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Abstract: Although in humans West Nile virus is mainly the cause of mild or sub-clinical infections,
in some cases a neuroinvasive disease may occur predominantly in the elderly. In Italy, several cases
of West Nile virus infection are reported every year. Tuscany was the first Italian region where the
virus was identified; however, to date only two cases of infection have been reported in humans. This
study aimed at evaluating the prevalence of antibodies against West Nile virus in the area of Siena
Province to estimate the recent circulation of the virus. Human serum samples collected in Siena
between 2016 and 2019 were tested for the presence of antibodies against West Nile virus by ELISA.
ELISA positive samples were further evaluated using immunofluorescence, micro neutralization, and
plaque reduction neutralization assays. In total, 1.9% (95% CI 1.2–3.1) and 1.4% (95% CI 0.8–2.4) of
samples collected in 2016–2017 were positive by ELISA and immunofluorescence assay, respectively.
Neutralizing antibodies were found in 0.7% (95% CI 0.3–1.5) of samples. Additionally, 0.9% (95% CI
0.4–1.7) and 0.65% (95% CI 0.3–1.45) of samples collected in 2018–2019 were positive by ELISA and
immunofluorescence assay, respectively. The prevalence of neutralizing antibodies was 0.5% (95% CI
0.2–1.3). Although no human cases of West Nile infection were reported in the area between 2016
and 2019 and virus prevalence in the area of Siena Province was as low as less than 1%, the active
asymptomatic circulation confirms the potential concern of this emergent virus for human health.
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1. Introduction

West Nile virus (WNV) is an emerging virus involving birds and Culex mosquitoes
in its transmission cycle. Spillover events from this cycle involve mammalian hosts, in
particular horses and humans, considered dead-end hosts [1]. In humans, although most
infections (about 80%) are asymptomatic, those with a clinical manifestation present with
a mild febrile illness, known as West Nile fever, are often underdiagnosed. In some
cases, especially among the elderly, a more severe infection may develop as West Nile
neuroinvasive disease (WNND), associated with significant morbidity and mortality [2].
As WNND is observed in less than 1% of infected subjects, the frequency of subclinical
infections leads to an underestimation of the actual circulation of the virus.

In Italy, WNV is endemic in the Northern regions, where several cases of infection
in humans are reported every year. However, in recent years the virus has expanded its
distribution with cases also registered in Central and Southern Italy [3].
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WNV was reported for the first time in Italy in 1998 among horses residing in wetland
areas of Tuscany, Central Italy [4], while the first human case of WNND was detected
ten years later, in 2008, in the Emilia-Romagna region, Northern Italy [5]. However, a
retrospective study showed that in 2007 a woman living in Tuscany was infected with
WNV [6], demonstrating that the virus was already circulating among humans in Central
Italy before its isolation in Emilia-Romagna causing unrecognized human disease.

Following the identification of the first human cases of WNV infection, specific WNND
surveillance systems were set up in the Emilia-Romagna and Veneto regions [7], followed by
the implementation of national veterinary and human surveillance plans [8]. Surveillance
activities include entomological, veterinary and human surveillance to be carried out
from June to November, identified as the high-risk transmission period. Since 2008, WNV
circulation has been reported in 10 Italian regions (Emilia-Romagna, Veneto, Lombardy,
Sardinia, Sicily, Friuli Venezia Giulia, Piedmont, Tuscany, Basilicata, Apulia). From 2008 to
2017 a total of 231 cases of human WNND were reported [9].

The presence of WNV in Tuscany was reported in horses in 1998 [4], in 2009 [10], and
in 2016 [11]. Although Tuscany was the first Italian region where the presence of WNV
human infections was identified already in 2007 [6], since then only one imported case in
2011 in the province of Pisa [12] and two WNND cases in 2017 in the province of Livorno,
a coastal area of the region, were reported [13] (Figure 1).

1 
 

 

Figure 1. West Nile disease equine and autochthonous and imported human reported cases retrieved in Tuscany since 1998.
The territories affected with West Nile virus (WNV) are colored in grey and those that are WNV-free are colorless. The maps
were generated with Esri ArcGis Desktop 10.6.1 (www.esri.com, accessed on 2 June 2021). Red triangles, equine cases; Red
circles, autochthonous human cases; Blue circle, imported human cases.

