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In 2010, for the third consecutive year, human cases
of West Nile virus (WNV) infection, including three
confirmed cases of neuroinvasive disease and three
confirmed cases of West Nile fever, were identified in
north-eastern Italy. While in 2008 and 2009 all human
cases of WNV disease were recorded in the south of
the Veneto region, cases of WNV disease in 2010 addi-
tionally occurred in two relatively small northern areas
of Veneto, located outside those with WNV circulation
in the previous years. WNV IgG antibody prevalence
in blood donors resident in Veneto was estimated as
ranging from 3.2 per 1,000 in areas not affected by
cases of WNV disease to 33.3 per 1,000 in a highly
affected area of the Rovigo province. No further auto-
chthonous human cases of WNV disease were notified
in Italy in 2010. The recurrence of human cases of WNV
infection for the third consecutive year strongly sug-
gests WNV has become endemic in north-eastern Italy.

Introduction

In Italy, the first outbreak of West Nile virus (WNV)
infection was reported in 1998 and occurred among
horses in the Tuscany region [1]. The virus re-emerged
in 2008, when equine and human cases of West Nile
neuroinvasive disease (WNND) were notified in the
Veneto and Emilia Romagna regions in north-eastern
Italy [2]. In Veneto, six clinical cases of WNV infec-
tion were identified with disease onset from August
to September 2008 and all were from the Rovigo prov-
ince [3,4]; three further human cases of WNND were
notified in Emilia Romagna in September and October
2008 [4,5]. Veterinary and entomological surveillance
documented that WNV infection was widespread in
the same areas in north-eastern Italy, with notifica-
tion of 794 equine WNV infections in 251 stables and
viral isolation in resident bird species and mosquitoes
[2]. Compared to 2008, a trend towards an increas-
ing number of human WNV infections and a spread
to a wider geographical area was noticed in 2009 [2],
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when 17 cases of WNND were notified in northern Italy,
including six from Veneto, nine from Emilia-Romagna,
and two from the Lombardia region [6-8]. In 2009, we
isolated the virus from a blood donor and sequenced
its whole genome (Itaog, GenBank accession number
GUo11992) [7]. Phylogenetic analysis classified
the Itaog isolate as Lineage 1, clade 1a, within the
Mediterranean subtype [7], which includes the major-
ity of strains responsible for outbreaks in Europe and
in the Mediterranean basin. The full length genome of
WNV Itaog was almost identical to that of WNV isolated
from two magpies the year before in the same area [7]
and to WNV sequences obtained from mosquito pools
collected in Emilia-Romagna in 2009 [9], thus suggest-
ing that WNV might have become endemic in some
areas in northern Italy. In these areas, the presence of
Culex pipiens vector at high density and resident bird
species susceptible to WNV infection, like magpies,
carrion crows, and rock pigeons, could play an impor-
tant role in WNV persistence and maintenance during
epizootic periods [2].

In this context, in 2010, enhanced National and
Regional Surveillance Plans for WNV surveillance were
implemented in Italy. This study reports further human
cases of WNV infection, who were identified in Veneto
in 2010, also in areas north of those affected in 2008
and 2009.

Methods

National Surveillance Plan

During spring 2010, the Ministry of Health published
a National Plan for WNND Human Surveillance in Italy,
which detailed the activities to be carried out between
15 June and 15 November, the annual period, when the
risk for WNV infection is high. In 2010, the surveillance
area was enlarged to include municipalities where
autochthonous human and veterinary cases of WNV
infection had been notified in previous years, as well
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as surrounding areas within 20 km from the municipali-
ties. Activities included (i) surveillance of human cases
of WNND, (ii) active surveillance of WNV disease and
serosurveillance of WNV infection in workers employed
in farms where equine cases of WNV infection had been
identified, (iii) WNV nucleic acid amplification test
(NAAT) screening of blood and haematopoietic stem
cell donations in areas under surveillance and, of tis-
sue and solid organ donations, on the whole national
territory, (iv) measures for mosquito vector control.

Regional Surveillance Plan

In 2010, the Veneto region implemented the activities
of the National Surveillance Plan and intensified the
surveillance of human cases of WNV infection by acti-
vating an enhanced regional surveillance plan for West
Nile fever, as well as seroprevalence studies on blood
donors resident in at-risk areas of Veneto.

Case definition of West Nile neuroinvasive
disease and West Nile fever

According to the Regional Surveillance Plan imple-
mented in 2010, cases of WNND were defined as being
older than 15 years, having fever = 38.5 °C, and neu-
rological symptoms such as encephalitis, meningitis,
Guillain-Barré syndrome or acute flaccid paralysis.
Cases of West Nile fever were defined as being over
15 years-old, having fever > 38.5°C (or history of fever
in the last 24 hours) for a period no longer than seven
days occurring from 15 July to 15 November, no history
of recent travel to tropical countries, and absence of
other concomitant diseases which could account for
the febrile illness.

