the WNV outbreak.

Black square boxes indicate where WNV was detected in mosquitoes [8].

A and B indicate areas, where tested corvids were harvested.

The black circle indicates where the WNV-positive Eurasian magpie was hunted.
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a separate sub-cluster, suggesting a different reintro-
duction of WNV L2 in Europe [3]. The sequence from the
Greek magpie isolate was deposited in GenBank under
accession no. JF719073.

Discussion

From early July through October 2010, a WNV outbreak
in humans occurred in northern Greece, as confirmed
by serologic evidence. To date, no WNV genomic
sequences are available from the human cases during
this outbreak. A WNV strain sequence derived from a
magpie hunted during the outbreak of the human dis-
ease was found in this study. The sequence has high-
est sequence similarity to L2 strain sequences from
birds of prey in Austria obtained in 2008 and 2009.
WNV RNA fragments, though limited in size, (146 nt
NS5 genomic region) with 100% sequence similar-
ity to Hungarian and Austrian L2 strains, were also
detected in two pools of mosquitoes caught during the
time of the Greek outbreak and in the same area [8].
The mosquito WNV sequence was not included in our
analysis because it did not overlap with the magpie
WNV sequence. However, the similarity of both to the
Austrian L2 strain sequences suggests that the same
WNV strain is implicated in the magpie and mosquito
infections and associated with the human outbreak.
The evidence may implicate this corvid species in

FIGURE 2

local virus maintenance and generates concerns about
possible overwintering and expansion of the virus in
neighbouring areas. To test this hypothesis, research
must be extended in non-epidemic periods, by per-
forming molecular and serologic surveillance in wild
birds and focusing efforts on the isolation of infectious
WNV from avian samples.

Phylogenetic analysis of our strain revealed a high
sequence similarity with Austrian and Hungarian WNV
strains detected in previous years in birds of prey
(2004-2009). According to these findings, it can be
hypothesised that the virus expanded from northern
Europe southwards. The area of the recent outbreak is
a well-known resting and breeding ground for migra-
tory birds passing on the way from nesting grounds
in Europe to wintering areas in Africa. Re-introduction
of the virus in the future by birds migrating along the
south-eastern migration route that leads from Europe
and western Asia to Africa should also be considered
possible and needs further investigation.
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Phylogenetic tree of West Nile Virus strains based on nt sequences of the NS5 genomic region
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