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Abstract

Background: Aedes japonicus is an invasive vector mosquito from Southeast Asia which has been spreading across
central Europe since the year 2000. Unlike the Asian Tiger mosquito (Aedes albopictus) present in Spain since 2004,
there has been no record of Ae. japonicus in the country until now.

Results: Here, we report the first detection of Ae. japonicus in Spain, at its southernmost location in Europe. This
finding was triggered by the citizen science platform Mosquito Alert. In June 2018, a citizen sent a report via the
Mosquito Alert app from the municipality of Siero in the Asturias region (NW Spain) containing pictures of a female
mosquito compatible with Ae. japonicus. Further information was requested from the participant, who subsequently
provided several larvae and adults that could be classified as Ae. japonicus. In July, a field mission confirmed its
presence at the original site and in several locations up to 9 km away, suggesting a long-time establishment. The
strong media impact in Asturias derived from the discovery raised local participation in the Mosquito Alert project,
resulting in further evidence from surrounding areas.

Conclusions: Whilst in the laboratory Ae. japonicus is a competent vector for several mosquito-borne pathogens, to
date only West Nile virus is a concern based on field evidence. Nonetheless, this virus has yet not been detected in

Asturias so the vectorial risk is currently considered low. The opportunity and effectiveness of combining citizen-
sourced data to traditional surveillance methods are discussed.
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Background
The colonisation success of exotic mosquito species in
Europe relies on their ecological flexibility. First, the
ability to produce drought-resistant eggs is useful for the
colonisation of artificial containers [1] allowing them to
take advantage of modern trade pathways to spread over
long distances. Secondly, diapausing eggs allow adapta-
tion to a temperate climate and thus considerably extend
the distribution range of a species [2].

The present paradigm in southern Europe is the Asian
tiger mosquito (Aedes albopictus), an invasive mosquito
species (IMS) that has invaded wide areas of all continents
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except Antarctica. Already present in other Mediterranean
countries, this species was first detected in Spain in 2004
[3] and has spread along all of the Spanish Mediterranean
coasts in fewer than ten years [4]. Besides being extremely
annoying for humans, Ae. albopictus is a serious threat to
public health, being a competent vector for chikungunya,
dengue and Zika viruses, among other pathogens [2].

Aedes (Hulecoetomyia) japonicus japonicus (Theobald
1901), known as the Asian bush mosquito or the Asian
rockpool mosquito, is another IMS currently present in
Europe by dispersal from its original distribution range
which includes parts of China, Japan, Korea, south-eastern
Russia and Taiwan. As this is the only invasive subspecies
from the japonicus complex found in Europe to date, we
will refer to it as Aedes japonicus in this paper.
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Similar to Ae. albopictus, the species shows relevant
invasive abilities [5]. Both species are included in the list
of the worst 100 invasive worldwide by the Invasive Spe-
cies Specialist Group [6].

Aedes japonicus has an overwintering ability thanks to
the resistance of its eggs to low temperatures [7], and
that it is more adapted to early spring activity than other
related species such as Ae. albopictus [8]. The present
colonisation status in central Europe seems to confirm
its preference for temperate areas rather than the sub-
tropical Mediterranean region (Fig. 1).

The Asian bush mosquito was detected in the year
2000 for the first time in Europe in a French tyre depot
[9] from which it was eliminated [5]. The species was
later found in Belgium [7] and in Switzerland in 2008
resulting in new detections, including parts of Germany
[5]. Further expansion across Germany was monitored
with the help of the citizen science project Miickenatlas
[10]. Aedes japonicus was detected in Austria and
Slovenia in 2011 [11] and in 2012 both in the
Netherlands [12] and Hungary [11]. Its establishment
was confirmed in France in 2013 [12] as well as in
Croatia [13]. Furthermore, in 2015 the species was found
in Italy [11] and Liechtenstein [14].

The species breeds in rock pools, tree holes and
man-made containers, especially used tyres [15], prefer-
ring larger containers compared to Ae. albopictus and
also tolerating higher loads of organic content [7].
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Blood meal preferences are opportunistic but field evi-
dence indicates that Ae. japonicus takes blood mostly
from mammals, although feeding on birds has also been
observed as well as avian/mammal mixed blood meals.
The Asian bush mosquito is active during the daytime
and evening [16], causing a moderate nuisance, usually
in the vicinity of deciduous forests as it is mostly exophi-
lic, although it can enter houses [9]. Since it is not an
aggressive biter it may remain relatively unnoticed in hu-
man settlements.

