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West Nile Virus (WNV) lineage 2, primarily endemic to parts of Africa and Europe, has recently emerged as a
public health concern in new geographic regions. In 2024, the first autochthonous human case of neuroinvasive
disease caused by WNV lineage 2 was identified in Andalusia, Southern Spain. Molecular testing and whole-
genome sequencing confirmed WNV lineage 2 as the causative agent. Phylogenetic analysis revealed a close
relationship with strains circulating in Central Europe, distinct from previous WNV lineage 2 detections in Spain.
Concurrently, WNV lineage 2 RNA was detected in an imperial eagle near the case location, suggesting local viral
circulation. This case marks a significant shift in WNV epidemiology in Spain, where lineage 1 has historically

been dominant. The findings underscore the expanding range of WNV lineage 2 and the necessity for enhanced
vector surveillance, genomic monitoring, and strengthened One Health strategies to mitigate future outbreaks

and protect public health.

1. Introduction

West Nile virus (WNV), a member of the Flavivirus genus, is trans-
mitted in an enzootic cycle involving birds as amplifying hosts and
mosquitoes as vectors [1]. The virus can also infect mammals, consid-
ered dead-end hosts, leading to disease outbreaks in humans and/or
horses [2]. Currently, WNV is recognized as a recurrent zoonosis with a
broad geographic distribution [3]. Phylogenetic analysis classifies WNV
into eight lineages [4], although lineages 1 and 2 are considered the
most pathogenic strains [5]. Evidence of WNV circulation in Europe
dates back to the 1950s [6], with the first documented human outbreak
occurring in 1962 in southern France [7]. Until 2004, lineage 1 was
primarily associated with outbreaks in humans and horses in Europe [8].
However, in 2004, lineage 2 was identified for the first time in Hungary
[9], coinciding with an independent introduction in southern Russia,
from which it subsequently spread [10]. By 2008, lineage 2 had

expanded into Central Europe, Russia and the Eastern Mediterranean
basin where it has since become endemic [11]. Both lineages now
coexist in countries such as Italy, where annual outbreaks involving
lineages 1 and 2 have been reported since 2008 [12,13], as well as in
Cyprus by 2016 [14] and other countries like Greece and Serbia [15].
These observations demonstrate a clear pattern of expansion of WNV in
Europe [16], likely facilitated by global climate change [17], as well as
by the recently questioned dead-end host status of the infected mammals
[18,19].

However, in Spain only WNV lineage 1 has been responsible for the
different outbreaks in humans that occurred in 2008, 2010, 2016 and
2020 [20-23], also detected in mosquitos [24]. Although the presence of
lineage 2 was detected for the first time in 2017 in birds in Catalonia
(Northeastern Spain) by passive surveillance [25], and an imported case
was described in a patient from Romania in 2018 [26], no transmission
of WNV lineage 2 to humans has been reported in Spain since then. The
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first human case of neuroinvasive disease caused by WNV lineage 2
through autochthonous transmission has been reported in September
2024. The case was infected in a region (Jaén, Andalucia, Southeastern
Spain) where no evidence of WNV circulation had been observed in
previous years until this same season. In particular, the first focus of
WNYV lineage 2 has been declared in an imperial eagle (wild bird) near
the location of the case, whose sampling date was at the end of July
2024, according to what was reported by the Animal Health Service
Ministry of Agriculture, Fisheries, Water and Rural Development of
Andalusia [27].

Here we provide a detailed molecular characterization of WNV
lineage 2, isolated from the first locally transmitted human case in
Spain.

2. Materials and methods
2.1. Samples, molecular diagnosis and culture isolation

Following the Andalusian Protocol for WNF surveillance and alert
[27]1, West Nile virus tests were requested for a human case reported in
September 2024, in the province of Jaen (Andalusia, Southern Spain).
Serum, whole blood, urine and CSF samples were sent to the Andalusia
Virus Reference Laboratory.