Cases of WNND and West Nile fever were further classi-
fied as possible, probable or confirmed. Possible cases
of WNND or West Nile fever fulfilled the clinical case
definition. Probable cases fulfilled the clinical case
definition and at least one of the following labora-
tory criteria: presence of IgM antibodies against WNV
by ELISA; seroconversion by ELISA; fourfold increase
of I1gG antibodies in acute- and convalescent-phase
serum samples (preferably with 15 to 20 days between
the two samples) by ELISA. Confirmed cases fulfilled
the clinical case definition and at least one of the fol-
lowing laboratory criteria: isolation of WNV from blood
and/or, for WNND, from cerebrospinal fluid (CSF); pres-
ence of IgM antibodies in CSF by ELISA (for WNND);
detection of WNV RNA by RT-PCR in blood and/or CSF
(for WNND); detection of increasing levels of IgM and
IgG antibodies against WNV by ELISA, confirmed by
plaque-reduction neutralisation test (PRNT).

Case laboratory investigations

Possible cases of WNND and West Nile fever occur-
ring in Veneto were referred to the Regional Reference
Laboratory. WNV RNA in plasma and CSF samples
was detected by using two different real-time RT-PCR
methods, targeting WNV lineage 1 [10] and both WNV
lineage 1 and lineage 2 [11]; detection of IgM and IgG
antibodies against WNV in serum and CSF samples

was done by ELISA (WNV IgM capture DxSelect ELISA
and IgG DxSelect ELISA kits, Focus Diagnostics,
Cypress, California). To confirm the specificity of anti-
body response, ELISA-positive samples were further
tested by PRNT9o, with cutoff 1:10 for positive results.
PRNT was conducted in a biosafety level 3 laboratory,
according to the protocol described in the Manual of
Diagnostic Tests and Vaccines for Terrestrial Animals
2008 of the World Organisation for Animal Health (OIE)
[12].

Active surveillance of stable workers

and household contacts

Active surveillance of WNV infection was done for work-
ers employed in farms and for subjects aged 215 years
residing in farms where equine cases of WNV infec-
tion had been identified. Members of households with
confirmed cases of WNND or West Nile fever and close
contacts of identified human or equine cases of WNV
disease were also surveyed. Laboratory tests included
detection of IgM and IgG antibodies against WNV in
serum and CSF samples by ELISA and confirmation by
PRNT, as described above.

Screening of blood and organ donations

In 2010, during the period of surveillance according to
the National Surveillance Plan, NAAT screening was
performed for all blood and haematopoietic stem cell
donations from the Rovigo and Venice provinces, where
human cases of WNND had been identified in 2009. In
September 2010, following the notification of the first
case of WNND, NAAT screening was extended to the
Vicenza province. Screening of tissue and organ dona-
tions was performed on the whole national territory.

WNV NAAT screening of blood donors was performed
by using Cobas TagScreen West Nile Virus test on
Cobas S201 system (Roche Molecular Diagnostics) or
the PROCLEIX WNV Assay on PROCLEIX TIGRIS System
(Novartis Diagnostics). WNV NAAT-positive cases were
confirmed by detection of seroconversion or increasing
levels of IgM and IgG antibodies against WNV by ELISA,
confirmed by PRNT, as described above.

Screening of tissue and organ donations was done by
WNV NAAT using Cobas TagScreen West Nile Virus test
on a Cobas S201 system (Roche Molecular Diagnostics)
and by IgM and IgG ELISA, as described above.
Laboratory results had to be provided within 72 hours
from donation.

West Nile virus IgG seroprevalence study

The prevalence of WNV IgG antibodies was investigated
in serum samples collected from 4,450 blood donors
(about 6% of blood donation collected during the study
period), who were referred to four blood donation cen-
tres in different areas in Veneto, in the period from
1 August to 1 December, 2010 (Table). Sample size was
determined on the basis of an expected prevalence
of 6.8 per 1,000, as determined by a WNV seropreva-
lence study performed in 2009 [13]. The design and
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the results of the seroprevalence study performed in
2009 are available in the paper by Pezzotti et al. [13].
In 2010, serum samples from 48 blood donations per
day were collected for WNV IgG antibody testing. In
particular, each day, five donations were sampled from
Rovigo, centre 3, 12 from Padova, South-East, 16 from
Padova, North, and 15 from Verona, choosing serum
samples from the first consecutive daily donors who
gave their consent for the study. The number of serum
samples collected at each centre was proportional to
the volume of donations performed in the year 2009.
All samples were handled anonymously by technicians
and researchers involved in this study.

