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§ Virus & arthropods

§ West Nile virus (WNV)

§ Dengue virus (DENV)

§ Toscana virus (TOSV)
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What Are Arboviruses

• ARBOvirus = ARthropod-BOrne virus

• Viruses transmitted by blood-feeding arthropods (mosquitoes, 

ticks, sandflies…)

• They can infect humans, arthopods and animals (mammalian & 

birds)
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Transmission Cycle

• Arthropod vector becomes infected by feeding on an infected 

host

• The virus replicates within the vector

• Vector transmits the virus to a new host via bite

• Important: there is often a reservoir host (birds, Non human 

primates)
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Main Arbovirus Families

• Flaviviridae (Dengue, Zika, Japanese Encephalitis, Tick Borne 

Encephalitis,Yellow Fever, West Nile)

• Togaviridae (Chikungunya)

• Bunyaviridae (Toscana virus, La Crosse)

• Reoviridae (Bluetongue virus in animals)
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What is causing ArBo infections?

Globalization

Immigration

Poverty

Velocity of 

travels

“Global Food”

Climate 
changes

Increase of 
temperature

Modification 
in vegetation

Wildlife 

changes

Increase of 
arthropod 

vectors
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West Nile Virus  (WNV)

•  Flaviviridae (Flavivirus)

•  ss (+) RNA 

•  Virion (spherical shape), 40-50 nm)

• envelope (proteins  E  and  prM))

•  Capsid (protein C), 20-30 nm)

vittorio.sambri_ISBT_ June 19th 2017
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West Nile Cycle
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Table 1

Overview of West Nile virus lineages and suggested lineage numbering

Suggested 
lineage 
numbering

Other lineage 
labelling in the 

literature
Representative strain

GenBank 
accession 

number
Note Reference

Lineage 1a Lineage 1
NY99-flamingo382-99, New York, 

1999
AF196835 Most widespread WNV lineage

Lanciotti et al., 1999 
[115]

Lineage 1b Lineage 1 Kunjin MRM61C, Australia, 1960 D00246 Kunjin virus strains, Australia
Coia et al., 1988 

[116]

Lineage 1c Lineage 5 804994, India 1980 DQ256376 Only found in India
Bondre et al., 2007 

[117]

Lineage 2 No
B956, Uganda 1937 (oldest WNV 

strain; WNV prototype strain)
AY532665

Second most widespread WNV 
lineage

Smithburn et. al, 1940 
[118]

Lineage 3 No
Rabensburg virus 97-103, Czech 

Republic 1997
AY765264 Only found in central Europe Bakonyi et al. [6]

Lineage 4a Lineage 4 LEIV-Krnd88-190, Russia 1998 AY277251
Originally isolated from 

Dermacentor ticks
Lvov et al. [7]

Lineage 4b Lineage 6 / Lineage 7 HU2925/06, Spain GU047875 Only partial sequence available Vázquez et al. [8]

Lineage 4c Lineage 9
WNV-Uu-LN-AT-2013, Austria 

2013
KJ831223

Identified in Uranotaenia 
mosquitoes

Pachler et al. [9]

Lineage 5 Lineage 6
Kunjin virus KUN MP502-66, 

Malaysia 1966
GU047874, 
HQ840762

Only partial sequences 
available

Vázquez et al. [8]

Lineage 6 Lineage 7 Dak Ar D 5443, Senegal EU082200 Koutango virus NA

Lineage 7 Lineage 8 ArD94343, Senegal 1992 KJ131502 Only partial sequence available Fall et al. [10]

Citation style for this article: 
Rizzoli A, Jiménez-Clavero MA, Barzon L, Cordioli P, Figuerola J, Koraka P, Martina B, Moreno A, Nowotny N, Pardigon N, Sanders N, Ulbert S, Tenorio A. 
The challenge of West Nile virus in Europe: knowledge gaps and research priorities. Euro Surveill. 2015;20(20):pii=21135. Available online: http://www.
eurosurveillance.org/ViewArticle.aspx?ArticleId=21135
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fever, weakness,

headache, myalgia,

nausea, vomiting

( 3 – 6 gg.)

Encephalitis

(meningoencephalitis)

Clinical Epidemiology of  WNV infection in humans

Incubation period: 3-14 days

vittorio.sambri_ISBT_ June 19th 2017
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Diagnosis of West Nile Virus Human Infections: Overview and 
Proposal of Diagnostic Protocols Considering the Results of 

External Quality Assessment Studies 

National  Institute  for  Infectious  Diseases  (INMI)  “L.  Spallanzani”,  Rome

“ ”

Viruses 2013, 5, 2329-2348; do

National  Institute  for  Infectious  Diseases  (INMI)  “L.  Spallanzani”,  Rome

“ ”

V. Sambri et al.

“Epitope Blocking   EIA”.   This   method   is   based   on   competition   between   the   tested   sera   and   WNV  

interpreting  the  test  results.  Most  of  the  tests  used  are  developed  “in house”  by  individual  laboratories  

Table 1. The table below reports a proposal for the use of the laboratory tools described in this review. 

