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Abstract: During the last decades West Nile Virus (WNV) outbreaks have continuously occurred in
the Mediterranean area. In August 2020 a new WNV outbreak affected 71 people with meningoen-
cephalitis in Andalusia and 6 more cases in Extremadura (south-west of Spain), causing a total of
eight deaths. The whole genomes of four viral isolates were obtained and phylogenetically analyzed
in the context of recent outbreaks. The Andalusian viral samples belonged to the lineage 1 and were
relatively similar to previous outbreaks occurred in the Mediterranean region. Here we present a
detailed analysis of the outbreak, including an extensive phylogenetic study.
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1. Introduction

West Nile virus (WNV) is an flavivirus with an enzootic cycle involving birds and
mosquitoes [1], which can ultimately be transmitted to horses and/or humans causing dis-
ease outbreaks [2]. Currently, the virus is considered a recurrent zoonosis with a wide
geographic distribution [3]. WNV has circulated in the Mediterranean region during the
last years, being the last outbreaks in Spain in 2008, 2010 and 2016 [4, 5]. Other outbreaks
have been reported in the region in Italy by 2011, 2012 [6], and 2013, including WNV from
lineages 1 and 2 [7], and also in Cyprus by 2016 [8].

In August 2020, five West Nile Fever (WNF) human cases with unknown lympho-
cytic meningoencephalitis were first identified in the province of Seville (Andalusia) in
two neighboring municipalities in front of the Guadalquivir marsh (Puebla del Rio and
Coria del Rio). A month later, another group of human cases was identified in the prov-
ince of Cadiz. The whole outbreak, as reported by Andalusian Epidemiological Surveil-
lance System (SVEA), comprised 71 human cases of WNV meningoencephalitis, with
eight deaths. Later, six more cases occurred in Badajoz [9], in the autonomous community
of Extremadura, bordering Andalusia. Here we provide a detailed molecular characteri-
zation of the last WNV outbreak in Andalusia (Spain). The five cases confirmed by PCR
(4 from Sevilla and 1 from C4diz) belonged to the lineage 1 [9].
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2. Materials and Methods

2.1. Molecular diagnosis and culture isolation

According to the Protocol for West Nile fever surveillance and alert, clinical samples
from suspected cases of human WNV neurological disease were referred to our Anda-
lusian Virus Reference Laboratory for laboratory diagnosis [10]. The following diagnostic
tests were performed in order to confirm WNV infection [11, 12]: detection of virus-spe-
cific IgM and IgG antibodies 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 QI-
Asymphony DSP virus/pathogen mini kit (Qiagen, Hilden, Germany). Real time reverse
transcription polymerase chain reaction (qQRT-PCR) targeting a conserved sequence of the
3’-untranslated (3"UTR) region of WNV genome was used to confirm the presence of spe-
cific viral RNA [13] in 7 urine samples and 1 CSF from 7 patients. For virus isolation, all
of the procedures were performed within certified biosafety cabinets under biosafety level
3 (BSL3) containment. WNV RNA-positive samples were inoculated onto confluent mon-
olayers of Vero cells. Passage to fresh Vero cell tubes was performed after 10 days of in-
cubation or when cytopathic effect was observed [14, 15]. Viral growth was confirmed by
qRT-PCR [13] of the cell culture supernatant. WNV was isolated from two urine samples,
one case from Seville and the other one from Cadiz. Purified RNA from qRT-PCR positive
samples with ct values <30 along with cell culture supernatant from one WNYV isolate was
used for sequencing.

2.2. Viral sequencing

RNA was quantified by NanoDrop (Thermo Scientific) and verified through bioana-
lyzer 2100 using RNA 6000 Nano Kit (Agilent Technologies). SuperScript IV Reverse Tran-
scriptase (Thermo Fisher Scientific) was used for cDNA synthesis with 11ul of RNA and
1ul of random hexamer primers. To perform multiplex PCR, Q5® Hot Start High-Fidelity
(New England Biolabs) protocol was followed by adding primers previously described
[16]. After the PCR performed with a set of 41 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 fluorometer
(Invitrogen). Sequencing was carried out on a Miseq system using a Nano v2 kit (Illu-
mina).

2.3. Viral genomic data processing

Sequencing data (150bpx2) were analyzed using in-house scripts and the nf-core/vi-
ralrecon pipeline software [17]. Briefly, after read quality filtering, sequences for each sam-
ple were aligned to the NY99 lineage 1 WNV genome (NC_009942.1) using bowtie 2 algo-
rithm [18], followed by primer sequence removal and duplicate read marking using iVar
[19] and picard [20] tools respectively. Genomic variants are identified through iVar soft-
ware, using a minimum allele frequency threshold of 0.25 for calling variants and a filter-
ing step to keep variants with a minimum allele frequency threshold of 0.75. Using the set
of high confidence variants and the NY99 genome, a consensus genome per sample is
finally built using iVar.

The sequences of the four WNV isolates are available in the European Nucleotide
Archive (ENA) database under the project identifier PRJEB43037.

2.4. Philogenetic analysis

A phylogenetic analysis was performed on the obtained consensus genomes in the
context of a representative set of world-wide WNYV isolates (See Table S1) using the Augur
application [21]. For the multiple alignment, the strain NC_009942.1 was used as a refer-
ence. The results can be viewed in the Nextstrain [22] local server of the Andalusian Ge-
nomic Epidemiology System (SIEGA) [23].
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3. Results

The outbreak occurred between August and mid-September and affected the Anda-
lusian provinces of Seville, with 56 cases and 5 deaths, and Cadiz with 15 cases and 3
deaths (a 11.3% mortality) followed by new cases in the neighborhood region of Extrema-
dura [9]. Figure 1 summarizes the number of probable and confirmed cases [10] of WNV
meningoencephalitis [10], by province of exposure in Andalusia.
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Figure 1. Epidemic curve confirmed and probable cases of WNV meningoencephalitis, by prov-
ince of exposure, Andalusia 2020.