Aedes japonicus is not considered a major vector of
pathogens, but concern is raised about West Nile virus
(WNV) because transmission rates in experimental condi-
tions were found to be even higher than those from Culex
pipiens [17]. Competence in the laboratory has also been
demonstrated for several other arboviruses including den-
gue virus and Japanese encephalitis virus [18, 19]. In nat-
ural conditions, Ae. japonicus individuals have been found
infected in the USA with WNV and LaCrosse virus
(LACV) [7, 16]. The species is suggested to play a signifi-
cant role in LACV outbreaks in the USA [20], but this
virus has never been observed in Europe.

As a first step in management strategies, public health
protection requires surveillance of IMS. In the EU, mem-
ber states are setting up their entomological surveillance
according to common ECDC guidelines [21] and Inter-
national Health Regulations. In Spain, a National Plan for
Preparedness and Response against Vector-borne Diseases
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is enforced by the Ministry of Health, Consumers and
Welfare, as well as a Programme of Entomological Sur-
veillance of Seaports and Airports (hereafter referred to by
the English abbreviation PESSA; see [22] for their 2017
annual report), that also includes alert checking and spe-
cific local surveillance such as in the Canary Islands.

Surveying large areas in the field is challenging because
IMS follow a stratified dispersal pattern [23]. This implies
a combination of mechanisms operating at different geo-
graphical levels, combining short-distance spread (i.e. “oil
drop” dispersal pattern) with long-distance stochastic
hops. This diversity in scale, pathways and temporal
frames allow IMS to override the administrative and fi-
nancial boundaries which are commonplace in focused,
non-scalable surveillance techniques such as ovitrapping.

On the other hand, new technologies and the
generalization of smartphones have provided ground for
the development of innovative, large-scale citizen science
initiatives providing real time data. Several initiatives of
this type have been developed in Europe and elsewhere
to deal with IMS and vector mosquitoes [24]. Amongst
them, Mosquito Alert (www.mosquitoalert.com) brings
together citizens, academics, public services and industry
to study and control the spread in Spain of Ae. albopictus,
and the possible reintroduction of Aedes aegypti [23, 25].
It relies on anonymous participants sending georeferenced
reports with pictures of suspect mosquitoes or their
breeding sites using a dedicated app. Since 2014, more
than 14,500 reports have been received and are free to use
and download from the public interactive map in the pro-
ject website (http://webserver.mosquitoalert.com/static/
tigapublic/spain.html#/en/).

The project has been shown to provide a similar effi-
ciency to ovitrap surveillance at a fraction of its cost [25]
whilst also having the potential to cover every location in
the world and empowering citizens to deal with the prob-
lem at a household level through education, engagement
and community building. The system has also proven to
be efficient enough to contribute to knowledge on the dis-
tribution of autochthonous mosquito species [26].

Global commercial change associated with new trans-
portation paths is challenging public health authorities to
limit the worldwide expansion of IMS vectors. At the
same time, new and powerful tools are becoming available
to promote a broader, real time surveillance such as citi-
zen science using new technologies. Here, we present the
first detection of Ae. japonicus in Spain as one more piece
of evidence for the effectiveness of smartphone-based citi-
zen science mosquito surveillance programmes.

Methods

Initial citizen report

Mosquito Alert combines public participation with profes-
sional validation: all images are independently evaluated
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by three experts who classify every report in terms of attri-
bution probabilities to Ae. albopictus, Ae. aegypti or to
other species. A coordinator provides consensus if neces-
sary and communicates with participants when needed.
Even though total anonymity is granted to the Mosquito
Alert participants as no personal data of any kind are col-
lected, it is possible to send private notifications to a given
participant via the Mosquito Alert app.

On June 8th 2018 we received a report at 43°
25'25.53"N, 5°41'43.96"W, in the neighbourhood of La
Figarona, in the parish of Anes from the municipality of
Siero, in the Spanish Autonomous Region of Asturias
(Fig. 2a). It included nine pictures of an adult female
mosquito (Fig. 2b) which led the experts to trigger an
alarm due to the high compatibility of the thorax pattern
with Ae. japonicus or Aedes koreicus.

To obtain further information on the report, a private
notification was sent via the Mosquito Alert app to the
participant (JA-C) who willingly answered, withdrawing
anonymity. He informed that he had collected indoors a
total of three adult mosquitoes and agreed to send us by
post the one he had photographed. The specimen was
received by June 26th but was damaged during the trip,
so that identification was not definitive. After informing
the participant about potential breeding sites, he identi-
fied an old bathtub used as a cattle trough, which was a
plausible breeding place less than 300 m from the build-
ing of the original adult collection. There he collected
ca. 50 larvae which he also sent, together with a second
adult in good shape. We examined the material on July
9th using the taxonomic keys of Schaffner [27] and
ECDC [21], resulting in a positive identification of Ae.
japonicus (see Results).