Clinical Issue (biological sample) Suggested laboratory tools 

Diagnosis of patients with suspected WNV 

infection: neuroinvasive disease and WNV fever 

(serum and/or plasma, whole blood, CSF, 

urine). 

It is advisable to prioritize the order of the tests 

as follows: MAC-EIA, Indirect IgG EIA, IF, 

virus isolation, RT-PCR, Real time RT-PCR, 

PRNT90 

Evaluation of seroprevalence (serum and/or 

plasma) 

PRNT50; Indirect IgG EIA, IF; Epitope blocking 

EIA 

Screening of blood and organ donations (serum 

or plasma) 

NATs [MAC-EIA and IF (IgG and IgM) are 

suggested to perform the serologic follow up of 

the NATs positive donors and as early 

additional testing in case of not confirmed NAT 

positivity] 

Post-mortem evaluation (tissue biopsy) Immunohistochemistry 
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https://www.ecdc.europa.eu/en/west-

nile-fever/surveillance-and-disease-

data/disease-data-ecdc

Table 81: Summary of WNV infection statistics related to humans, birds and equids, in the EU,
2016–2020

2020 2019(a) 2018(a) 2017(a) 2016(a) Data

source

Humans

Total number of confirmed and probable

cases

325 443 1,615 208 240 ECDC

Total number of confirmed and probable

cases/100,000 population (notification rates)

0.07 0.08 0.31 0.05 0.06 ECDC

Number of reporting MS 26 27 27 26 26 ECDC

Infection acquired in the EU 323 435 1,573 205 228 ECDC

Infection acquired outside the EU 2 5 29 2 3 ECDC

Unknown travel status or unknown country of

infection

0 3 13 1 9 ECDC

Animals

EU One Health Zoonoses Report 2020
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A B S T R A C T

In the last 6 years, Italy accounted for 36 % of the total autochthonous European West Nile virus (WNV) cases 
reported to ECDC. Since 2001, the country put in place a multi-species national surveillance plan. The plan was 
enhanced in 2020 by adopting a fully integrated One Health approach, including human, wild bird, equine, 
and mosquito surveillance for the early detection of WNV. In this context, the systematic acquisition of whole 
viral genetic information from human patients and animals is fundamental to obtain an in-depth knowledge on 
the patterns of virus evolution and transmission and to gain insights on the role virus genetics in morbidity and 
mortality, The purpose of this pilot study was thus to design a One-Health surveillance framework based on the 
genomic surveillance of WNV circulating at the vector-human-animal interface, in the endemic territory of 
Romagna (North-Eastern Italy) during the 2023 transmission season. Whole genome sequencing (WGS) analyses 
confirmed the circulation of WNV lineage 2 showing high nucleotide and amino acid identity of 99.82 % and 
99.92 % respectively among viral sequences from human patients, vectors and birds. All the sequences clustered 
with other Italian strains in the Central and Southern European clade with robust bootstrap support and BLASTn 
identity exceeding 99.7 %. The highest nucleotide identity was observed with sequences from Emilia-Romagna 
and Veneto regions (Italy), confirming a local virus circulation and overwintering of WNV lineage 2 with a 
confined virus spread and no (or limited) external introduction of viral strains. Our results, support the adoption 
of a One Health approach to WNV surveillance, based on WGS and integrating the clinical diagnosis, epidemi-
ology, and genomic characterisation, to create a suitable operational process for the characterisation of 
autochthonous and imported Arboviruses circulating in Romagna to effectively integrate the already established 
surveillance plan.

1. Introduction

West Nile virus (WNV) is a mosquito-borne zoonotic virus belonging 
to the Orthoflavivirus genus, Flaviviridae family [1,2]. The two most 
prevalent and clinically significant WNV lineages are lineage 1 (WNV 

L1) and lineage 2 (WNV L2). Over the last two decades, WNV lineage 2 
established local virus reservoirs that could lead to outbreaks indepen-
dently from seasonal reintroduction of viral strains from southern 
Europe or Africa [3]. Since then, WNV lineage 2 has evolved into an 
endemic virus, causing seasonal outbreaks of viral encephalitis and 
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E-mail address: martina.brandolini3@unibo.it (M. Brandolini). 
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aseptic meningitis in several European countries [4]. While the circu-
lation of WNV lineage 1 in Europe has historically been linked to 
continuous reintroductions from North Africa [5], recent studies have 
proven its endemic circulation in southern Spain, where WNV lineage 1 
overwinters [6,7]. In Italy, both WNV lineages have been identified with 
lineage 2 becoming predominant after its introduction in 2011 [8]. 
Despite all the efforts to control its spread, WNV continues to circulate, 
posing a significant threat globally. According to the annual ECDC 
published data, autochthonous West Nile cases account for 95 % of the 
total recorded in Europe over the period 2018 2023, with Italy being the 
largest contributor, accounting for an average of 36 % of these infections 
[9].

