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Abstract: In January 2022, West Nile virus (WNV) lineage 2 (L2) was detected in an adult female
goshawk rescued near Perugia in the region of Umbria (Italy). The animal showed neurological
symptoms and died 15 days after its recovery in a wildlife rescue center. This was the second case of
WNV infection recorded in birds in the Umbria region during the cold season, when mosquitoes, the
main WNV vectors, are usually not active. According to the National Surveillance Plan, the Umbria
region is included amongst the WNV low-risk areas. The necropsy evidenced generalized pallor of
the mucous membranes, mild splenomegaly, and cerebral edema. WNV L2 was detected in the brain,
heart, kidney, and spleen homogenate using specific RT-PCR. Subsequently, the extracted viral RNA
was sequenced. A Bayesian phylogenetic analysis performed through a maximum-likelihood tree
showed that the genome sequence clustered with the Italian strains within the European WNV strains
among the central-southern European WNV L2 clade. These results, on the one hand, confirmed that
the WNV L2 strains circulating in Italy are genetically stable and, on the other hand, evidenced a
continuous WNV circulation in Italy throughout the year. In this report case, a bird-to-bird WNV
transmission was suggested to support the virus overwintering. The potential transmission through
the oral route in a predatory bird may explain the relatively rapid spread of WNV, as well as other
flaviviruses characterized by similar transmission patterns. However, rodent-to-bird transmission
or mosquito-to-bird transmission cannot be excluded, and further research is needed to better
understand WNV transmission routes during the winter season in Italy.

Keywords: West Nile virus; flavivirus; birds of prey; overwintering; bird-to-bird transmission;
rodent-to-bird transmission; hybrid mosquitoes; surveillance

1. Introduction

West Nile virus (WNV) is a mosquito-borne flavivirus, belonging to the family Fla-
viviridae, genus Flavivirus [1]. It is part of the Japanese encephalitis serocomplex, which
includes other related viruses such as Usutu, Murray Valley encephalitis, Stratford, Alfui,
Kunjin, and Saint Louis encephalitis [2]. WNV is transmitted in nature by vector-competent
mosquitoes mainly belonging to the Culex genus [3]. Its transmission cycle involves several
bird species and orders as main-amplifier hosts and humans, equids, and other animals
as incidental, dead-end hosts [3,4]. In humans, 80% of cases are generally asymptomatic,
while in about 20% of cases, infection causes mild, flu-like symptoms known as West
Nile fever (WNF). West Nile neuro-invasive disease (WNND) occurs in less than 1% of
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cases, reporting WNV meningitis, encephalitis, or poliomyelitis [2,5]. Among birds, several
avian species can be infected by WNV, but corvids and raptors appear to be the most
susceptible ones, showing neurological symptoms and deaths [5]. Once infected, horses
usually do not have symptoms. In 20% of cases, they can develop clinical and neurological
forms [6], which can lead to 30–50% deaths in unvaccinated animals [5]. The severity of
symptoms has been often correlated to WNV genetic diversity [7]. Up to now, 8 lineages
have been recognized. Among them, WNV lineage 1 (WNV L1) and lineage 2 (WNV L2)
are by far the most widely spread and the most virulent, capable of causing numerous
cases worldwide [2,8,9].

Nowadays, WNV represents a serious public health concern in Europe. In the last
decades, WNV has expanded its geographical range. The number of West Nile disease
(WND) cases have been increasing in animals and humans, especially in southern, central,
and eastern Europe, where many countries have become endemic [10,11].