Because of the relevance of the discovery for public
health, a formal communication was sent to the Spanish
Ministry of Health, Consumers and Welfare, the autono-
mous government of Asturias and the managers of the
PESSA at the University of Zaragoza. A field mission,
led by Mosquito Alert entomologists, was jointly orga-
nised in order to confirm the presence of the species in
the field.

Field mission

The field mission took place between July 20th and 22th
and seven locations with potential breeding places were
investigated at and near the original location (Fig. 3, lo-
cations 0-6). Checking these specific locations was de-
cided on the basis of previous knowledge from JA-C on
the presence of possible breeding sites, and visited se-
quentially following the local trail network. Potential
breeding places included drums and buckets, several
bathtubs and one two-section freezer used as cattle
troughs. The initial larval location 0 (Fig. 4) was sampled
on the evening of July 20th, whereas locations 1-6 were
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Fig. 2 a Location of the initial report. b The first of the 9 pictures included in the initial report

sampled on the 21st. The weather during the field mis-
sion was cloudy with occasional showers and mist, tem-
peratures ranging from 18 to 20 °C at midday.

Larval sampling was carried out by dipping and net fil-
tering. Adults were captured by vacuuming the breeding
sites and the surrounding vegetation with an Insecta-
Zooka aspirator (Bioquip Products, Rancho Dominguez,

CA, USA), as well as on human landing capture using
mouth aspirators. Trapping devices were also placed
during the first night in the location 0: a CDC light trap
(Bioquip Products) baited with CO,, two BG-Sentinel®
traps (BioGents GmbH, Regensburg, Germany) with
BG-Lure® as chemical attractant, plus several oviposition
traps. Locations and tracks were recorded using a

Study area
'

Administrative Divisions. Esri, DeLorme Publishing Company, Inc

Fig. 3 Location of the study area in NE Spain and places cited in the detection process of Aedes japonicus. In red, field sampled locations where 0
is the initial point from Fig. 2a. In blue, citizen science reports not field sampled. Greyed sections are urban areas, rivers are shown in blue, and
highways are displayed as double-lined paths. Map background data: BCN200 2014-2015 CC-BY 4.0 ign.es, BDLJE 2015 CC-BY 4.0 ign.es and World
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Fig. 4 a Landscape of location 0. b Breeding sites at that location. Ortofotoimage: FotoPNOA 2004-2016 CC-BY 4.0 scne.es

J

Garmin GpsMap 60CSx (Garmin, Olathe, KS, USA)
handheld GPS receiver.

The mission also included visits to two more locations
near Oviedo (regional capital) on July 21st (Fig. 3; loca-
tions a and b). These corresponded to Mosquito Alert re-
ports, received on April 23rd 2017 and July 15th 2018,
respectively. Their pictures did not raise any alert at that
moment because only partial taxonomic characters were
visible. However, the hindleg tarsi patterns of both photo-
graphed specimens were compatible with Ae. japonicus
(Fig. 5a, b). Whilst suitable breeding sites were observed
in these areas, we could not confirm these two reports
due to legal restrictions on entering properties. Both users
were sent private notifications to their phones via the
Mosquito Alert app but did not respond.

We performed morphological identifications of all col-
lected material using the previously cited taxonomical tools.
Due to the difficulty in morphologically distinguishing sub-
species of the Ae. japonicus complex from one another and
from Aedes koreicus using adult mosquitoes, a confirmation
of the morphological identification was performed on a sin-
gle adult female, based on the genetic analysis of the mito-
chondrial gene cytochrome ¢ oxidase subunit 1 (cox1)
following the protocol from Hernandez-Triana et al. [28].
PCR products were sequenced in both directions using the
BigDye® Terminator v.3.1 Cycle Sequencing Kit (Applied
Biosystems, Forest City, CA, USA) at the Sequencing Unit,
CIBIR, Spain. Finally, the sequence obtained was compared
with the deposited sequences through BLAST in GenBank
(www.ncbi.nlm.nih.gov/genbank).

Added citizen science evidence
Once the presence of Ae. japonicus in the field was con-
firmed, the Spanish Ministry of Health, Consumers and

Welfare, with collaboration from the authors, published
on July 27th a Rapid Risk Assessment [29] which is a
formal mandatory report intended to address Public
Health authorities in all autonomous regions. This was
followed by a press release by Mosquito Alert on August
2nd [30]. In all media communications, we explicitly
suggested to the citizens of Asturias to download the
app and communicate as many reports as possible, in
order to get additional data on the species distribution.

Results

Initial citizen report

The initial material sent by JA-C and examined at the
lab, allowed us to determine five of the larvae and the
second adult female as Aedes (Hulecoetomyia) japonicus
japonicus (Theobald, 1901), which FS confirmed upon
photographs.