Italy s epidemiological WNV surveillance system is now regulated by 
the National prevention, surveillance and response plan for arboviral 
diseases 2020-2025 . This plan integrates human and veterinary sur-
veillance for WNV and is managed by the Italian National Institute of 
Health and the Ministry of Health in coordination with the Research 
Centre for Exotic Diseases of the Istituto Zooprofilattico Sperimentale 
dell Abruzzo e del Molise Giuseppe Caporale [10]. Surveillance of 
imported and local human infections is carried out year-round 
throughout the country, between early May and late November in Re-
gions where endemic areas have been identified [11]. In Emilia- 
Romagna region, North-Eastern Italy, an integrated and multi- 
disciplinary WNV surveillance system targeting humans, wild birds, 
horses, and mosquitoes has been implemented to allow early detection 
of virus circulation in the environment and mitigation of viral trans-
mission risks via blood and solid organ donations since 2009 [11 13]. 
Integrating genomic data from infected humans and animals, has the 
potential to provide new insights on the patterns of virus transmission 

and the role virus genetics and evolution in causing morbidity and 
mortality [13] for targeted interventions in high-risk areas. Further-
more, embedding precise metadata to viral genomes (e.g collection date 
and sample location), which are often unavailable or unreported, is key 
for precisely calibrating molecular clock for phylogeographic models 
[5].

The purpose of this study is to describe a One-Health surveillance 
framework based on WNV integrated whole genomic surveillance, and 
associated metadata, to complement the existing multi-species genomic 
surveillance while incorporating WNV genetic analysis into the patients 
diagnostics workflow.

2. Materials and methods

2.1. Study area

The study area is represented by Romagna (Fig. 1), corresponding to 
the south-eastern portion of Emilia-Romagna region in northern Italy. 
Romagna presents a unique environment limited by the Apennines 
mountains to the southwest, the Reno and Sillaro rivers to the north and 
west and the Adriatic Sea to the east. Its northern part, corresponding to 
Ravenna province, borders the delta of the Po River, Europe s second- 
largest wetlands and is protected by UNESCO as a Biosphere Reserve. 
For its climate and environmental features, Romagna allowed WNV and 
other arboviruses endemization. The study was carried out from May to 
October 2023.

Fig. 1. Map of geo-localization sites of recorded WNV infections. In 2023, a total of 29 cases of WNV were detected in the Romagna region. These cases comprised 11 
human cases (green dots on the map), 14 bird cases (blue dots), and 4 sites with WNV-positive mosquitoes (yellow dots). The primary hotspot for WNV was Ravenna 
province, where 9 human cases, 3 bird cases, and 3 mosquito cases were reported. Additionally, WNV circulation was observed in Forlì-Cesena province (2 human 
cases, 7 bird cases, 1 site with WNV-positive mosquitoes) and Rimini province (4 bird cases). Samples sequenced in this study are marked on the map with a red cross. 
(For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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In the last 6 years, Italy accounted for 36 % of the total autochthonous European West Nile virus (WNV) cases 
reported to ECDC. Since 2001, the country put in place a multi-species national surveillance plan. The plan was 
enhanced in 2020 by adopting a fully integrated One Health approach, including human, wild bird, equine, 
and mosquito surveillance for the early detection of WNV. In this context, the systematic acquisition of whole 
viral genetic information from human patients and animals is fundamental to obtain an in-depth knowledge on 
the patterns of virus evolution and transmission and to gain insights on the role virus genetics in morbidity and 
mortality, The purpose of this pilot study was thus to design a One-Health surveillance framework based on the 
genomic surveillance of WNV circulating at the vector-human-animal interface, in the endemic territory of 
Romagna (North-Eastern Italy) during the 2023 transmission season. Whole genome sequencing (WGS) analyses 
confirmed the circulation of WNV lineage 2 showing high nucleotide and amino acid identity of 99.82 % and 
99.92 % respectively among viral sequences from human patients, vectors and birds. All the sequences clustered 
with other Italian strains in the Central and Southern European clade with robust bootstrap support and BLASTn 
identity exceeding 99.7 %. The highest nucleotide identity was observed with sequences from Emilia-Romagna 
and Veneto regions (Italy), confirming a local virus circulation and overwintering of WNV lineage 2 with a 
confined virus spread and no (or limited) external introduction of viral strains. Our results, support the adoption 
of a One Health approach to WNV surveillance, based on WGS and integrating the clinical diagnosis, epidemi-
ology, and genomic characterisation, to create a suitable operational process for the characterisation of 
autochthonous and imported Arboviruses circulating in Romagna to effectively integrate the already established 
surveillance plan.