Italy is one of the European countries most affected by WNV circulation [12]. Since
2002, four years after the first incursion in the Tuscany region [13,14], the Italian Ministry
of Health has implemented a veterinary surveillance plan to monitor the viral introduction
and circulation of WNV in the whole country. In Italy, the WNV circulation is currently mon-
itored through an annually updated preparedness and response plan, aiming at limiting
the risk of WNV transmission to humans either by mosquitoes or by substances of human
origin. The current program, modulated on the basis of seasonality and local epidemiology,
includes national integrated human, animal (equids and birds), and entomological surveil-
lance (One Health Surveillance). Viral circulation is monitored from April to November by
testing vector-competent mosquitoes, resident birds belonging to target species (Pica pica,
Corvus corone cornix, and Garrulus glandarius) or sentinel chickens, wild birds found dead,
horses showing nervous symptoms, and humans presenting neuro-invasive disease signs.
On the basis of WNV occurrence and the eco-climatic characteristics of the territory, Italy
is divided in three areas: (1) high-risk areas, where WNV is circulating or has circulated
in at least one of the previous five years and where, therefore, episodes of infection have
been repeatedly observed; (2) low-risk areas, where WNV has circulated sporadically in
the past or has never circulated but whose eco-climatic characteristics are favorable for
viral circulation; and (3) minimum-risk areas, where WNV has never circulated and where,
given the eco-climatic characteristics of the territory, the probability of its circulation is con-
sidered as minimal (National Plan for Prevention, Surveillance, and Response to Arbovirus
2020–2025).

The Umbria region is classified as a low-risk area. WNV circulation has never been
reported, at least up to 2019, when the death of a little grebe (Tachybaptus ruficollis subsp.
ruficollis) was associated with WNV L2 infection [15].

In this report, a second clinical case associated with WNV L2 infection observed in a
northern goshawk (Accipiter gentilis) in Umbria during the winter season is described.

2. Materials and Methods
2.1. Case Report

On 4 January 2022, a female adult northern goshawk was rescued in Torgiano, a
municipality in the province of Perugia, Italy (Figure 1).

The bird was found on the roof of a private house while trying to defend itself from a
mobbing attack by crows. The noise caused by the crows attacking the stunned goshawk
attracted the homeowner, who recovered the bird and brought it to a wildlife rescue center
(WRC). The northern goshawk showed classical neurological symptoms, including stupor,
blepharospasm, and an inability to maintain a normal posture. After an initial improvement
of symptoms in which the bird restarted feeding on its own, the clinical signs suddenly
worsened, and the bird died on 19 January 2022. The necropsy evidenced a good state of
nutrition, generalized pallor of the mucous membranes, and mild splenomegaly. Cerebral
edema was also observed. The picture and video of the WNV-infected northern goshawk
are reported in Figure S1 and Video S1 (Supplementary Materials).
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Figure 1. Map of geo-localization site. The northern goshawk was found in the Torgiano municipality
(43.0893◦ N, 12.4410◦ E) in the Umbria region.

2.2. Laboratory Analyses
2.2.1. Real-Time PCR for WNV and USUV

The brain, heart, kidney, and spleen were collected, pooled, and homogenized in sterile
phosphate-buffered saline (PBS). The viral RNA was extracted from 200 µL supernatant
using Qiasymphony® DSP automatic instrumentation (Germantown, MD, USA) according
to the manufacturer instructions. The extracted RNA was then tested using one-step
quantitative reverse transcription polymerase chain reactions (qRT-PCRs) specific for USUV,
all known lineages of West Nile virus, and West Nile virus L1 and L2 [16–18].

2.2.2. Illumina and Sanger Sequencing

A WNV-positive sample was selected for Illumina and Sanger sequencing. The total
RNA was subjected to Turbo DNase treatment (Thermo Fisher Scientific, Waltham, MA,
USA) at 37 ◦C for 20 min and then purified with an RNA Clean and Concentrator-5 Kit
(Zymo Research, Irvine, CA, USA). The purified RNA was used for the assessment of the se-
quence independent single primer amplification (SISPA) protocol [19,20]. In detail, a single-
strand cDNA was obtained using reverse transcription (RT) in 20 µL reaction mixture with
5X SSIV buffer, 50 µM random hexamer FR26RV-N 50-GCCGGAGCTCTGCAGATATCNNN
NNN-30, 10 mM dNTPs mix, 100 mM DTT, 200 units SuperScript® IV Reverse Transcriptase
(Thermo Fisher Scientific, Waltham, MA, USA), and 40 U RNAse OUT RNase inhibitor
(Thermo Fisher Scientific, Waltham, MA, USA) following the manufacturer instructions.
The reaction was incubated at 23 ◦C for 10 min, 50 ◦C for 50 min, and 80 ◦C for 10 min.
To convert the single-stranded cDNA into double-stranded (ds) cDNA, 1 µL (2.5 U) 3′-5′

