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Following reports of West Nile neuroinvasive disease
in the north-eastern area of Italy in 2009, all blood
donations dating from the period between 1 August
and 31 October 2009 in the Rovigo province of the
Veneto region were routinely checked to exclude those
with a positive nucleic acid test for West Nile virus
(WNV). Only one of 5,726 blood donations was positive
(17.5 per 100,000 donations; 95% confidence interval
(CD: 0.4-97.3). In addition, a selection of 2,507 blood
donations collected during the period from 20 July to
15 November 2009 were screened by ELISA for IgG and
IgM antibodies against WNV. A positive result was
received for 94 of them. The positive sera were fur-
ther evaluated using immunofluorescence and plaque
reduction neutralisation test (PRNT), in which only 17
sera were confirmed positive. This corresponds to a
prevalence of 6.8 per 1,000 sera (95% Cl: 4.0-10.9). In
a case-control study that matched each of the 17 PRNT-
positive sera with four negative sera with the same
date of donation and same donation centre, we did not
find a significant association with age and sex of the
donor; donors who worked mainly outdoors were sig-
nificantly more at risk to have a positive PRNT for WNV.

Introduction

West Nile virus (WNV) was originally identified in 1937
in northern Uganda [1]. Birds, especially those in the
Corvidae family are the natural reservoir of the virus,
which is mainly transmitted to humans through the
bite of infected Culex mosquitoes [2,3]. Transmission
through receipt of blood products and transplantation
has also been documented [4,5]. Rare cases of vertical
transmission (i.e. transplacentally or through breast
milk) and laboratory-acquired infection have also been
reported [6].
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During the last 20 years, several WNV outbreaks have
occurred throughout the world. In addition to the
United States [7], where the virus was first identified
in 1999 [2,3,6], large WNV outbreaks have also been
reported in Europe and in the Mediterranean basin
[8,9]. The largest European outbreak occurred in 1996
in Bucharest, Romania [10]. In the Mediterranean area,
the first outbreak of human encephalitis was identi-
fied in the Camargue, France, in 1962 [11], followed
by other epidemics in the 1990s involving a relatively
high number of human cases in Algeria [8], Tunisia [12]
and Israel [13,14]. In the past few years, cases of WNV
encephalitis have also been reported in the Volgograd
region in Russia [15], in Hungary [16] and Romania [17],
and very recently in Greece [18].

In lItaly, the first outbreak of WNV infection was
reported in 1998 in horses in Tuscany [19]. The virus re-
emerged in north-eastern Italy in summer 2008, when
equine cases of WNV neuroinvasive infection were noti-
fied in the regions Veneto and Emilia Romagna [20]. An
extraordinary WNV surveillance programme was sub-
sequently activated, which led to the notification of
nine human cases of West Nile neuroinvasive disease
(WNND) in the summer of 2008 [21,22] and a further 16
cases in late summer 2009; all cases occurred in the
regions Emilia Romagna, Veneto and Lombardia, in wet
areas surrounding the Po river [23-25].

Since WNV infection is generally asymptomatic with
encephalitis occurring in less than 1% of cases, we
conducted a seroepidemiology investigation in the
Rovigo province in northern Italy, where a high inci-
dence of WNND was observed, in order to estimate the
extent of the epidemic and to better plan intervention
strategies.



Methods

Setting

The study area was the province of Rovigo, Veneto
region, north-east Italy. This province, which has
around 250,000 inhabitants, borders with the Po
river and the Emilia-Romagna region. All territory is
a level land characterised by extraordinary biodiver-
sity, mainly because of the presence of freshwater and
brackish water wetlands, including flooded deciduous
woodlands, open lagoons of shallow water and river
mouths. The high humidity level makes this area par-
ticularly attractive for mosquitoes, in particular during
summer. It is located at the crossroads of bird migra-
tion routes connecting Europe, the Mediterranean
basin and Africa, hosting a high number and wide
range of migrating birds throughout the year. Thus, the
high concentration of mosquitoes and migrating birds
creates opportunities for vector-borne viruses such as
WNV [26].