1. Introduction

West Nile virus (WNV) is a mosquito-borne zoonotic virus belonging 
to the Orthoflavivirus genus, Flaviviridae family [1,2]. The two most 
prevalent and clinically significant WNV lineages are lineage 1 (WNV 

L1) and lineage 2 (WNV L2). Over the last two decades, WNV lineage 2 
established local virus reservoirs that could lead to outbreaks indepen-
dently from seasonal reintroduction of viral strains from southern 
Europe or Africa [3]. Since then, WNV lineage 2 has evolved into an 
endemic virus, causing seasonal outbreaks of viral encephalitis and 
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experiencing severe prostration, debilitating myalgias, photophobia, 
and nausea. The mean hospitalization period of W

NV-positive patients 
was 32 days. Three of W

NV-positive patients presented with a severe 
form of meningitis and required hospitalization in Intensive Care Unit 
(ICU).Three further subjects, 2 men and a woman, included in the study, 
were blood donors aged between 44 and 57 years old (mean age 

49, 
standard deviation 

6 years, median age 
48 years, IQR (interquartile 

range) 
57

47) who tested W
NV positive in screening tests; they all 

tested positive on plasma at the time of donation and urine at the 7-days 
follow-up.

A total of 9 infections were reported in Ravenna province and 2 in 
Forlì-Cesena province, with none of the patients reporting travels abroad 
or to other Italian W

NV-endemic areas. All infections were hence clas-
sified as autochthonous, with the place of infection approximated to the 
municipality of residence. Regarding lineage identification, carried out 
by multiplex lineage-discriminating RT-PCR (see method section), 9 
samples were identified as lineage 2, while 2 were identified as lineage 
1.3.2.Animal samples

During the surveillance period in Romagna, 79,939 Culex mosquitos 
were trapped and grouped in 489 pools, 198 birds were screened during 
active surveillance and 998 during passive surveillance. Of these, 4 
mosquitoes (Culex pipiens) pools collected between end of June and end 
of August 2023, and 14 birds of different target species (1 seagull [Larus 
ridibundus], 7 magpies [Pica pica], 3 jays [Garrulus glandarius] and 3 
blackbirds [Turdus merula]) collected between beginning of June and 
end of August through active (n 

10) and passive (n 
4) surveillance, 

tested positive for W
NV lineage 2. Overall, 7 W

NV-positive birds were 
reported from Forlì-Cesena province, 4 from Rimini province, and 3 
from Ravenna province. Interestingly, despite the detection of W

NV 
lineage 1 in two meningitis cases, this lineage was not detected in any 
mosquito or bird. Recorded W

NV-positive mosquito pools and birds are 
reported in Fig. 1.

3.3.Viral propagation

W
NV was successfully isolated on Vero E6 cells from 4 human clin-

ical specimens, including 1 CSF from a severe meningitis case and 3 
plasma samples from healthy blood donors; all isolates belonged to W

NV 
lineage 2. Viruses from animal sample were not successfully propagated, 
potentially due to a very low viable viral load. Virus-induced cytopathic 
effect was detectable on the monolayer after approximately three days 
of infection, with evident cell rounding and replication plaques forma-
tion. Prolonged incubation (3

5 days) resulted in detachment. All 
propagates had a Ct of about 8

10, compared with Ct of the respective 
parent samples above 24.

3.4.Sequence and phylogenetic analysis

Five sequences derived from human clinical samples (4 meningitis 
cases and 1 blood donor), 4 from cell culture isolates (1 meningitis case 
and 3 blood donors) and 4 from animal samples (3 Cx. pipiens and 1 
P. pica) were obtained. Overall, genome sequencing of human and ani-
mal samples, and cell isolates yielded 98.8

100 % coverage and 
consensus reconstructed genome sequences ranging from 10.841 to 
10.995 nucleotides length ( Table 1). All sequences obtained belonged to 
W

NV lineage 2b; neither of the two samples identified as lineage 1 were 
successfully sequenced because of the very low viral load and were not 
efficiently propagated on cell culture.

W
hen sequences from clinical samples and their respective isolate 

were available, only the sequence from the clinical samples were 
considered for variant and phylogenetic analysis. In 2 patients, the viral 
load of the clinical sample was too low for sequencing, for this their 

Table 1 
Whole genome sequencing results. Results of WNV-positive human and animal samples and cell culture isolates sequencing by tagmentation and hybrid-capture target enrichment using Illumina RNA Prep with 
Enrichment Tagmentation protocol with Viral Surveillance Panel oligos.