In Italy, human cases of WNV infection are usually detected starting from July and
peaking in August–September. However, in 2018 the transmission season started earlier
with the first detection of WNV from a pool of Culex mosquitoes in the Veneto region on
the 7th of June [14], and the first confirmed human case was reported just 9 days later in
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the same province [15]. As of December 2018, a total of 577 confirmed cases of human
infection were reported in the Veneto, Emilia-Romagna, Lombardy, Piedmont, Sardinia,
and Friuli Venezia Giulia regions. In that very year, veterinary surveillance reported an
increase in the circulation of WNV in mosquitoes, birds and horses in nine Italian regions
(Emilia-Romagna, Veneto, Lombardy, Sardinia, Friuli Venezia Giulia, Piedmont, Lazio,
Basilicata, and Apulia) [16].

Since 2018, the coastal provinces of Tuscany have been considered endemic areas [17],
and since 2019, the province of Siena has been included among areas at high risk of
transmission by national surveillance plans [18,19]. However, to date no cases of infection
have been reported by routine surveillance activities.

Reports of epidemics in equine holdings suggest the circulation of WNV in the Tuscany
region. However, human cases reported by routine surveillance are few. To date, limited
data are available on the prevalence of WNV in the region.

The primary aim of this study was to evaluate the prevalence of WNV antibodies in
the Siena Province area, in the Tuscany region, to estimate the recent circulation of WNV in
an area where no infection cases have ever been reported by surveillance activities. The
second aim was to investigate any variation in WNV prevalence in the province after the
increase in transmission observed during the 2018 season.

2. Results

A total of 1800 samples, 879 for the years 2016–2017 and 921 for the years 2018–2019,
were tested. The median age of all subjects whose serum samples were included in the
study was 51 years, 50 years (age range 20–93 years) and 51 years (age range 20–94 years)
for those sampled in 2016–2017 and in 2018–2019, respectively.

Collected samples were stratified by year of collection (2016–2017 and 2018–2019)
and further stratified by sex and age group (20–60 and >60 years old). IgG borderline
and positive samples identified by ELISA, immunofluorescence assay (IFA) and micro-
neutralization (MN)/plaque reduction neutralization (PRN) assays in different years of
collection by age group are reported in Table 1.

Out of the 879 samples collected in 2016–2017, 17 (1.9%, 95% confidence interval
(CI) 1.2–3.1) samples were ELISA IgG positive or borderline. Comparisons of ELISA IgG
positive results with sex (p = 0.83) and age groups (p = 0.69) did not show any statistical
significance. Twelve samples (1.4%, 95% CI 0.8–2.4) were confirmed IgG positive by IFA.
IFA IgG positive results were also not statistically associated with sex (p = 0.85) and age
groups (p = 0.71). Six samples were positive by MN and PRN assays, thus showing a total
prevalence of 0.7% (95% CI 0.3–1.5) of samples with neutralizing antibodies. MN/PRN
positive results lack any statistical significance with sex (p = 0.87) and age groups (p = 0.74).

Out of the 879 samples collected in 2016–2017, 92 were also tested by ELISA IgM. Four
samples were found positive (4.35%, 95% CI 1.36–11.0), one of which was also positive for
ELISA IgG, IFA IgG, and neutralizing antibodies.

Out of the 921 samples collected in 2018–2019, eight (0.9%, 95% CI 0.4–1.7) samples
were positive by ELISA IgG. Comparisons of ELISA IgG positive results with sex (p = 0.18)
and age groups (p = 0.71) did not yield any statistical significance. Six samples (0.65%, 95%
CI 0.3–1.45) were confirmed IgG positive by IFA. IFA IgG positive results were also not
statistically associated with sex (p = 0.23) and age group (p = 0.77). Five samples were positive
by MN and PRN for a total prevalence of 0.5% (95% CI 0.2–1.3). MN/PRN positive results
lack any statistical significance by comparison with sex (p = 0.26) and age groups (p = 0.79).

Table 2 shows a summary of results with the characteristics of subjects who showed
neutralizing antibodies to WNV. The median age was 57 years (age range 30–91 years).

In the univariate logistic regression model, the independent variables, sex and age
group, did not show, consistently, statistically significant associations with IgG positive and
borderline results for both 2016–2017 and 2018–2019 years of collection. In the multivariate
logistic regression model, the independent variables confirmed the lack of association with
IgG positive or borderline results (Table 3).
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Table 1. ELISA IgG, IFA IgG, and MN/PRN borderline and positive samples by years of collection and age group. Data on sex and age group of collected and positive samples were
summarized as counts and percentages and 95% confidence intervals were calculated.

