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Abstract: In the last 30 years several cases of West Nile (WN) virus infection were reported in horses and humans in
Europe and in the Mediterranean Basin. Most of them were determined by strains of the Lineage 1 included in the
European Mediterranean/Kenyan cluster. Strains of this cluster are characterised by a moderate pathogenicity for horses
and humans and limited or no pathogenicity for birds. In recent years, however, WN cases determined by strains grouped
in the Israeli/American cluster of Lineage 1 or in the lineage 2 have been reported in Hungary and Austria. The role of
migrating birds in introducing new viruses to Europe has been often demonstrated. The migratory birds, which may be
infected in their African wintering places, carry the virus northward to European sites during spring migrations. In the
past, the virus introduction determined occasional cases of WN. In the recent years, new epidemiological scenarios are
developing. In few occasions it has been evidenced the capability of WNV strains of overwintering by using local birds
and mosquitoes. Species of Culex amongst mosquitoes and magpies (Pica pica), carrion crows (Corvus corone) and rock
pigeons (Columba livia) amongst resident birds are the most probable species involved in this hypothetical WND endemic
cycle.
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INTRODUCTION
West Nile virus (WNV) is a mosquito-borne Flavivirus
belonging to the Japanese encephalitis antigenic complex in
the family Flaviviridae [1]. WNV has been detected in
Africa, Europe, Middle East, Asia, Oceania (subtype Kunjin)
and, more recently, in the New World [2, 3].
The natural cycle of the infection involves birds and
mosquitoes, particularly Culex spp. and Aedes spp. [4, 5].
Many species of wild birds might act as amplifying hosts [6],
whereas humans, horses and other mammals are considered
incidental or dead-end hosts [2]. Although neurological
disease in both humans and horses was reported since late
1950s [7], the infection in humans and horses mainly occurs
asymptomatically or with mild febrile illness [8, 9]. In
humans the morbidity and severity of symptoms depend on
several factors, including the WNV strain involved and the
immune status of the patient [10]. The ecologic aspects of
WNV infection, involving mosquitoes, birds, and humans,
were first described in the 1950s in Egypt [11]. In the last 30
years several cases of West Nile infection in horses and
humans were reported in Europe and in the Mediterranean
Basin. Several studies were able to detect the virus
circulation in wild birds and mosquitoes, giving a substantial
contribution to a more clear picture of WNV circulation in
the Old Continent. Despite the studies performed on the
ecological patterns involved in the WNV transmission, the
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mechanisms of virus introduction and spread in Europe and
in the Mediterranean Basin are not fully understood. The aim
of this paper is to review the main epidemiological findings
on WNV occurrence in Europe and in the Mediterranean
Basin in the last 30 years, with an attempt of defining
possible trends in the epidemiology of West Nile in Europe
for the next years.
WEST NILE IN EUROPE AND
MEDITERRANEAN BASIN: 1979-2009