Study design

The study involved the three blood donation centres
of Rovigo province which collected about 18,500 blood
donations in 2009. During the period from 1 August to
31 October 2009, all blood donations were routinely
evaluated by nucleic acid amplification test (NAAT)
for WNV to identify potentially viraemic donations. In
order to study the prevalence of WNV in the area, we
tested, during the period from 20 July to 15 November
2009, serum samples from 25 blood donations per day
for 1gG and IgM antibodies to WNV. Any IgM- or IgG-
positive sample was further evaluated by immunofluo-
rescence and by plaque-reduction neutralisation test
(PRNT) for confirmation. The number of serum samples
collected at each centre was proportional to the vol-
ume of donations performed in the year 2008. Thus,
each day, five donations were sampled from Adria
(Centre 1), five from Trecenta (Centre 2), and 15 from

TABLE 1

Serological results of serum samples positive in the West
Nile virus ELISA screening, Rovigo province, Italy, 20
July-15 November 2009 (n=94)

IgGELISA  IgMELISA  IgG IFA IgM IFA Nsua?qt;j;:f
Confirmed positive by PRNT 17
+ + + +
+ - + - 9
+ + +
Not confirmed positive by PRNT 77
+ - + - 46
+ - + + 3
+ - - - 19
+ + + - 1
+ + + 2
+ - + 1
+ - - 5

ELISA: enzyme-linked immunosorbent assay; IFA:
immunofluorescence assay; PRNT: plaque reduction neutralisation
test.

Rovigo (Centre 3), choosing serum samples from the
first consecutive daily donors who gave their consent
to the study. All samples were handled anonymously
by technicians and researchers involved in this study.

To evaluate potential risk factors associated with WNV
infection, a case—control study matched by day and
donation centre was performed. More specifically, for
all donors that had IgG and/or IgM to WNV confirmed
by PRNT, specific information about age, sex, address
and type of job was retrospectively collected. For each
positive donor, we collected the same information from
four negative cases who were randomly chosen among
the donors seen on the same day in the same centre.
Although details on the type of job were collected, we
decided after preliminary analysis to create a dummy
variable classifying the job as done predominantly in
the open air or not, e.g. a builder was classified as an
open-air worker while a bank clerk’s work was classi-
fied as indoors.

Laboratory testing

WNV NAAT screening was performed using Cobas Taq
Screen West Nile Virus test on a Cobas s201 system
(Roche Molecular Systems) on pools of aliquots from
six individual plasma specimens. Specimens included
in WNV RNA-positive pools were re-tested individually
with the same WNV NAAT Kkit.

WNV IgM and IgG testing was done using the WNV IgM
capture DxSelect ELISA and IgG DxSelect ELISA Kkits
(Focus Diagnostics), respectively, as reported [18]. All
serum samples which tested positive in the ELISA were
further analysed by anti-West Nile virus IIFT IgG and
IgM immunofluorescence assays (IFA) (Euroimmun AG),
and, to rule out cross-reactivity with other flaviviruses
and confirm the result, also with the PRNT, according to
the previously described protocol [18].

Statistical analysis

Prevalence of antibodies to WNV was calculated as the
ratio between sera confirmed positive by PRNT and all
tested sera. The 95% confidence intervals (Cl) of the
prevalence were calculated using the binomial distri-
bution. Prevalence estimates were also stratified by
blood donation centre and by month of donation. Chi-
square test was used to evaluate if the prevalence by
blood donation centre and by month of donation was
statistically significant.

Sensitivity, specificity, positive predictive (PPV) and
negative predictive value (NPV) of 1gG and IgM with
respect to PRNT were also calculated, assuming that
all sera not evaluated by PRNT were negative. This
assumption favours highest estimates for specificity
and NPV.

0dds ratios (OR) were calculated to evaluate the asso-

ciation between age, sex and open-air/indoors job of
the donor with confirmed positivity by PRNT compared
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TABLE 2

Sensitivity, specificity, negative and positive predictive value of serological tests for West Nile virus, compared with PRNT,
Rovigo province, Italy, 20 July to 15 November 2009 (n=2,507)