Sample ID Municipality of origin 
(province)

Collection 
date

Sample matrix RT-PCR Ct 
value

WNV 
lineage

Total number of 
reads

Number of WNV 
reads

% of WNV mapped 
reads

Coverage 
%

Mean 
depth

Sequence 
length

LU_300723 Lugo (RA) 30 Jul 2023 urine 26 2 11.117.638 90.207 0.8 99.6 420 10.920
LU_130823 Conselice (RA) 31 Aug 2023 CSF 36 2 1.840.980 166.470 9.0 98.8 77 10.841

Vero E6 
isolate

8.53 2 19.827.442 19.214.209 96.9 99.9 32.869 10.956

RA_180823 Ravenna (RA) 18 Aug 2023 urine 25.04 2 15.278.922 12.343.939 80.8 100 13.906 10.963
FA_010923 Faenza (RA) 1 Sep 2023 urine 31.41 2 1.987.836 21.385 1.1 99.8 126 10.936
FA_240823 Faenza (RA) 24 Aug 2023 Vero E6 

isolate
9.08 2 11.651.273 10.937.191 93.9 100 24.971 10.995

CE_040923 Gatteo (FC) 4 Sep 2023 Vero E6 
isolate

6.79 2 8.117.842 7.545.500 92.9 100 19.404 10.959

RA_040923 Russi (RA) 4 Sep 2023 urine 30.45 2 5.807.664 342.927 5.9 99 91 10.849
Vero E6 
isolate

7.07 2 12.176.029 11.601.017 95.3 100 25.823 10.957

Cx. 
pipiens_241,729

Forlì (FC) 3 Aug 2023 homogenate 24.58 2 11.666.237 4.938.263 42.3 99.9 5.129 10.955

Cx. 
pipiens_246,218

Russi (RA) 8 Aug 2023 homogenate 24.27 2 6.144.291 637.647 10.4 99.8 459 10.937

Cx. 
pipiens_261,861

Alfonsine (RA) 24 Aug 2023 homogenate 28.41 2 10.921.464 285.682 1.1 99.6 348 10.914

P.pica_248,896–6 Russi (RA) 10 Aug 2023 homogenate 29.35 2 7.385.939 80.153 2.6 99 136 10.853
CSF = cerebrospinal fluid.

M. Brandolini et al.                                                                                                                                                                                                                            
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Romagna (North-Eastern Italy) during the 2023 transmission season. Whole genome sequencing (WGS) analyses 
confirmed the circulation of WNV lineage 2 showing high nucleotide and amino acid identity of 99.82 % and 
99.92 % respectively among viral sequences from human patients, vectors and birds. All the sequences clustered 
with other Italian strains in the Central and Southern European clade with robust bootstrap support and BLASTn 
identity exceeding 99.7 %. The highest nucleotide identity was observed with sequences from Emilia-Romagna 
and Veneto regions (Italy), confirming a local virus circulation and overwintering of WNV lineage 2 with a 
confined virus spread and no (or limited) external introduction of viral strains. Our results, support the adoption 
of a One Health approach to WNV surveillance, based on WGS and integrating the clinical diagnosis, epidemi-
ology, and genomic characterisation, to create a suitable operational process for the characterisation of 
autochthonous and imported Arboviruses circulating in Romagna to effectively integrate the already established 
surveillance plan.

1. Introduction

West Nile virus (WNV) is a mosquito-borne zoonotic virus belonging 
to the Orthoflavivirus genus, Flaviviridae family [1,2]. The two most 
prevalent and clinically significant WNV lineages are lineage 1 (WNV 

L1) and lineage 2 (WNV L2). Over the last two decades, WNV lineage 2 
established local virus reservoirs that could lead to outbreaks indepen-
dently from seasonal reintroduction of viral strains from southern 
Europe or Africa [3]. Since then, WNV lineage 2 has evolved into an 
endemic virus, causing seasonal outbreaks of viral encephalitis and 

* Corresponding author at: Unit of Microbiology, The Greater Romagna Area Hub Laboratory, Piazza della Liberazione 60, 47522 Cesena, Italy.
E-mail address: martina.brandolini3@unibo.it (M. Brandolini). 
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respective cell culture isolate sequences were considered for further 
analyses, highlighting how cell culture is key to amplify the original 
viral load, which is often very low in clinical samples, hence facilitating 
a comprehensive genomic analysis. Overall, a total of 11 sequences (5 
human clinical samples, 2 cell culture isolates from human samples, and 
4 animal samples) were included in phylogenetic analysis. Non-coding 
regions (3 -5 UTR) were excluded from analysis as they are affected 
by very large variations often attributable to sequencing artefacts. 
Nucleotide identity attested at above 99 % for all pairwise comparisons 
(average 99.82 %). Deduced amino acid sequences were highly 
conserved, with an average identity of 99.92 %. Compared to WNV 
lineage 2 reference sequence, mean nucleotide and amino acid identity 
are 97.28 % and 98.99 %, respectively (Table 2).