Klenow Polymerase (New England Biolabs, Ipswich, MA, USA) was directly added to the
reaction. The incubation was carried out at 37 ◦C for 1 h and 75 ◦C for 10 min. Next, 5 µL
of ds cDNA was amplified with a PCR master mix containing 5X Q5 reaction buffer, 10 mM
dNTPs, 40 µM random primer FR20 Rv 50 -GCCGGAGCTCTGCAGATATC-30, 0.01 U/µL
Q5® High Fidelity DNA polymerase (NEB, New England Biolabs, Ipswich, MA, USA), and
5X Q5 High Enhancer. The reaction was incubated at 98 ◦C for 10 s, 65 ◦C for 30 s, 72 ◦C



Trop. Med. Infect. Dis. 2022, 7, 160 4 of 10

for 3 min, and 72 ◦C for 2 min. The PCR product was purified using Expin TM PCR SV
(GeneAll Biotechnology CO., Seoul, Korea) and then quantified using a Qubit® DNA HS
Assay Kit (Thermo Fisher Scientific, Waltham, MA, USA). The sample was diluted to obtain
a concentration of 100–500 ng, then used for library preparation with an Illumina DNA
prep kit, and sequenced with a NextSeq 500 (Illumina Inc., San Diego, CA, USA) using
a NextSeq 500/550 Mid Output Reagent Cartridge v2, 300 cycles, and standard 150 bp
paired-end reads. After quality control and trimming with Trimmomatic v0.36 (Usadellab,
Düsseldorf, Germany) [21] and FastQC tool v0.11.5 (Bioinformatics Group, Babraham
Institute, Cambridge, UK) [22,23], reads were de novo assembled using SPADES v3.11.1
(Algorithmic Biology Lab, St Petersburg, Russia) [24]. The contigs obtained were analyzed
with BLASTn to identify the best match reference. Mapping of the trimmed reads was
then performed using the iVar computational tool [25] to obtain a consensus sequence. In
order to close some large gaps, the WNV-positive sample was further sequenced using the
Sanger method [26]. Briefly, the total RNA was extracted from the collected sample using
a High Pure Viral Nucleic Acid Kit (Roche Diagnostics GmbH, Roche Applied Science,
68298 Mannheim, Germany) according to the manufacturer instructions and collected in
45 µL elution buffer prewarmed at 72 ◦C. The complete WNV-coding DNA sequences
(cds) of the polyprotein precursor gene was amplified using 13 WNV primer pairs able to
amplify 13 overlapping regions of the genome (the primer sequences are available upon re-
quest). Gel-based RT-PCR was performed using a Transcriptor One-Step RT-PCR kit (Roche
Diagnostics Deutschland GmbH, Mannheim, Germany) as described by the manufacturer
instructions. The RT-PCR cycling conditions for the amplification were 50 ◦C for 15 min
and 94 ◦C for 7 min, followed by 35 cycles of denaturation at 94 ◦C for 10 s, annealing
at 57.5 ◦C for 30 s, and extension at 68 ◦C for 4 min and 30 s, followed by 1 extension
cycle performed at 68 ◦C for 7 min. The gel-based RT-PCR amplicons were purified with a
Qiaquick PCR Purification kit (Qiagen, Leipzig, Germany). The purified amplicons and the
13 WNV sequencing primers were sent to an external service, Eurofins Genomics (Eurofins
Genomics, Germany GmbH, Anzinger Str. 7a, 85560 Ebersberg, Germany), to perform
sequencing in both directions. The obtained sequences were analyzed with SeqScape v3.0
(Thermo Fisher Scientific, Waltham, MA, USA).