The following diagnostic tests were performed in order to confirm
WNV infection [27-29]: detection of virus-specific IgM and IgG anti-
bodies in serum and/or cerebrospinal fluid (CSF) by ELISA testing
(Euroimmun,Liibeck, Germany) and detection of specific viral nucleic
acids in CSF, serum and/or urine. Nucleic acid extraction from clinical
samples was performed by using QIAsymphony DSP virus/pathogen
mini kit (Qiagen, Hilden, Germany). Real time reverse transcription
polymerase chain reaction (QRT-PCR) targeting a conserved sequence of
the 3"-untranslated (3'UTR) region of WNV genome was used to confirm
the presence of specific viral RNA [30] in urine, serum and whole blood
samples. Molecular diagnosis could not be performed in CSF due to
insufficient sample volume. Positive samples were subjected to a one-
step qRT-PCR that allows differentiation between lineage 1 and 2
[31]. For virus isolation, all of the procedures were performed within
certified biosafety cabinets under biosafety level 3 (BSL3) containment.
WNYV RNA-positive samples were inoculated onto confluent monolayers
of Vero cells. Passage to fresh Vero cell tubes was performed after 10
days of incubation or when cytopathic effect was observed [32,33]. Viral
growth was confirmed by qRT-PCR [30] of the cell culture supernatant
and viral culture was considered negative after 2 passages without ev-
idence of CPE and negative qRT-PCR of the supernatant.

2.2. Viral sequencing

Purified RNA from WNV isolate was used for sequencing. Luna-
Script® RT SuperMix Kit (New England Biolab, Ipswich, MA, USA) was
used for cDNA synthesis with 15 pl of RNA following the instructions of
the manufacturer. To perform multiplex PCR, Q5® Hot Start High-
Fidelity (New England Biolabs) protocol was followed by adding
primers previously described [34].

After the PCR performed with a set of 18 primer pairs, the amplified
regions were purified with Agencourt AMPure XP beads (Beckman
Coulter). Library preparation was performed through Illumina DNA
Prep kit following manufacturer's recommendation. Samples were
pooled in equal concentrations after quantification by Qubit 4 fluo-
rometer (Invitrogen). Sequencing was carried out on a iSeq 100 system
using a iSeq 100 i1 Reagent v2 (300-cycle) (Illumina).

2.3. Viral genomic data processing
Sequencing data (150 bp x 2) were analyzed using custom in-house

scripts and the nf-core/viralrecon pipeline software (v.2.6.0) [35] (see
also [22]). Briefly, after quality filtering of the reads, these were aligned
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to the lineage 2 WNV genome (OM037673.1), which was recently iso-
lated from birds in northeastern Spain [25], using the Bowtie 2 (v2.4.4)
algorithm [36]. This was followed by the removal of primer sequences
and the labeling of duplicate reads. Genomic variants were identified
with the iVar tool, using a minimum allele frequency threshold of 0.25
for variant calling and applying a filtering step to retain variants with a
minimum allele frequency of 0.75. Finally, using the set of high confi-
dence variants and the reference genome, a consensus genome was
constructed with beftools (v1.16) [37].

2.4. Phylogenetic analysis

Phylogenetic analysis was performed using the Augur toolkit
v.21.0.0 [38]. Multiple alignment was carried out using the strain
OMO037673 as reference. The phylogenetic tree is recovered by
maximum likelihood, using a general time reversible model with un-
equal rates and unequal base frequencies [39]. Branching date estima-
tion was carried out with the least square dating method using TreeTime
v.0.9.4. Branching point reliabilities were estimated by UFBoot [40].

The results can be viewed in the Andalusian Genomic Epidemiology
System (SIEGA) [41] local server [42].

3. Results
3.1. Diagnostic tests and culture isolation

IgM antibodies to WNV were detected in CSF and serum samples,
with IgG in the latter being indeterminate. The WNV genome was
detected in serum, whole blood and urine samples with cycle threshold
(ct) values of 36.6, 25.15 and 22.47 respectively. qRT-PCR for differ-
entiation of WNV lineages 1 and 2 was performed on the urine sample
with positive result for lineage 2. Urine and whole blood samples were
inoculated for viral culture in Vero cells, although WNV was isolated
only from the urine sample after one passage.