Field mission

The initial location 0 and locations 3—6 were positive for
Ae. japonicus, while locations 1 and 2 were negative. Lar-
vae were found in all positive locations, whereas adults
were only found in locations 0 (1 male and 1 female), 4 (1
male) and 5 (1 female). All traps set at location 0 during
the night from July 20th to 21st were negative for Ae.
japonicus, confirming a general recommendation to pri-
oritise larval sampling to monitor this species [19]. In lo-
cation 6, eggs could be observed in large numbers on the
plastic walls of a bucket with a dense larval population of
Ae. japonicus. The maximum distance between any two
positive points (0 and 6) was 9200 m, with the A64 motor-
way and the densely populated area of Norefia and Pola
de Siero in-between (Fig. 3).
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Fig. 5 Pictures taken by cellphones showing possible Aedes japonicus adults from reports received in Mosquito Alert from locations A-E (see map in Fig. 3)

Most of the sampled containers were placed by
farmers on the edge of pasture meadows and purposely
water-filled for use by cattle. Excellent environmental
conditions matching the literature were available to Ae.
japonicus thanks to the shelter provided by deciduous
trees (mostly oaks, Quercus spp.), the presence of cattle
as blood source, plus the water-holding containers.

Interviewed neighbours did not report any increased
biting nuisance in recent times. Although we found
quite high larval densities, adult populations were not
abundant nor did they seem to be very active, as ento-
mologists were not attacked even while working beside
the breeding sites.

Several hundred larvae and pupae of Ae. japonicus were
collected during the mission and have been deposited in the
authors’ institutional collections for reference and further
morphological and genetic studies. A number of individuals

belonging to other mosquito species were also collected
along the mission, and will be described elsewhere once
their identifications are final.

The Ae. japonicus cox1 sequence was submitted to the
GenBank database under the accession number MH898878,
and showed 99.77% genetic similarity (452/453 bp) with Ae.
japonicus sequences recorded with accession numbers
KP076255.1 and MF822589.1.

Added citizen science evidence

Public calls through local media (radio, digital and
non-digital newspapers) to increase citizen Mosquito
Alert participation in Asturias were effective, raising the
previous mean number of reports from 5.5 per year, to
42 between the press release in August 2nd and August
28th, resulting in new evidence of the presence of Ae.
japonicus. Three reports (Fig. 3, locations C, D and E)
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included photographs which were highly compatible
with Ae. japonicus (Fig. 5c-e). While contact was suc-
cessfully established in all 3 cases, only the participant at
location C sent a sample containing larvae and adults,
which were all positive for Ae. japonicus.

Therefore, the present status of knowledge on the
presence of the species includes 5 positive field verified
locations, and 5 more pieces of citizen-sourced evidence
not checked in the field by the authors, and located dis-
tantly from the field-confirmed area (Fig. 3).

It is worth noting that the participant sending the re-
port from location E wrote in the “Comments” textbox:
“Hello. I have been seeing this mosquito since 3 years at
least here in Asturias, I am communicating it now be-
cause it is close to the place where the japonicus has
been detected. Greetings” (our own translation from
Spanish). Once contacted, this participant provided
more information confirming Ae. japonicus as the in-
criminated species, albeit the picture he sent was already
very clarifying (Fig. 5e).

Discussion

The presence of Aedes japonicus japonicus is confirmed
in Spain for the first time, being also the southernmost
location of the species in Europe. According to our field
data, the colonised region may have a minimum radius
of 9200 m delimiting an area of 265.7 km?, encompass-
ing most of the Siero municipality and getting close to
the capital of Asturias, Oviedo. Larval populations were
fairly consistent across the positive locations. Should the
unconfirmed field reports be correctly georeferenced
and depicting actual Ae. japonicus individuals (locations
A-E), the affected area might increase to 827 km?>.

The detected cluster of Ae. japonicus does not look
like a local, recent or accidental introduction as no evi-
dent point of entry of goods or people can be found in
this rural region. The presence of a highway could sug-
gest a connection path between positive locations but
this would need to be modelled over a larger dataset in-
cluding demographical information as well as geograph-
ical isolation factors. Interestingly, the three initial
females had been captured indoors, which is not espe-
cially common for this mostly exophilic species [9].

Interpretations have to be drawn with caution because
information is scarce at this time, but the currently avail-
able data suggest a silent, long-time establishment as
confirmed by the participant who reported a three-year
presence, matching other similar situations [10]. This
makes sense considering that interviewed neighbours
were not aware of a new mosquito species even though
larval populations were present in their homes, and
agrees with previous experiences [31] and with the
Switzerland case, where a first detection resulted in the
delimitation of a colonised area of nearby 1400 km>
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including parts of Germany [5]. Considering this, the
presence of Ae. japonmicus in a much broader area in
northern Spain should absolutely not be ruled out, and
our finding pleads for a rapid and wider geographical
investigation.