The phylogenetic analysis revealed that the WNV lineage 2 se-
quences obtained in this study clustered within the Central-Southern 
European clade with robust bootstrap support (Fig. 2). Specifically, 
these sequences formed a distinct cluster with viruses isolated in the 
Emilia-Romagna and Veneto regions of Italy from 2021 to 2023, sup-
ported by high bootstrap values and a BLASTn identity exceeding 99.7 
%, indicating close genetic relatedness. Sequences CE_040923 and 
LU_300723 are closely related to a virus isolated from Culex pipiens 
mosquitoes in Emilia-Romagna on July 26th, 2023 (GenBank accession 
no. PP104338.1), with 99.86 % BLASTn identity, suggesting they 
belong to the same quasispecies. Additionally, sequence Cx. 
pipiens_241,729 shows a sister relationship with a virus detected from 
Culex pipiens mosquitoes in Emilia-Romagna on August 11th, 2023 
(GenBank accession no. PP104356.1), supported by a significant boot-
strap value and 99.72 % nucleotide identity. The fact that the Italian 
sequences clustered together suggests a local virus spread with no 
external introductions [30]. Our findings are consistent with previous 
ones, highlighting WNV lineage 2 eco-epidemiological and genetic 
evolutionary features that are characterised by the evolution of per-
manent and stable local cycles with rare incursions into new area, 
leading to high genetic similarity of WNV lineage 2 strains clustering 
within the same geographical areas [5].

4. Discussion

The value of WGS to improve time-scaled phylogenetic resolution 
and bridge knowledge gaps on WNV spread dynamics, was recently 
reported by several authors [13,31,32]. However, the number of pub-
licly accessible whole WNV genomes from Europe is yet considered 
insufficient to reconstruct the complete phylogeographic spread history, 
particularly from Central and Southeastern regions, where WNV have 
been detected in both humans and animals [32]. In fact, more than 60 % 

of publicly available sequences from Europe are still represented by 
partial genomes, sufficient for lineage discrimination, but unable to 
provide the same level of resolution as whole genomes for more complex 
phylogenetic analysis [13]. Furthermore, due to partial genome 
sequencing, important regions that may be associated with differences 
in virus transmissibility or virulence [33] can be missed.

In this pilot study we describe the methodology and report the results 
of an integrated One-Health surveillance framework based on WGS 
genomic monitoring of WNV strains circulating in humans, mosquitoes 
and birds in Romagna. Our results confirmed WGS to be valuable in 
elucidating the spatiotemporal patterns of viral circulation, identifying 
potential amplification hosts, and assessing the risk of spillover to 
humans. The genomic analyses performed on the complete genomic 
sequences of 11 WNV lineage 2 showed a high sequence identity among 
viral isolates, with a mean nucleotide identity of 99.82 % calculated on 
the coding sequence region and a deduced polyprotein amino acid 
identity of 99.92 % [5]. Phylogenetic maximum likelihood tree, 
revealed a geographically based distribution of WNV genomic diversity, 
and clustering with other Italian, Spanish and French isolates sampled 
between 2013 and 2023. Other isolates from northern regions (Ger-
many, Austria, and the Czech Republic) or Balkan region and Greece 
were shown to be more genetically divergent. One of the drivers of this 
regional genomic diversity is linked to the flyways within the European 
continent and the distribution of European wetlands, which represent 
nesting areas for migratory birds and hence hotspots for virus evolution 
and diversification [2,32]. Interestingly, the highest number of human 
cases were recorded in the Ravenna province, which is highly urbanised 
and close to the Delta of the Po area, a wetland reserve in northeastern 
Italy. These results are consistent with previous findings that WNV is 
likely to spread to areas with a high degree of urbanization where Culex 
pipiens vectors, the most represented vector captured in the study area, 
prefers to live due to the availability of aquatic habitats, reduced 
number of predators and presence of warmer temperatures, thus having 
a preferential impact of WNV on the population of common bird species 
[32].