PRNT-positive PRNT-negative Sensitivity Specificity
WNV ELISA
IgM-positive/lIgG-positive 8 1 88.9 99.6 471 100.0
other 9 2,489
IgM-positive/lgG-negative o 8 0.0 99.3 0.0 99.7
other 17 2,482
IgM-negative/IgG-positive 9 68 11.7 99.7 52.9 97.3
other 8 2,422
ELISA-positive 17 77 18.1 100.0 100.0 96.9
ELISA-negative o] 2,413
WNV IFA?
IgM-positive/lIgG-positive 7 5 58.3 99.6 41.2 99.8
Other 10 2,485
IgM-positive/lgG-negative o] 1 0.0 99.3 0.0 100.0
other 17 2,489
IgM-negative/lgG-positive 10 47 17.5 99.7 58.8 98.1
other 7 2,443
IFA-positive 17 53 24.3 100.0 100.0 97.9
IFA-negative o 2,437

ELISA: enzyme-linked immunosorbent assay; IFA: immunofluorescence assay; NPV: negative predictive value; PPV: positive predictive value;
PRNT: plaque reduction neutralisation test.

2WNV IFA is evaluated as a second line test for WNV ELISA-positive samples.

Note: It was assumed that all sera tested negative by ELISA would also have been negative in IFA and PRNT even when these tests were not
performed.

TABLE 3

Adjusted odds ratios of being PRNT-positive for West Nile virus, associated with blood donor characteristics, conditional
logistic model, Rovigo province, Italy, 20 July-15 November 2009 (n=17)

PRNT-positive PRNT-negative?
% \ %

<40 5 23,8 16 76,2 1.00

40-46 4 18,2 18 81,8 0.42 0.08-2.14 0.30
Age (years)

47-53 4 19,0 17 81,0 0.48 0.09-2.45 0.37
53 4 19,0 17 0.69 0.15-3.23 0.64

Sex Male 16 20,5 62 79,5 1.00
Female 1 14,3 6 85,7 0.88 0.09-8.75 0.92

Indoor/outdoor Indoors 5 16,2 57 83,8 1.00
working activity Outdoors 11 38,5 8 61,5 5.07 1.01-25.37 0.05
Unknown 1 25.0 3 75.0 2.74 0.20-37.38 0.45

AOR: adjusted odds ratios; Cl: confidence interval; PRNT: plaque reduction neutralisation test.
2 PRNT-negative blood donors were matched to positive ones by day and centre of donation.
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to matched sera not tested/not confirmed by PRNT. The
OR was calculated taking into account matching by day
and blood donation centre. A conditional logistic model
was used to simultaneously adjust the OR for the effect
of each evaluated factor with respect to the others.

Results

During the period from 1 August to 31 October 2009,
5,726 blood donations were collected in Rovigo prov-
ince and tested by WNV NAAT. One blood donation, not
included in the seroprevalence study, was WNV RNA-
positive (17.5 per 100,000 donations; 95% Cl: 0.4—
97.3). Details on this positive case have been reported
previously [25].

Among the 2,507 serum samples evaluated for IgG and
IgM, 94 (3.7%) were positive in the WNV ELISA IgG and/
or IgM screening and further tested by IFA and PRNT
(Table 1). Of the 94 ELISA-positive samples, 70 (75%)
were also WNV IFA-positive and 17 (18%) were con-
firmed by PRNT. The PRNT-confirmed cases included
eight (47%) cases with both WNV IgM and 1gG and nine
(53%) with only WNV IgG detected by ELISA and/or IFA.

The estimated overall prevalence of WNV antibodies
confirmed by PRNT was 6.8 per 1,000 tested sera (95%
Cl: 4.0-10.9). Stratifying by month of donation no par-
ticular fluctuations were observed, with prevalences
that varied from 6.2 per 1,000 in September to 7.6 in
October (p=0.99, Chi-square test, data not shown).
The prevalence differed significantly by blood dona-
tion centre, with the highest prevalence in Trecenta
(17.9 per 1,000 donations) and the lowest in Adria and
Rovigo (4.0 per 1,000 donations) (p<0.01).

Table 2 shows the sensitivity, specificity, positive
predictive value (PPV) and negative predictive value
(NPV) of WNV ELISA alone and WNV ELISA followed
by WNV IFA as a second-line test compared with PRNT
results as the gold standard, and assuming that all
ELISA-negative samples that were not also evaluated
by PRNT, would have been negative in the PRNT. The
sensitivity of WNV IgM detection for predicting WNV
infection was low, whether by ELISA alone or by a com-
bination of ELISA and IFA; however, the possibility of
false negative results of PRNT at early phases of infec-
tion was not excluded in this study. The sensitivity of
WNV IgG detection, either alone or in combination with
WNV IgM detection by ELISA was about 50%. The addi-
tion of WNV IFA as a second-line test for ELISA-positive
samples did not improve test sensitivity and PPV.