3.2. Sample sequencing

The sample was processed, sequenced and the resulting sequencing
raw data, processed as described in Materials and Methods. The result-
ing sample exhibited very high quality, with a median depth of 12,757 X
and genome coverage of 99.69 %. A total of 82 high-confidence variants
were identified by the variant-calling algorithm implemented in the nf-
core/viralrecon pipeline, relative to the reference genome
(OMO037673.1).

The new lineage 2 WNV sequence reported here is available in the
European Nucleotide Archive (ENA) database under the project identi-
fier PRJEB43037, sample accession ERS22985467, as well as in the
GenBank database under the accession GCA_965119255.1.

A partial sequence of 170 nucleotides of the region NS5 of the WNV
isolated from an imperial eagle in the same region and date (PV089519)
showed a 100 % similarity with the corresponding sequence of the virus
studied here.

3.3. Phylogenetic analysis

A set of 187 whole genomes of WNV lineage 2 and representative
sequences from other lineages were found in the GenBank repository
(listed in Additional Table 1). All these genomes were downloaded and
aligned, together with the Spanish WNV sequence, using the MAFFT
program (see Materials and Methods). Fig. 1 shows a detail of the
phylogenetic tree of a clade containing the current and previous recent
Spanish samples.

A phylogenetic tree including the WNV sequence reported in this
study and the 187 WNV sequences listed in Additional Table 1 was
reconstructed as described in Materials and Methods (Additional Fig. 1).
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Fig. 1. Detailed phylogenetic tree with the most closely related sequences available.

3.4. The SIEGA Nextstrain server

The Andalusian Genomic Epidemiology System, SIEGA [41], in-
cludes a Nextstrain server [42] that offers an interactive view of the
complete WNV phylogeny with the WNV sequences reported in this
study in the context of some viral sequences of reference (see Additional
Table 1). Additional Fig. 1 shows a summarized view of the whole
phylogenetic tree as displayed by the SIEGA Nextstrain server [42].

4. Discussion

This study describes the first reported case of neuroinvasive disease

caused by autochthonous transmission of WNV lineage 2 in Spain,
signaling a concerning milestone in the geographic expansion of this
lineage and underscoring the importance of enhanced surveillance and
vector control strategies in Spain [11,25]. Most WNV infections in
humans are asymptomatic or mild, with neuroinvasive disease being
only the tip of the iceberg [43], suggesting intense viral circulation in
the region and the existence of many more undetected cases.
However, the phylogenetic analysis (Fig. 1) clearly documents that
the sequence obtained in this study was not a direct descendent from
previous WNV lineage 2 isolated in Spain from northern goshawk be-
tween 2017 and 2023 (sequences OMO037670-OM037673 and
PQ641624) [44,45]. Actually, these previous isolates were related to the
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most recent outbreaks of WNV lineage 2 sequences reported in Europe,
which occurred in 2023 in Italy, and had two different phylogenetic
origins: one of them, PP104345, is closely related to previous French
(2018) and Italian (2014) outbreaks [46], and on the other one,
PP104347, PP104356 and PP104371, closely related to previous Italian
outbreaks occurring since 2014. Both cases are of Italian origin.

Interestingly, the phylogenetic origin of the genome of this study is
closely related (less than 20 nucleotide changes) to a recent French
outbreak reported in 2023 (sequences PP482824, PP482822, PP482820
and PP482826) [47] related to another one reported in Germany in 2020
(sequence 0X442290). This phylogenetic lineage has origin in previous
isolations reported in center Europe, including Austria in 2016
(MF984348) [48], Slovakia (MH244510 and MH244511) [49] and
Czech Republic (KM203861) [48] in 2013.