Despite including a small cohort of patients, and an even smaller 
number of animal samples, our pilot study provides an insight into the 
methodology that can be put in place to study the genomic epidemiology 
of WNV strains circulating in the study area. Emilia-Romagna is a WNV 
endemic region, favouring the presence of animals and vectors in 
wetland areas where WNV lineage 2 is more likely to cluster [32]. Due to 
its socio-ecological characteristics, Romagna is an ideal study area in 
Europe for implementing genomic epidemiological surveillance for 
monitoring the genome diversity of WNV and other arboviruses, such as 
Toscana virus and Usutu virus. The implementation of a genomic 

Table 2 
Percentage nucleotide and amino acid identity. Identities were determined among sequenced samples and against WNV lineage 2 reference sequence (nucleotide 
reference sequence accession no. NC_001563.2, amino acid reference sequence accession no. NP_041724.2). Percentage nucleotide identity is reported in regular 
type and highlighted in orange on the left side; amino acid identity is reported in italics and highlighted in green.
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Fig. 2. Phylogenetic analysis of (nearly) complete genome nucleotide sequences of WNV lineage 2. The maximum-likelihood tree was inferred using IQ-TREE 
v.2.0.3, under automated model selection (GTR + F + G4) and 1000 bootstrap replicates. The viruses sequenced in this study are marked in red (n = 11 sam-
ples). GenBank accession numbers are indicated for each strain, with country, host, and year of isolation. Background shading distinguishes the Central-Southern 
European clade. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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Causative agent of Dengue

• RNA Virus

• Dengue virus is a member of the viral family of Flaviviridae

composed of a single-strand RNA (11000 bp)

• It is an arbovirus transmitted by mosquitoes
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Dengue virus

• 4 serotypes (DEN-1,2,3,4)

Each serotype provides specific lifetime immunity, and short-term cross-immunity

• All serotypes are cause of severe and fatal disease

• Genetic variation within serotypes

• Some genetic variant within each serotype

appear to be more virulent or have greater 

epidemic potential
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Clinical manifestations
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Cases of Dengue in Italy 2022-2024

Increase in dengue cases by 2000% over 

5 years in Italy!



23

Epidemiological data of Dengue in Emilia Romagna
2020 2021 2022 2023 2024

Imported 6 3 20 43 62

Autochtonous 0 0 0 0 36  
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Proposed methodology

Human Health

Effective monitoring of human 

cases of arbovirus infections 

requires problem awareness 

and is crucial to identify 

outbreaks, track disease 

trends, and implement 

appropriate public health 

interventions.

Animal Health

Surveillance animal populations for arbovirus infections 

is critical to understand the role of animals in 

transmission, identify potential sources of infection for 

humans and to track virus dispersal. 

Environmental Health

Monitoring environmental 

variables potentially influencing 

vectors dispersal and ecology is 

essential for targeted risk 

assessment and mitigation. 
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Laboratory activity of Microbiology Unit 

of the Greater Romagna Area Hub Laboratory 2/2 
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Laboratory activity of Microbiology Unit 

of the Greater Romagna Area Hub Laboratory 1/2 

1 among 465 individuals enrolled (0,02%):

DENV POSITIVE (recent travel to Costa Rica) 
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Results 1/3: Enrollment

17 April 2024 10 November 2024

Centro Regionale Sangue Emilia Romagna,

Romagna area

W
h
o
?

H
o
w
?

465 healthy blood donors

222 female (48%)

228 male (49%)

Unknown (3%)

Age range: 18-65

Mean age: 38
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Results 2/4: Screening using ELISA commercial kit

12/465 (2,6%) IgG POSITIVE

7 Female (58%)

5 Male (42%)

Province Sex Age
Coutry of 

birth

Recent 

travels
Symptoms

ELISA IgG 

titre AU/ml

FC M 39 ITALY NO NO 57.9

RA F 36 ITALY NO NO 15.3

RA M 54 SPAIN NO NO 32.8

RI F 25 BRAZIL YES (?) NO 23.1

RA M 55 ITALY
YES (COSTA 

RICA)
NO 16.8

RI M 31 ITALY NO NO 20.4

RA F 31 ITALY NO NO 17

FC F 39 ITALY NO NO 16.9

FC F 37 ITALY NO NO 20.5

RA M 24 ITALY NO NO 21.3

FC F 25 ITALY NO NO 29.5

FC F 21 ITALY NO NO 16.1
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Results 3/4: Confirmation using Immunofluorescence

1/12 among 465 individuals enrolled

WNV POSITIVE

1/12 among 465 individuals enrolled (0,2%):

DENV POSITIVE

Province Sex Age
Coutry of 

birth
Recent travels

Symptom

s

ELISA IgG 

titre AU/ml

IFA 

ARBOVIRUS 

MOSAIC

FC M 39 ITALY NO NO 57.9 WNV

RA F 36 ITALY NO NO 15.3 NEG

RA M 54 SPAIN NO NO 32.8 NEG

RI F 25 BRAZIL YES (?) NO 23.1 NEG

RA M 55 ITALY
YES (COSTA 

RICA)
NO 16.8 DENV 2 OR 3

RI M 31 ITALY NO NO 20.4 NEG

RA F 31 ITALY NO NO 17 NEG

FC F 39 ITALY NO NO 16.9 NEG

FC F 37 ITALY NO NO 20.5 NEG

RA M 24 ITALY NO NO 21.3 NEG

FC F 25 ITALY NO NO 29.5 NEG

FC F 21 ITALY NO NO 16.1 NEG
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Results 4/4: Confirmation using seroneutralization assay