Study Population
2016–2017 2018–2019

M F Total ELISA IgG IFA IgG MN/PRN M F Total ELISA IgG IFA IgG MN/PRN

20–60 years 255
(43.8)

327
(56.2)

582
(66.2)

10
(1.7%, 0.9–3.2)

8
(1.4%, 0.65–2.7)

3
(0.5%, 0.1–1.6)

307
(50.1)

306
(49.9)

613
(66.6)

6
(1.0%, 0.4–2.2)

4
(0.65%, 0.2–1.7)

3
(0.5%, 0.1–1.5)

>60 years 161
(54.2)

136
(45.8)

297
(33.8)

7
(2.4%, 1.05–4.9)

4
(1.35%, 0.4–3.5)

3
(1.0%, 0.2–3.1)

154
(50.0)

154
(50.0)

308
(33.4)

2
(0.65%, 0.0–2.5)

2
(0.65%, 0.0–2.5)

2
(0.65%, 0.0–2.5)

Total 416
(47.3)

463
(52.7) 879 17

(1.9%, 1.2–3.1)
12

(1.4%, 0.8–2.4)
6

(0.7%, 0.3–1.5)
461

(50.1)
460

(49.9) 921 8
(0.9%, 0.4–1.7)

6
(0.65%, 0.3–1.45)

5
(0.5%, 0.2–1.3)

95% CI, 95% confidence interval; IFA, immunofluorescence assay; MN, micro neutralization; PRN, plaque reduction neutralization.
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Table 2. Information of subjects (years of collection, age and sex) and serologic results (ELISA, IFA, MN and PRN titer) of
the samples showing WNV neutralizing antibodies by MN/PRN assays.

Years Subject Age Group Age (Years) Sex ELISA IgG IFA IgG MN Titer PRN Titer

2016–2017

1 >60 61 F Positive 1/100 20 10
2 >60 64 M Positive 1/6400 20 40
3 20–60 57 F Borderline 1/50 20 10
4 >60 91 F Borderline 1/50 20 20
5 20–60 42 F Positive 1/50 10 10
6 20–60 33 F Positive 1/800 10 40

2018–2019

7 20–60 52 M Positive 1/400 10 40
8 >60 75 M Positive 1/50 10 20
9 20–60 30 M Positive 1/3200 20 10

10 20–60 32 M Positive 1/6400 40 40
11 >60 85 F Positive 1/100 20 20

IFA, immunofluorescence assay; MN, micro neutralization; PRN, plaque reduction neutralization.

Table 3. Results for the univariate logistic regression model and the multivariate logistic regression model by independent
variables (sex and age group).

Years of
Collection

Independent
Variable

Univariate Logistic Regression Model Multivariate Logistic Regression Model

OR 95% CI p Value OR 95% CI p Value

2016–2017
Sex 0.80 0.30–2.08 0.64 0.82 0.31–2.16 0.69

Age group 1.39 0.52–3.68 0.51 1.36 0.51–3.62 0.54

2018–2019
Sex 0.28 0.06–1.37 0.12 0.28 0.06–1.37 0.12

Age group 0.57 0.12–2.74 0.48 0.57 0.12–2.74 0.48

OR, odd ratio; 95% CI, 95% confidence interval.

3. Discussion

To our knowledge, this is the first study on the prevalence of WNV antibodies in the
Tuscany region. The results show that, although between 2016 and 2019 WNV prevalence
in the area of Siena Province was as low as less than 1%, in 2016 and 2017 WNV was
actively circulating, as shown by the finding of specific IgM suggestive of recent infection.
Moreover, in some of the positive subjects the presence of antibodies with neutralizing may
suggest a potentially protective immunity.

To date, the presence of WNV in Tuscany has been reported in horses in 1998 [4], in
2009 [10], and in 2016 [11], while WNV infection in humans was retrospectively diagnosed
in 2007 [6] and two cases of WNND were reported in 2017 [13].

This is the first study showing that cases of human infection by WNV have occurred
in the Siena area and may be considered of some relevance as no human cases have been
reported by routine surveillance in the study period 2016–2019. In addition, it appears that
WNV circulation was not an occasional finding but was detected in both 2016–2017 and
2018–2019 periods studied. The reason why no cases of WNV infection were reported in
the study period from the Siena area may be due to the fact that WNV is often the cause
of mild or sub-clinical infection, which may lead to misdiagnosis and underreporting of
the disease.