Table 3 shows the association of the blood donors’
characteristics with being WNV positive in PRNT in a
matched case-control analysis. While age and sex were
not found to be significantly associated with being
WNV-positive in PRNT, working outdoors was asso-
ciated with a statistically significant higher risk (35
times) of WNV infection than working indoors (p=0.05).

Finally, a map of the province was produced, plotting
the geographical coordinates of the PRNT-positive
donors and the cases of WNND notified in 2009 and
resident in the Rovigo province. Most subjects with
a PRNT-confirmed WNV infection lived close to rivers
in western areas of the Rovigo province, without any
apparent clustering or association with the place of
residence of subjects diagnosed with WNND (data not
shown).

Discussion

In accordance with national guidelines [27] that recom-
mend screening of blood donations in affected areas
where at least one human case with WNND has been
detected, all blood donations performed in Rovigo
province during summer 2009 were individually tested
by NAAT. Only one of 5,726 blood donations resulted
positive by NAAT, which corresponds to an estimated
risk of WNV transmission of about 17.5 per 100,000
blood donations. With the limitation of the small sam-
ples size in our study, this risk appears to be lower
than that reported in the United States during the peak
of the WNV epidemic in 2002 [28] and in Canada in the
period from 2006 to 2007 [29].

In order to estimate the extent of WNV infection among
humans, we also conducted a serosurvey in a selec-
tion of blood donations in the study area; the esti-
mated overall prevalence of anti-WNV antibodies was
6.8 per 1,000 sera (95% Cl: 4.0-10.9). This prevalence
estimate was lower than that found in a previous sur-
vey (15.6 per 1,000), that was conducted in the same
province but was restricted to a population consid-
ered at risk of environmental exposure represented
by farm employees who worked in areas where WNV-
seropositive horses had been identified [22].

A retrospective screening of solid organ donors in
several Italian regions found a higher prevalence of
anti-WNV antibodies than the present study on blood
donors [30]. This discrepancy could be accounted for
by differences in target populations and sampling
strategies as well as laboratory methods used for test-
ing and for confirmation of positive results. We con-
sidered as positive only those samples which were
confirmed by neutralisation assays. In fact, less than
20% of WNV ELISA-positive samples were confirmed
by PRNT. After combining ELISA and IFA, the specificity
did not increase significantly for those samples which
were positive in both tests. Since the PPV of a test
tends to decrease in low prevalence areas, our results
suggest that neutralisation assays should be used to
confirm positive results, especially in areas with a low
risk of infection.

The prevalence in our study varied widely among
geographical areas, ranging from about 18 per 1,000
blood donations in Trecenta to 4.0 per 1,000 in Adria
and Rovigo. Moreover, the geographical distribution of
infected individuals suggested that most cases were
resident in areas near rivers and other water sources.
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This is consistent with other studies on WNV and
other mosquito-borne infections, such as La Crosse
encephalitis [3,31]. However, we could not evaluate the
association between WNV seroprevalence and proxim-
ity to water sources in our samples because of the lack
of available geo-reference data on WNV-negative blood
donations. For the same reason, any factor explaining
the geographical variation could not be evaluated due
to limited environmental data.

With regard to risk factors for infection, no statisti-
cally significant difference was found for age or sex,
while a statistically significant association was found
with working outdoors compared with other jobs.
These findings, which suggest a higher risk of expo-
sure to mosquito bites, contradict studies conducted
in Romania, where having spent more than six hours
outdoors during the day was not found associated with
West Nile virus infection [32].

In conclusion, this study estimated the seropreva-
lence of WNV among blood donors of an affected area
of Italy as 6.8 per 1,000 sera and indicates that WNV
seroprevalence can vary widely even between different
geographical areas within the same province. Although
WNV NAT-positive samples were rare in our population,
blood screening is needed in order to reduce the risk of
WNV transmission to vulnerable recipients.
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