Table 1. This is a table. Tables should be placed in the main text near to the first time they are

cited.

Sample Mean depth High confidence variants Genome coverage
2_44013532 1190x 461 96.1%
444013537 1043x 420 79.7%
5_44013538 1205x 453 94.5%
6_44025400 1145x 451 94.7%

The SIEGA Nextrain server [23] displays four WNV sequences (listed in Table 1) be-
longing to the Spanish 2020 outbreak in the context of the rest of viral isolates worldwide
that have been sequenced during the last years (see Table S1). Table S2 contains the genetic
distances among all the samples that allowed the reconstruction of the whole WNV phy-
logeny. Figure 2 depicts a detailed view of the genetically closest isolates that include the
Spanish 2010 outbreak (JF719069) and the 2008 [4] and 2011 [24] Italian outbreaks, all of
them located in the Mediterranean region.
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Figure 2. Sequences of the Spanish 2020 WNV outbreak and the closest relatives from previous
outbreaks in Italy (darkest blue) and the Spanish 2010 outbreak (JF719069).

The phylogenetic analysis confirms the initial assignment to lineage 1 by PCR in [9].
Table 2 provides the estimated genetic distances among the WNYV isolates shown in Figure
2. The genetic diversity in the current outbreak (between 4 and 8 nucleotide differences)
is slightly lower, probably because its short duration, but in the range to that observed in
previous outbreaks, such as the 2008 (4 to 23, with a median of 10.5, nucleotide differences)
and 2012-3013 [6, 7] (9 to 32 differences) Italian outbreaks.

Table 2. This is a table. Tables should be placed in the main text near to the first time they are cited.

244013532 4_44013537 5_44013538 6_44025400 JF719069 KU588135 MF797870 MN149538 ITO8* IT12-132 I1T113
244013532 0 8 5 5 182 330 293 252 136 238,5 248
444013537 8 0 8 7 165 302 265 234 127 219,5 224
5_44013538 5 8 0 4 178 320 289 250 133 232,5 244
6_44025400 5 7 4 0 178 322 289 250 133 233,5 242
JEF719069 182 165 178 178 0 298 250 219 137 197 202
KU588135 330 302 320 322 298 0 246 258 295 277,5 298
MF797870 293 265 289 289 250 246 0 210 258,5 233,5 260
MN149538 252 234 250 250 219 258 210 0 216 197,5 220,5
1TO8: 136 127 133 133 137 295 258,5 216 10,5 198 206,25
1T12-13 238,5 219,5 232,5 233,5 197 277,5 233,5 197,5 198 9,75 192,25
IT113 248 224 244 242 202 298 260 220,5 206,25 192,25 2

1 Sequences GU011992, JF719068, KF234080, FJ483549, F]483548, JE719065, JF719067 and JF719066, from the 2008-2009 Italian out-

break [25]
2 Sequences KC954092, KF647253, JX556213 and JQ928174 from the 2012 and 2013 Italian outbreaks [6, 7].
3 Sequences JN858069 and JQ928175 from the 2011 Italian outbreak [24]

4. Discussion

The West Nile Encephalitis Surveillance Plan in Spain of the Ministry of Agriculture, Fish-
eries and Food [26], which contemplates entomological, ornithological and equine
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surveillance during the vector activity season (April to November), discovered an espe-
cially high vector activity in the affected area, with an abundant presence of Culex perex-
iguus in rice-growing areas and Culex pipiens in urban areas. Actually, a total of 125 equine
foci were declared by the Plan (58 in the province of Seville, 49 in Cadiz, and the rest in
other provinces) since August 10, 2020 [9], reinforcing the importance of surveillance
plans and supporting the establishment of a One Health, genomics-informed, real-time,
global pathogen surveillance approach in the control of zoonosis [27] such as the SIEGA
initiative [28].

Table 2 provides the estimated genetic distances among the WNV shown in Figure 2. The
genetic diversity in the current outbreak (between 4 and 8 nucleotide differences) is
slightly lower, but in the range to that observed in previous outbreaks, such as the 2008 (4
to 23 nucleotide differences) and 2011 (9 to 32 differences) Italian outbreaks. This lower
nucleotide divergence is probably due to the comparatively shorter duration of the out-
break. This could be achieved by the fast implementation of Public Health measures that
allowed the control of the outbreak. These measures included the reinforcement of the
active epidemiological surveillance of lymphocytic meningoencephalitis human cases and
the passive and active surveillance activities in horses, birds and Culex mosquitoes in the
areas defined as risk zones. Prevention campaigns were carried out in the affected areas
by informing of the recommendations for individual protection against mosquito bites.
Precautionary measures were taken for blood and tissue donations. Vector population
control actions for the area of influence of the outbreak consisted of a Phase 1 to give an
urgent response to the elimination of the majority of the adult population of mosquitoes
that could carry the virus; and a Phase 2 or larvicidal directed to the larvae of the vector.

In addition, a Rapid Assessment of the Risk of West Nile Virus Meningoencephalitis was
carried out in Spain, in collaboration with the Spanish Ministry of Health [26], which con-
siders the risk of transmission in Andalusia moderate, with a high impact due to severe
neuroinvasive disease and deaths associated [9].

Supplementary Materials: The following are available online at www.mdpi.com/xxx/s1, Table S1:
List of WNV whole genomes available in GenBank, with their IDs, isolation dates and places, and
publication references when available. Table S 2: Matrix of genetic distances (as number of nucleo-
tide changes between pairs of sequences) estimated among all the WNV whole genomes in Table
S1.
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