Other serological studies conducted on the general population or blood donors in
other areas of Italy where the circulation of WNV has been registered (Lombardy, Emilia-
Romagna, and Veneto regions) [20–24] have found similar prevalence to this study. The
same median age of 57 years we found in our study was observed in WNV positive blood
donors in the Veneto region [25], probably due to the fact that our study most likely includes
asymptomatic WNV infections or mild symptomatic infections.

Similar WNV prevalence studies performed in other European countries and in the
Mediterranean Basin detected neutralizing antibodies in 1.5% and 2.34% of the population
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in Greece [26] and in Hungary [27], respectively, while the results of this study are more in
line with the prevalence observed in Bulgaria [28].

Historically, surveillance activities detected WNV infection cases in the Northern
East areas of Italy. However, over the years, increasing numbers of West Nile fever cases
have been reported from other areas, suggesting viral circulation expanding in the general
population in areas previously considered naïve [3], as shown in our study. In fact, the
population included in this study, although not selected for the purpose, better represents
the general population than that included in other epidemiological studies performed in
blood donors or in international travelers [21,22,24,29,30].

This study has some limitation. Samples were collected for purposes different from
the aim of this study; thus, no information on clinical findings such as fever or neurological
signs and symptoms was available. Our study population did not include subjects younger
than 20 years of age.

Recently, among mosquito-borne flaviviruses, with birds as reservoir hosts, circu-
lating in different areas of Europe, Usutu virus has been reported to possess serological
cross-reactions with WNV [31]. In our study, WNV-positive samples were not tested for
Usutu virus neutralizing antibodies; therefore, a possible cross-reactivity between the
two viruses cannot be totally excluded. Usutu virus circulation in the Tuscany region
has been reported only in mosquito pools in 2018 and 2019 from two provinces in the
Northern area of the region, and no animal or human cases were reported from routine
surveillance activities [16,32]. Moreover, IgM ELISA antibodies have been detected in some
samples of this study. IgM ELISA is usually considered to be more specific than IgG, with
a lower cross-reactivity with other flaviviruses [33,34]. Taking into account the data on
the circulation of both viruses in the area and the results obtained from all the serological
assays performed in this study, the specific reaction to WNV can be reasonably assumed.

This study shows for the first time the active circulation in humans of WNV that
occurred between 2016 and 2019 in the Siena area, an area considered not at high risk
until 2019. Although the prevalence of WNV is limited as compared to other neurotropic
arboviruses, such as Toscana virus [35], it appears to have acquired an established trans-
mission pattern between 2016 and 2019.

In conclusion, WNV infection appears to be more widespread in the area of Siena than
has been detected so far, and it is possible that some cases of infection are underdiagnosed
and underreported. Taking into consideration the trend of the expansion of WNV in Central
Italy, the absence of reported WNV human cases in the Siena area should not limit the
application of preventive measures and epidemiological surveillance, as the low prevalence
of antibodies does not prevent outbreaks of WNV disease in the future.

4. Materials and Methods
4.1. Study Population

The study was performed with samples available at the sera bank of the Molecular
Epidemiology Laboratory of the University of Siena, Italy. Human serum samples are
residual samples collected from a local laboratory in the province of Siena between 2016
and 2019. Samples were anonymously collected and stored in compliance with Italian
ethics law. For each serum sample, information only on age, sex, place and year of sampling
was available.

A total of 1800 samples were randomly selected from the sera bank: 879 for the years
2016–2017 and 921 for the years 2018–2019.

4.2. ELISA and Immunofluorescence Assay

All samples were tested for the presence of IgG antibodies against WNV by use
of “West Nile Virus IgG” (DIA.PRO, Milano, Italy) commercial ELISA kit. Testing was
performed according to manufacturer’s instructions, and test results were calculated by
means of a cut-off value determined with the following formula: Cut-off = optical density
(OD) of the negative control + 0.250. Samples were considered positive when the ratio
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between the OD of the sample and that of the cut-off was >1.1, and negative when the
ratio between the OD of the sample and that of the cut-off was <0.9. Samples with a ratio
between 0.9 and 1.1 were considered borderline.

Out of 879 samples collected in 2016–2017, 92 were also tested for the presence of
IgM antibodies by use of “West Nile Virus IgM” (DIA.PRO, Milano, Italy) commercial
ELISA kit. IgM ELISA testing was performed on all the ELISA IgG positive and borderline
samples and on a subset of ELISA IgG negative samples. Testing was performed according
to manufacturer’s instructions and results were calculated as for ELISA IgG kit.