2.2.3. Phylogenetic Analysis

A phylogenetic analysis was conducted including 62 WNV L2 genome sequences
publicly available. Specifically, 57 complete and 5 partial genome sequences representative
of different geographic regions and identified in different hosts were downloaded from
Genbank. In addition, three sequences were added as outgroups: WNV L1 Italy 2020
(MW627239), WNV L1 France 2015 (MT863559), and Koutango virus (KOUTV) Senegal
2013 (EU082200). All 66 sequences were aligned using the MAFFT online alignment pro-
gram (https://mafft.cbrc.jp/alignment/server/, accessed on: 15 April 2022) and curated
using BioEdit v. 7.2.5.0 software (https://bioedit.software.informer.com/7.2/, Bioedit
Company, Manchester, UK, accessed on: 15 April 2022). The WNV sequence alignment and
the metadata of the WNV strains used for the present study are reported in File S1 and Table
S1, respectively (Supplementary Materials). Bayesian phylogenetic inference (BI) was per-
formed using a Bayesian Evolutionary Analysis by Sampling Tree (BEAST) software pack-
age version 2.6.3 (http://www.beast2.org/, University of Auckland, Auckland 1142, New
Zealand) [27,28]. In detail, using the interface program called Bayesian Evolutionary Analy-
sis Utility (BEAUti) included in the BEAST package, the amino acid sequence alignment was
uploaded by choosing a gamma-site model with a gamma category count of 4, as well as in-
variant sites model (GTR + Γ + I) [28]. A family of Bayesian Markov chain Monte Carlo (MCMC)
algorithms with 10 independent MCMC runs with up to 100,000,000 generations was used to
perform the inference. Using TreeAnnotator v.2.6.3 (https://www.beast2.org/treeannotator/),
trees were summarized in a maximum-clade-credibility tree with common ancestor heights
after a 10% burnin percentage [28]. Tracer v 1.7.1 (available at http://beast.bio.ed.ac.uk/Tracer,
accessed on: 16 April 2022) was used to ensure convergence during the MCMC runs. Finally,
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the FigTree v2.6.3 program (http://tree.bio.ed.ac.uk/software/) allowed the estimation of a
maximum-likelihood tree [29].

3. Results

The northern goshawk rescued in the Umbria region in January 2022 was positive for
WNV L2 (Ct 25) and turned out negative for WNV L1 and USUV.

The Illumina sequencing run produced a total of 15,763,124 reads. BLASTn analysis
was performed to identify the closest publicly available sequence in the GenBank database.
The best match (99.49%) was with the West Nile virus isolate of Nea Santa-Greece-2010
(accession no. HQ537483), and this sequence was used to perform mapping with the iVar
tool [25]. This analysis produced a consensus sequence with a horizontal coverage (HCov)
of 57% and a mean vertical coverage of 575,535, probably due to the low quality of the
RNA sample.

The large gaps were partially filled with Sanger sequencing data, and a consensus
sequence of 11.056 nt in length was obtained (HCov 91%) and published in the NCBI
database under acc. no ON032498 and the NCBI sequence name of 15935/22.