The current and previous Spanish isolates share a common ancestor
estimated in 2006-2008, according to the LSD2 method. The Spanish
genomes share a common ancestor estimated in 2006-2008 [50], which
would correspond to the ancestor of the clade in Fig. 1.

This observation suggests a transcontinental introduction, poten-
tially facilitated by migratory birds, which are recognized as key
amplifying hosts for WNV [45,48]. Interestingly, the identified strain
exhibited nearly 50 genetic mutations compared to its closest relative
from Austria in 2016, reflecting the genetic evolution of WNV during its
spread across Europe. These findings are consistent with prior reports of
WNV lineage 2 expanding westwards from its initial emergence in
Hungary and Russia in the early 2000s [9,10].

Prior WNV outbreaks in Spain have predominantly involved lineage
1 in 2020 and 2021 [22,24], with sporadic detections of lineage 2 in
avian populations, between 2017 and 2020 [25,44,45]. The detection of
human transmission of lineage 2 in Andalusia suggests a shift in WNV
epidemiology in the region. To date, all locally-acquired human cases of
the disease in Spain have been caused by WNV lineage 1, mainly in
Southwestern Andalusia, with the highest amount of cases reported in
the last 2024 season. Notably, Jaén province (Northeastern Andalusia)
has reported the first locally acquired human cases, as well as the first
documented human case of lineage 2, described in this study.

Factors such as climate change, altered migratory patterns, and
increased vector populations may have facilitated this expansion.
Similar patterns of co-circulation of WNV lineages 1 and 2 have been
observed in Italy and Greece, raising concerns about the potential for
larger outbreaks in southern Europe [11,12,17].

The implications of these findings for public health are significant.
Firstly, WNV lineage 2, unlike lineage 1, has demonstrated the ability to
persist in raptors during winter months when mosquito vectors (e.g.,
Culex pipiens) are typically inactive. A northern goshawk infected with
WNYV lineage 2 in January 2022 in Umbria, Italy, showed neurological
symptoms and tested positive for the virus in multiple organs. This case,
along with a similar 2019 infection in a little grebe, confirms year-round
circulation of WNV L2 in birds despite low-risk classification of the re-
gion [51]. This persistence independent of mosquitoes increases their
endemic potential and requires year-round vector control. Also relevant
are the known immunological differences between the two WNV line-
ages. The E protein (DIII domain) contains type- and subtype-specific
epitopes critical for neutralizing antibody responses [52]. Thus, the
existence of different WNV lineages increases the potentially risk of false
negatives or cross-reactivity in diagnostic tests targeting lineage-specific
epitopes [53]. Moreover, mutations in the E protein (e.g., DIII lateral
ridge) can alter antigenicity, potentially reducing vaccine efficacy if
lineage-specific variants are not included [54].

Current surveillance programs in Spain should be expanded to
monitor both WNV lineages in avian, mosquito, and human populations
[55]. Integrated vector management strategies, including insecticide
use, habitat modification, and public awareness campaigns, are urgently
needed to reduce the risk of further transmission. Additionally, incor-
porating real-time genomic epidemiology, such as the SIEGA Nextstrain
server, will allow for more rapid detection of emerging strains and their
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potential origins [41].

This case also highlights the value of a One Health approach, which
integrates human, animal, and environmental health to combat zoonotic
diseases like WNV. Collaboration between clinicians, epidemiologists,
veterinarians, and public health officials will be essential to mitigate the
threat posed by WNV lineage 2 in Spain and beyond [11,56].

In conclusion, this study provides critical insights into the emergence
and genetic characterization of WNV lineage 2 in Spain. Our findings
emphasize the importance of proactive surveillance, vector control, and
genomic monitoring to prevent further outbreaks, like the Comprehen-
sive Vector Surveillance and Control Program for West Nile Fever in
Andalusia [51]. Continued research into the environmental and genetic
factors driving WNV spread is essential to anticipate and respond to
future public health challenges. This underscores the importance of,
genomics-informed, real-time, global pathogen surveillance tools for the
control of zoonosis [56], such as the SIEGA initiative [41].
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