1/12 among 465 individuals enrolled 

(0,02%):

DENV POSITIVE

Province Sex Age
Coutry of 

birth
Recent travels Symptoms

ELISA IgG titre 

AU/ml

IFA 

ARBOVIRUS 

MOSAIC

Sero 

neutralization

FC M 39 ITALY NO NO 57.9 WNV WNV

RA F 36 ITALY NO NO 15.3 NEG NEG

RA M 54 SPAIN NO NO 32.8 NEG NEG

RI F 25 BRAZIL YES (?) NO 23.1 NEG NEG

RA M 55 ITALY
YES (COSTA 

RICA)
NO 16.8 DENV 2 OR 3 DENV 2 OR 3

RI M 31 ITALY NO NO 20.4 NEG NEG

RA F 31 ITALY NO NO 17 NEG NEG

FC F 39 ITALY NO NO 16.9 NEG NEG

FC F 37 ITALY NO NO 20.5 NEG NEG

RA M 24 ITALY NO NO 21.3 NEG NEG

FC F 25 ITALY NO NO 29.5 NEG NEG

FC F 21 ITALY NO NO 16.1 NEG NEG
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General Overview TOSV

• TOSV = Toscana Virus

• Family: Bunyaviridae

• Genus: Phlebovirus

• Enveloped, segmented (3: L, M and S) negative-sense RNA 

virus

• First identified in Italy in the 1970s by Paola Verani at ISS
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Prevention and Distribution

• No vaccine available

• Prevention based on vector control and personal protection 

(repellents, bed nets)

• Mainly found in:

• - Italy, Spain, France, Cyprus, Greece

• Reported in European travelers returning from endemic areas
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Clinical Features

• Most infections are asymptomatic or mild

• When symptomatic:

• - Fever

• - Viral meningitis

• - Meningoencephalitis (mainly in young adults)

• Usually self-limiting, but severe cases can occur
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Vectors and Transmission

• Transmitted by sandflies (Phlebotomus spp.), especially P. 

perniciosus and P. perfiliewi

• Zoonotic cycle not well understood; humans are accidental 

hosts

• Active during summer months

• No human-to-human transmission documented
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communications biology Article

A Nature Portfolio journal

https://doi.org/10.1038/s42003-025-08159-9

Development of a novel amplicon based
whole-genome sequencing framework for
improved surveillance of Toscana virus

Check for updates

MartinaBrandolini 1,2 , Ludovica Ingletto2, GiorgioDirani1, SilviaZannoli1, AndreeaMariaLapusneanu1,

Massimiliano Guerra 1, Alessandra Mistral De Pascali1,2, Davide Lelli 3, Francesco Defilippo 3,

Antonio Lavazza3, Mattia Calzolari 3, Michele Dottori3, Laura Dionisi2, Claudia Colosimo2, Giulia Gatti1,2,

AnnaMarzucco1,MariaSofiaMontanari1,2, LauraGrumiro1,2,MonicaCricca1,2, AlessandraScagliarini 2&

Vittorio Sambri1,2

Fig. 2 | Graphical representation of mean % coverage and segment % coverage

across dilutions. A Comparison of mean percentage genome coverage at varying

RNA input concentrations (copies/µL) for two TOSV isolates, IZSLER_181135/14

(blue) and RN_050724 (red), with error bars representing standard deviation.

Percentage genome coverage of TOSV segments (L, M, S) across varying RNA input

concentrations (copies/µL) for IZSLER_181135/14 (B) and RN_050724 (C), high-

lighting segment-specific performance with error bars indicating standard devia-

tion. Images are representative of two independent experiments. Error bars

represent standard deviations.

Fig. 3 | Correlation between viral genome copies/µL and mean percentage gen-

ome coverage across different sample types (Vero E6 propagates, CSF, urine, and

phlebotomine pools). The size of the circles represents sequencing depth, high-

lighting the relationship between viral load (indicated by copies/µL), sequencing

performance (mean genome coverage), and consensus sequence reliability (depth).

Higher viral loads are associated with higher coverage and sequencing depth, with

Vero E6 samples consistently achieving near-complete coverage. Variability is

observed in clinical (CSF and urine) and vector (phlebotomine pool) samples,

reflecting differences in matrix complexity and RNA quality, leading to different

sequencing outputs. Vero E6 propagates are represented in green, CSF samples are

represented in purple, urine samples are represented in pink, and phlebotomine are

represented in orange.
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