No clues exist on introduction pathways at this stage.
Preliminary enquiries about the tyre trade in the region
did not disclose any reception facility for imported used
tyres. Given the vicinity of the harbour of Gijén which is
the second largest in northern Spain, an overseas intro-
duction hypothesis cannot be discarded. The nearest
colonised areas in northeast France are 1100 km away
(Fig. 1) and no intermediate populations are known
in-between that could suggest a road-related arrival, al-
though surveillance ovitrapping programmes have been
active along highways in southern France [24]. It is
worth noting that up to seven population clusters of Ae.
japonicus could exist in Europe [10] but only the one in
Belgium seemed to be clearly related to used tyre trade
commerce. No information is available on the other
cases about the origin and the dispersal drivers, whereas
separate independent introduction events are suggested
[10] which could also be the case for this 8th European
population group that we report here.

Public health risks derived from the vectorial capacity
of Ae. japonicus are currently considered low [29] as the
only pathogen potentially involved in Spain is WNYV,
currently in an increasing trend of incidence across Eur-
ope [32]. The ability of Ae. japonicus to feed on birds
makes it a possible bridge vector. The highest WNV ac-
tivity in Spain is detected in endemic areas at the south-
west in Andalusia, where recurrent equine cases have
occurred since the year 2000, with a seroprevalence of
up to 42.9% in some bird species, an enzootic WNV
cycle involving Culex spp. vectors and six human cases
of the disease in 2004, 2010 and 2016 [33]. To our
knowledge, this is not the situation in Asturias where no
WNYV occurrence has been identified, although there are
no formal studies in the region. High mean temperatures
up to 32 °C in summer are considered a predictor for
WNV circulation in Spain [34], whereas Asturias has
average mean temperatures of 18-20 °C in summer.
Other arboviruses found in the laboratory to be trans-
missible by this species are less relevant because they
have not been confirmed in the field and/or they are re-
lated to pathogens not present in Asturias other than as
possible imported cases.

Caution is advised since information about this species
is scarce and the potential vector role is unclear, even
more so for these new populations that are adapting
their life-cycles in the southern European region. At the
very least, confirmation of the presence of Ae. japonicus
in Spain adds to the number of present competent spe-
cies for WNV such as Culex modestus, Cx. perexiguus
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and Cx. theileri with high vectorial capacities, and Cx.
pipiens and Ae. albopictus with medium vectorial capaci-
ties [35].

Conclusions

We suggest basing surveillance on an optimised integration
of both traditional monitoring and novel community-based
approaches such as Mosquito Alert. If properly combined,
these tools become a much more powerful approach for
the early detection of IMS than traditional monitoring
alone [25]. Citizen science based on novel technologies can
provide high reactivity and a broad spatio-temporal cover-
age, as demonstrated by this unexpected finding of a spe-
cies not targeted for surveillance, and in an area where field
sampling for IMS would not have been performed since it
is considered at low risk of introduction. In the past, such a
tool has provided first detection of Ae. albopictus 36, 37]
and new local species records [26] in unexplored regions of
Spain. This asset, combined with local expert knowledge,
can be also instrumental in promoting social awareness and
education. On the other hand, entomological field work
provides authoritative proof and can benefit from a boost
in efficiency when it is directionally focused on georefer-
enced evidence provided by citizens as shown here, and
also by Miickenatlas in Germany [10]. Hence, public pol-
icies dealing with IMS should promote the proper integra-
tion of innovative community-based approaches into public
planning procedures bringing together stakeholders, acade-
micians and public decision makers. In the present case,
joint efforts should now be devoted to immediately delimi-
tate the colonised area in order to assess contingency plans
for elimination if possible, or local mitigation and contain-
ment. Surveillance is necessary at points of entry (presently
turned into points of exit) in order to protect surrounding
provinces in Spain as well as other member states. Further
studies will also be needed including ecological character-
isation, molecular analysis to ascertain genetic relationships
with known populations worldwide, and specific vectorial
competences of the Spanish population.

Abbreviations

BLAST: Basic Local Alignment Search Tool; cox1: Cytochrome ¢ oxidase
subunit 1; ECDC: European Centre for Disease Prevention and Control;

GPS: Global positioning system; IMS: Invasive mosquito species;

LACV: LaCrosse virus; PCR: Polymerase chain reaction; PESSA: Spanish
Programme of Entomological Surveillance in Seaports and Airports
("Vigilancia entomoldgica en aeropuertos y puertos frente a vectores
importados de enfermedades infecciosas exdticas, y vigilancia de potenciales
vectores autoctonos de dichas enfermedades”); WNV: West Nile virus

Acknowledgements

We gratefully acknowledge the work of the entire Mosquito Alert team and
all the anonymous citizen scientists who have volunteered their time and
energy to participate in this project. Our gratitude to Nadya Nikolova for her
help with the alignment of the DNA sequences. Critical reading by Isis
Sanpera-Calbet helped improving the manuscript.