IN

THE

In the last decades cases of West Nile infection in horses
and humans were often notified in Europe and in the
Mediterranean Basin [4, 12]. These events gave the
possibility to better understand the ecology of WNV in the
European environment. Alongside with the classical
epidemiological approach, the application of the recent
technology in the diagnostic field consented to analyse the
genome of the strains involved in the outbreaks. It was
possible to compare the RNA sequences of novel isolates
with those of existing strains from known locations and
dates, to identify individual virus lineages and the presence
of mismatches that modify genome segments between
different parental strains. Smaller differences in RNA
sequences could be detected even within consecutive
outbreaks and it is now possible to track the spatial and
temporal spread of individual viruses in a manner that was
previously impossible using conventional serological assay
alone. Phylogenetic relatedness of the WNV segregates the
isolates in two main lineages, the lineage 1 which is
composed of WNV strains from Europe, North America,
North Africa and Australia and lineage 2 which contains
strains historically isolated in sub-Saharan Africa and
2010 Bentham Open
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Madagascar that are considered non-pathogenic in human
and horses. A third lineage has been recently proposed to
include the Rabensburg virus, an European strain isolated in
Czech Republic and a fourth independent lineage which
comprises an isolate from Caucasus [13].
The majority of the strains responsible of the European
and the Mediterranean Basin outbreaks were in the Lineage
1. Most of them are grouped in a cluster called European
Mediterranean/Kenyan cluster [14]. Some others, especially
those responsible for the Israeli outbreaks were within the
Israeli/American cluster (Fig. 1). Clusters might have an
important impact on the strain pathogenicity. Strains
belonging to the European Mediterranean/Kenyan cluster are
characterised by a moderate pathogenicity for horses and
humans and limited or no pathogenicity for birds.
Conversely, strains grouped in the Israeli/American cluster
are characterised by high rates of avian deaths and, in the
United States, also by high rates of illness and deaths in
humans and horses [15]. Lineage 2 strains include strains
endemic to sub Saharian Africa and have been so far
considered of low pathogenicity. Nevertheless recent data
demonstrated that South African strains belonging to lineage
2 were able to induce severe clinical symptoms in both
humans and horses [16] and the presence of neuroinvasive
phenotypes, as demonstrated in a murine model,
strengthened the evidence that pathogenicity does not
necessarily overlap the phylogenetic segregation. In the
following paragraphs the main outbreaks or evidence of
WNV circulation occurring in Europe and in the
Mediterranean basin are described according to their
geographic locations and virus lineage belonging (Table 1).
The main geographical areas involved by WNV transmission
are shown in Fig. (2).
OUTBREAKS
STRAINS

CAUSED

BY

LINEAGE

1

WND

European Mediterranean/Kenyan Cluster
Northern Africa
Between August and September 1994 a WN epidemic
occurred in Algeria. About 50 cases were suspected in a
village of the Timimoun oasis in the central Sahara. Twenty
of them were cases of encephalitis. The infection caused the
death of 8 patients [12]. Two years later, from August to
October, a WN outbreak was described in horses of Kenitra
and Larache provinces in Morocco. The infection affected 94
animals and 42 of them died [17]. Between September and
December 1997, in Tunisia, 173 patients were hospitalised
with symptoms of meningitis and meningo-encephalitis in
the districts of Sfax and Mahdia [12, 18]. Eight deaths were
reported. In 2003, in Morocco, in the same area where the
1996 outbreak occurred, 9 cases of encephalitis, with 5
deaths, were reported in horses [14].
Eastern Europe
From July to October 1996, 393 patients in Bucharest
and other south-eastern regions of Romania were
serologically confirmed to have been infected by WNV. Of
them, 352 showed nervous symptoms of acute central
nervous system infection. Seventeen patients died [19]. After
that first large epidemic further investigations in the

following years confirmed the virus circulation in humans
[20, 21] in birds and horses [22, 23]. In 1997, one year after
the Romanian outbreak, five human cases were confirmed in
Breclav area (South Moravia region) in Czech Republic from
June to September 1997 [24]. In the same time the virus was
also isolated from mosquito pools [24, 25].
Between July and October 1999, a large outbreak
occurred in the city of Volgograd (Russia) where 826
patients were admitted to hospitals with the clinic diagnosis
of acute aseptic meningo-encephalitis [26]. Blood samples
taken from 318 of the patients confirmed the WNV infection
in 183 cases, including 40 fatal cases [26].
Further investigations in wild bird populations in
wetlands of Southern Moravia in Czech Republic, between
2004 and 2006, serologically confirmed the presence of
infection in 13 (3.3%) of 391 tested birds. The positive
individuals belonged to 11 species: common coot (Fulica
atra), common kingfisher (Alcedo atthis), reed warbler
(Acrocephalus scirpaceus), sedge warbler (Acrocephalus
schoenobaenus), marsh warbler (Acrocephalus palustris),
Savi's warbler (Locustella luscinioides), reed bunting
(Emberiza schoeniclus), blackcap (Sylvia atricapilla),
penduline tit (Remiz pendulinus), blue tit (Parus caeruleus)
and starling (Sturnus vulgaris) [27]. Information on further
human cases in 2005 and 2006, in Astrakhan and Rostov
regions (Russia) respectively, was dispatched through
ProMed mailing system [28, 29].
Western Europe
Between 1962 and 1965, human and equine cases were
detected in the Camargue region (France), and the virus was
isolated from Culex modestus mosquitoes [30-34]. Before
1970, an epizootic of equine encephalomyelitis was recorded
in Southern Portugal. Neutralizing antibodies against WNV
were detected in 29% of the surviving animals [35]. In 1971,
in the same country, WNV was isolated from Anopheles
maculipennis s.l. mosquitoes [36]. In 1979, WNV infection
was suspected in the Ebro Delta (Spain) [35], and 19 years
later more recent studies confirmed the presence of
antibodies against WNV in the human population living in
that area of Spain [37]. In the late summer of the same year
WNV infection was first evidenced in horses residing in
proximity of Fucecchio marshes, a wetland area in the Val di
Nievole Valley, Tuscany, Italy [38]. The disease affected 14
horses, six of which succumbed. No cases of human
encephalitis were reported.
In the Camargue area (France) between September to
November of the 2000, the WNV infection was laboratory
confirmed in 76 equines out of 131 animals with
neurological disorders [8]. The outbreak caused the death of
21 animals. In 2003 further cases were described in humans
and horses [39] and in 2004 the disease was reported in
horses [40]. In the same year a case of aseptic meningitis due
to WNV was diagnosed in Spain [41]. In 2004 a study
performed on migratory common coot (Fulica atra) in the
Doñana natural park (Andalusia, south-western Spain)
revealed the presence of neutralising antibodies in birds
caught during 2003, 2004 and 2005 [42]. Seroconversion
was demonstrated in re-captured birds supporting the
hypothesis of the local circulation of the virus [41]. A further
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Fig. (1). Phylogenetic tree based on complete genomes of West Nile virus belonging to lineage 1. Adapted from Sotelo et al., 2009.