WNV IgG testing was done and any IgG-positive sam-
ple was further evaluated by PRNT for confirmation, as
described above. In addition, in 1gG-positive samples,
the presence of WNV IgM antibodies was also deter-
mined as described above.

Results

Human cases of West Nile

neuroinvasive disease

During the surveillance period in 2010, three males,
aged 41-68 years, of 57 possible cases of WNND were
confirmed by laboratory tests (all WNND cases were
IgM and IgG-positive, confirmed by PRNT, while WNV
RNA was undetectable in serum and CSF). Disease
onset was at the end of August (two cases from the
Venice and Vicenza provinces) and in the middle of
October (one case from the Venice province) (Figure).
Symptoms included fever, vomiting, headache, altered
mental status, and, in one patient, urinary retention.
All patients fully recovered.

FIGURE

Map of north-eastern Italy representing autochthonous
human cases of West Nile neuroinvasive disease and West
Nile fever notified in Italy, 2008-2010 (n=32)
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2 West Nile virus IgG antibody prevalence per 1,000 blood donors,
determined in 2010 in four blood donor centres in Veneto.
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A further case of WNND was diagnosed in the Rovigo
province in the middle of November 2010. The case,
aged in its late 40s, had been hospitalised one month
before for viral encephalitis in Romania, in the Braila
region, close to areas, where several human cases of
WNYV disease had been reported in 2010 [14]. This case
was therefore considered as an imported case. The
patient, who suffered from fever, headache, paraple-
gia, diarrhoea, myalgia, and pyramidal deficits in both
limbs, showed progressive neurological improvement.
Laboratory investigation confirmed the presence of
IgM and IgG antibodies against WNV.

Human cases of West Nile fever

Of 38 possible cases of WNV infection, three (two
males and one female, aged 40-67 years) were posi-
tive for WNV IgM and IgG and confirmed by PRNT test,
but none of them was WNV RNA-positive. Symptoms
included fever, arthralgia, and asthenia in two patients,
and fever, headache, abdominal pain, vomit, and diar-
rhoea in one. One of these patients, after two weeks of
fever and arthralgia, showed asthenia, disorientation
and retarded movements. All patients fully recovered.
Of these three patients, one was resident in the Rovigo
province and was the first case of WNV infection iden-
tified in 2010, with symptom onset at the beginning of
July, one was resident in the Venice province, and one
in the Vicenza province (Figure). A further patient from
Rovigo, with a retrospective diagnosis of fever, arthral-
gia, rash, asthenia, and PRNT-confirmed WNV IgG, but
IgM-negative, was defined as a probable case.

Active surveillance of stable workers

and household contacts

Twelve of 23 household contacts with WNV disease
patients were investigated and, among them, an
asymptomatic subject resident in Vicenza was found
to be WNV IgM and IgG-positive. Active surveillance
of WNV infection was also done in all seven workers
employed in stables in the Venice province, where
equine cases of WNND had been identified [15]. All of
them were WNV seronegative.

Surveillance of blood and organ donations

Of 46,045 screened blood donations, two were WNV
RNA-positive and were collected in the middle of
September from asymptomatic subjects, one resident
in the Rovigo province and the other in the Venice
province, in the same area where symptomatic cases
of WNV infection had occurred. WNV infection was
confirmed in both subjects by seroconversion and by
real-time RT-PCR targeting WNV lineage 1, thus indicat-
ing that these were cases of WNV lineage 1 infection.
Due to the low viral load, viral genome sequencing was
unsuccessful. No cases of WNV infection were identi-
fied among tissue and organ donations.

West Nile virus IgG seroprevalence study in
blood donors resident in the Veneto region
Compared to 2009, the seroprevalence investigation in
2010 was extended to more provinces than the Rovigo



province, by adding blood donor centres in the Padova
and Verona provinces, as detailed in the Table. In 2010,
WNV IgG seroprevalence ranged from 3.2 to 33.3 per
1,000 in the different centres. When compared with
2009, a two-fold increase of IgG WNV seroprevalence
was observed in the blood donation centre Rovigo,
centre 3, which was included in the study both in 2009
and 2010 (Table).

Distribution of cases of West Nile virus disease
All confirmed autochthonous human cases of WNV dis-
ease, including WNND and West Nile fever, identified in
Italy in the period from 2008 to 2010 are shown on the
map in the Figure. Estimated values of WNV seropreva-
lence in blood donors from the four centres evaluated
in 2010 are also indicated on the map (Figure). While in
2008 and 2009 all human cases of WNV disease were
identified in the south of Veneto and in neighbouring
Emilia Romagna and Lombardia, in 2010, human cases
of WNV disease also occurred in two relatively small
areas north of the Venice province, as well as in the
Vicenza province in Veneto.