Page 8 of 9

Funding

Mosquito Alert is currently promoted by the ‘la Caixa’ Banking Foundation
and Dipsalut from the Diputacié de Girona, and sponsored by the Company
Lokimica S.A.

Availability of data and materials

Data supporting the conclusions of this article are provided within the
article. All citizen reports are available in the public map at http://
www.mosquitoalert.com. Sample specimens have been incorporated into
the author’s collections.

Authors’ contributions

JA-C captured the first specimens and helped with the field mission. IR-A,
MB and MP were the experts involved in the report validation. RE is the
supervisor of that team and managed the initial identification. FS confirmed
this identification and RM-A provided assistance to this first report. RE, IR-A
and SD-E performed the field mission and classified the specimens. AO is the
scientific officer of the Mosquito Alert project and did all the GIS work. FB
supervised all described events and was in charge of the coordination with
other involved teams and entities. All authors read and approved the final
manuscript.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details

'Centre de Recerca Ecologica i Aplicacions Forestals (CREAF), Cerdanyola del
Vallés, 08193 Barcelona, Spain. 2Center for Rickettsioses and Arthropod-Borne
Diseases, Hospital San Pedro-CIBIR, 26006 Logrorio, Spain. *Departamento de
Patologfa Animal, Facultad de Veterinaria, Universidad de Zaragoza, Zaragoza,
Spain. *Francis Schaffner Consultancy, 4125 Riehen, Switzerland. *National
Centre for Vector Entomology, Institute of Parasitology, VetSuisse Faculty,
University of Zurich, 8057 Zurich, Switzerland. ®Documentazul SL, 33189
Siero, Spain. ’Consultoria Moscard Tigre, 07013 Palma de Mallorca, Islas
Baleares, Spain. ®Centre d'Estudis Avancats de Blanes (CEAB-CSIC), 17300
Blanes, Spain. “Fundacion 10, 28043 Madrid, Spain. '®Institucié Catalana de
Recerca i Estudis Avancats (ICREA), 08010 Barcelona, Spain.

Received: 27 November 2018 Accepted: 14 January 2019
Published online: 23 January 2019

References

1. Juliano SA, Lounibos LP. Ecology of invasive mosquitoes: effects on resident
species and on human health. Ecol Lett. 2005;8:558-74.

2. Medlock JM, Hansford KM, Versteirt V, Cull B, Kampen H, Fontenille D, et al.
An entomological review of invasive mosquitoes in Europe. Bull Ent Res.
2015;105:637-63.

3. Aranda C, Eritja R, Roiz D. First record and establishment of the mosquito
Aedes albopictus in Spain. Med Vet Ent. 2006,20:150-2.

4. Collantes F, Delacour S, Alarcén-Elbal PM, Ruiz-Arrondo |, Delgado JA,
Torrell-Sorio A, et al. Review of ten-years presence of Aedes albopictus in
Spain 2004-2014: known distribution and public health concerns. Parasit
Vectors. 2015;8:655.

5. Schaffner F, Kaufmann C, Hegglin D, Mathis A. The invasive mosquito Aedes
Jjaponicus in central Europe. Med Vet Ent. 2009;23:448-51.

6. Invasive species specialist group (ISSG). Global invasive species database.
2018. http//www.iucngisd.org/gisd/species.php?sc=109. Accessed 8 Jan 2019.

7. Versteirt V, Schaffner F, Garros C, Dekoninck W, Coosemans M, Van Bortel W.
Introduction and establishment of the exotic mosquito species Aedes japonicus
japonicus (Diptera: Culicidae) in Belgium. J Med Ent. 2009,46:1464-7.


http://www.mosquitoalert.com
http://www.mosquitoalert.com
http://www.iucngisd.org/gisd/species.php?sc=109

Eritja et al. Parasites & Vectors

8.

20.

21,

22.

23.

24.

25.

26.

27.

28.

(2019) 12:53

Cunze S, Koch LK, Kochmann J, Klimpel S. Aedes albopictus and Aedes
Jjaponicus - two invasive mosquito species with different temperature niches
in Europe. Parasit Vectors. 2016;9:573.

Schaffner F, Chouin S, Guilloteau J. First record of Ochlerotatus (Finlaya)
Jjaponicus japonicus (Theobald, 1901) in metropolitan France. J Am Mosq
Control Assoc. 2003;19:1-5.

Kampen H, Kuhlisch C, Frohlich A, Scheuch DE, Walther D. Occurrence and
spread of the invasive Asian bush mosquito Aedes japonicus japonicus
(Diptera: Culicidae) in west and north Germany since detection in 2012 and
2013, respectively. PLoS One. 2016;11:20167948.