study found neutralising antibodies in several species of wild
migratory birds in southern Spain [43]. A comparative study
between the levels of neutralising antibodies against WNV
found in migratory (short distance or trans-Saharan) and
resident bird species was performed in 2004 near Seville
[44]. Antibodies were found in 3 species of long-distance
trans-Saharan migratory birds (Lanius senator, Phoenicurus
phoenicurus, Sylvia borin) and in one resident bird species
(Turdus merula). This observation confirmed the importance
of migratory birds in introducing WNV in the country, but
also supported the hypothesis of a local viral circulation.
During the same summer, WNV genomic RNA was
detected in Culex pipiens and Cx univittatus mosquitoes by
reverse transcription-polymerase chain reaction (RT-PCR) in
six out of 57 mosquito pools collected in Southern Portugal.
Phylogenetic analysis demonstrated a close relationship with
WNV strains circulating in the Mediterranean basin (Italy,
1998; France, 2000; Morocco, 2003) [45]. In the summer
2004, two linked WNV cases were also reported in tourists
in the Algarve, Portugal [46] and WNV was isolated from
Culex pipiens s.l. and Cx. univittatus mosquitoes [45]. Two
years later, 4 equine cases of WNV infection were reported

in Argeles sur mer in the French Department of PyrénéesOrientales (France) [47].
In August 2008, after ten years of silence, a large
epidemic outbreaks affected eight Provinces in three Italian
Northern Regions (Emilia Romagna, Veneto, Lombardy)
[48] where a total of 794 cases of WNV infection in 251
equine stables were detected on the basis of the clinical signs
and as a result of a serological screening in horses living in
the area. Only 32 of the serologically positive horses showed
clinical signs, and 5 of them died [49, 50]. Significant levels
of positivity by RT-PCR were also observed in magpies
(Pica pica) (9.1%, 95% confidence levels: 6.1–13.4%),
carrion crows (Corvus corone) (7.4%, 95% confidence
levels: 3.6–14.4%) and rock pigeons (Columba livia)
(12.9%, 95% confidence levels: 7.6–21.2%). Nine human
cases of WNF, four of which characterized by neuroinvasive
symptoms, were detected during 2008 [51, 52]. The
phylogenetic analysis of the isolates indicates a 98.8%
nucleotide similarity with the strain isolated in Tuscany
during the 1998 [49, 53]. In 2009 a new epidemic reemerged mostly in the same 2008 outbreak area with new
foci of infection in Central Italy.
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Table 1.