Discussion and conclusions

This study reports six cases of symptomatic and three
cases of asymptomatic WNV infection, detected in
north-eastern Italy in 2010, an area where WNV sero-
prevalence was estimated to range from 3 to 33 per
1,000 in 2010. To our knowledge, no further autoch-
thonous human cases of WNV disease were notified in
Italy in 2010.

2010 is the third consecutive year that human cases
of WNV infection are identified in north-eastern Italy.
New areas in the Vicenza and Venice provinces of
Veneto, located outside those with WNV circulation
in the previous years, have been affected in 2010.
A new geographic pattern of WNV spread has also
been documented by equine, avian, and entomologic
surveillance performed by the Regional and National

TABLE

Reference Centre for Exotic Diseases, which identi-
fied cases of WNV infection in horses, resident birds,
and mosquitoes in several areas in the north-east
(Modena, Treviso, Venice, Verona, Rovigo, and Bologna
provinces), the centre (Campobasso province), and the
south (Foggia and Trapani provinces) of Italy, some of
which have not been previously affected by WNV [15].
Since WNV was circulating in animals in several areas
of Italy in 2010, the identification of human cases of
WNV disease only in Veneto could be related to the
enhanced regional surveillance programme in this
region, which was activated in 2010.

Besides autochthonous human cases of WNV infection,
we diagnosed a case of WNND imported from Romania,
where an epidemic outbreak was ongoing with 57
human cases notified in 2010 [14]. This case report,
like the recently described cases of West Nile fever
imported from Israel to the Netherlands [16], empha-
sise the importance of surveillance also for potential
imported cases of WNV infection. These imported
cases serve as sentinels of the increase in the inci-
dence of WNV disease occurring in 2010 in European
and Mediterranean countries, where cases of WNV
infection are notified every year, such as Romania (57
human cases in 2010), Hungary (three cases in 2010),
Israel (24 cases in 2010), and Russia (480 cases in
2010) [14,16-19]. Moreover, a large human epidemic
outbreak with 261 confirmed cases of WNV disease
occurred in Greece in 2010, where WNV infection had
not been documented in humans before [20]; seven
human cases of WNV infection were also confirmed in
Turkey [21]. In addition, in 2010, equine outbreaks were
reported in Morocco, Portugal, Spain, and Bulgaria
[22,23].

In this regard, a recent study on the presence of neu-
tralising antibodies against WNV, detected by neu-
tralisation assay, in intravenous immunoglobulin
preparations produced from human plasma samples

Prevalence of serum West Nile virus IgG antibodies in blood donors from the Veneto region, Italy, 2009-2010 (n=6,957)

Number of samples

Province, blood donor

Number (%) of WNV IgG antibody-

Estimated WNV IgG prevalence per

positive samples 1,000 blood donors [95% Cl]

centre
2010 2009 2010 2009 2010 2009

Rovigo, centre 1 NR 494 NR 2 (0.40%) NR [05.906]
Rovigo, centre 2 NR 1,509 NR 6 (0.40%) NR [o gf; 2]

. . 17.
Rovigo, centre 3 511 504 17 (3.33%) 9 (1.79%) [17.733438.8] [6.3—7299.4]
Padova, South-East 719 NR 3 (0.42%) NR [oi‘829] NR

R 11.4

Padova, North 1,662 NR 19 (1.14%) NR [6.3-16.5] NR
Verona 1,558 NR 5 (0.32%) NR lo 2—26 o] NR

NR: not recorded.
WNV: West Nile virus.
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collected in Austria, Germany and the Czech Republic
demonstrated increasing titres of neutralising antibod-
ies from 2006 to 2010 [24]. Our study also could sug-
gest an increase of WNV IgG seroprevalence in blood
donors resident in areas of WNV circulation from 2008
to 2010. The prevalence of WNV IgG antibodies in
Veneto ranged from 0.3% in areas not affected by WNV
circulation to 3% in affected areas, in line with a pre-
vious study performed on solid organ donors in Italy
in 2009 [25] and with recent WNV seroprevalence data
from Greece [26].

In conclusion, for the third consecutive year, human
cases of WNV infection have been identified in north-
eastern Italy, suggesting WNV has become endemic in
this area. In addition, in 2010, veterinary and entomo-
logic surveillance identified WNV circulation in Italian
areas that have not been previously affected by WNV
infection. An increased incidence of WNV infection in
humans and horses has been also reported in other
European and Mediterranean countries. This epidemio-
logical situation urges European countries to enhance
surveillance of WNV disease, mosquito control activi-
ties, and implementation of measures to prevent trans-
mission to humans through blood transfusion and
organ donation.
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