Seidel B, Montarsi F, Huemer HP, Indra A, Capelli G, Allerberger F, Nowotny
N. First record of the Asian bush mosquito, Aedes japonicus japonicus, in
Italy: invasion from an established Austrian population. Parasit Vectors. 2016;
9:284.

Krebs T, Bindler P, L'Ambert G, Toty C, Perrin Y, Jourdain F. First
establishment of Aedes japonicus japonicus (Theobald, 1901) (Diptera:
Culicidae) in France in 2013 and its impact on public health. J Vector Ecol.
2014;39:437-40.

Klobucar A, Lipovac |, Zagar N, Mitrovi¢-Hamzic¢ S, Tesic V, Vilibi¢-Cavlek T,
Merdic E. First record and spreading of the invasive mosquito Aedes
Jjaponicus japonicus (Theobald, 1901) in Croatia. Med Vet Ent. 2018 https://
doi.org/10.1111/mve.12337.

Seidel B, Nowotny N, Bakonyi T, Allerberger F, Schaffner F. Spread of Aedes
Jjaponicus japonicus (Theobald, 1901) in Austria, 2011-2015, and first records
of the subspecies for Hungary, 2012, and the principality of Liechtenstein,
2015. Parasit Vectors. 2016;9:356.

Huber K, Pluskota B, Jost A, Hoffmann K, Becker N. Status of the invasive
species Aedes japonicus japonicus (Diptera: Culicidae) in southwest Germany
in 2011. J Vector Ecol. 2012;37:462-5.

Turell MJ, Dohm DJ, Sardelis MR, Oguinn ML, Andreadis TG, Blow JA. An
update on the potential of north American mosquitoes (Diptera: Culicidae)
to transmit West Nile virus. J Med Ent. 2005;42:57-62.

Turell MJ, Guinn MLO, Dohm DG, Jones JW. Vector competence of North
American mosquitoes (Diptera: Culicidae) for West Nile virus. J Med Ent.
2001;38:130-4.

Schaffner F, Vazeille M, Kaufmann C, Failloux A-B, Mathis A. Vector
competence of Aedes japonicus for chikungunya and dengue viruses. Eur
Mosq Bull. 2011;29:141-2.

Takashima I, Rosen L. Horizontal and vertical transmission of Japanese
encephalitis virus by Aedes japonicus (Diptera: Culicidae). J Med Ent. 1989;26:
454-8.

Harris MC, Dotseth EJ, Jackson BT, Zink SD, Marek PE, Kramer LD, et al. La
Crosse virus in Aedes japonicus japonicus mosquitoes in the Appalachian
region, United States. Emerg Infect Dis. 2015,21:646-9.

European Centre for Disease Prevention and Control. Guidelines for the
surveillance of invasive mosquitoes in Europe. Stockholm: ECDC; 2012.
Lucientes J, Molina R. Vigilancia entomolégica en aeropuertos y puertos
frente a vectores importados de enfermedades infecciosas exoticas, y
vigilancia de potenciales vectores autéctonos de dichas enfermedades.
https.//www.mscbs.gob.es/profesionales/saludPublica/ccayes/
activPreparacionRespuesta/doc/INFORME_2017_VIGILANCIA_
ENTOMOLOGICA-FINAL pdf. Accessed 23 Dec 2018.

Eritja R, Palmer JRB, Roiz D, Sanpera-Calbet |, Bartumeus F. Direct evidence
of Aedes albopictus dispersal by car. Sci Rep. 2017;7:14399.

Kampen H, Medlock JM, Vaux AGC, Koenraadt CJM, Van Vliet AJH,
Bartumeus F, et al. Approaches to passive mosquito surveillance in the EU.
Parasit Vectors. 2015;8:9.

Palmer JRB, Oltra A, Collantes F, Delgado JA, Lucientes J, Delacour S, et al.
Citizen science provides a reliable and scalable tool to track disease-carrying
mosquitoes. Nature Comms. 2017,8:916.

Eritja R, Rubido-Bard M, Delacour S, Bengoa M, Ruiz-Arrondo I. Comunidad
Mosquito Alert. Ciencia ciudadana y biodiversidad: primera cita de Aedes
(Fredwardsius) vittatus (Bigot, 1861) (Diptera: Culicidae) en Galicia, obtenida
mediante la plataforma Mosquito Alert. Anales de Biologfa. 201840:41-5.
Schaffner F, Angel G, Geoffroy B, Hervy JP, Rhaiem A, Brunhes J. Les
moustiques d'Europe. logiciel d'identification et d'enseignement. Logiciel
sur CD-ROM. Paris: IRD Editions; 2001.