Report of the West Nile Disease Outbreaks in
European Union and Bordering Countries

Country

Species Involved/
Clinical Symptoms

Year

Human
Algeria

1994

Austria

2008

Croatia

2001-2002

Czech
Republic*

1997

France*

2003-2004-2006

Hungary

2003-2008

NK
No
Yes
No
Yes
Yes

Yes
Yes

Yes

1998

No

Yes

No

2008-2009

Yes

Yes

No

Poland

2006

Yes
No

1971*
2004*

Yes

Romania

From 1996

Yes

Russia

1999-2005-2006

Yes

Tunisia

Yes

2000

1996-2003

Spain

Yes
No

1998-1999

Morocco

Portugal

Birds

Yes

2003-2005

Yes

No

2004

Yes

1997

Yes

notabilis) in the Lower Austria (Niederosterreich) and
Vienna (Wien) regions, respectively [59]. It was the first
time that viruses of the lineage 2 were reported in Europe.
These events further emphasize the ability of these viruses to
be transmitted by migratory birds outside the traditional
niches of viral circulation and to adapt to local vectors [13].
Serological Evidence of WNV Circulation in Europe

2004-2006

1970-1980

Italy*

Equine

Yes

2000

Greece

Israel

Calistri et al.

Yes: presence of clinical symptoms; No: absence of clinical symptoms; NK: not
known.
* WNV detected in mosquitoes.

Israeli/American Cluster
Several WNF human cases were notified in Israel in the
1950s [12]. However no reports of WNV circulation are
available in Israel since 1957. In 1998 the virus was isolated
from the brain of a stork [54] and clinical signs were
reported in horses. In 1999, thousands of geese were
destroyed when the infection was found in a commercial
flock [55]. A further large epidemic in human was reported
from August to October 2000, with 417 laboratory
confirmed cases [56, 57]. Between 2003 and 2007, a yearly
average of six cases of WNV neuroinvasive infection in
humans were diagnosed in Hungary [58]. In the same
country 14 human cases were reported during August and
September 2008 [58].
Outbreaks Caused by Lineage 2 WND Strains
In 2004 a WNV strain correlated to the Central Africa
lineage 2 viruses was isolated from a goshawk (Accipiter
gentilis) in Hungary and in 2008 from two free-living
sparrow hawks (Accipiter spp.) and one captive kea (Nestor

Further evidences of WNV transmission were observed
in Albania (in 1958 in humans), in Eastern Bulgaria (19601970 in humans and birds), in Belarus (in 1977 in humans),
in Ukraine (in the 1970s and in 1985 in humans) and in
Moldavia (in the 1970s in humans) [4]. In Greece serological
studies detected WNV antibodies in animals (rabbits, goats,
cattle, horses) and humans in the 1970s and 1980s [60], but
an intensive surveillance on blood donor samples in 2006
and 2007 failed to reveal any positive result [61]. The
presence of WNV infection in Croatia was serologically
confirmed in Dakovo region (Eastern Croatia) in 4 out of
980 tested horses during the end of the 2001 and the
beginning of 2002 [62]. At the moment it represents the only
notification of WNV circulation in the Former Yugoslavia
countries. In 2006, a serological survey was carried out on
78 horses, 20 domestic chickens, and 97 wild birds
belonging to 10 species from different areas in Poland.
Specific antibodies were detected in 5 juvenile (hatchingyear) birds: 3 white storks (Ciconia ciconia), one free-living
mute swan (Cygnus olor) and one hooded crow (Corvus
corone cornix) [63].
The Ecological Factors Associated with the WNV
Transmission
WNV is maintained in an enzootic cycle, transmitted
primarily between avian hosts and mosquito vectors [10].
The role of migratory birds in relation to the introduction of
virus into Europe and the Mediterranean Basin is clearly
assessed by numerous studies in Spain [42-45, 64, 65], Israel
[66], Poland [63], Romania [23] and Czech Republic [27].
Based on the phylogenetic analysis and comparison of full
length genomes of WNV isolates from 1971 and 2004, the
occurrence of repeated introductions has also been suggested
in Portugal [67].
According to this hypothesis the migratory birds, which
may be infected in their African wintering places, are
carrying the virus northward during spring migrations to
European sites. This hypothesis would explain why
outbreaks often occur in or near wetlands and urban areas,
where migratory bird populations, vectors and amplifying
hosts are often contemporaneously present. It would also
explain the timing of outbreaks, with the introduction of
WNV in April and May during the northward spring birds
migration, the following amplification of the virus through
the infection of local bird populations and eventually the
occurrence of viral infection in humans and equines from
July to September [68]. Serological studies performed in
Spain in 2004 near Seville [44] found specific antibodies
against WNV in 3 species of long-distance trans-Saharan
migratory birds (Lanius senator, Phoenicurus phoenicurus,
Sylvia borin) and in one resident bird species (Turdus
merula). The significant number of virological positive birds
found in Italy in 2008 among magpies (Pica pica), carrion
crows (Corvus corone) and rock pigeons (Columba livia)
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Fig. (2). Areas in Europe and in the Mediterranean Basin involved by West Nile virus transmission.