Phylogenetic analysis placed 15935/22 NCBI in the same cluster as the other central-
southern European WNV L2 sequences [30] (highlighted in pink in Figure 2) with a poste-
rior probability of 100%.
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percentage of trees in which the associated taxa clustered together is displayed next to the branches.
Initial trees for the heuristic search were obtained by applying the neighbor-joining method to a
matrix of pairwise distances estimated using the maximum composite likelihood (MCL) approach.
A discrete Gamma distribution was used to model evolutionary rate differences among the sites
(4 categories). The evolutionary distances were computed using the optimal GTR + Γ + I model,
with 2000 Γ-rate categories and 5000 bootstrap replications using the Shimodaira–Hasegawa (SH)
test. Ten independent MCMC runs with up to 100 million generations were performed to ensure
the convergence of the estimates. GenBank accession numbers are indicated for each strain, with
country, lineage, and year of isolation. The genome sequence ON032498 WNV L2 (HCov 91%),
obtained from the goshawk organ homogenate, is highlighted in red. The WNV L1 MW627239 (Italy
2020) and MT863559 (France 2015), and Koutango virus (KOUTV) EU082200 (Senegal 2013), chosen as
outgroups, are highlighted in blue. The new strain (ON032498) showed high genetic similarity with the
central-southern European WNV L2 clade, highlighted in pink, with a posterior probability of 100%.

4. Discussion

This study reported the second evidence of WNV L2 circulation in the Umbria region.
The current National Surveillance Plan includes Umbria amongst those areas whose eco-
climatic characteristics are favorable for viral circulation but where WNV has never or
sporadically circulated in the past (National Plan for Prevention, Surveillance, and Response
to Arbovirus 2020–2025). In fact, no WNV circulation has ever been reported in the territory,
neither in humans [31] nor in animals, before 2019, when the virus was detected for the
first time in a little grebe [15]. Interestingly, in both reported Umbrian cases, WNV was
detected in the winter months (December and January), a period when, normally, the most
common vector, Culex pipiens, is less active.

The northern goshawk (Accipiter gentilis) is a medium-sized bird of prey belonging to
the family of Accipitridae. The family also includes other diurnal raptors, such as eagles,
buzzards, and harriers [32]. With regard to WNV infection, northern goshawks have been
demonstrated to be highly susceptible. In fact, following WNV infection, severe clinical
symptoms have often been described in this species and, in general, in raptors [19,30,33,34].
The clinical signs described in this report were compatible with WNV infection. Moreover,
the absence of fractures in the bird skull excluded a possible traumatic origin of the observed
neurological disorders.

The first aspect that needs to be clarified is the time of infection: did it really occur in
winter? In this regard, the occurrence of clinical signs and the direct detection of WNV in the
goshawk organs indicates that this case was related to a recent infection. WNV infections
in periods of mosquito inactivity have been described, particularly in raptors [33,35,36].
This group of birds is, in fact, characterized by predatory habits [32] and the transmission
of WNV by the predation of infected birds has been frequently observed [33,37]. In this
reported case, it is then highly probable that the Umbrian goshawk became infected by
eating an infected bird. If, on the one hand this explanation indeed clarifies the way the
goshawk obtained the infection, on the other hand, it does not explain how the supposed
goshawk prey was still infectious in a period of mosquito inactivity. The persistence
of infectious WNV for prolonged periods in the organs of birds and, in particular, of
Passeriformes has been evidenced by many authors [35,38–42]. Persistent infection has been
defined as the detection of a virus in host tissues after viremia has subsided [43]. The
persistent, high viral loads in organs of birds and, in particular, in those belonging to
prey species might sustain WNV transmission to predators also months after mosquito
season. The recent finding of WNV L2 in a little grebe collected in the winter months in
Umbria [15] indicates that finding birds with WNV-infected organs in the winter months
is not uncommon [33,34,38,41,43]. Thus, the symptomatic goshawk found in Umbria last
January can be regarded as a case of bird-to-bird WNV oral transmission.

This transmission route has been considered as one of the possible ways of overwinter-
ing for WNV [33,34,38,41,43]. Bearing in mind that common prey of goshawks also include
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rodents and that, also, in these animals infectious WNV has been detected months after
infection [44,45], a possible rodent-to-bird transmission cannot be excluded.