Hernédndez-Triana LM, Crainey JL, Hall A, Fatih F, Mackenzie-Dodds J, Shelley
AJ, et al. DNA barcodes reveal cryptic genetic diversity within the blackfly
subgenus Trichodagmia Enderlein (Diptera: Simuliidae: Simulium) and
related taxa in the New World. Zootaxa. 2012;3514:43-69.

29.

30.

31

32.

33

34.

35.

36.

37.

Page 9 of 9

Ministerio de Sanidad, Consumo y Bienestar Social. Evaluacion rapida de
riesgo: Identificacion del mosquito Aedes japonicus en Asturias. 2018.
https.//www.mscbs.gob.es/profesionales/saludPublica/ccayes/alertasActual/
docs/AedesJaponicusEnAsturias_ERR.27.07.2018.pdf. Accessed 23 Dec 2018.
Torres-Gibert M. Press release: First detection of Aedes japonicus in Spain
thanks to citizen scientists. 2018. http://www.mosquitoalert.com/en/first-
detection-of-aedes-japonicus-in-spain-thanks-to-citizen-scientists. Accessed
23 Dec 2018.

Kampen H, Werner D. Out of the bush: the Asian bush mosquito Aedes
Jjaponicus japonicus (Theobald, 1901) (Diptera, Culicidae) becomes invasive.
Parasit Vectors. 2014;7:59.

Haussig JM, Young JJ, Gossner CM, Mezei E, Bella A, Sirbu A, et al. Early start
of the West Nile fever transmission season 2018 in Europe. Euro Surveill.
2018;23:1800428.

Martinez-de la Puente J, Ferraguti M, Ruiz S, Roiz D, Llorente F, Pérez-
Ramirez E, et al. Mosquito community infuences West Nile virus
seroprevalence in wild birds: implications for the risk of spillover into
human populations. Sci Rep. 2018;8:2599.

Sanchez-Gémez A, Amela C, Fernandez-Carriéon E, Martinez-Avilés M,
Sénchez-Vizcaino JM, Sierra-Moros MJ. Risk mapping of West Nile virus
circulation in Spain, 2015. Acta Trop. 2017;169:163-9.

Sanchez A, Amela C, Santos S, Sudrez B, Simon F, Sierra MJ, et al. Informe de
situacion y evaluacion del riesgo para Espafia de Virus del Nilo Occidental.
In: Centro de Coordinacion de Alertas y Emergencias Sanitarias (CCAES).
Madrid, Espafia: Ministerio de Sanidad, Servicios Sociales e Igualdad; 2013.
Delacour-Estrella S, Collantes F, Ruiz-Arrondo |, Alarcén-Elbal PM, Delgado
JA, Eritja R, et al. Primera cita de mosquito tigre, Aedes albopictus (Diptera,
Culicidae), para Andalucia y primera corroboracién de los datos de la
aplicacion Tigatrapp. Anales de Biologfa. 2014;36:93-6.

Delacour-Estrella S, Ruiz-Arrondo |, Alarcén-Elbal PM, Bengoa M, Collantes F,
Eritja R, et al. Primera cita del mosquito invasor Aedes albopictus (Diptera,
Culicidae) en Aragon: confirmacion de su presencia en Huesca capital. Bol
Soc Entomol Arag. 2016;58:157-8.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1111/mve.12337
https://doi.org/10.1111/mve.12337
https://www.mscbs.gob.es/profesionales/saludPublica/ccayes/activPreparacionRespuesta/doc/INFORME_2017_VIGILANCIA_ENTOMOLOGICA-FINAL.pdf
https://www.mscbs.gob.es/profesionales/saludPublica/ccayes/activPreparacionRespuesta/doc/INFORME_2017_VIGILANCIA_ENTOMOLOGICA-FINAL.pdf
https://www.mscbs.gob.es/profesionales/saludPublica/ccayes/activPreparacionRespuesta/doc/INFORME_2017_VIGILANCIA_ENTOMOLOGICA-FINAL.pdf
https://www.mscbs.gob.es/profesionales/saludPublica/ccayes/alertasActual/docs/AedesJaponicusEnAsturias_ERR.27.07.2018.pdf
https://www.mscbs.gob.es/profesionales/saludPublica/ccayes/alertasActual/docs/AedesJaponicusEnAsturias_ERR.27.07.2018.pdf
http://www.mosquitoalert.com/en/first-detection-of-aedes-japonicus-in-spain-thanks-to-citizen-scientists
http://www.mosquitoalert.com/en/first-detection-of-aedes-japonicus-in-spain-thanks-to-citizen-scientists

	Abstract
	Background
	Results
	Conclusions

	Background
	Methods
	Initial citizen report
	Field mission
	Added citizen science evidence

	Results
	Initial citizen report
	Field mission
	Added citizen science evidence

	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