[50] suggests a possible role of these resident species in the
maintenance of local virus transmission. At the moment the
lack of data on the length and the load of viraemia in these
species does not permit to make any solid inference on the
possible contribution of these birds in WNV endemisation
and in the maintenance of the infection during the interepizootic periods.
Regarding the virus transmission in the bird population,
there is a possibility that WNV in crows [69] and geese [70]
could be transmitted by means other than arthropod vectors.
These studies, however, has been performed in USA with the
1999 New York and 1998 Israel strains. No similar findings
were observed in the Old World with other WNV strains.
While the role of resident birds in WNV endemisation is
not clear, more information is available in relation to the
vectors. Vertical transmission of WNV in mosquitoes (i.e.
passage of virus from infected female to her offspring) was
demonstrated in the laboratory [71, 72] and in the field [73].
In addition, the detection of WNV in pools of overwintering
hibernating Culex pipiens mosquitoes in New York City in
2000 [74] clearly indicates the capacity of the virus to
overwinter and to survive in hibernating infected adult
mosquitoes. The survival of adult mosquitoes during winter
and even a certain level of adult activity were sometimes
observed in the Mediterranean countries and in other
temperate areas [75-77].
The enzootic cycle may persist in the same geographical
areas from one year to the following without any apparent
evidence of this transmission and without the occurrence of

neurological cases in equines or humans. This phenomenon
was frequently observed in several places in Europe (Spain,
Austria, Portugal). In Italy, the surveillance activities carried
out in 15 Italian wetlands from 2001 to 2007 were able to
detect sporadic WNV circulation in several areas through
seroconversions in both chicken and horse sentinel animals
(Figs. 3, 4) [48, 78]. In all cases, this evidence of virus
introduction and circulation was not followed by wider
epidemics or by the occurrence of neurological cases neither
in horses nor in humans. This is consistent with the
observation that WNV infection is more strictly linked to
wetlands and marshes with abundant bird populations,
especially migratory birds [43, 66, 67, 79]. The mechanisms
governing the bridging of virus infection to human and
equines populations are not fully understood. The role of
ubiquitous mosquito species, feeding both on humans and
birds, is considered to play an important role [9] and
particularly the Culex pipiens species complex. It includes
the pipiens and the molestus forms which are of varying
degrees ornitophilic and anthropophilic forms, respectively,
and can act as bridge vectors with a high potential for
spreading WNV [80]. In Portugal, both the pipiens and the
molestus forms have been found in sympatry with
considerable degree of introgression, further heightening
their importance as bridge vectors [81]. But also the role of
resident birds like magpies and pigeons [50], frequent
inhabitants of urban areas, should be clarified. Other and
more general ecological, social and behavioural changes,
which are increasing the frequency of contacts between
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Fig. (3). Geographical distribution of the 15 Italian wetlands under surveillance for WNV circulation from 2001 to 2007. Years indicate
places and time of ELISA IgG positive sentinel chickens.

humans and wildlife, might also facilitate the infection of
humans.
Although the link between WNV and wetlands is clear,
two large outbreaks were reported in Europe in highly
inhabited urban areas: Bucharest [19] and Volgograd [26].
The majority of patients (61%) affected during 1996 in
Romania was living in the Bucharest urban area [19]. Culex
pipiens was the predominant mosquito species found.
Apartment blocks were found heavily infested because of the
presence of leaking pipes and standing water in the
basements [19]. In the epidemic in Volgograd in 1999,
approximately 65% and 30% of human cases were from
Volgograd and Volzhskii urban areas, respectively and only
the other 5% occurred in the rural region around Volgograd
[26]. A large urban WN fever epidemic occurred also in New
York City in 1999, with 59 hospitalised cases and 7 deaths
[9]. The great capacity of the virus to cause large urban
epidemics is confirmed by the observation of the increasing
number of cases in urban counties in USA, with the result
that urbanization is becoming an important risk factor for
WNV disease incidence in USA [82].