Further attention should be given to the Culex pipiens complex because of its vector
role in WNV transmission [46,47]. Among this complex, the Culex pipiens (rural, mainly
ornithophilic) and Culex molestus (urban, mainly mammophilic) biotypes can interbreed,
giving birth to a hybrid form with intermediate ecological features found in a wide set of
environments and acting as a WNV bridge-vector from birds to humans [46,47]. Interest-
ingly, while Cx. pipiens are well-known to enter diapause during winter, Cx. molestus and
Cx. Pipiens–Cx. molestus hybrids actively feed all year round [46] and might, for this reason,
have been responsible for the goshawk WNV infection.

Irrespective of whether the goshawk was infected by hybrid mosquitoes or by the
predation of infected animals, WNV has indeed been circulating in the winter months.
Therefore, the second important issue to be clarified in this report is where the goshawk was
infected. According to the National Surveillance Plan, Umbria is classified as a WNV low-
risk area, while the neighboring regions (parts of Tuscany, Marche, and Lazio) are high-risk
areas (National Plan for Prevention, Surveillance, and Response to Arbovirus 2020–2025).
In most parts of Europe, the northern goshawk is a sedentary species [32,48]. In Italy, it is a
rather scarce, localized breeder, mainly present in mature forests of the Apennines and the
Alps that are especially rich in large trees and are particularly suitable for nest-building,
where its common prey are abundant (e.g., squirrels, wood pigeons, woodpeckers, corvids,
and rabbits) [32]. In January, even if it further reduces its movements, it can still keep
moving for hundreds of kilometers [32]. Because of that and in view of the fact that Umbria
has a very small surface (8.456 Km2), it is very difficult to determine whether the goshawk
became infected in Umbria or in the neighboring regions. Interestingly, during the WNV
season 2021, there was no evidence for the circulation of WNV, not only in Umbria but
also in the nearby area of central Italy [49]. The lack of WNV infection cases in high-risk
areas (Latium and Tuscany) also in wintertime [15,50], when mosquitoes are less active,
might suggest that birds have an important role in WNV overwintering. The potential
transmission through the oral route in a predatory bird might explain the relatively rapid
spread of WNV and of other similar flaviviruses, such as Tick-borne encephalitis virus
and Usutu virus (USUV) [50–52]. It has to be said that Umbria is endemic for USUV [53]
(National Plan for Prevention, Surveillance, and Response to Arbovirus 2020–2025), which
is a mosquito-borne virus that shares the same life cycle and patterns of transmissibility
with WNV [4]. If the eco-climatic conditions of Umbria are suitable for maintaining the
USUV life cycle, they should also be favorable for WNV.

Based on these features and due to recent WNV positivities detected in the territory,
the Umbria region was included among the high-risk areas in 2022 by the WNV National
Surveillance Plan (National Plan for Prevention, Surveillance, and Response to Arbovirus
2020–2025).

5. Conclusions

In conclusion, our study highlighted the circulation of WNV L2 during the winter
in Italy. Even though the reported cases remain rare during the cold season, this report
is of fundamental importance because it evidences the potential for human transmission
when veterinary active surveillance is suspended. It means that we cannot rely on the early
warning system for WNV circulation mainly provided by mosquito and bird surveillance to
prevent human infection. Further research is needed to better understand the transmission
routes and the role of overwintering birds, rodents, and mosquitoes, as well as WNV
infection per os. in WNV transmission and epidemiology in Italy. Considering the strong
WNV circulation in the Italian territory and the observed changes in the seasonal and
regional patterns of WNV, with the virus observed lately in winter times, as well as in WNV
low-risk areas, this work also highlighted the strong importance of the passive surveillance
of wildlife. This should be coupled with the implementation of a harmonized protocol for
necroscopies and biological sample collection, including gastro-intestinal contents, in order
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to obtain additional data needed to clarify the potential cause of death, especially in winter,
when the National Surveillance Plan does not include an active search for the virus.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/tropicalmed7080160/s1, Figure S1: Picture of WNV-infected
Northern goshawk; Video S1: Video of WNV-infected Northern goshawk; File S1: WNV List of
Sequence dataset; Table S1: Metadata of WNV strains used for the present study.
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