ELISA borderline and positive samples were further tested by “Anti-West Nile virus
(IgG)” (EUROIMMUN, Lübeck, Germany) IFA commercial kit, following manufacturer’s
instructions. Samples were tested with 2-fold dilutions from 1:50 to 1:6400. The IFA
titer was defined as the highest serum dilution showing fluorescence, as reported by
manufacturer’s instructions.

All IgG and IgM ELISA and IgG IFA positive samples were further tested by MN and
PRN assays.

4.3. Micro Neutralization and Plaque Reduction Neutralization Assays

The cell substrate used was Vero E6 (African green monkey kidney cell line; ATCC®

CRL-1586™) propagated in Dulbecco’s Modified Eagle’s Medium (DMEM; Sigma-Aldrich,
St. Louis, MO, USA) supplemented with 10% Fetal Bovine Serum (FBS; Sigma-Aldrich,
St. Louis, MO, USA). The WNV strain (lineage 2) viral stock, consisting of cell-free super-
natants of acutely infected Vero E6 cells, was stored at −80 ◦C until use. Prior to the MN
and PRN test, WNV was titrated for 50% tissue culture infectious dose (TCID50) and plaque
forming unit (PFU) using Vero E6 cells, and all serum samples were heat-inactivated at
56 ◦C for 30 min.

MN assay was performed by exposing (1:1) serial twofold dilutions of heat-inactivated
serum in DMEM (1:10 to 1:320) to 100 TCID50 of WNV. After 1-h incubation at 37 ◦C in 5%
CO2 atmosphere, 50 µL of the serum/virus mixture was plated on each well of a 96-well
plate covered by Vero E6 cell monolayers (104 cells/well), and incubated for 1 h at 37 ◦C,
5% CO2. Then, 50 µL of DMEM was added on each well and the plate was incubated for
4 days up to the appearance of an easy detectable cytopathic effect in control cultures (cell
monolayers exposed to WNV). Additionally, IgG serum negative to WNV was used as
control. The antibody titer was defined as the reciprocal of the highest dilution of the test
serum sample, which showed at least 50% neutralization.

PRN assay was performed on heat-inactivated serum samples by exposing (1:1) serial
twofold dilutions of them in DMEM (1:10 to 1:320) to 100 PFU of WNV. After incubation for
1 h at 37 ◦C, 5% CO2 atmosphere, 300 µL of the serum/virus mixture was plated on each
well of 6-well plates seeded with 2.5 × 105 Vero E6 cells and incubated 1 h at 37 ◦C. Then,
the overlay medium composed of 0.5% Sea Plaque Agarose (Lonza, Basel, Switzerland)
diluted in propagation medium was added to each well. After 4 days of incubation at
37 ◦C, the monolayers were fixed with methanol (Carlo Erba Chemicals, Milan, Italy) and
stained with 0.1% crystal violet (Carlo Erba Chemicals, Milan, Italy) and the viral titers
were calculated by PFU counting. Percent of PRN was calculated by dividing the average
PFU of viral serum treated samples by the average of viral positive control. All experiments
were repeated at least twice. All experimental procedures were conducted under biosafety
level 3 containment.

4.4. Statistical Analysis

Categorical dichotomous data (sex and age group) and discrete data (IgG ELISA,
IFA, MN/PRN assays results) were defined as categorical dichotomous data, described
as counts and percentages and evaluated by Chi-square test. The relations between the
IgG positivity of each assay as a dependent categorical dichotomous variable defined
as a dummy variable and independent factors (sex and age group) were evaluated by
logistic regression model, and OR, 95% CI, and p-values were assessed. In the univariate
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logistic regression model, all the factors related to IgG positivity were investigated as
independent variables. The statistically significant independent variables were assessed
in the multivariate logistic regression model using Wald test and stepwise method for the
selection of p-value. Statistical significance was set at p < 0.05.

Data from statistical analyses were performed with the software GraphPad Prism
v.6.0.0 (GraphPad Software, San Diego, CA, USA).

4.5. Geographic Methods

The spatial distribution of WND human and equine reported cases was mapped using
QGIS 3.6.0 [36]. The shapefile of Tuscany region (WGS84 UTM32N) was retrieved from
the National Institute of Statistics (ISTAT) [37]. The national geographic map was used as
basemap to relate the study area to the European region.
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