It should be reminded, however, that humans and equines
are accidental hosts and that dead-end hosts represent an
efficient limiting factor to the survival of the infectious agent
and their involvement is not fruitful from the evolutionary
point of view [83].
CONCLUSIONS
The history of WNV transmission in Europe shows some
distinctive characteristics [84]:


the human and equine outbreaks generally occur from
July to September at or near wetlands or urban sites,



the most common vectors are mosquitoes of Culex
genus, feeding mostly on birds and mammals,



birds are the primary vertebrate hosts. Many species
can produce levels of viraemia sufficient for
transmitting the virus to vectors,



in the majority of cases the infection is sporadic, as a
consequence of the virus introduction through
migratory birds from Africa, where the WNV
extensively circulates [85-87],

Epidemiology of West Nile in Europe and in the Mediterranean Basin

The Open Virology Journal, 2010, Volume 4

35

Fig. (4). Geographical distribution of the 15 Italian wetlands under surveillance for WNV circulation from 2001 to 2007. Years indicate
places and time of virus neutralisation positive sentinel horses.



the introduction of virus may result in local virus
transmission in resident bird populations and
sometimes in the involvement of equine and human
populations.

The recent Romanian and Italian epidemiological
scenarios, however, evidenced new possible developments of
the WNV infection in Europe. In both cases the reoccurrence of WN in continuous years, in the same places,
involving humans and equines, is likely to be linked to the
endemisation of the infection in the territory rather than to a
new introduction of the virus.
This observation may introduce new scenarios of risks
for the Old Continent, especially if the WNV will be capable
of spreading across wide territories: the area which is
presently involved in the last Italian epidemic is about 34000
square kilometres wide, with a population of more than
30000 horse and 7 million of people.
More information is needed on the overwintering
mechanisms that are taking place in Italy. Various
mechanisms, in fact, may contribute to the virus
endemisation [88]:
I.

continuing enzootic transmission, which implies a
continuous blood feeding activity by infected adult

mosquitoes and the permanent presence of susceptible
bird populations. These conditions might be fulfilled
in temperate Mediterranean areas, where climate
conditions may permit the continuing activity of
mosquitoes and the presence of resident peri-urban
birds species,
II.

vertical transmission by Culex mosquitoes. Further
experimental studies should be performed on the
ability of WNV strains isolated in Europe to be
vertically transmitted in autochthonous mosquitoes
species. Winter entomological surveillance activities
in the infected areas should be strengthened with the
aim of detecting field evidence of vertical
transmission in vectors,

III.

overwintering infected mosquitoes. Overwintering
dormancy (diapause) is a well-known mechanism in
Culex pipiens [76, 77] which seems to have played a
role in the overwintering of infection in 2000 in New
York City [74]. At the moment, no data are available
on the possible contribution of this mosquito
behaviour in the endemisation of WNV infection in
Europe,
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chronic infection in birds. Long-term infection in
birds has been described with other arboviruses [89],
but no clear evidences of the existence of such
mechanism are presently observed for WNV. Further
studies on the pathogenesis of WNV infection in
European resident bird populations should be
performed.

[19]

In conclusion, the increasing detection of WNV
transmissions in Europe and in the Mediterranean Basin may
be partially due to the rising awareness to this infection, but
the hypothesis of a true spread of the virus has not to be
excluded and the possible consequences should not be
underestimated. Further efforts are therefore needed to
clarify the ecological and epidemiological patterns of the
infection in the Old World as well as enhanced surveillance
activities are required to monitor the WNV spread and to
take appropriate and timely measures to protect the public
health.

[22]

[24]
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